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Foreword 


OLUME 53 of the Transactions oF THE AMERICAN Society OF MECHANICAL 
ENGINEERS contains 27 individual sections published during 1931 under the sponsor- 
ship of the Society’s 15 professional divisions, as well as its annual Record and Index. The 
technical papers ‘and reports that make up this volume represent the Society’s annual 
contribution to the permanent record of mechanical-engineering achievement. Most of 
these papers and reports were presented at meetings of the Society and of its professional 
divisions and local sections. Other papers published by the Society but not included in 
the Transactions may be located by means of the Record and Index which forms a part of 
this volume. 

The papers published in this volume were issued originally in pamphlet form. These 
pamphlets appear in sections, each section being sponsored by one of the Society’s pro- 
fessional divisions. A member of the Society may register in any three of the fifteen pro- 
fessional divisions, and receives in pamphlet form as they are issued the sections of Trans- 
actions sponsored by those divisions. 

All sections of the Transactions are bound together at the end of the year for the con- 
venience of libraries and of engineers who wish all of the papers in permanent form. Copies 
of the bound Transactions will be found in depositories located in selected engineering, 
university, and public libraries throughout the world. A complete list of these depositories 
will be found on page 97 of the Record and Index. Copies of the bound Transactions have 
also been set aside for sale. 

At the end of Volume 53 will be found the Record and Index of the A.S.M.E. for 1931. 
This is the permanent record of the Society’s activities for the year, and includes lists of 
committees, reports of meetings and committee activities, memorial notices of deceased mem- 
bers, as well as indexes of special A.S.M.E. publications and of Mechanical Engineering. 

In this volume the papers of each section are grouped together and are numbered 
serially. The different sections follow each other alphabetically. Each paper is designated 
by a symbol composed of key letters followed by the volume number and paper number. 
The letters refer to the section of the Transactions to which the paper is assigned. Thus 
AER refers to the Aeronautic section, IS to the Iron and Steel section, etc. The arrangement 
of the index and designations for locating material are explained at the beginning of the index. 
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Progress in Aeronautics 


Contributed by the Aeronautic Division 


Executive Committee: Charles H. Colvin, Chairman, Alexander Klemin, Secrefary, Wm. F. 


Durand, Thurman H. Bane, Porter Adams, Wm. B. Mayo, and Edwin E. Aldrin 


AERODYNAMICS! 


HILE the year 1930 has not been noteworthy for 

radical developments in applied aerodynamics, it may 

nevertheless be said that marked progress has been 
made in facilities for testing, in methods of obtaining and applying 
laboratory and flight test data, and in the further development 
of aerodynamic theory. 

The construction of the world’s first full-scale wind tunnel was 
started early this year at Langley Field by the National Ad- 
visory Committee for Aeronautics. This tunnel, with its 
30-ft.  60-ft. test section, will, when completed, easily ac- 
commodate airplanes of normal size. 

In addition to its full-scale wind tunnel the N.A.C.A. has 
completed a new vertical type (with open throat), equipped with a 
continuous-rotation dynamometer for autorotation tests of 
airfoils and mode! airplanes. 

Several new wind tunnels, among the most noteworthy being 
the large single-return type of California Institute of Technology, 
have been recently put into operation and are now busily en- 
gaged upon problems of fundamental importance. Further- 
more two commercial firms have built complete aerodynamical 
laboratories, namely, the Sikorsky Aviation Corporation, with 
its vertical-jet wind tunnel, and the B/J Aircraft Corporation, of 
Baltimore, Md., with its open-jet double-return type. 

A great deal of information for the future design of wind 
tunnels has been obtained from model tunnel experiments re- 
cently conducted by the N.A.C.A. 

The research of Dryden and Kuethe, of the Bureau of Stand- 
ards, has given us a clearer insight into the mechanism of tur- 
bulence, and has further emphasized the necessity of using it as a 
basis of standardization of wind tunnels. 

The past successes of Karman, Polhausen, Prandtl, Bairstow, 
and others in solving certain fundamental problems in connec- 
tion with the flow of viscous fluids, has more recently focused 
the attention of advanced students and physicists on many 
problems more directly related to aeronautics, such as the caleu- 
lation of the drag of airship hulls, struts, airfoils, ete. In addi- 
tion, however, many refinements have been made in the appli- 
cation of classical hydrodynamics to the solution of numerous 
practical problems involved in the design of airplanes, airships, 
propellers, helicopters, autogiros, ete. 

The now classical theories of Prandtl and Munk have been 
applied with success to the determination of the rolling moment 
and hinge moment of conventional ailerons, the calculation 
of span and chord loadings of wings, the determination of sta- 
bility and balance of airplanes, the calculation of the magnitude 
and distribution of load over tail surfaces during certain types of 
maneuvers, etc. 

While the slotted wing has undergone more development in 
the laboratory than in theory, it may be stated that the calcula- 
tion of the lift and moment of a multi-slot wing of elementary 
form by Tchapliguine, indicates that in certain cases we may 
expect increased inherent stability with a wing of this type. 

1 Prepared by Wm. H. Miller, Assistant Chief Engineer, B/J 
Aircraft Corp., Baltimore, Md. Mem. A.8.M.E, 


The recent development in England by Handley Page of the 
slot-and-aileron type of lateral contro] with an “interceptor” 
for increasing the effectiveness of the “up” aileron by spoiling 
the action of the slot on the wing to be depressed, has greatly 
minimized the dangers of the so-called ‘‘flat spin.” 

Paralleling the work of Handley Page is the further develop- 
ment of the floating aileron by the Curtiss Aeroplane and Motor 
Company. Also, this type of lateral control has been recently 
subjected to model tests by the N.A.C.A. in its vertical wind 
tunnel, and preliminary experiments have indicated in all cases 
either a marked reduction or absence of autorotative couple. 
Moreover, in addition to the laboratory studies of the floating 
aileron, investigators in England and in this country have 
subjected it to a thorough theoretical treatment in order to 
place its design on a rational basis. 

During the past year or more, great progress has been made 
in coordinating the aerodynamical and structural phases of 
aircraft design. The Experimental Engineering Section (Maté- 
riel Division) of the Air Corps has carried out a large amount 
of research in connection with the vibration of wings and tail 
surfaces. In fact, the mathematical and experimental re- 
searches of Green at Wright Field, and of Frazer and Duncan 
at the National Physical Laboratory in England, have gone 
far toward placing the design of cantilever wings and tail sur- 
faces on a sound basis. 

In the realm of full-scale aerodynamic research—and apart 
from that already mentioned in connection with lateral control— 
we find the N.A.C.A. undertaking the most complete and sys- 
tematic program of spinning research ever carried out up to 
the present time. It has been necessary to develop a number of 
special instruments for these and other tests, by means of which 
the committee is now able to determine among other things the 
forces and moments about the three axes of the airplane and the 
path of the center of gravity during a spin. By varying the 
mass distribution and aerodynamic arrangement of the airplane 
it will now be possible with these new facilities to ultimately 
obtain data whereby the designer will be able to predict the 
spinning characteristics of a proposed machine. 

Commercial-aircraft concerns throughout the country have 
carried out an intensive development of the cowling of air- 
cooled engines, and this past year has witnessed the placing of 
venturi-type cowling and Townend ring design on a fairly 
sound engineering basis. The introduction of these improve- 
ments in the streamlining of aircraft with air-cooled engines 
has had a marked effect upon the design of commercial aircraft 
in this country. 

Improvements in the autogiro have been noteworthy during 
1930. The latest machines of the Pitcairn Autogiro Company 
are being equipped with a self-starter and a brake for the rotor. 
The former eliminates the necessity of ground taxiing in order 
to start the blades before take-off, and the latter enables the 
pilot to stop the rotor immediately upon landing. The latest 
autogiros are capable of a most satisfactory performance, and 
it is gratifying to note that Mr. Cierva, the inventor of this 
amazing craft, has developed the technique of design to such a 
high degree. 
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Propeller research during the past year is worthy of mention. 
There has been considerable progress in both theory and ex- 
periment. Notable contributions to design theory have been 
made by Roy in France and Pistolesi in Italy. The impor- 
tance of the effect of peripheral speed on profile drag of the blades 
has been determined in a quantitative way by full-flight tests 
in England and by the staff of the Propeller Research Tunnel 
of the N.A.C.A in this country. It is of greatest importance 
to know that very serious losses in efficiency obtain at tip speeds 
in excess of 1000 ft. per sec., and valuable data are now available 
with which to estimate such losses. 

The designer now has sufficient information to determine in 
any given case the advisability of using a geared propeller. 


PROGRESS IN AIRPLANE DESIGN AND CONSTRUCTION? 


In spite of the depressed market for aircraft in 1930, the year 
seems to have been a most encouraging one when the progress 
made in airplane design and performance is considered. 

Perhaps the increase of courage in design, and consequently of 
many new types—especially when we look back at the commercial 
plane of 1927 and 1928—might be said to be due to the increased 
competition brought about by poor business conditions. On 
the other hand, airplane designers have now a much wider 
choice with regard to selection of engines, and as a result, designs 
are becoming more varied all the time. 

Similar in structural design to the Travel Airplane, developed 
in 1929, were the majority of the planes in the All-American 
Derby (for planes using Cirrus engines). These planes prac- 
tically all have a low monoplane wing braced with wires to the 
landing gear, and to the upper portion of the fuselage. 

However, the winner of the free-for-all speed contest at the 
1930 National Air Racesin Chicago was a biplane—a Laird single 
seater with a fully cowled radial engine that governed the gap 
between the wings, these being tangent to the round fuselage, top 
and bottom. 

Speed seems to have been the general aim this past year, and 
many designers have been willing to sacrifice a certain amount 
of pilot’s vision in order to attain as much speed as possible. 

Streamlining and close study of the aerodynamics of existing 
production types is evidenced by the new lines, fillets, and 
fairings on many types of the previous year—notable among 
these was the three-engine Ford. A number of excellent stream- 
lined all-metal planes were developed, notably the low-wing 
Boeing Monomail, the Buhl mailplane, the metal Lockheed 
Vega, the Lockheed Sirius, and the further development of the 
all-metal Fleetster. The Monomail was an exceptionally modern 
design with cantilever wing and round fuselage, with ring-cowled 
engine. The landing gear retracted into the low wing. 

Monoplanes seemed to be still increasing over the biplanes, 
with the number of externally and internally braced mono- 
planes almost equal. In England, where the biplane pre- 
dominated for so many years, 1930 has found an increasing 
number of monoplanes from the De Haviland Moth series to the 
large Fairly and Short machines. The Bellanca sesquiplane 
type has continued in its development, and showed promise with 
the notable performance of the Bellanca Airbus. 

A number of quite new experimental designs have been de- 
veloped during the year such as the Northrup flying wing, the 
Emsco all-wing, the Waterman variable-incidence and variable- 
dihedral monoplane, and the McDonald Doodlebug, developed 
in 1929 for the Guggenheim Safe Aircraft Competition. De- 
velopment of other new designs has continued, with the Curtiss 
Company experimentally applying a number of features of its 


2 Prepared by Richard M. Mock, an American aeronautical en- 
gineer at the time of writing. Now Consulting Engineer, Ernst 
Heinkel Flugzeugwerke, Warnemunde, Germany. Mem. A.S.M.E. 


Tanager to some of its other types, and with continuations of 
Furnic’s and Locke-Wolf’s experiments with the tail-first or 
Ente type. The Autogiro has been considerably improved by the 
Pitcairn Autogiro Company, which has developed a clutch-type 
starter as well as increased the performance of this promising 
plane. 

Sliding and soaring planes have increased in remarkable 
numbers, and naturally their experience has been reflected in 
the development of many low-powered planes. These planes, 
which are produced very cheaply, are showing much promise 
for the private market. 

During the year, the writer returned to America, and made a 
two months’ tour of the centers of the aircraft industry. After 
having been abroad for some time, he was astounded at the 
progress made in metal development. Metal structures of all 
types had been brought to a high degree of perfection, with 
heat-treated chrome-molybdenum steel parts and sheet dural 
structures seeming to be the most in evidence. Welded and heat- 
treated steel spars, built-up sheet dural and alclad wings, and 
monocoque and semi-monocoque dural fuselages seemed to have 
appeared almost overnight. Manufacturers seemed to show 
confidence and experience in carrying out these designs. In 
England, the sheet-steel-strip type of spar construction was 
the most common, while most varied types of construction were 
to be found in Germany. Most firms were continuing with 
their work in dural and at the same time making tests and ex- 
perimental airplanes from the magnesium alloy elektron. At 
the Ernst Heinkel Flugzeugwerke, in addition to the experi- 
mental work with dural and elektron structures, a series of 
all-steel spars (sheet-strip type) were developed to gain actual 
experience and knowledge of all of the types of construction 
and materials. The elektron structures seemed to be quite 
promising for inland usage where the air is dry, but at present 
the methods of preservation are not satisfactory enough to 
allow the material to be used in moist, salt air. 

Hyblum, a comparatively new alloy claimed to have high 
resistance to corrosion, has come into use during the year, and 
seems to show much promise. 

Stainless-steel sheet and strip for wing ribs and for use in 
floats subjected to severe corrosion conditions have been made 
during the year, and tried in service. The U. S. Navy and the 
British Air Ministry have sponsored a number of projects in 
stainless steel for use in sea water. 

In detail design, a great deal of progress has been made in the 
standardization of parts and units, which will enable these to be 
marketed and produced much more efficiently and cheaply. 
Aluminum-alloy castings, especially in control systems and for 
complicated structural parts, have increased in usage. Metal 
ribs have come to be quite common, with most commercial ribs 
having specific strength-weight ratios of about 1400 to 1500. 
The Hall Aluminum Aircraft Co. claims to have developed ribs 
with ratios as high as 1800 to 3000. 

In wing construction, especially in cantilever design, many 
interesting experimental structures have been made from the 
multi-spar to the monocoque type. The Fokker and Towle con- 
cerns developed interesting multi-spar dural wings having no 
ribs but depending on the skin and the number of longitudi- 
nal stringers to give the proper airfoil section. The Army 
Air Corps at Wright Field carried out an interesting series of 
experiments on monocoque-type wings. 

Composite constructions (wood bracing and dural skin and 
gussets) for experimental or cheap construction have been 
developed to an increasing amount by Ireland and Aircraft 
Products, while Loening and Sikorsky, the best-known users of 
this type of structure, have shifted over to all-dural and they have 
standardized on their boat lines. 
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Balloon and semi-balloon tires have increased in use, and be- 
come standard equipment on many planes. However, on only 
the lightest planes or on racing types have they been used with- 
out shock absorbers. Hydraulic shock absorbers, both oil and 
spring and oil and air, have practically replaced the earlier rubber 
types. 

Wheel ‘brakes have been common on almost all commercial 
planes, and practically all of the Servo type. Sikorsky has 
developed a brake especially suited for amphibian use. It 
operates on the principle of a friction disk actuated by a hy- 
draulic mechanism. 

Floats and seaplane development have seemed to reflect 
Navy experience in the lines of seaplane floats and flying-boat 
hulls. By giving contracts to Martin, Douglas, Hall, and Key- 
stone for building flying boats of the P. N. Type, the U. S. Navy 
has considerably aided flying-boat development in the United 
States. Sikorsky has developed his amphibian along larger 
lines, and is now working on a 32-passenger, four-engine plane 
of that type. 

Ireland produced a light wire-braced monoplane amphibian 
flying boat, while Aeromarine Klemm and Edo have experimented 
with twin-float amphibians with wheels housed in the floats. 

As in England, there seems to be some controversy as to the 
relative advantages of the twin-float seaplane versus the flying 
boat. The Ford plane and the English three-engined Short 
seaplane are examples of large twin-float designs. 

In England, it is interesting to watch the development of sea- 
planes and flying boats. After considerable deliberation, service 
tests are being made on the twin-float seaplane, the flying boat 
with wing floats for lateral balance, and also the float boat with 
sponsons similar to those of Dornier except that they have a 
step across the bottom. Water rudders seem to be common on 
all flying boats and some seaplanes, especially the Italian. 


Atk TRANSPORT AND OrHerR Crvit 


The twelve-month period following that covered in the progress 
report for 1929 has been one of more or less continued develop- 
ment in air transport despite the effects of overexpansion in the 
manufacturing side and the general depression in business, 
both of which became very acute at this time. While flying 
schools felt this depression severely and while private flying 
did not continue the expansion of the previous period, the mail 
operators and the regularly operated passenger routes showed 
TABLE 1 MILEAGE AND TRAFFIC STATISTICS FOR PRIVATELY 
OPERATED AIR-MAIL ROUTES WITHIN THE U. S. A. FOR YEAR 


ENDING JUNE 30, 1930! 
Total 


Length Miles of weight 

Number of service of mails Amount 

of routes, actually dispatched, paid to 
Month routes miles flown pounds contractors 
July 1929.... 25 13,928 1,260,980 645,653 $1,247,401 
Aug. 1929.... 25 13,928 1,308,186 701,538 1,361,619 
Sept. 1929.... 26 14,377 1,243,819 658,984 1,269,510 
Oct. 1929..... 25 14,369 1,303,938 705,772 1,341,982 
Nov. 1929.... 25 14,369 1,222,201 624,750 1,213,433 
Dec. 1929.... 25 14,369 1,056,728 618,991 1,245,663 
Jan. 1930..... 26 14,386 1,103,357 518,398 1,011,841 
Feb. 1930 25 14,387 1,096,591 556,913 1,095,105 
Mar. 1930 25 14,548 1,250,968 625,174 1,224,906 
a 1930 25 14,565 1,309,240 76,255 1,296,945 
ay 1930.... 25 14,659 1,392,439 702,499 1,188,961 
June 1930.... 25 14,907 1,389,821 680,814 1,134,419 
14,938,268 7,715,741 $14,631,785 


_ |} Compiled from Post Office Dept. statistics by Black & Bigelow, Inc., 
Air-Transport Engineers. 
some substantial increases in traffic as well as some further ex- 
tension of air lines. 

Manufacturing and Operating. The latter part of 1929 and 
the first several months of 1930 covered a period of drastic 


* Prepared by Archibald Black, President and General Manager, 
Black & Bigelow, Inc., New York, N. Y. Mem. A.S.M.E. 
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deflation in the aeronautical industry, particularly affecting 
operators of schools and manufacturers of aircraft and engines. 
The primary cause of this deflation was overproduction and 
overexpansion in the several months preceding. During that 
period, most manufacturers turned out more airplanes and en- 
gines than the market was able to absorb, while schools were 
increased in number and capacity considerably faster than appli- 
cants became available. Many companies directed their ener- 
gies more toward obtaining additional financing than to the 
expanding of their markets. The effect of this overexpansion 
combined with the general business depression resulted in a 
serious drop in sales and school enrolment. As a consequence, 
many of the smaller airplane and engine builders have been 
eliminated and school operations have had to be curtailed. 

Air Mail. Air-mail volume continued to grow more or less 
regularly throughout the earlier part of this period, but a peak 
was reached in October of 1929 and an appreciable drop followed, 
the bottom being reached about January, 1930, after which the 
volume began to climb back toward that of the previous peak. 
A large part of the 1929-30 winter slump may be charged against 
weather conditions, which always interfere with air-mail opera- 
tions in the first few months of the year, and which early ia 
1930 were unusually bad for the maintenance of regular flying 
operations. It is evident, however, that the failure of the air 
mail to continue its growth is not fully explained by weather, 
and it seems probable that the general business depression was 
one of the underlying causes. In addition to this, some un- 
certainty existed on the part of the carriers (with some conse- 
quent slacking of their efforts) due to doubt on their part re- 
garding the effect of contracts to be made under the Watres Bill. 
This bill was passed by Congress early this year and authorizes 
the Postmaster General to contract for the carriage of air mail 
by existing passenger air lines on the basis of a fixed rate per 
mile. In return for this compensation, carriers will be required 
to make available to the Post Office a certain definite volume 
and a certain cubic-footage capacity, which is to be paid for 
whether fully used or not. At the time of writing, bids have been 
recently opened and the first contract under this law has been 
awarded. Others are awaiting decision by the Postmaster 
General. It is encouraging to note that from February of 1930 
to date, air-mail volume has been generally increasing, and with 
these new mail contracts approaching settlement, further growth 
may be looked for in the closing months of the year. 

Fare Reductions. Early in 1930 several of the larger operators 
put into effect drastic reductions in passenger fares, bringing the 
cost of travel by air very close to that of travel by rail, and, 
in at least one case, the air-line fare was made slightly less than 
the rail fare for the same trip. Public response to these re- 
duced rates was almost instantaneous, traffic on many lines 
doubling almost overnight, while the increase in some cases 
reached as high as 400 per cent in a comparatively short time. 
After operating for several months at the reduced rates, some 
of the lines put into effect new tariffs carrying a slight increase 
over the rates in effect for a few months previous. These in- 
creases, being comparatively small, appear to have had little 
or no effect upon the growth of passenger traffic, and while very 
few passenger lines are paying at this time, the volume of traffic 
has shown most encouraging growth, and the operating losses of 
many operators have been substantially decreased. Parallel 
with these changes in rates, operating economies were effected 
in many cases by the reduction of personnel and more intensive 
use of the flying equipment, both of which combined to ap- 
preciably reduce operating costs. Indeed, some operators have 
substantially reduced their operating forces while increasing 
their traffic volume. 

Consolidations. While the consolidations referred to in the 
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TABLE 2 AIR-TRANSPORT MILEAGE OF THE PRINCIPAL COUNTRIES—OPERATIONS OF SCHEDULED SERVICES IN AIRPLANE- 
MILES! 
1919 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 
506,000 1,460,000 2,015,000 2,115,000 2,249,000 2,946,000 3,244,000 3,755,000 4,534,000 5,863,000 
Germany ‘ ; ‘ 843,000 886,000 1,860,000 3,070,000 3,816,000 5,922,000 7,114,000 6,571,000 
Great Britain..... 168,000 644,000 225,000 717,000 943,000 936,000 862,000 840,000 769,000 916,000 1,189,000 
Holland. . me eo 51,000 217,000 246,000 336,000 483,000 680,000 598,000 814,000 760,000 1,193,000 
United States... 393,000 880,000 1,828,000 2,329,000 1,743,000 2,221,000 2,911,000 4,407,000 6,009,000 10,673,000 20,243,000 


1 The figures in this table should be considered as being only approximate, 


Bigelow, Inc., Air-Transport Engineers. 


previous progress report were not continued through 1930, 
one combination of outstanding importance took piace during 
this period. This was the consolidation of Pan-American Air- 
ways and the New York, Rio, and Buenos Aires Line, the former 
company having purchased the latter. Some realignments 
took place in other quarters, notably the absorption of National 
Air Transport by United Aircraft & Transport Corporation. 

Accidents. The total number of accidents has been steadily 
increasing, but, on the other hand, the ratio between the total 
number of accidents and the total miles flown has been showing 
a steady improvement, the accident ratio decreasing more or 
less regularly in the past two years. A considerable amount of 
stunt flying is still being carried on, and this and reckless flying 
represent two important contributing causes of accidents at 
present. The Department of Commerce in 1930 began to apply 
its regulations with greater rigidity, and this effort to reduce 
accidents has been reflected in a substantial increase in violations 
of air-commerce regulations during the second and third quarters 
of 1930. Violations of these regulations dealing with acrobatic or 
dangerous flying headed the list of specific offenses. Other vio- 
lations included flying without license, flying without navigation 
lights, or flying without identification numbering. The total 
number of violations charged was 278 in the third and 177 in the 
second, as compared with the total of 122 for the first quarter 
of the year. Accident statistics, for the preceding two years 
compare as follows: 


Jan.—June July—Dec. Jan.—June July—Dec. 


1928 1928 1929 1929 
Total accidents, all services. 430 692 774 924 
Miles flown per accident, 
es 38,337 78,308 72,612 85,433 


Airports. The total number of airports and landing fields 
in use in this country during the period covered by this report 
increased from 1224 as of January 1, 1929, to 1527 at November 
4, 1929, and 1655 at July 1, 1930. At the time of writing these 
airports are divided as follows: 500 municipal, 558 commercial 
privately owned, 79 army and navy, and 518 Department of Com- 
merce and other intermediate or emergency fields and other 
Government fields. Considerable extension was made in line 
airways in this period, continuing the development program 
started a few years ago by the Department of Commerce Aero- 
nautics Branch, and 583 airports and fields are now lighted 
While considerable study has been given in various quarters 
to the design of airports, at present very little effort appears to 
have been made to apply this information in actual practice, 
due possibly to the tendency of many municipalities to place the 
entire design of their airports in the hands of the existing city en- 
gineer’s staff without calling for aid from the aviation industry. 


Progress OF NAVAL AVIATION‘ 


Satisfactory progress is being made toward the completion 
of the five-year building program for naval aviation as author- 
ized by Act of Congress, approved June 24, 1926. This act 
authorized an increase in useful airplanes to 1000 in five yearly 


‘ Prepared by Rear-Admiral William A. Moffett, U.S.N., Chief of 
the Bureau of Aeronautics, Washington, D. C. 


as accurate records are not available in most cases, Compiled by Black & 


increments. The last appropriating year contemplated by 
the act is the one ending June 30, 1931. It is expected that 
the aircraft to be procured under the 1930 and 1931 authori- 
zations will raise the number of naval airplanes on hand to 1000 
during the fiscal vear 1932. 

In the interest of improvement in safety in flying, the Bureau 
of Aeronautics maintains a detailed record of all failures of 
material and of all accidents. Each such occurrence is analyzed 
on the spot by a board of three officers, who submit findings of 
fact, express their opinions as to the cause, and make pertinent 
recommendations. These reports and records enable the Bureau 
to take such steps toward the elimination of material faults and 
make such recommendations for the control of improper flying 
and personnel derelictions as will best contribute to safety in 
aviation, and yet not restrict the employment of aircraft in the 
proper development of this new art of naval warfare. During 
the past vear a total of 266,984 hours were flown by naval air- 
planes with but 14 fatal accidents and 18 fatalities. For every 
fatality there were thus flown a new record total of 14,832 hours, 
and for each fatal accident, 19,070 hours. These figures com- 
pare with the previous best records in 1929 of 6773 and 11,289 
hours, respectively. This new record may also be expressed by 
stating that in a total of 252,095 flights during the past year 
only 14 resulted in fatal injuries to occupants of the aircraft, or in 
other words, flights were 99.9945 per cent safe from fatalities. 

The past year has witnessed progress in the elimination of 
wood from aircraft structures. No new construction for several 
years has used wooden fuselages, and the passing of the fiscal 
year 1930 carried with it the last of the wooden-fuselage air- 
planes of the Navy. Wooden wing ribs and wooden tail struc- 
tures have been entirely replaced by metal construction in new 
designs, while almost all new experimental types and new-pro- 
duction aircraft have metal wing beams as well. 

One of the recent interesting material investigations has been 
in the field of corrosion-resisting steels. Streamline tie rods 
made of various steel compositions are being service tested; 
seaplane floats of stainless steel are under construction. Wing 
ribs constructed of spot-welded strip stainless steel are being 
incorporated in certain wings for service tests. Sources of 
supply for this material in sheet, bar, and seamless tubing, and 
methods of handling and working it, are under development. 

A step in the solution of our difficulties in the use of aluminum 
alloys in the construction of hulls and floats has been the dis- 
covery that incorrect heat treatment has been responsible for 
much of the rivet corrosion. Tests indicate that improved 
methods, which will insure all rivets of obtaining correct and 
uniform heat treatment, will largely eliminate this trouble. 
After experiment and service tests the anodic treatment, whereby 
aluminum and aluminum alloys are given electrolytically a 
coating of aluminum oxide, has been adopted as the standard 
method of preparing these materials to receive paint finishes. 
This treatment not only provides a surface to which finishes 
adhere readily, but one which has also considerable corrosion 
resistance in itself. 

Because of their advantages in weight, reliability, cost, dura- 
bility, ease of maintenance, and performance at altitude, the 
policy has been continued of using radial air-cooled engines 
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in all service airplanes. The Bureau has kept touch with all 
lines of engine development by awarding experimental contracts 
for liquid-cooled, air-cooled in line, Diesel (radial), and several 
types of foreign engines, but at present the American radial 
air-cooled seems the best for naval uses. Definite progress has 
been made in increasing the power of these engines by better 
cylinder and crankshaft desigr, and by the use of higher com- 
pression ratios and intake pressures. 

The chief requirements of an airship engine are durability 
and fuel economy. The Maybach engines, which are to be used 
by the Navy in the ZRS-4, possess these requirements to a 
marked degree. The Bureau looks to the compression-ignition 
heavy-oil engine, however, as the airship engine of the future, 
and has been concentrating its efforts and experimental fund 
on its development. Two such experimental engines are now 
under contract, and both are scheduled for delivery within the 
present fiscal year. 

Good progress has been made by the Goodyear-Zeppelin 
Corporation in the construction of the airship ZRS-4 (U.S.S. 
Akron). The contractor’s shed was ready for occupancy in 
October, 1929, and shortly thereafter, with appropriate cere- 
monies, the keel of the airship was laid. The contractor is 
working to a schedule which calls for completion of the airship 
in June, 1931, and it is believed this date can be met. A number 
of developments have been incorporated in the design as the 
work proceeded; however, there have been only a few minor 
changes involving modification of the contract requirements. 

Rigid-airship operations throughout the year have shown 
definite progress toward the solution of the problem of handling 
large airships. The mobile mooring mast has become a regular 
part of the handling equipment. Other mechanical appliances 
which play necessary roles in a complete mechanical-handling 
system, have been developed and are now in habitual use. Im- 
provements are necessary, but an adequate system for handling 
airships mechanically is definitely visualized, and requires only 
time and effort for its realization. 

Operations in the Fleet have shown the necessity for the 
modification to a certain extent of previous ideas as to the proper 
types and models of airplanes suitable for use in naval aviation. 
Patrol flying boats used in the Fleet and at air stations were 
originally developed by the United States Navy. Smallgr 
aircraft assigned to cruising vessels were originally adapted from 
models similar to those used in military operations on shore. It 
is interesting to note that practically all changes that have been 
made in naval aircraft in the last few years, except such as have 
been due to the development of the art, have been in the line of 
introducing features that fit them to operate from ships. Ship- 
based landplanes have emergency flotation gear for keeping them 
afloat in a forced landing at sea, and have carrier arresting gear 
and low stalling speeds to permit satisfactory operation from the 
decks of carriers. Most naval planes have radio in order to 
maintain touch with their moving bases. Observation planes 
have sturdy float-type landing gear to permit landing in rough 
water, and the use of the carriers has emphasized the need for a 
satisfactory but light amphibian landing gear. The size of 
fleet airplanes must be kept at a minimum in order that the 
limited space on board ship may be utilized to the best advantage. 
The differences in’ coordinate types of aircraft as used by the 
Army and Navy have arisen not because the airplanes are pro- 
duced by different organizations, but because the peculiar condi- 
tions under which they operate must be taken into consideration 
from the inception of their design. Although it is considered 
sound policy to build as few different kinds of naval airplanes as 
possible for meeting the needs of the service, recent actual opera- 
tion of naval aircraft in the Fleet has indicated that greater 
differentiation than now exists may be desirable if naval air- 


AER-53-1 5 


craft are to perform satisfactorily the service required. The 
Bureau constantly endeavors to keep in the closest touch with 
Fleet operations, and with the latest ideas that have been evolved 
in the Fleet, in order that airplane types entirely suitable for 
the purpose may be produced without delay. 

Naval operations of the fiscal year have served further to 
emphasize the great value of aircraft carriers to the Fleet, and 
to indicate the urgent necessity of continuing our progress along 
these lines by building up to the carrier tonnage allowed under 
the London Limitation of Armament Treaty. This is consid- 
ered the most vital need of naval aviation at the present time. 


DEVELOPMENT OF MILITARY AERONAUTICAL EQUIPMENT IN 
1930° 


Development of military aeronautical equipment during 
1930 has been carried on under the direction of the Chief of the 
Air Corps by the Matériel Division, located at Wright Field, 
Dayton, Ohio. The five-year program, calling as it does for a 
greater number of up-to-date airplanes in the hands of service 
squadrons, has stimulated interest in new equipment. It is not 
the desire of the Air Corps to darken the skies with military 
aircraft, nor to spend vast sums of money on purely military 
flying, but it is the duty of the Air Corps to the nation to 
thoroughly and painstakingly investigate and test a large amount 
of promising experimental equipment. The value of govern- 
mental researches and development to the commercial-aircraft 
industry, as well as providing satisfactory equipment for na- 
tional-defense purposes, has justified the soundness of continuing 
an experimental program. Closer cooperation with aircraft manu- 
facturers and an increasing willingness to try out less conven- 
tional equipment is resulting in machines of increased performance 
and greater effectiveness. The lessons learned from joint 
Army and Navy maneuvers, the extensive Air Corps maneuvers 
held last spring in the vicinity of Sacramento, California, and 
the trend of high-performance commercial aircraft as well as 
the 36,000,000 airplane-miles actually flown last year by the 
Air Corps, are being applied directly to the new designs now in 
embryonic stages. 

During the year two new designations of airplanes have been 
added—“Photographic” and ‘Basic Training,’ bringing the 
number of types to eight, i.e., Attack (symbol A), Bombard- 
ment (B), Transport (C), Observation (O), Pursuit (P), Photo- 
graphic (F), Primary Training (PT), and Basic Training (BT). 
The symbol prefixed by ““X”’ denotes that the airplane is “Ex- 
perimental” and when prefixed by “Y’’ denotes a “Service 
Test”’ (in the hands of operating squadrons) status. - Increased 
performance in all types except training has been attained 
by reduction of resistance through refinement of detail, installa- 
tion of engines of increased horsepower, new methods of con- 
struction, and the use of accessories such as ring cowls for air- 
cooled engines, wheel streamlines, etc. 

Engine development, upon which so much of the effectiveness 
of aircraft as a military weapon depends, has been carried on 
unceasingly along two general lines: direct air cooling and liquid 
cooling. While air-cooled engines dominated the field in com- 
mercial and naval operations and took a most important part in 
Air Corps activities, yet water cooling was still much in evidence. 
With the increasing of the power plants of observation airplanes 
from 425 hp. to 600 hp. the geared water-cooled Curtiss Con- 
queror was generally employed. The substitution of ethylene- 
glycol for water as a cooling liquid so successfully employed 
during 1929 in 12-cylinder 425-hp. engines, met certain problems 
when applied to engines of 500 hp. or greater. Recent design 
changes in larger engines appear to have overcome the diffi- 


5 Prepared by Lieut. S. P. Mills, Matériel Division, Air Corps, 
U. S. A., Wright Field, Dayton, Ohio. 
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culties encountered and promise to provide a high-powered 
liquid-cooled power plant whose total installed resistance will 
be a joy to the airplane designer. It should be remembered that 
the cooling liquid in such installations is delivered to the radiator 
at 300 deg. fahr. instead of 180 deg. fahr., giving twice the 
temperature difference attained with water under normal flying 
conditions. A radiator of one-fourth to one-third the size 
formerly used with the attendant saving in amount of liquid 
used effects a substantial saving in frontal area and total weight. 
Greater fuel economy with only about 2 per cent decrease in 
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flight. This interesting engine of 240 hp., America’s first Diesel- 
type aircraft engine, uses as fuel furnace oil instead of gasoline 
and eliminates the electrical ignition system. When supplied 
with fuel for several hours’ operation, the overall power-weight 
ratio is very favorable. An apparent advantage arising from 
the use of this compression-ignition type of engine is the greatly 
reduced fire hazard due to the less inflammable fuel carried. 
Economical operation costs plus freedom from radio interference 
experienced in the presence of conventional ignition systems con- 
stitute additional advantages. 

Less spectacular, but of far-reaching importance, is the de- 


Curtiss B-2 BomBer WitTH Two 600-Hp. Water-CooLep 
Curtiss ENGINES 


(Used in limited numbers by the Air Corps. Has on several occasions 
carried a 4000-Ib. bomb.) 


maximum engine power is also 
a highly desirable result. 
Development of air-cooled 
radial engines has been carried 
on vigorously, centering about 
the Pratt-Whitney Hornet and 
Wright Cyclone, each rated at 
525 hp., which have been used 
extensively in bombardment 
airplanes. Models of these en- 
gines with cylinder displace- 
ments of 1850 cu. in. will de- 
velop 575 hp. The coming 
year will undoubtedly witness 
the more extensive use of other 
higher-powered types, some of 
which will be geared. The 
Wright V-1460, an inverted 
air-cooled 12-cylinder V-type 
of engine rated at 600 hp., has 


Keystone BoMBER PowERED WitH Two 525-Hp. Hornet Atr- 
CooLep ENGINES 


(Standard equipment for Air Corps. Carries crew of four and is capable 
of carrying 2000-Ib. load.) 


velopment work on fuels 
making possible the use of 
higher compression and greater 
supercharging, with the atten- 
dant fuel economy. Studies 
in the torsional vibration of 
engine crankshafts by means of 
a newly designed torsiometer 
have resulted in correct coun- 
terbalancing and the determi- 
nation of certain speeds which 
should be avoided in regular 
operation. A graphie record 
showing distortion or twist of 
crankshaft is easily obtainable 
at any desired speed. 

Two other developments in- 
clude the automatic super- 
charger regulator whose opera- 
tion is governed by the change 


been tested in flight as well as 
on the dynamometer stand, 
showing good progress in this 
development. 


Two Very INTERESTING SINGLE-ENGINE TRANSPORT MONOPLANES, 
THE Fokker C-14 AND THE BoEING ALL-METAL PLANE 
(The high-wing plane shown above is a Fokker C-14 with plywood wing 
and steel-tube fuselage, powered with a Pratt & Whitney Hornet engine. 
Below is shown the Boeing all-metal monomail low-wing transport plane. 
Each plane has high speeds above 140 m.p.h.) 


of barometric pressures due to 
altitude, and solid-fuel- 
injection system using a fuel 
pump and spray jets for im- 


The testing of a 1400-hp. 

(at 2000 r.p.m.) air-cooled 24-cylinder ““X” type of engine for 
securing engineering data has proved interesting. This engine 
has four rows of six cylinders, each with a 5%/,-in. bore and 
7'/,in. stroke, set at 90-deg. intervals about a 6-cylinder-type 
crankshaft. When tests are completed upon this 4520-cu. in. 
engine, excellent data on the behavior of air-cooled cylinders in 
large sizes should be available. 

With the advent of fuels of improved anti-detonating prop- 
erties it has been possible to increase the compression, securing 
as a result an even better power-weight ratio and a lower fuel 
consumption. The 425-hp. Pratt-Whitney Wasp air-cooled 
engine as used in the late Boeing pursuit airplanes is now equipped 
with supercharger blowers geared 10 to 1, increasing the per- 
formance at altitude to a marked degree. 

Three Diesel engines purchased from the Packard Company 
are now being tested in the dynamometer laboratory and in 


proving the fuel distribution. 

During the coming year radial air-cooled and V-type liquid- 
cooled engines of over 500 hp. will be used in numbers, with the 
air-cooled “V’’ and “in-line” struggling for a foothold. The 
tendency of the times seems to indicate a material increase in 
m.e.p. due to increased supercharging coupled with the use of 
new and improved fuels. The use of gearing will probably in- 
crease, and controllable-pitch propellers will undoubtedly make 
their appearance on commercial as well as military aircraft. 
Progress in the development of the airplane proper has con- 
tinued along certain very definite lines. A marked tendency 
toward the use of monoplanes is noted in the experimental pro- 
grams, although the biplane is very much in the majority in 
the hands of service organizations. Monoplanes have been or 
will be tried out in each one of the eight different types of air- 
craft used by the Army. In construction the tendency appears 
to be toward the all-metal machines incorporating the smooth- 
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surface monocoque type of fuselage and wings whose structure 
and covering are metal. The use of duralumin construction is 
undoubtedly growing, although again the majority of machines 
in actual use today are of the steel-tube, welded-joint type. 
Many studies have been carried on with a view to reducing the 
resistance and the weight of structures of a given strength in 
order to increase the performance. A short discussion of the 
airplanes in present use, and a word about the tendency of 
design in each of the basic types, may prove of interest here. 

The present attack type of airplane, designed for exceptionally 
low-altitude flying and surprise attacks with machine guns and 


This type of airplane may also come equipped with 525-hp. 
Wright Cyclone engines. Geared air-cooled engines have not 
as yet been used extensively in bombing airplanes, but may 
make their appearance at some future time. The gear ratios 
generally employed are 2:1 or 3:2. 

The Curtiss B-2 biplane with two 600-hp. geared Curtiss 
Conqueror water-cooled engines is used in smaller quantities. 
Gearing may be expected in several of the new bombers as it 
affords a substantial increase in speed and climb. Late im- 
provements in the Keystone bombers include greatly improved 
instrument boards, engine shutter controls for altitude and winter 
flying, and suitable tail wheels as a replacement for skids. 


Dovetas O-25 OsseRvATION AIRPLANE Powsrep Wirn Curtiss 
Conqueror 600-Hp. Prestone-CooLep (STANDARD 
EQUIPMENT) 


Tuomas Morse O-19-B OsseRVATION AIRPLANE PowrRED WITH 
Pratt & Wuitney 425-Hp. Wasp ENGINE 
(Standard equipment for Air Corps. Note corrugated duralumin body.) 


EXPERIMENTAL FOKKER 3-PLACE OBSERVATION AIRPLANE PowERED 
Wirs Two 600-Hp. Curtiss Conqueror ENGINES 
(Landing chassis is retractable into the engine nacelle.) 


small bombs, is a biplane built by Curtiss and known as the A-3B. 
This two-place airplane mounts M-2 machine guns in the wings 
just outside of the propeller disk and is equipped with a 
Browning M-2, .30 caliber, flexible machine gun in the rear 
seat. The power plant consists of a Curtiss D-12 engine of 450 
hp. giving a high speed of over 140 m.p.h. Low-wing mono- 
planes have been suggested, but as yet none have been tested. 
Such planes equipped with powerful water-cooled engines should 
add materially to the effectiveness of this type. 

In the bombardment class the Keystone B-3A biplane powered 
by two 525-hp. Pratt & Whitney Hornet engines is now stand- 
ard equipment. A new contract for 60 of these airplanes 
has been placed, deliveries of which have already commenced. 


EXPERIMENTAL Two-PLace Pursuit BipLaANe BuI_t spy BERLINER- 
Joyce Co. 600-Hp. Curtiss CONQUEROR PRESTONE- 
CooLep ENGINE 
(Note gull-wing effect for increase of visibility in a dive.) 


EXPERIMENTAL Curtiss Pursuir PowerRED Wits 600-Hp. 
PRESTONE-COOLED ENGINE 
(Note gull-wing construction and presence of wing-skin radiators.) 


Boring Aut-Metat ExperRIMENTAL Pursuir XP-9 
Powerep Wirs 600-He. Curtiss ENGINE 
(Note smooth-surface duralumin monocoque fuselage.) 


During the past year many commercial companies have sub- 
mitted transport airplanes for Air Corps inspection. While 
the Ford and Fokker tri-engined transports have been continued 
as standard, yet there is a tendency toward single-engined lighter 
machines. A new type which will be used by the Service this 
coming year in limited numbers is the Fokker high-wing C-14. 
With its plywood wing raised 18 in. above the fuselage and the 
pilot mounted in an open cockpit aft, it should prove useful for 
transporting supplies, spare engines, etc. For many military 
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requirements the lighter single-engined transport appears more 
practicable. 

Marked progress in observation aircraft performance has been 
effected by increasing the power from 425 (Standard Liberty 
or Curtiss D-12) to 600 hp., which brings this class of machine 
definitely in the 150-m.p.h. class. Fifty Douglas O-25 A planes 
each powered with a water-cooled geared Curtiss Conqueror 
engine and mounting the new Browning .30 caliber machine 
guns, have been placed in the hands of the Service. Rate of 
climb and ceiling with a very quick take-off feature the model. 
The steel-tube fuselage and wood wing structure follow standard 
practice. A new rear gun mount eliminating the familiar ring 
mount and improved brakes add much to the safety of this 
machine. The Curtiss O-1E with a 425-hp. Curtiss D-12E 


“Tue Lonegest View oF Mr. Ratnrer From A DISTANCE OF 266 MILES 


(Photograph made possible by use of infra-red filters. Mt. Rainier is invisible to the eye at a much shorter 5 ° 
distance than 266 miles.) 600-hp. Prestone-cooled Curtiss 


engine is standard equipment. The Thomas Morse O-19B 
powered with a Pratt & Whitney Wasp air-cooled engine is also 
being used quite extensively. A new series of Douglas observation 
airplanes (O-38) powered with a Pratt & Whitney Hornet or 
Wright Cyclone engine of 525 hp. promises to contribute this 
year. In spite of the fact that all standard planes in this class 
are now of biplane construction, new types of construction in 
high-performance, cantilever, monoplane wings may bring about 
radical changes. 

In the experimental field in this class the Fokker O-27 provides 
a most interesting exhibit, combining a cantilever wood wing in 
which two Prestone-cooled Curtiss Conqueror engines are stream- 
lined, a small-section steel-tube fuselage, and a retractable 
landing chassis. The pilot and two observers sit in open tandem 
cockpits. Performance trials are now under way to determine 
its suitability for Service use. To the casual observer on the 
ground watching it pass, its two 600-hp. engines wide open and its 
landing chassis drawn up into the engine nacelles, it seems like 
a step in advance. Speeds in the 1929 pursuit class are hoped 
for but only time will tell. 
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That the pursuit plane must look to its laurels if it is to main- 
tain a liberal margin of high speed over certain larger and heavier 
types, seems to have been demonstrated in British maneuvers 
in the defense of London. Light bombardment planes of the 
two-place class powered with water-cooled engines made a splen- 
did showing, and did not appear to be particularly worried by 
the pursuit machines. 

In our Service the Curtiss Hawk P-1C and the Boeing P-12C 
are the two standard types of pursuit. The P-12C incorporates 
certain improvements, among which is a ring cowl about the 
supercharged Wasp engine. With the cowl only about 12 in. 
wide, the visibility is not materially reduced. In order to 
gain increased performance at higher altitudes, the supercharger 
blower is geared 10:1. By careful handling of the throttle 

and not overloading the engine 

at ground levels, reasonably 

ale satisfactory maintenance may be 

expected. Full-capacity opera- 

tion should take place only at 

altitudes above 8000 ft. With 

= its short span and compact 

weight arrangement, it is a very 

™ maneuverable machine. The 

fuselage construction is of the 

square-tube, rounded-corner dur- 

alumin longeron type, riveted 
and bolted. 

The Curtiss P-1C has been im- 
proved from time to time, but is 
still powered with a water-cooled 
Curtiss D-12E engine of 425 hp. 
It is probable that water-cooled 
pursuit airplanes will be gen- 
erally of a higher horsepower 
than the P-1C. 

Among the experimental air- 
planes being performance-tested 
at this time which may affect pur- 
suit design, should be mentioned 
the two-place Berliner-Joyce, 
the Curtiss XP-10, the Boeing 
XP-9, and the Curtiss XP-17. 
The two-place Berliner-Joyce 
airplang is powered with a 


Conqueror engine. This plane 
with the gull-wing type of construction in the upper wing has 
every appearance of a pursuit airplane, but the presence of a 
gunner immediately back of the pilot will afford a great protec- 
tion from the pursuit pilot’s weakness—vulnerability in case of an 
attack from the rear and above. The pilot’s visibility in this 
plane during a dive should be excellent. Speeds comparable 
with last year’s single-place pursuit airplane are hoped for in 
the tryouts to follow. A steel-tube fuselage and fabric-covered 
metal wing are used. 

The Curtiss XP-10 pursuit airplane is built around the Pres- 
tone-cooled Curtiss Conqueror engine and incorporates the 
gull-wing construction in the upper wing. In order to attain 
the maximum speed, an improved type of wing-surface radiator 
has been applied to the upper wing extending about 5 ft. on each 
side. As in the Berliner-Joyce, a direct-drive engine is used. 
The airplane has been designed with a view toward securing a 
satisfactory high-speed performance, particularly at altitude, 
and a rapid climb. Performance tests on this machine will be 
completed by the end of the year. 

The latest pursuit airplane produced by Boeing, known as the 
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XP-9, is of the externally braced monoplane type powered with a 
Prestone-cooled Curtiss Conqueror 600-hp. engine. The XP-9 
is of unusual interest in that its fuselage is of the all-duralumin 
smooth-surface monocoque type and its wing construction en- 
tirely of metal. An axle type of landing gear, flat-nose-type 
radiator, and synchronized Browning M-2 machine gun are 
used. 

The Curtiss XP-17 pursuit airplane powered with an inverted 
12-cevlinder air-cooled Wright engine of 575 hp. is now being 
experimented with. In the early stages of development this 
airplane is interesting due to the exceptionally good visibility 
afforded the pilot. Due to the inverted position of the engine a 
considerable amount of noise, dirt, and vibration appear less 
noticeable to the pilot. A considerable number of experiments 
have been conducted with modified forms of equipment. One 
such experiment is the use of a Heinrich low-resistance flat-tube 
radiator used in connection with a Prestone-cooled Curtiss 
D-12 engine whose compression ratio is above 7:1. A marked 
increase in high speed coupled with increased rapidity of climb 
resulted from this installation. 

The Curtiss P-6 pursuit airplane powered with a 600-hp. 
Prestone-cooled Curtiss engine will soon be equipped with the 
new improved Conqueror engine designed especially for Prestone 
cooling and will then be given additional service tests. 

The present tendency in pursuit development is to increase the 
high-speed performance, particularly at altitude, by the use of 
engines of greatly increased horsepower which are more highly 
supercharged. In all probability, future development in this 
type of machine will swing toward the smooth-surface all-metal 
fuselage and metal-covered wings. Duralumin construction 
will undoubtedly play a most important part in this development. 
The surprising increase in speeds of larger and heavier machines 
is forcing the pursuit to reduce resistance to the minimum and 
to use overpowered engines. The use of retractable landing 
gears, and even an inclosure for the pilot, have been suggested 
in the past and may be given more serious attention than hereto- 
fore. 

The progress in aerial photography and mapping has been 
steady, although not particularly sensational. Many excellent 
photographs have been taken from points 30,000 to 40,000 ft. 
above the earth. One photograph taken with the aid of infra- 
red filters shows the summit of Mt. Rainier at a distance of 
over 266 miles. The type of airplane now in the hands of the 
Service for photographic use is the Fairchild YF-1, which is 
undergoing extensive service tests. This externally braced 
monoplane powered with an air-cooled Wasp engine provides a 
roomy cabin for operation of the cameras and developing or 
printing, if desired. The high-wing type of monoplane affords 
the photographer good visibility for the taking of oblique photo- 
graphs through the door, as well as for the usual verticals taken 
through the floor. Among the characteristics necessary in a 
photographic plane should be mentioned stable flying qualities 
and the ability to reach 15,000 ft. with the required load. 

The past year has witnessed an investigation as to the primary 
training plane best suited to Air Corps needs. During the past 
20 years we have watched the Army pilots being trained on the 
30-hp. Wright engines, then the 75-hp. Curtiss, then the famous 
90-hp. Curtiss OX-5 of the “Jenny era.” Following the war 
period the power of training airplanes was increased to 150 and 
then to 180 hp. by adopting the Wright Hispano engines. With 
the coming of successful air-cooled engines, the power was again 
raised, until at present the power of training airplanes in service 
is 225, using the Wright J-5B Whirlwind engine. In view of 
improvements in airplane construction it is now believed un- 
necessary to use so great an amount of power. Exhaustive 
service tests are now under way to determine if the small air- 
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plane, such as the “‘Fleet’’ PT-6, powered with a 100-hp. Kinner 
engine or higher-powered planes such as Stearman, Verville, 
and others, will more satisfactorily meet A.C. requirements. 
There is naturally a considerable difference of opinion regarding 
this point. Some pilots believe that a medium-heavy plane 
using 150-hp. would be satisfactory. The tendency, however, 
seems to be toward a reduction in weight and horsepower and 
the use of a machine whose flying qualities are comparable 
with those of the more powerful service aircraft. 

As a transition airplane to be used by newly trained pilots 
between their primary training and training on service-type 
airplanes, a new type known as “‘basic training” has been adopted 
by the Air Corps. At present this type is being supplied by the 
Douglas Company in a model known as the BT-2 series. The 
construction of this plane is similar to that of the Douglas O-2H 


Dovetas BT-2B Basic Training PLANE PowereD WitH Wasp 
425-Hp. Arr-CooLep ENGINE 
(Note ring cowl, which increases speed about 5 m.p.h.) 


A Typrcat Lieut Tyre or TRAINING PLANE—THE “FLEET XPT-6, 
Powerep 100-Hp. Kinner ENGtIneE—Now on Service Test 


and O-2K observation, but its power plant is the 425-hp. Wasp 
air-cooled engine instead of the Liberty engine. The use of 
airplanes of this type is a very important step in the training of 
new pilots, and will undoubtedly fully justify its cost in the con- 
servation of fully equipped and more expensive service air- 
planes. 

Although little of a revolutionary nature has been advanced in 
the progress of military aeronautical equipment during the 
past year, yet the steady advance in airplane construction marked 
by the wider use of metal and cleaner designs together with corre- 
sponding advancement in power plant, higher compression, greater 
supercharging, and perfection of liquid cooling, has paved the 
way for a material advancement in performance. 


ATRSHIPS® 


The year 1930 was marked by one spectacular airship disaster, 
and by comparatively little progress of the sort that fills the public 
eye. Nevertheless very real progress was made in improving 
inethods of airship mooring and ground handling, which have 
long been among the most important and intractable of airship 
problems. An intensive practical and theoretical investigation 


* Prepared by C. P. Burgess, Bureau of Aeronautics, Navy De- 
partment, Washington, D. C. 
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of mooring and ground-handling methods has been carried out 
by the U. 8S. Navy, and the results have been tested and demon- 
strated in the handling of the U.S.S. Los Angeles. 

The low, or stub, mooring mast developed at Lakehurst 
has now been in successful use for several years. With this 
mast the airship rides close to the ground, its stern resting upon 
a car running on a circular track, concentric with the mast. 
The airship is free to turn like a weather cock, always pointing 
into the wind; but all vertical motion is eliminated and 
the airship is conveniently accessible for servicing from the 
ground. An objection to the low mast was that, until re- 
cently, it was necessary to land the airship upon the ground 
by man power, in the old-fashioned way, and walk her to the 
mast. In the past year, the technique of mooring has been so 
improved that direct-flying moors to the low mast have become 
standard practice. 

A very important development in ground handling has been 
the use of the mobile stub mooring mast at Lakehurst. This 
mast is mounted at three points on Athey truss wheels, which 
are a modification of the caterpillar-tread principle. The mast, 
with the bow of the Los Angeles attached to it, is towed by a 
tractor into and out of the hangar. It was also used for handling 
the Graf Zeppelin when she visited Lakehurst in June. A new 
system of side handling lines, attached to the ship and docking 
trolleys, has been developed to hold the ship parallel to the 
hangar when being taken in or out by means of the mobile 
mast. These handling lines are arranged to distribute the side 
force evenly over a large part of the ship’s structure. 

The Graf Zeppelin has continued in successful service through- 
out the year. Her numerous voyages in and across Europe, 
extending from Spain to Asia Minor, and from Africa to the 
North Cape, have become so common as to attract almost no 
notice in the daily press. She also made one notable voyage 
to North and South America, including a visit to Lakehurst, 
in June. This airship has now crossed the Atlaniic Ocean seven 
times, and the Pacific once. Her South American voyage demon- 
strated the ability of a well-found and handled airship to en- 
counter successfully the torrential rains of the equatorial re- 
gion. 

The British airship R-100 made a round-trip voyage from 
England to Canada and back in July and August. She re- 
mained in Canada about two weeks; and during that time was 
based on the mooring mast at St. Hubert, Montreal, without 
the protection of a hangar. While coming up the St. Lawrence 
valley, the R-100 was struck by a severe squall which partially 
ripped the fabric from both her horizontal fins. The accident 
was strikingly similar to that which happened to the Graf Zep- 
pelin on her first voyage to America in October, 1928. The 
lessons of the two accidents were the same: a modern rigid air- 
ship can continue her voyage, even with badly damaged fins; and 
the fabric covering of the fins should be supported at closer 
intervals than had become standard practice in the slower air- 
ships of an earlier day. In neither the Graf Zeppelin nor the 
R-100 did any weakness develop in the primary structure of 
the fins or hull. Repairing the damaged fins while the airship 
was riding to the high mooring mast at Montreal was a praise- 
worthy accomplishment. 

This report is written immediately after the crash of the R-101. 
The thorough investigation into this disaster, which will un- 
doubtedly be made by the British Government, may reveal 
some causes unsuspected at present; but it appears to be fairly 
obvious that the crash was the result of flying too low in bad 
weather. The low altitude was probably forced upon the 
commanding officer by the ship’s being nearly 100 per cent full 
of gas, so that her pressure height was very low; and because 
of insufficiency of ballast, the aliitude could not be increased 


without dropping fuel and valving gas. Owing to the small 
fuel capacity of the R-101, such procedure might have necessi- 
tated abandoning the attempt to reach India, and returning to 
Cardington. As many another commander would do, he chose 
to take a risk, rather than to play safe and admit failure of the 
task assigned to him. If the ship had been inflated with helium 
there would have been no fire, and probably no loss of life. 

The moral of the catastrophe is that airships should be 
inflated with helium, should not be so filled with gas that their 
pressure height is less than a thousand feet above the terrain 
which they are crossing, and should have plenty of disposable 
ballast. All of these operating features are standard practice 
in the operation of the U.S.S. Los Angeles, which is the only rigid 
airship now in commission in America. The disaster points 
also to the great gain in safety resulting from the use of ap- 
paratus to recover water ballast from the engine exhaust. This 
is a feature which has been used only in the helium-filled air- 
ships of the United States. 

Rapid progress has been made during the year in erecting 
the Navy's new rigid airship, the U.S.S. Akron, of 6,500,000 cu. ft. 
gascapacity. Already (October, 1930) over 500 ft. of the framing 
has been erected, and the vast structure is most imposing in 
appearance. In June, a successful test was made in inflating 
a gas cell in the midship main bay of the ship. This one cell 
has a volume of nearly a million cubic feet. 

The Navy Department’s Board of Inspection and Survey con- 
ducted a thorough material inspection of the U.S.S. Los Angeles 
in the spring of this year. The Los Angeles is now over six 
years old; she has been under way over 2500 hours, and has 
flown in that time over 110,000 air-miles. She has also operated 
about 1200 hours at mooring masts. No other rigid airship 
has had such a long and continuous useful life. The Board 
found the present condition of the Los Angeles to be good; and 
found no reason why she should not be continued in service 
from two to four years longer, provided she is operated in the 
same careful manner as in the past, with frequent inspections, 
and renewals of worn or deteriorated parts when necessary. 

The Board recommended that when the Los Angeles is no 
longer fit for service she should be subjected to destruction tests 
in ground handling in heavy weather. Such tests would be 
of great service to the arts of airship design and operation. 


AMERICAN AIRWAYS PRACTICE IN 19307 


For the purpose of surrounding air lines engaged in the sched- 
uled transportation of passengers in interstate commerce 
with all possible safeguards and with a view of providing air 
transportation with virtually the same uniformity of operation 
as is now obtained by other major transportation systems, the 
Department of Commerce has revised its Air Commerce Regula- 
tions to include a certificate of authority to operate such air 
transportation service, these regulations constituting a code 
of minimum requirements to govern the operation of the sched- 
uled interstate air passenger routes. The issuance of a cer- 
tificate of authority will assure the public that aircraft are reliable 
and suitable when provided with instruments and equipment 
properly adaptable to the nature of the service and conditions in- 
volved, together with an adequate number of qualified airmen 
fully ccmpetent in all phases of the particular operation. It fur- 
thermore assures the proper maintenance of aircraft, including en- 
gines and equipment, to the highest degree of operating efficiency, 
with inspection, repair, and overhaul at proper intervals. Under 
the certificate of authority, the air-transport line must operate 
over airways or routes provided with proper air-navigation facili- 
ties in the interest of safe and reliable operation with a proper 


7 Prepared by F. C. Hingsburg, Chief Engineer, Airways Division, 
U. 8. Department of Commerce, Washington, D. C. 
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ground organization to administer efficiently all phases of ground 
operation. Each scheduled flight shall be authorized, delayed, 
suspended, or canceled by competent officials designated by the 
holder of the certificate of authority. Uniform instructions 
pertaining to the operations of the line will be issued, and these 
instructions will be made conveniently available for the informa- 
tion of all passengers by the holder of the certificate. 

The principal airports along the routes are provided and oper- 
ated by municipalities or commercial concerns. Under the Air 
Commerce Act, the airports are rated on general facilities, size of 
effective landing area, and night-flying equipment. An A-1l-A 
rating indicates an adequate airport equipped with full facilities 
of the highest standard. Airports rated D-4-D or better will 
meet the minimum requirements set up for intermediate or emer- 
gency landing fields. The Airport Construction Bulletin and 
Airport Rating Regulations of the Department of Commerce 
cover the minimum requirements of airports. To meet the de- 
mand for a more powerful and distinctive beacon for airports, 
the Aeronautics Branch has designed a new type of 36-in. 
beacon. This design is based on optical principles which have 
been found satisfactory for aeronautical beacons and light- 
houses, and shows alternate green and white flashes at 5- 
second intervals, using 1000-watt aviation lamps. The candle- 
power of the new unit is about two and one-half times that 


e------ 70' for Towers -- 
2246 
| 


..0/led Surface 


Oiled Surface 


| 


units. The simplicity of design and workmanship is the out- 
standing feature of this unit. The 36-in. drum is mounted 
on a standard base of the type used with the 24-in. revolving 
beacon. The vertical shaft is mounted in ball bearings with a 
gear wheel and clutch mounted on the shaft. The beacon is 
driven by a fractional-horsepower motor with a case-hardened 
and polished steel worm engaging the gear wheel. 

Air-navigation facilities on civil airways, according to revised 
regulations, require landing fields approximately 50 miles apart 
along the route to provide suitable landing places for aircraft 
under conditions of stress of weather, with additional intervening 
fields where hazardous and mountainous terrain is encountered. 
Where airports are not available to serve the purpose, the Fed- 
eral Government establishes and maintains intermediate land- 
ing fields. The intermediate landing fields are located as close 
to the air line as possible, preferably on a main highway or at 
least accessible to a good road to provide for an emergency 
transportation and for maintenance of equipment. The lo- 
cation should be accessible to electric power and telephone lines 
wherever practicable. The ideal shape for the intermediate 
landing field is square as it permits landing in any direction 
against the wind. Such fields are not available in most lo- 
cations, and therefore intermediate landing fields having at 
least two runways forming “L,”’ “T,”’ or “X’’-shaped fields are 
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Fig. 1 MARKERS 


of the present 24-in. revolving beacon using the same size and 
type of lamps. The beacon is double ended, using but one 
standard 1000-watt airways lamp with lamp exchanger. The 
doublets are 15 in. in diameter and the optical lenses 36 in. in 
diameter, made in 13 pieces. The center bull’s-eye of the lens 
is 20 in. in diameter. The beams of light are elevated by lower- 
ing the lamp, this principle having been proved practical and 
efficient in the present course lights and acetylene range-light 


selected. The runways vary between 2000 to 3000 ft. in length 
at sea level, increasing at higher altitudes, and are not less than 
500 ft. wide. The intermediate landing fields should prefer- 
ably have clear approaches on all sides. It is considered that 
an obstruction to the approaches cuts down the effective length 
of the runway approximately 7 it. for each foot of height of 
the obstruction. The obstructions should be adequately marked 
and lighted unless arrangements can be made for their removal. 
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° wooden planks attached to triangular skeleton steel frames sup- 

ported by vertical posts about 30 in. high, the wooden planks 

oe IN being sloped so as to shed snow. They are high enough to prevent 

SS being obscured by vegetation, and are painted chrome yellow 

to provide maximum visibility. The ground under the marker 

; is oiled with road oil showing a strip 8 ft. in width in contrast 

\ to the yellow color of the marker, the oil also preventing the 

\eyt growth of vegetation. A circle with runway indicators is placed 

iw at the intersection of the center lines of the runways, indicating 

. the general shape of the landing strips. Where runway indi- 

i cators are used in conjunction with the circle, the overall dimen- 

4 i sion of the marke. is 130 ft. and the circle 50 ft. in diameter, 

~~, while for square fields the circles are 90 ft. in diameter. In 

; | / addition, a directional arrow is placed at the base of the air- 

. =a , ways beacon tower and points the direction of the route from 

At\Y south to north and west to east. Beacons are assigned mileage 

VA LA , numbers by dropping the unit digit. The pilot can ascertain 

his location along the route by adding a digit to the beacon | 
number. 

\ A wind cone showing the direction of the ground wind is 

—$-+ usually mounted on a bracket on the side of the beacon tower. 

aN Be / At night, the wind cone is lighted internally, the light showing 

i through the fabric. Intermediate landing fields are marked | 

i) for use at night with a standard type of airways beacon usually j 

/ mounted on a 51-ft. skeleton tower as shown in Fig. 2. The . 

gi boundary of the field is marked by white lights on low boundary 7 


€ - — — standards spaced 200 or 300 ft. apart and so located as to show 
’ aie ac: the pattern of the field from the air at night. Green lights are 
mounted to show the best approaches to the landing field, and 


red lights in the boundary lighting circuit indicate that there 
is no clear approach from that side of the boundary. Red lights 
burning fixed are shown on all obstructions. Fifteen-watt 
lamps are used for white boundary lights, and 25-watt lamps 
Intermediate landing fields should be as nearly level as prac- for colored lights. Refractive globes are used in connection 
ticable, and of uniform surface without abrupt changes. The with the boundary lights to increase the effectiveness of the 
field should be free from ditches, rocks, or any irregularities boundary lighting system. Metal boundary cones are used in 
which would be hazardous to 
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aircraft in landing. Natural [- 
drainage is of vital importance | TIME IN SECONDS 
to prevent softening of the sur- Soma COURSE 
face in wet weather. To a | 
limited extent, tile r artificial 2 eee 
drainage is provided on the in- | | 
i 
termediate fields. The fields are at | 
condition n ante v — 
rari - 
the locality and growing not 
over 12 in. in height, the inter- = oe) Sa ial 
laced roots preventing erosion of 
j the top soil. The crops are cut = CHARACTERISTIC SIGNALS FOR COURSE LIGHTS 
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field in proper condition. RPM 1000 w LAMP 2,000,000 SIGNAL CORRESPONDING TO THE NUMBER OF THE 
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marker laced at the inter- nit | IDENTIFY THE TYPE OF SIGNAL INSTALLED. 
p inter 
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section of the runways as shown r Tl 7) AND WEST To EAST ies 
in Fig. 1. The boundary / Rev _] DEPARTMENT OF COMMERCE—LIGHTHOUSE SERVICE 
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Fig. 4 Stations, U. S. Department oF COMMERCE 
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conjunction with the boundary standards so as to minimize 
chances of collision and serve as markers for day use. 

The Department of Commerce has established approximately 
327 intermediate landing fields, the total area employed for 
landing-field purposes totaling approximately 27,000 acres. 
This represents an average of 70 acres per landing field. The 
rental paid for landing fields is over $115,000, the average price 
per acre being about $5. The total number of boundary lights 
maintained at the intermediate landing fields is about 7500, 
which is an average of about 24 lights for every field. There 
are on the average 5 red lights marking obstructions on or in 
the vicinity of intermediate fields, making a total of about 
1500 obstruction lights. 


wa 
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Intermediate landing fields are available for the free use of the 
aeronautical public on condition that all aircraft pilots and the 
aeronautical public comply with the Air Commerce Regulations 
and the Intermediate Landing Field Rules promulgated by the 
Department of Commerce. Exclusive or preferential privi- 
leges are not granted, and commercialization of any intermediate 
landing field is not permitted. An airplane making a landing 
has the right of way over airplanes moving on the ground or 
taking off. Upon landing, the airplane must be taxied off the 
landing area to a location that will not interfere with or become a 
hazard to an airplane that may find it necessary to make an 
emergency landing without warning. The caretaker employed 
at the intermediate landing field renders reports covering all 
landings, and visiting ships are required to report to the caretaker 
to register and furnish information as to the cause of landing 
and the use of the field. 

Airways beacons are established along the civil airways ap- 
proximately 10 miles apart. The airways beacon is a 24-in. 
searchlight with a parabolic mirror and a 110-volt, 1000-watt 
Mazda lamp equipped with lamp exchanger and developing 
approximately 1,000,000 candlepower. The airways beacons 
rotate 6 r.p.m. showing a flash every 10 seconds of '/,0-second 
duration, visible 20 to 40 miles in clear weather. The beam 
from the airways beacon is a high-intensity pencil of light of 
about 6 deg. beam divergence and clearly visible at close range. 
The cover glass is fitted with prisms to refract a small per- 
centage of the light upward to within 55 deg. of the zenith and 
thus provide close-range visibility of the beacon. Course lights 
flashing definite mileage characteristics in synchronism with 
the airways beacons are projected along the course, showing 
to the pilot a light having a combination of short and long 


flashes with a luminous period of about 35 per cent and a color 
contrast. The beacon number characteristics of the course- 
light signals are shown in Fig. 3. Red course lights are used on 
beacons located where landings cannot be made, and green 
course lights are used at the intermediate landing fields. This 
system of lighting combines in the airways beacon all the de- 
sirable characteristics of high-intensity quick flashes for off-air- 
ways indication, and also long flash periods developing the 
full luminous value of the light source for on-course indication 
together with color contrast of light. 

About 60 per cent of the airways beacons are operated auto- 
matically on commercial power, this source of supply being used 
wherever obtainable. The lights are turned on by a motor- 
wound astronomic clock, and burn from sunset to sunrise. Lamp 
exchangers are provided for all airways beacons so as to sub- 
stitute a spare lamp in the focus of the reflector should the lamp 
in service burn out. Caretakers are hired at all beacon sites 
and paid a nominal consideration to look after the equipment and 
property. The principal work of servicing beacons is per- 
formed by an airways mechanician, who visits each site approxi- 


Fic. 7 Inrertor oF Arrways Rapio STatTion, CLEVELAND, 


mately twice a month. The airways mechanicians use motor 
trucks for transportation which are equipped with all necessary 
tools and spare parts to make emergency repairs and replace 
burned-out and broken parts. 

There are about 156 private aeronautical lights established in 
cities in the United States serving as landmarks from which 
the pilots can take a bearing to reach a landing field. Where 
a revolving beacon is established as a private aeronautical light, 
it is supplemented with a fixed 24-in. directional projector show- 
ing a high-intensity pencil of light pointed in the direction of 
the nearest airport or landing field to show the pilot where 
a safe landing may be made should he fly over the city. Private 
aeronautical lights are operated under the certification of the 
Department of Commerce as provided for in the Air Commerce 
Act. 

It is important that obstructions along the routes such as 
radio towers, smokestacks, and those such as power-transmission 
and telephone lines in the vicinity of airports and landing fields 
should be marked to minimize the hazards to flying. For day- 
time visibility, skeleton towers are painted alternate bands of 
chrome yellow and black, the chrome yellow bands being twice 
the width of the black bands and approximately '/; of the height 
of the height of the structure. Obstructions in the vicinity 
of airports are marked for night flying with fixed red lights 
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mounted at the height of the obstruction, using 100-watt lamps 
in high-transmission red waterproof globes. Radio towers are 
marked in the same manner, but in addition have fixed red lights 
consisting of 50-watt lamps in waterproof globes mounted on the 
diagonal corners at their !/3 and ?/; height so as to be visible 
from any angle of approach. 

The supporting towers of transmission lines crossing navi- 
gable waters are painted as hereinbefore mentioned for day- 
time visibility, and are marked with red lights consisting of two 
200-watt lamps mounted in 300-MM fresnel lanterns with red 
color screens visible in all directions. In addition red lights 
consisting of 100-watt lamps are mounted in waterproof globes 
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so as to envelop an outline of the area over which flying is a 
hazard. The projected beams of lights are elevated so as to 
intersect at the height of the obstruction to be cleared. One or 
more red electric-code beacons showing flashing lights are in- 
stalled on the corners of the hazardous area so as to ore the 
pilot the proper warning at long range. 

Weather is one of the uncontrollable factors that affect the 
reliability and safety of air transportation, and therefore an 
adequate weather-service and communication system in addi- 
tion to other aids to navigation along the airways is essential 
for maintaining dependable schedules. Current weather in- 
formation is collected on an hourly basis from the principal 
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at the '/; and */; heights of the tower. The catenary of trans- 
mission lines crossing navigable waters is illuminated from 
the towers by 24-in. parabolic directional projectors showing a 
light of sufficient intensity to mark the crossing by the indirect 
illumination of the beam. Bridges are marked with 300 MM 
code lanterns having two 200-watt lamps mounted on the tops 
of the towers. For marking areas which may present a hazard 
to flying along a civil airway, a 24-in. standard revolving beacon 
equipped with a 1000-watt lamp and lamp exchanger and with 
red cover glass is used at a prominent point to indicate the ex- 
istence of the hazardous area. Pilots are warned to give red 
revolving beacons a wide berth or fly over the area marked by 
such beacon at an altitude not less than 1000 ft. An alternative 


method of marking the hazardous flying area is the use of a high- 
intensity fixed projector pointed along the boundary of the area 


intermediate landing fields and critical points along the route. 
Teletype communications are used in collecting weather in- 
formation and for making aircraft-position reports and keeping 
track of airplanes flying over the route. The teletype system 
now in operation and ihe weather-reporting points are shown 
on the map in Fig. 4. Weather information is collected in se- 
quence from each reporting station at the scheduled period set 
for each circuit, the collection taking from four to five minutes. 
At terminal points where a number of airways converge, the 
collections from the respective circuits are made just prior to 
the quarter-hour periods. There are at present 5650 miles of 
teletype in operation along the civil airways, and this mileage 
will be increased to 8600 miles during the next year. The tele- 
type service utilizes a leased telephone circuit over which signals 
are transmitted by an automatic typewriter, leaving a type- 
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written record on all the teletype machines in the circuit. The 
transmission is at a rate of 40 words per minute. The weather 
information collected along the route is communicated by tele- 
type to the Weather Bureau for interpretation and used in con- 
nection with weather maps. Weather information is dissemi- 
nated by radio to airplanes in flight and to airports equipped 
with receiving apparatus. There are ut present 35 airways 
radio stations in operation as shown un the map in Fig. 5. When 
the airways radio stations are completed in accordance with the 
program, there will be no area in any part the United States 
where flying takes place that will not be equipped with proper 
weather service, which may be received by the pilot in the air by 
tuning in. 

In addition the Weather Bureau collects weather information 
from the primary net twice daily and from the secondary net 
every three hours, from which data weather maps are prepared for 
the interpretation of weather and the planning of schedules. 
A special broadcast is made every three hours for the use of 
airports covering the secondary net area. Upper air conditions 
are broadcast each 6 hours. 

The standard airways radio station of the Airways Division is 
shown in Figs. 6 and 7. The equipment of the airways radio 
station consists of a 2-kw. intermediate-frequency transmitter 
for broadeasting weather information and messages to airplanes 
for the safety of flight on frequencies between 237 and 350 
kilocyeles (ke.) This band is divided into channels with 6 ke. 
separation, and the same frequencies are shared by stations 
approximately 700 miles apart. In addition to the broadcast 
transmitter, the station is equipped with a 500-watt high-fre- 
quency transmitter for point-to-point communications. This 
transmitter can be operated from a gasoline-driven generator 
in the event the station is cut oi from power due to the failure 
of electrical transmission lines. The airways radio stations 
are operated in conjunction with the radio range-beacon service 
now being established along the airways sharing the same fre- 
quencies. The radio range beacon is stopped on the quarter- 
hour periods and identified by station announcement followed 
by correct time and voice broadcast of weather information. 
This concise statement of weather information along any sector 
of the route occupies about two minutes. 

The system of radio range beacons to mark the civil airways 
in the United States is shown in Fig. 8. Nine radio range beacons 
of the aural type have been in operation during the past two 
years, and the 26 additional beacons now under construction 
will be placed in operation early next summer. The program 
for the fiscal year 1931 covers the installation of 33 additional 
radio range beacons. Consideration is being given to the use 
of visual-type radio range beacons for the 1931 program. Seven 
radio range beacons of the visual type have been manufac- 
tured by the Airways Division at the Detroit shops and are 
now being flight tested. The transmitter for the radio range 
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beacon is a 2-kw. one and transmits signals on two-directional 
loops. The interlocking along the equisignal zone marks the air- 
ways course and coincides with the lighted route. The most 
important function of the radio range beacon is its homing feature, 
and therefore the radio range beacons are installed in the vicinity 
of landing fields so as to direct the pilot to a safe landing field 
under conditions of poor visibility. 

Marker beacons are located at the intersection of two radio 
range courses and transmit identification signals on dual fre- 
quencies of the adjacent radio beacons. The marker beacons 
serve as mile posts along the route. The marker-beacon trans- 
mitters are equipped for transmitting voice in addition to the 
characteristic signals, and are used in acknowledging messages 
from airplanes and reporting their flight over the intermediate 
fields. The position reports from airplanes passing over the 
principal intermediate fields are transmitted by the airways 
keepers on the teletype to the terminals. 

The airways keepers stationed at the principal intermediate 
fields from which weather reports and “plane over’’ reports are 
received will be equipped with radio receivers to stand a loud- 
speaker watch on the national calling and distress frequency 
for emergency messages from aircraft. The national frequency 
adopted in the United States for calling and distress messages 
from aircraft is 3106 ke. The airways keepers are instructed 
to keep a sharp lookout for airplanes flying over the route and 
transmit on the teletype the “plane over’? movements of air- 
craft that are not equipped with radio. Airways keepers set 
flares for the landing of aircraft under conditions of stress of 
weather when instructed by a proper responsible official of the 
operating company. 

In the United States a national frequency of 278 ke. has been 
set up for the use of airports to communicate to aircraft in flight. 
The power is limited to 10 watts and transmits to the airplane 
by voice. The airports are requested to be equipped with re- 
ceiving sets having a loud speaker tuned to the national calling 
frequency of 3106 ke. for receiving messages from aircraft, thus 
permitting the airport manager to communicate with airplanes 
for such landing instructions or emergency communications 
as may be found necessary. 

The Federal Radio Commission has adopted an aviation plan 
for the use of the air-transport companies so as to provide two- 
way radio communications. A number of frequencies in the 
1500-6000-ke. band have been reserved for aviation purposes 
to be used by aeronautical or aircraft stations on a chain basis 
for communication purposes. Under this plan the air-transport 
operators will establish ground stations along the routes on 
which scheduled operations take place and keep a constant con- 
tact with aircraft while in flight. This system permits the air- 
transport operators to provide for themselves a two-way system 
of radio communication for safeguarding the lives of passengers 
and maintaining proper schedules. 
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Trend in Aircraft-Engine Development 


It is difficult to ascertain the extent to which various 
improvements in aircraft engines will be adopted, and 
it is unwise to predict what the eventual types of air- 
craft power plants will be. However, a discussion of 
present-day aircraft engines with their possibilities and 
shortcomings is helpful in establishing some of the trends 
in engine development. 

The author discusses general features of aircraft engines, 
such as in-line versus radial types and water-cooled 
versus air-cooled types, and shows their limitations and 
advantages. 


HE TREND of aircraft-engine development is a subject 

over which there is always considerable controversy. Each 

engine manufacturer likes to believe that his develop- 
ments are along present tendencies and that his latest product 
demonstrates the latest trend. 

All developments in engines are for the purpose of eventually 
meeting the requirements of the aircraft builders. These re- 
quirements continually grow more exacting, and often necessitate 
changes in basic engine designs. In studying the trend in engine 
construction, improvements must be reviewed that will be made 
in aircraft and which will influence engine requirements. 

To obtain any great increase in the market for commercial 
aircraft, airplanes must be made safer, more comfortable, more 
useful, and more economical. Improved safety requires not 
only increased engine reliability, but more especiaily superior 
airplane performance. As demonstrated in the recent Guggen- 
heim safe-aircraft competition, airplanes will have lower mini- 
mum flying speeds, higher maximum speeds, and much steeper 
angles of climb. Such performance characteristics make flying 
safer and more simple, and will encourage more widespread 
use of airplanes. However, they introduce additional problems 
for the engine designers, since with such airplanes there will be 
steep climbing angles at full engine throttle with low air-speed 
velocity, and it will be necessary to cool the engine satisfactorily 
under such conditions. High propeller efficiency, not only at 
maximum speed, but also during climb, will be important in 
these airplanes, so that the need for low propeller r.p.m. will 
be more pronounced. These more difficult cooling conditions 
will have to be provided for, and lower propeller speeds will 
have to be obtained with no material increase in present total 
power-plant weight. These requirements will tax the ingenuity 
of the designer. 

Increased comfort during flight is essential before air travel 
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becomes truly popular with the general public. This necessi- 
tates the reduction of the noise and the vibration that are so 
prevalent in present-day airplanes. The worse offenses as regards 
noise are due to the propeller and to the engine exhaust. The 
requirements of comfort seem to suggest the necessity of pro- 
peller reduction geo .g to obtain quieter slow-turning propellers, 
together with the ) t efficient exhaust silencers to reduce ex- 
haust noises. Whe these noises are diminished, it may also 
be necessary to investigate means of reducing some of the other 
engine noises, especially those due to high piston side clearances 
and to too large variations i»: valve-tappet clearances. To- 
gether with the reduction of noise, a serious investigation will 
be necessary toward the complete elimination of vibration, 
for not only is vibration disquieting to the nerves, but it is 
also a contributing cause to numerous airplane and engine 
failures. Elimination of vibration will mean not only com- 
plete inertia balance of the engine, but also low engine-torque 
variation throughout the cycle, and the complete elimination 
of all critical speeds of crankshafts and other fast-moving parts. 
It will also be necessary to get this quietness of operation and 
freedom of vibration without any increase in engine weight. 
There must be considerable divergence of opinion as to the best 
method to obtain these ends. 


GREATER Pay Loaps NEEDED 


The commercial usefulness of aviation will be increased when 
higher flying speeds are obtained along with increased flying 
radius and greater operating economy. Economy will re- 
quire carrying greater pay loads without increasing power- 
plant sizes, as well as a reduction in engine cost and in fuel con- 
sumption. Reduced fuel consumption will also result in in- 
creased flying radius. Therefore higher flying speeds with 
increased radius and economy will be obtained not merely 
by increasing the power in a given airplane, but by refinements 
in design and aerodynamic qualities. This will result in more 
careful consideration of the parasite drag or head resistance 
of the power plant and cooling system, as well as in improvements 
of propulsive efficiency. The air-transport operator will also 
seriously consider the economy in operation that will be effected 
by longer engine life and lower maintenance cost. It is possible 
that this increased engine life and lower maintenance cost may 
be obtained by improving airplane performance to such an 
extent that reasonably large pay loads can be carried with 
satisfactory performance when operating the engine at only part 
throttle for most all flying conditions. However, it is more 
reasonable to expect that the engine builder will so improve his 
product that adequate life and reliability will be obtained at 
full-throttle as well as at part-throttle engine operation. In 
small airplanes operated by private fliers it is also essential that 
adequate reliability be obtained under all conditions of operation. 
It is difficult to visualize any real widespread popularity of pri- 
vate flying as long as there are any “don’ts” in connection 
with engine operation. Signs on airplane instrument boards 
saying “do not climb at air speeds less than—m.p.h.” and in- 
structions in engine books saying “do not run engine unneces- 
sarily at full throttle’ must be eliminated. One of the joys of 
flying is the absence of traffic and the needlessness of speed laws. 
There should be no engine requirements that will diminish the 
full appreciation of these joys. 
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The requirements of the commercial aircraft engine have often 
been discussed. However, it is now seen that in addition to 
the well-recognized necessity of low engine weight per horse- 
power, together with adequate engine reliability and reduced 
engine cost, careful consideration must be given to improving 
present commercial aircraft engines in the following respects: 
(1) Ability to cool adequately at full throttle under the low air- 
speed conditions that are obtained in climb with airplanes 
that have high-speed ranges, together with provisions for the 
regulation of engine cooling under the more extreme flight 
conditions that will be obtained with these airplanes; (2) lower 
head resistance of power plant and cooling system at maximum 
flying speeds; (3) more efficient and quieter propeller speeds, 
and therefore the more widespread adoption of propeller reduc- 
tion gearing; (4) more general use of exhaust silencers as well 
as quieter running engines; (5) complete balancing of all engine 
inertia forces, low cyclic variation in engine torque, and elimi- 
nation of critical shaft speeds and other vibrating tendencies; 
and (6) better full-throttle engine operation in actual aircraft 
installations particularly in regard to increased engine life, 
improved engine reliability, lower maintenance costs, and re- 
duced fuel consumption. 

_ It would be difficult to ascertain all the various experiments 
to improve present aircraft engines that are going on all over 
the world, as well as it would be unwise definitely to predict 
the eventual types of aircraft power plants. However, a dis- 
cussion of present-day aircraft engines, together with the pos- 
sibilities and shortcomings of the various types as now revealed 
in service, would be helpful in establishing some of the trends in 
engine development. 


Atr-CooLepD VERSUS WATER-COOLED ENGINES 


In this country the majority of the engine manufacturers 
are building and further developing radial air-cooled engines. 
A few companies have recently started in the production and 
development of in-line air-cooled engines. One manufacturer 
is in regular production on water-cooled aviation engines. In 
England, where the modern air-cooled radial engine was first 
developed, there are two large companies regularly producing 
this type, while two other equally large aircraft-engine manu- 
facturers are still confining their efforts to water-cooled engines. 
Two move recent English engine builders are now in production on 
small in-line air-cooled engines. In France and in Germany 
there appears to be equal effort spent in the development of 
both water-cooled in-line and air-cooled radial engines, while 
in Italy the only engines of merit are of the water-cooled type. 
Practically all engines now in use operate on the conventional 
four-stroke Otto cycle, but there are significant developments 
under way of engines operating on the Diesel cycle. In this 
country air-cooled and water-cooleds Diesel aircraft engines are 
being experimented with, while in Europe several water-cooled 
Diesel engines are under development. Therefore, to make the 
discussion of present-day engine trends complete, developments 
must be considered in: (1) The radial air-cooled engine; (2) the 
in-line air-cooled engine; (3) water- or fluid-cooled engines; and 
(4) aircraft Diesel engines. 

The radial engine will be considered first because it is the 
type now most extensively manufactured and used in this 
country. This type of engine was initially developed for mili- 
tary purposes because: ‘rstly, air-cooling made it less vulner- 
able to gunfire; secondly, the radial-engine arrangement gave 
a short engine length with concentration of mass, which is a 
desirable characteristic in combat airplanes designed for acro- 
batic maneuvers; and finally, the radial air-cooled power 
plant could be built at a lower installed weight per horsepower 


than the water-cooled power plant that it replaced. The first — 


two advantageous characteristics of the radial engine from a 
military viewpoint have little if any influence on the commercial 
use of this type. The principal advantage of this type that 
must therefore be considered is that its development for mili- 
tary use has produced a power plant of low weight per horse- 
power. This is a most desirable engine characteristic if it is 
accompanied by engine life and reliability. 

According to reports emanating from the Navy Department, 
which is a most ardent advocate of the air-cooled radial, long 
life and reliability are obtained by such engines in its airplane 
installations. However, commercial operators of these same 
engines do not apparently have equal satisfaction. The reason 
for this is at once evident to one experienced in the developments 
of air-cooled engines. The power output which such an engine 
will maintain without sacrifice of engine life and reliability de- 
pends upon the engine cooling. The cooling effect on an air- 
cooled engine is a function of the air velocity past the engine, 
which in turn depends on the speed of the airplane and the slip- 
stream effect of the propeller on the engine. Therefore, every 
air-cooled engine developing its rated power has a certain mini- 
mum airspeed velocity which cannot be lessened without sacrifice 
of engine life and reliability. 


Muuirary PLANES Have Goop ConpiTIons 


If an air-cooled engine is designed for maximum performance 
in military use, it must be designed for the airspeed character- 
istics met in this service. These military planes, with power 
loadings of less than 10 lb. per hp. and with high speeds in 
excess of 175 m.p.h., have vastly superior cooling conditions for 
air-cooled engines than a modern economical commercial type 
airplane. An air-cooled engine, to be an efficient and reliable 
power plant, must have different cooling facilities, and must 
therefore be differently designed for every new type of airplane 
installation. When a military air-cooled engine designed for an 
airplane with a high speed of 175 m.p.h. and a p ower loading of 
10 lb. per hp. is used in a commercial airplane with a high speed 
of 135 m.p.h. and a power loading of 15 lb. per hp., it should be 
expected that the rated engine horsepower would be greatly 
reduced for the engine of the commercial plane to obtain 
the same reliability that the engine has in the military air- 
plane. 

Partly to make up for the cooling deficiencies in the commercial 
airplane the carburetor mixtures can be enriched and the fuel 
consumption increased, thereby partly cooling the engine with 
excess fuel. Increasing the oil circulation and the oil consumption 
also helps in engine cooling. It is also possible to design the pro- 
peller section near the hub so that it throws a maximum slip- 
stream velocity on the engine. Such a propeller characteristic 
is particularly advantageous during airplane climb where the 
engine operates at full throttle with low forward speed of the 
plane. Apparently increasing the slipstream on the engine 
decreases overall propeller efficiency, but it will undoubtedly 
be necessary to do this with air-cooled engines installed in air- 
planes that have slow climbing speeds. 


May Errect ENGINE CooLina 


One of the greatest problems encountered in the commercial 
installation of air-cooled engines is that an airplane builder by 
the choice of cowling and propeller can greatly improve airplane 
performance, but by doing so he may seriously affect engine 
cooling. Increasing airplane performance at a sacrifice of engine 
cooling and reliability is highly undesirable. Therefore, the 
only way to be sure of reliable engine operation with sufficient 
engine cooling in a new air-cooled engine installation is to run 
extensive cooling tests on the engine under all conditions of 
flight. This generally entails quite an elaborate test set-up, 
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because air-cooled engine temperatures vary among different 
cylinders and on different places on the same cylinder. 

Another difficulty is the lack of general authentic data on the 
desirable maximum temperatures that can be employed. The 
author’s experience has been that for reliable operation cylinder 
barrels should be kept below 300 deg. fahr. and cylinder heads 
below 600 deg. fahr. on the type of air-cooled cylinders now gen- 
erally employed. When this cylinder-barrel temperature is 
exceeded, piston seizure may occur, and when the head tempera- 
ture is exceeded, detonation and general engine overheating 
may ensue. There are times when engines have apparently 
operated satisfactorily with temperatures 50 deg. to 100 deg. 
higher than that stated. 

Cooling tests on new air-cooled engine installations should 
be run with all standard cowling, exjeust manifolds, and car- 
buretor settings. Engine temperatures should be determined 
in full throttle climb and level flight with the weakest car- 
buretor mixtures and poorest fuels that will be used in service. 
It should also be considered that in extended service poor seating 
of the valves, bad spark plugs, and tight pistons may develop 
and that these also increase cylinder heating, so an additional 
margin of cooling should be allowed for these contingencies in an 
air-cooled installation in which reliability is aimed at. The 
importance of such engine-cooling tests cannot be overestimated 
and it may be desirable for the Department of Commerce to 
insist upon such tests in its regulations. When giving information 
on approved air-cooled engines, the cooling-air velocity and 
temperature, the grade of fuel, and the fuel consumption during 
the type tests should be published with the engine rating. 

In multi-engine airplanes using air-cooled power plants, which 
are designed to fly safely when one of the engines is not operating, 
cooling tests are essential under such flying conditions. When 
one engine is out, it is generally essential to fly with the remaining 
power plants at full throttle. The airspeed of the plane is 
reduced under such conditions, and the cooling effect on the 
operating engines thereby reduced. Cooling tests on an air- 
cooled multi-engined airplane should show an adequate cooling 
reserve under such operating conditions if any increased air- 
plane reliability is to be expected from the use of multiple power 
plants. 


Cast-On Fins Berna Usep 


Since engine cooling is a limiting factor in air-cooled engine 
development, continued progress should be expected along this 
line. The same type of air-cooled cylinder construction using 
steel-finned barrels with attached cast-aluminum heads has now 
been generally employed with but minor modification for the 
last eight years. It is known that better cylinder-barrel cooling 
than that obtained with steel fins will allow the development 
of greater engine-power output without requiring increased 
air-blast velocities. In France, Germany, and Czechoslovakia, 
air-cooled engine manufacturers are now using steel cylinder 
barrels with cast-on aluminum fins. Similar cylinder con- 
structions were previously employed in this country with limited 
success. One serious difficulty formerly experienced was due 
to the large difference in coefficient of expansion between the 
aluminum and the steel which allowed the aluminum fins to 
expand away from the steel barrel when the cylinder heated up, 
thereby destroying the intimate contact required for satisfactory 
cooling. Recent metallurgical developments have shown the 
way to obtain special iron alloys suitable for cylinder-liner re- 
quirements that have expansion coefficients about equal to that 
of aluminum. It is therefore probable that satisfactory cast- 
aluminum cylinders with special iron or steel liners may be 
developed soon which will take full advantage of the higher heat 
conductivity, higher specific heat, and ability to get more cooling 
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area per pound of metal than is possible with steel cooling fins. 

Other methods of increasing cylinder cooling under critical 
cooling conditions, such as are obtained during climb and take- 
off in a commercial airplane with a heavy power loading, may 
also be developed. Placing the carburetor float chamber ir 
front of the main discharge nozzles so that the carburetor mixture 
will automatically be enriched when the engine nose is point- 
ing up would help cylinder cooling during climb without affect- 
ing fuel consumption in straight-away flight. Another method 
of obtaining added cooling is to arrange an auxiliary oil line 
for the purpose of spraying oil into the engine upon the inside 
of the pistons. This auxiliary oil system could be so arranged 
that it would operate only at full throttle when the engine nose 
was pointed up. The cooling effect of an increased oil circula- 
tion could thereby be employed without increasing oil consump- 
tion during level flight. 


IMPROVED METERING DESIRABLE 


Lean intake mixtures increase the amount of heat to be dis- 
sipated in the cylinder. The cooling characteristics of the 
engine determine the leanest mixture strength that it is advisable 
to employ. Where there is any unevennesss in distribution, 
the carburetor must be set rich enough so that the cylinder 
receiving the leanest mixture will not overheat. Improvements 
in fuel metering and distributing systems are therefore highly 
desirable in air-cooled radial engines. It is particularly advan- 
tageous in these engines to get proper fuel distribution without 
heating the air-intake charge. Heating the air charge makes it 
necessary for the cylinder cooling fins to dissipate more heat per 
horsepower developed by the engine, both because of the added 
heat to the charge and also because it decreases the maximum 
allowable compression ratio. Cold carburetion methods should 
therefore be particularly attractive for these engines if they can 
assure perfect fuel distribution. Metering the fuel by means of 
separate fuel pumps for individual cylinders and injecting di- 
rectly into the cylinder or intake port is a method now being 
developed for obtaining exact fuel metering and distribution 
without applying heat to the air-intake charge. 

Means for controlling cylinder-barrel temperatures is probably 
most important for improving the life and reliability of air- 
cooled engines. Cold cylinder barrels increase engine friction 
and promote wear due to increase of oil dilution by gasoline. 
Overheated cylinder barrels not only increase wear by destroying 
cylinder lubrication but also are the general cause of piston 
seizure. To regulate cylinder-barrel temperatures, it is neces- 
sary first to determine them. The gaging of cylinder-barrel 
temperatures by oil temperature is neither exact nor reliable. 
This has led to the installing of one or more thermocouples on 
cylinder barrels in many airplane installations. Potentiometers 
or milliammeters used with these thermocouples are delicate 
instruments subject to numerous inaccuracies, and these in- 
stallations show the temperatures of the cylinder at only a 
relatively few places. 


PAINTING FOR CYLINDER BARRELS 


As previously pointed out, temperatures vary considerably 
at different points on the different cylinder barrels. It has 
therefore been suggested that the cylinder barrels be painted 
or surfaced with some material which will show by change 
of color or some other effect when the safe temperature is ex- 
ceeded. Paints which change color when the surface to which 
they are applied exceeds a certain temperature, and which re- 
gain their original color when the surface cools, have been de- 
veloped. The general use of such a paint on cylinder barrels 
would simplify the conducting of cooling tests on air-cooled 
engines. By taking advantage of the temperature gradient that 
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exists along the length of the cooling fin, and by employing a 
paint that changes color at the mean temperature which it is 
desired to maintain, cylinder-barrel temperatures could be 
judged by observing the extent of change in the color of the 
paint. 

A number of improvements that may be effected in air-cooled 
engines, particularly in regards to cylinder cooling, have been 
outlined. Commercial airplanes that climb at steep angles 
and low air speeds, that use propeller reduction gearing with 
large propellers and resultant low slipstream velocity on the 
engine, that use exhaust silencers with resultant increase of 
heat to be dissipated by the cylinders, that require engines 
of small frontal area and low head resistance, that necessitate 
quiet-running engines so that piston clearances cannot be ex- 
cessive, and that require reliable power plants of low weight 
per horsepower, impose more strenuous engine-cooling require- 
ments than the present engines are designed for. Whether air- 
cooled engines can be made fully to meet these requirements 
depends upon the development of better cylinder-cooling char- 
acteristics. It is evident that possibilities exist for considerable 
improvement over the present air-cooling arrangements. That 
this improvement will meet the more exacting requirements 
imposed by airplane builders and users cannot be conceded. 


Arr-CooLep-ENGINE PROGRESS 


The in-line air-cooled engine is now receiving considerable 
attention in this country. Its development is due to the desire 
to have air-cooling, and to overcome some of the objections 
to the radial engine. The lesser frontal area of the in-line 
engine is contrasted with the starfish arrangement of the radial 
with its large head resistance and its interference to visibility. 
It is claimed that the general users are more familiar with the 
in-line cylinder arrangement, and will therefore have more con- 
fidence and more ability to service this type in contrast with 
the radial engines. The in-line construction also overcomes 
other objections to the radial type such as the inability to obtain 
perfect inertia balance in the radial engine due to the distorted 
piston motion caused by the link connecting-rod arrangement. 
This articulated connecting-rod arrangement also increases 
the maximum piston side thrust in the radial engine about 
50 per cent over that which would normally be obtained in an 
in-line engine with the same connecting-rod to crank-throw 
ratio, so that it should be possible to operate the in-line engine 
with higher cylinder-barrel temperatures without danger of 
piston seizure. The in-line engine also allows the use of over- 
head cam shafts so that the push-rod valve mechanisms used 
in radial engines with their higher inertia of moving parts and 
their variable tappet clearances due to cylinder expansion can be 
avoided. However, the in-line air-cooled construction is in- 
herently heavier than the radial air-cooled arrangement because 
wide cylinder spacing must be allowed for the cooling fins in the 
in-line engine. There is also considerable controversy as to 
whether the in-line engine arrangement will allow as good cylinder 
air-cooling conditions as the radial type, particularly during 
take-off and climb when the propeller slipstream is most potent 
in cooling. 

As in the radial air-cooled engine, the main problem in the 
development of the in-line engine rests upon further develop- 
ment in cylinder cooling. Improved cylinder construction and 
better mixture distribution will help. Considerable improvement 
in the cooling of the in-line air-cooled engine can also be effected 
by improved engine cowls and scoops. However, the problem 
of obtaining low weight per horsepower with the in-line air- 
cooled engine appears to be greater than with the radial type. 
The commercial in-line air-cooled engine is competing at present 
with the radial engine mainly in the smaller sizes. Due to their 


lower weight per horsepower, better airplane performance should 
be expected with the radial engines, but the in-line engine will 
have its adherents due to the fact that it provides a cleaner 
airplane installation, it allows a simpler exhaust-disposal system, 
and because it is probably better understood by the general 
public. 

Comparatively little work has been done in this country 
during the past few years on the development of commercial 
water-cooled aircraft engines. Although considerable numbers 
of war-time water-cooled engines are in commercial use, prac- 
tically all new commercial aircraft engines are of the air-cooled 
type. In comparing the two engine types, it is usual to com- 
pare the modern air-cooled engine with the war-time water- 
cooled engine, much to the disparagement of the latter. How- 
ever, in Europe where the modern air-cooled engines were initially 
developed, it is found that equal effort is being spent on the 
development of the water-cooled types. Review of aircraft- 
flight records shows that most of the important world records in 
regard to speed, duration, and distance are now again held by 
water-cooled engines. These performances have been established 
abroad, and are causing American engine designers to reconsider 
the water-cooled engine types. 

The popularity of the air-cooled engine was initially due 
to the fact that this engine could be built with the same weight 
per horsepower as the dry weight of the water-cooled engine. 
The use of air-cooling eliminated the weight of the water-cooling 
system and also the plumbing troubles that were experienced 
with it. The extended use of air-cooled engines has shown that 
this type also has its deficiencies, namely, the difficulty of deter- 
mining and controlling engine temperatures. Recent develop- 
ments in water-cooled engines have now brought the installed 
weight per horsepower of this type complete with cooling system 
down to that of the air-cooled engines. This decrease in weight 
per horsepower has been due mainly to an increase in engine 
speed and in brake mean effective pressure in the water-cooled 
engines. Equal effort has undoubtedly been spent to increase 
the power output of air-cooled engines, but the designers of 
water-cooled engines have met with more success because their 
problem was less difficult. Power output in an aircraft engine 
is now generally limited by thermal conditions, and with fluid 
cooling it appears to be easier to obtain the necessary increased 
cooling effect. 


Hicu-TEMPERATURE CooLANts DEVELOPED 


Aside from the influence due to the success of the water- 
cooled engines abroad, particularly in the last Schneider cup 
races, and in the establishment of numerous distance and dura- 
tion records, the greatest factor in bringing attention again 
to liquid cooling in this country has been the development of 
high-temperature coolants for engine-cooling purposes by the 
U. 8. Army Air Corps. Water-cooling had previously limited 
engine temperatures to around 180 deg. fahr. in order to pre- 
vent the loss of coolant by evaporation. By substituting a high 
boiling-point liquid, such as Prestone, it is possible to run coolant 
temperatures considerably higher. The development of the air- 
cooled engine has shown that satisfactory engine operation can 
be obtained with cylinder barrels at 300 deg. fahr. By raising the 
coolant temperature to this, a considerable reduction is possible 
in the size of the engine radiator over that which would be neces- 
sary for water. This reduction in radiator size means not only 
a reduction in weight but also in head resistance. Despite 
the more efficient streamline air flow that can be obtained through 
a radiator as compared with that through the fins of an air- 
cooled engine, the head resistance of the water-cooled engine 
and radiator was often equal to or greater than that of the air- 
cooled engine. However, with high-temperature liquid cooling, 
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it appears possible to bring the head resistance of engine and 
cooling system down to a minimum. 

Since high-temperature liquid cooling improves airplane per- 
formance, it is reasonable to expect that liquid-cooled engines 
will be developed to use the new coolants. Engines developed 
initially for water-cooling probably will not prove satisfactory 
at the higher coolant temperatures, and the troubles that will at 
first be experienced with the new cooling fluid may discourage 
many from its use. With high-temperature cooling, new engine- 
design problems are introduced, the must vexing being due to the 
greater thermal expansion caused by the higher temperature 
range. In cylinder constructions using steel cylinder liners and 
aluminum water jackets, the difference in expansion of these two 
materials requires special provision for expansion in the original 
design when high cooling temperature#fire employed. Rubber 
connections and soft-soldered joints do not stand up well under 
the higher temperatures, and other practices found satisfactory 
with water-cooling will need revision. 

The trend in liquid-cooled engines is to construct in-line engines 
of maximum compactness, and to increase the horsepower 
developed per cubic inch of piston displacement by increasing 
both the brake mean effective pressure and the normal engine 
r.p.m. Due to the higher crankshaft speed, most of these 
engines are now fitted with propeller reduction gearing. Satis- 
factory propeller reduction gearing for liquid-cooled engines has 
been developed, and the use of such gearing presents no engine 
thermal problems with the liquid-cooled engine as it does with 
the air-cooled types. 

Since the engine must be charged with the weight of the 
cooling system, and since the dependability of the power plant 
necessitates reliable cooling systems, it is likely that the manu- 
facturers of liquid-cooled engines will undertake to supply engines 
complete with cooling systems to their customers. This will 
result in the centralized responsibility for all engine failures 
and should encourage more development in cooling-system reli- 
ability and efficiency. With high-temperature cooling systems, 
the radiators will be relatively small compared with their water- 
cooled predecessors. The high-temperature cooling liquids also 
hold possibilities for novel radiator designs of increased efficiency 
and reliability that will differ considerably in construction from 
present water radiators. 


New Beartnc MaTerIALs ALLOW GREATER BEARING LOADS 


The horsepower outputs of the wartime water-cooled engines 
were generally restricted by limitations of bearing capacity, 
crankshaft critical speeds, and valve-cooling difficulties. Since 
the development of the modern air-cooled engines means of over- 
coming these limitations have been determined. The new bear- 
ing materials, particularly the high-lead bronzes, allow higher 
bearing loads and surface velocities, so that large-diameter and 
narrow-width main bearings can be employed. This has mate- 
rially raised the engine speed at which bearing troubles and crank- 
shaft critical vibrations occur. Improvements in cylinder and 
valve design together with the development of vastly superior 
valve materials have minimized the difficulties experienced with 
valve cooling. Improvements in manifolding and the use of 
supercharging have greatly increased the breathing capacities 
of the cylinders at high speed. All this has served to increase 
the specific output per cubic inch of piston development. With 
increased experimentation and development of engine details 
it appears that further improvement in this respect is still 
possible with the water-cooled engines, while in air-cooled 
engines the specific power output per unit of displacement ap- 
pears to be limited by cylinder cooling. A large European water- 
cooled engine has already been constructed that develops a 
horsepower per 1.2 cu. in. of piston displacement and weighs 
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about 0.80 Ib. per hp. Similar results should be obtained in 
this country, which will require engine operating speeds of above 
3000 r.p.m. with brake mean effective pressures exceeding 175 Ib. 
per sq. in. 

In the discussion of engine trends, the relative cost of the 
various engine types must be considered. From a superficial 
study of conditions it would appear that the air-cooled engine 
with a direct propeller drive is considerably simpler in con- 
struction and therefore necessarily cheaper in cost than a com- 
petitive liquid-cooled engine with its additional cooling system 
and propeller reduction gearing. However, a careful study of 
present aircraft-engine costs will show that the development, 
engineering, and servicing costs on airplane engines represent 
a large percentage of their total cost, so that an economical air- 
craft-engine design is one which a manufacturer can tool up on 
with assurance of little trouble in Service and relatively few 
future design changes. The quantity of engines produced and 
the freedom of service troubles are of major importance in engine 
cost. When aircraft and engines of better reliability and per- 
formance are built, there will be a larger market for airplanes, 
and the increased quantity will reflect in lower costs. There- 
fore, engine reliability and performance will have more weight 
in ultimate price reductions than mere simplifications or cheap 
production methods that do not improve the product. 


Use or Arrcrart ENGINES IN OTHER FIELDS 


Since quantity of production has a most important influence 
on cost, it may be pointed out that it is of considerable advantage 
to build a type of engine for aircraft that can be used in other 
automotive fields. Because of their direct cooling systems the 
air-cooled engines can apparently only be employed for air- 
craft, since no other market has yet been found for the air- 
cooled aircraft engines now developed. However, liquid-cooled 
aircraft engines have been found to be excellent power plants 
for marine work, and all of the water-cooled engines have been 
employed in such service. Therefore, by designing a liquid- 
cooled power plant which can also be adapted to marine use, 
the manufacturer obtains a larger market for his product, with 
the resulting manufacturing economies. The similarity in 
construction of liquid-cooled aircraft engines to the usual auto- 
mobile power plant allows the manufacturer to take more direct 
advantage of the experience and facilities that have been de- 
veloped for the economical production of fine automobile en- 
gines. 

It is now probably universally conceded that the large air- 
plane engines of more than 600 hp. will be of the liquid-cooled 
type. Few aircraft engines of such power output have yet been 
developed in this country, although in Europe there are a number 
of such engines now in regular production. There appears to be 
no doubt that it will be necessary to equip future large transport 
airplanes with such power plants, and it should therefore be 
expected at this time that a more intense development of large 
liquid-cooled engines will take place in this country. These 
large engines will probably be of the V or W type of 12 or more 
cylinders with horsepower ratings of 600 to 2000. With such 
large power plants, it is now relatively easy to get weight-per- 
horsepower ratios of 1.5 to 2 lb. per hp. Lower weight than 
this is not as important for commercial aircraft use as improve- 
ments in fuel consumption, maintenance, and en,,ine life. High- 
powered engines developed mainly for military purposes may 
not be entirely suitable for commercial service, with the result 
that there may be developments of two distinct types of large- 
sized aircraft engines. The military type will be of maximum 
compactness and minimum weight, designed to operate super- 
charged at highest speeds. The commercial type will be of 
mofe generous proportions designed for a service life of at least 
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1000 hr. between overhauls, and to operate at fuel consumptions 
of about 0.45 Ib. per hp-hr. 


EFFEctT OF THE DiESEL CycLE 


The development of the Diesel cycle cannot be overlooked 
in predicting the engine of the future. The reduced fire hazard 
resulting from the use of a heavier fuel, and the improved econ- 
omy, particularly at part throttle, which are obtained with the 
Diesel cycle, are important items in its favor. The problems 
of the high-speed Diesel engine are difficult of solution, so that 
it would be unwise to state when or if ever the Diesel engine 
will replace the conventional Otto-cycle engine for general 
aviation use. The Diesel cycle in its present state of develop- 
ment appears to be a relatively slow-speed cycle when com- 
pared with the Otto cycle. To replace the Otto cycle for air- 
craft use it will be necessary to find means of obtaiming high 
b.m.e.p. at higher r.p.m. with the Diesel cycle. Direct in- 
jection of the fuel into the cylinder as provided in the Diesel 
cycle makes two-cycle engine operation entirely feasible in a 
liquid-cooled engine. This will allow such engines to operate 


at relatively low crankshaft speeds with high power outputs. 

It is not unreasonable to expect that the present developments 
on Diesel engines will lead to the development of new engine 
cycles for aircraft that will combine the advantageous features 
of both the Diesel and the Otto cycles. Fundamental researches 
on engine cycles and improvements in engine fuels will un- 
doubtedly show their effects in future engine designs. The new 
fuels that are being developed will allow the employment of 
higher compression ratios in the Otto cycle with the resultant 
increase in power output and fuel economy. The use of fuel- 
injection systems with the Otto cycle together with the per- 
fection of heavy fuels that do not readily detonate will reduce 
the fire hazard caused by the light fuels now necessary with car- 
buretor fuel-metering devices in the Otto-cycle engines. Two- 
cycle engine operation with increased power output, but without 
excessive fuel consumption, are also made possible with Otto- 
cycle engines by the use of fuel-injection systems. The develop- 
ment of fuel-injection mechanisms that have resulted from Diesel- 
engine development may therefore be of value to our future 
Otto-cycle engines. 
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Fic. 1 Prorosep CoMMERCIAL TYPE OF METALCLAD AIRSHIP 


Gross lift 100 tons, maximum speed 100 m_p.h., volume 3,800,000 cu. ft., eight engines totaling 5000 hp., commercial range 2000 miles, pay load 50 
passengers plus miscellaneous cargo of 12,500 lb. maximum.) 


Some Economic Aspects of the Rigid Airship 


By CARL B. FRITSCHE,' DETROIT, MICH. 


In this paper the author tells of 
the uses to which rigid airships may 
be put, the cost of constructing, 
operating, and maintaining, and the 
probable return on investment that 
can be expected. Two hypothetical 
airships are chosen for comparison, 
one of 100 tons gross lift and the other 
of 300 tons lift. These are compared 
with ocean craft and with naval 
vessels. In naval application it is 
shown that one airship will release 
three cruisers for other duty, that the cruisers consume 
more power, and are more vulnerable than the airship. 

Military applications of the airship include army trans- 
port, reconnaissance, coast patrol, and many other im- 
portant uses. Theoretical conditions are assumed and 
many problems are worked out with use of airships. 
Civil and commercial applications of the airship are dis- 
cussed, and a comparison is made with the steamship 
Leviathan. Operating schedules are laid out for airships 


1 Vice-President, Detroit Aircraft Corp. and President of its 
subsidiary, Aircraft Development Corporation. Mem. A.S.M.E. 
Mr. Fritsche practiced civil and mining engineering until the outbreak 
of the World War, when he became interested in aeronautics although 
not actively engaged in the Air Service. In 1921 he initiated a pre- 
liminary investigation of the possibilities of all-metal construction of 
rigid metal airships. The next year he organized, with others, the 
Aircraft Development Corporation, and since that time has been 
engaged in lighter-than-air development exclusively, resulting in the 
construction and successful demonstration of the ‘‘ZMC-2”’ metalclad 
airship for the U. 8S. Navy. In 1925 he organized with others the 
National Air Transport, Inc., the first commercial air-mail transport 
line in the United States, and served as secretary of this company 
from 1925 to 1928. 

Presented at the Fourth National Aeronautic Meeting, Dayton, 
Ohio, May 19 to 22, 1930, of THe AMERICAN Society oF MEcHAN- 
ICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


in service between New York, Philadelphia, Washington, 
Havana, and Panama, and performance data are given. 
Commercially the airship is shown supplementing present 
facilities, transporting passengers, mail, and express at 
high speed, doing more work per unit of energy, saving 
much time, and earning considerable profits. 


URING the first year of its demonstration commercial 
flights the Graf Zeppelin flew a total of 75,000 miles and 
carried 1575 pay passengers, plus a substantial load of 

mail and express. In addition, it has conquered the Pacific as 
well as the Atlantic and has flown entirely across every continent 
in the Northern Hemisphere.’ 

Undoubtedly such a record of performance justifies the con- 
clusion that the utility of the airship has emerged from doubt and 
uncertainty to a condition of fact which challenges the attention 
of everyone. 


Enercy Requirep Is INpEx To Cost 


As is always true when any new mode of transportation is born, 
three questions inevitably arise: (1) What is its application? 
(2) What will it cost? and (3) Will it pay? 

With respect to the first question, in actual service three 
classifications naturally present themselves; they are (1) naval, 
(2) military, and (3) commercial. 

The answer to the second question is, of course, problematical 
due to limited experience and to the absence of any record of a 
regularly operated commercial dirigible line. Therefore, in 
answering this question one must rely to a large extent on circum- 
stantial evidence. By far the major operating expense in any 
form of transportation is the cost of the man-power plus the 
mechanical power required to negotiate a given journey or to 
accomplish a given purpose. Therefore, in this discussion an 
attempt will be made to compare the man-hours and horsepower- 


2? The recent flight to South America increased the commercial 
mileage to 93,000, pay passengers to 1730, and has added the conquest 
of the South Atlantic Ocean. 
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hours required for a given purpose with the energy required for 
existing modes of transport. 

The answer to the third question, “Will it pay?” it is believed 
will follow as a natural deduction from the facts surrounding the 
answers to the first two questions. 

For the sake of brevity, it is assumed that the airship does have 
a reasonable application for naval, military, and commercial 
purposes. Its graphic comparison with existing modes of trans- 
port which follows, it is believed, will justify this assumption as 
well as disclose a reliable index to probable costs. 


MeETALCLAD CoMPARED WitH OcEAN CRAFT 


This comparison includes the estimated performance of two 
sizes of hypothetical airships. That both are of metalclad con- 
struction is because of the author’s greater familiarity with this 
type and should not be interpreted as indicating any lack of 
interest or confidence in rigid airships covered with fabric. The 
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Fie. 2 Hyporueticat CoMPARISON OF 300-Ton AIRSHIP VERSUS 
10,000-Ton CRUISER ON ScoutTine Duty 


art is too young to permit of intolerance and unalterable opinions. 

These two hypothetical airships, chosen for comparison with 
existing modes of transport, are as follows: 

A 100-ton,* 100-m.p.h. metalclad, which it is proposed to build 
as the next succeeding unit following the successful construction 
of the ZMC-2, completed and delivered to the U.S. Navy in 1929. 

A 300-ton,*? 100-m.p.h. metalclad, which is of economic trans- 
atlantic size and should follow as a natural development within 
the next seven years. ° 

It is proposed to equip each airship with sufficient engine power 
to provide a top speed of 100 m.p.h. This speed is considered of 
prime importance inasmuch as it assures ability of the airship to 
circumnavigate any severe storm area it may encounter. In this 
connection, it should be emphasized that while winds within a 
storm area may blow at a terrific speed, the storm area itself, 
whether it be a hurricane, typhoon, or cyclone, as a general rule. 
travels at a speed not in excess of 35 m.p.h. Therefore, properly 
warned by radio of the location and direction of any storm area, 
the airship can easily avoid it. Should the airship encounter the 
fringe of a storm area unexpectedly and without warning, it will 
possess sufficient speed to master the aiverse wind currents, 
deflect its direction, and avoid the storm cex.‘er. 


§ Long tons (2240lb.). Air displacement, approximately 3,800,000 
and 11,500,000 cu. ft., respectively. 


ENGINEERING 


The designation of the gross lift of these airships is expressed in 
long tons to facilitate comparison with ocean craft, with which 
it is proposed to enter them in competition from a performance 
standpoint. Pay load is expressed in pounds and in short tons in 
order to facilitate comparison, if any one is so disposed, with the 
performance of heavier-than-air craft attempting to engage on 
similar missions. 

The general characteristics of a 100-ton metalclad airship are 
contained in Table 1, and those of a 300-ton airship in Table 2. 
Figs. 1 and 3 are the artist’s conception of the commercial and 
military types of a ship of this size. 

TABLE 1 100-TON METALCLAD AIRSHIP 


General characteristics® 


Maximum diameter........... pee 120 ft. 
Maximum speed................ “et 100 m.p.h. 
Cruising speed . 70-80 m.p.h. 
Pay load: 

50 passengers............ 12,500 Ib, 

10,000 Ib 


® Based on 95 per cent inflation with 94 per cent pure helium at 60 deg. 
fahr. and 29.92 in. Hg lifting 62 Ib. per 1000 cu. ft 


TABLE 2 300-TON METALCLAD AIRSHIP 


General characteristics® 


Hull volume......... 11,500,000 cu, ft. 
Maximum diameter. 173 ft. 
Commercial range (N. -London)....... 3, miles 
Pay load: 

Passemgere® 50,000 Ib. 


6 Includes additional weight of superior accommodations. 


The 300-ton airship is presumed to be equipped with superior 
accommodations which first-class passengers are accustomed to 
find on palatial ocean liners. Hence the passenger capacity is 
limited to 100, although 200 could be carried, but with less com- 
fort. The general-performance characteristics of these two 
airships applied to naval and military uses would, of course, vary 
to some degree due to the elimination of accommodations for 
passengers and commercial loads. 

In the comparisons which follow, the performance data on 
naval and military craft are not guaranteed as accurate, but have 
been derived from Jane’s handbook on the ‘Navies of the World,”’ 
and from publicity releases growing out of the Washington con- 
ference in 1922, when the general specifications of a 10,000-ton 
cruiser were internationally defined. Such a cruiser is reported 
as being equipped with 107,000 hp.; has a maximum speed of 
32.5 knots; consumes 0.75 lb. of fuel oil per hp-hr.; and carries 
a crew of 570 men. 

Hence any citation of the performance of naval and military 
craft reveals no state secrets and for purposes of comparison 
should be treated in the nature of a supposition based on informa- 
tion which is already of public knowledge. 

The performance characteristics of the Leviathan likewise are 
approximate, but are reasonably reliable, inasmuch as they repre- 
sent an average of the several announcements and descriptions of 
this ship and its performance, which have been made public from 
time to time by the U. 8. Shipping Board or have appeared ... 
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congressional hearings. Apparently they agree with the present 
capacity of the ship since it has been reconditioned for de luxe 


transatlantic service. It is realized that the indicated fuel con- 

sumption of the Leviathan is considerably higher than that now 
obtainable with more modern power-plant equipment. How- 

4 ever, this fuel consumption is better than the average obtained 

; with the general run of ocean liners now in service, and therefore 

; affords a fair indication as to the relative cost of fuel per ton mile 
of pay load, as compared with the theoretical performance of 
airships. 


In all of the comparisons which follow, it is assumed that the 
airships are traveling in still air and the ocean vessels, both mili- 
tary and commercial, are navigating in calm weather. Inasmuch 
as each type of craft carries 50 per cent fuel reserve to provide for 
adverse weather conditions, it is believed this assumption of ideal 
weather conditions for theoretical comparison is justified for the 
simple reason that extreme adverse weather will affect the speed 
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on its objective, and thus succeed with a disastrous surprise 
attack. 

In the patrol path indicated on Fig. 2 the airships and the 
cruisers each are engaged solely in scouting duty. Their function 
is not to destroy but to discover the enemy and immediately radio 
to the high command of the main fleet, which is several hundred 
miles to the rear, full information with respect to the location, 
strength, and disposition of the enemy fleet. After supplying 
the main fleet with this vital information, the airships or cruisers 
have served their function well and ably, and their destruction 
by the enemy fleet will have little influence on the outcome of the 
approaching engagement. 

With this vital information at its disposal, it is then the func- 
tion of the main fleet to intercept the enemy fleet, if possible, 
before it gets within aircraft bombing range of any vulnerable 
point on the seaboard. Likewise, in the meantime, the probable 
objective of the enemy fleet will have been ascertained and the 


Fie. Proposep oR Type oF METALCLAD AIRSHIP 
(Gross lift 100 tons, speed 100 m.p.h., maximum range 4400 miles at 70 m.p.h.) 


and cruising radius of the ocean vessels approximately as much as 
it will affect the airship. 


NAVAL APPLICATION 


The following is a comparison of a 300-ton airship with a 10,000- 
ton cruiser engaged in scouting on the high seas. It is admitted 
the cruiser possesses certain valuable functions which the airship 
cannot perform. Therefore, the superiority of the airship on 
scout duty does not justify any conclusion that the cruiser is 
obsolete. On the contrary, it is assumed the cruiser is thus re- 
leased for important duty elsewhere, which the airship is incap- 
able of performing. 

Fig. 2 is a map disclosing a theoretical defense of the east and 
i west coasts of the United States, Alaska, and the Panama Canal 
against surprise attack by the enemy fleet. The succession of 
circles delineates the theoretical scout line located at an average 


x distance of 1200 miles from the coast. This distance is chosen for 
5 the reason that in modern warfare it is recognized that the enemy 
; fleet must, if possible, be intercepted and destroyed before its 
3 aircraft carriers get within bombing range of the thickly popu- 
; lated industrial centers along the seaboard. It is generally 
: recognized that the best defense against an aerial attack on the 


Panama Canal or any large city is to destroy the enemy at its 
own base, namely, its aircraft carrier, before the air attack is 
launched, else any aircraft bombing squadron may take advan- 
tage of poor visibility and cloud formations to conceal its advance 


aerial defense (composed of army airplanes and airships)‘ along 
the seacoast, in close proximity to its objective, will be on the 
alert for any enemy bombing aircraft which may have escaped 
destruction by the main fleet. The above theory of aircraft 
defense is offered by the author, with apologies, as being modestly 
original and, so far as his knowledge is concerned, it does not 
disclose any military secrets of any nation. 


One AtrsHip RELEASES THREE CRUISERS 


It will be observed from Fig. 2 that the effective cruising speed 
of the 10,000-ton cruiser engaged in scout duty is 20 knots (23 
m.p.h.), whereas that of the airship is 60 knots (69 m.p.h.). 
Thus it is disclosed, when applied purely to scout duty, that one 
300-ton airship is equivalent to three 10,000-ton cruisers in any 
range of action covering any definite time interval. 

Fig. 4 graphically compares the complement and the estimated 
cost of these two types of craft. Fig. 5 discloses the superiority 
of the airship over the cruiser from the standpoint of visibility. 
From the top of a 150-ft. mast the visibility of the cruiser is 
limited to a radius of 15 miles. From an altitude of 3000 ft. the 
visibility of the airship increases to a radius of 67 miles. Engaged 
in a 12-hour run at 20 knots (23 m.p.h.) the cruiser can survey 
8300 square miles, whereas the airship at 60 knots (69 m.p.h.) can 
survey 111,000 square miles, or over 13 times as much territory. 

Referring again to Fig. 4 it is revealed that one cruiser has a 


4 Discussed in more detail under “Military Application.” 
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RATIO men ~ 9-5 


CRUISER 
AIRSHIP 


Fic. 4 CoMPARISON OF COMPLEMENT AND 
Cost or ArrsHip Versus CRUISER 


DISPLACEMENT LONG TONS: 


CRUISERS (3) 
AIRSHIP (18 


RATIO "S00 100 


HORSEPOWER: 
CRUISERS 3 


AIRSHIP (1)8 
RATIO 10.700 30 


Fic. 7 DiIspLACEMENT AND HORSEPOWER 
CoMPARISON FOR AIRSHIP VERSUS THREE 
CRUISERS 


RANGE AT 30 KNOTS sssurx., 


ENDURANCE AT 30 KNOTS 45 


RATIO ~ bays 0.25 


UNECONOMICAL FOR AIRSHIPS DUE TO 
DESIGN BEING BASED ON HIGH CRUISING SPEED. 


Fic. 10 Comparison OF TIME THAT CRrUI- 


SER AND AIRSHIP CAN ENGAGE IN Scout 
Duty 


AMOUNT OF FUEL: 


RATIO “insur tows 35 
FUEL PER DELIVERED PLANE: 


Fie. 13 Furst Comparison FoR 300-Ton 
ArrsHip Versus AIRCRAFT CARRIER FROM 
San Dieco To Hawall 
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CRUISER am 
AIRSHIP 

RATIO {inswir sa. wes ~ 0.075 
Fie. 5 COMPARISON OF VISIBILITY OF AIR- 


SHIP VERSUS CRUISER 


FUEL CONSUMED DURING 12 

HOURS RUN AT CRUISING SPEED: 
CRUISERS (3) 
AIRSHIP (Le 


CRUISERS (3) 
AIRSHIP (1) 

RATIO Sinsur ~ ‘save 8.6 
CASOUME FOR 3 PER TOM 


7.08 Tamm 


Fic. 8 COMPARISON OF FUEL CONSUMED 
on 12-Hour Rwuwn at CRUISING SPEED BY 
THREE CRUISERS AND ONE AIRSHIP 


INITIAL COST: 
CARRIER 


RATIO ‘insiae ~ 4-5 


RATIO ~ "300 Tons 110 


Fie. 11 Cost anp DispLAceMENT oF 300- 
Ton ArrsHip CoMPARED WITH AIRCRAFT 
CARRIER 


MAN-HOURS PER PLANE: 


RATIO ~ iso ~ 11.3 
HORSE-POWER-HOURS PER PLANE: 


CARRIER 
AIRSHIP 
RATIO 128,000 P. HOURS _ 


Fic. 14 Man-Hovurs anp Horserpower- 

Hours PER PLANE DELIVERED WitTH 300- 

Ton ArrsHip Versus AIRCRAFT CARRIER 
From San DieGo to 


INITIAL COST: 
AIRSHIP (1) 


RATIO $10,000,000 5-1 
CREWS: 
CRUISERS (3) 
AIRSHIP (18 
RATIO ‘incur -28.5 
Fic. 6 Comparison oF Cost AND CREWS 


For Arrsuip Versus THREE CRUISERS TO 
ACCOMPLISH SAME MISSION 


MECHANICAL POWER OUTPUT 
PER SQUARE MILE SURVEYED: 


CRUISERS (3) 
AIRSHIP 


MANPOWER OUTPUT PER 
SQUARE MILE SURVEYED: 


CRUISERS (3) 
AIRSHIP 
RATIO “insu man nouns 128 


Fie. 9 AmMouNT oF ENERGY REQUIRED BY 
ArrsHip Versus THREE CRUISERS TO PER- 
FORM SAME MISSION 


TIME TO REACH HAWAI: 


CARRIER 
AIRSHIP 


Fic. 12 NumbBer or PLANES DELIVERED 
AND TimE San DteGo To Hawat 300-Ton 
ArrsHip Versus AIRCRAFT CARRIER 


TIME TO REACH PANAMA: 


CARRIER 


RATIO - 2-2 


Fie. 15 NuMBER oF PLANES DELIVERED 
AND Time PeEnsAcoLa TO Panama, 300- 
Ton Arrsuip Versus AIRCRAFT CARRIER 


28 
VISIBILITY: 
MEN: CRUISER FROM 15 MILES 
150 FT. MAST RADIUS 
a AIRSHP FROM 67 MILES 
AREA 
MONEY: SURVEYED IN 12 HOUR RUN: 
| 
COST OF FUEL CONSUMED PER 12 
HOURS RUN AT CRUISING SPEED: 
NUMBER OF PLANES DELIVERED: 
BY CARRIER 78 
AIRSHIP 
oF RATIO “insu ~ tows 
4 


AES 


AERONAUTICAL 


complement of 570 men, whereas the airship has a complement of 
60 men. Likewise the estimated cost of one cruiser is $17,000,000 
and of one 300-ton airship, $10,000,000. Consequently in the 
event of the destruction of either type of craft by the enemy the 
loss in men for the cruiser is almost 10 times greater than that for 
the airship, and the loss in original cost of the cruiser 1.7 times 
that of the airship. Such economy in both men and money can- 
not be ignored in the planning of a naval defense and naval 
strategy adequate for the future. 

Inasmuch as it is revealed that on scouting duty one 300-ton 
airship is equivalent to three 10,000-ton cruisers, it is of interest 
to indulge in a collective comparison of these two types of craft. 
Fig. 6 shows that to accomplish the same mission a capital in- 
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per square mile surveyed by the cruiser is 36 hp-hr. as against 
0.38 hp-hr. for the airship, or 95 times as much. 

The man-power output required per square mile surveyed by 
the cruiser is 0.83 man-hours, as against 0.0065 man-hours for the 
airship, or 128 times as much. 

Such startling disclosure of the superiority of the airship over 
the cruiser when engaged in scouting, it is maintained, presents 
circumstantial evidence of great preponderance which establishes 
the naval application of the airship, its economy in cost, and its 
efficiency in service. 

At a first glance some will maintain, however, that the cruiser 
can engage in scout duty at sea for a longer interval of time than 
the airship. An examination of Fig. 10 reveals such is not the 


INITIAL COST: 
AMOUNT OF FUEL: MAN-HOURS . 
PER PLANE: CARRIER 
CARRIER AIRSHIP 
AIRSHIP 
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vestment of $51,000,000 is required to build three cruisers as 
against $10,000,000 for one airship, or over five times as much; 
also, that the complement of three cruisers is 1710 men as against 
60 men for the airship, or 28'/; times as much. 

Fig. 7 reveals that the total displacement of three ‘cruisers is 
30,000 tons, as against 300 tons for the airship, or 100 times as 
much. Also that the total hp. required for the three cruisers is 
321,000, as against 10,700 for the airship, or 30 times as much. 

Fig. 8 shows that the fuel consumed on a 12-hour run at cruising 
speed by the three cruisers is 338 tons, as against 11 tons for the 
airship, or 31 times as much; also, that the cost of the fuel for the 
three cruisers is $2366, as against $275 for the airship, or more 
than 8 times as much. 


Cruiser Requires 95 Times More ENERGY 


Fig. 9 is perhaps the most important comparison of all. It dis- 
closes the amount of energy required to accomplish a given mis- 
sion, this energy being measured in terms of both mechanical 
power and man power. The mechanical power output required 
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case. Based on the supposed fuel capacity of the cruiser and its 
theoretical consumption of fuel, it is estimated that the maximum 
range of the cruiser at 30 knots (34.5 m.p.h.) is 4000 sea miles, 
as against 16,000 sea miles (18,500 statute miles) for the sirship, 
the superiority of the airship being four to one. With respect to 
endurance, the airship can cruise at a speed of 30 knots (34.5 
m.p.h.) for 22 days, as against 5'/, days for the cruiser, or 4 
times as much. 

It is realizec that a low speed of 30 knots is uneconomical for 
the airship due to its propeller design being based on a high 
cruising speed, and that a 30-knot speed is too high to be eco- 
nomical for the cruiser. This speed is chosen in order to furnish 
a convenient yardstick to establish a comparison that is phe- 
nomenally interesting and which should convince those who 
doubt the superiority in range of action of the airship over that 
of the cruiser. 


Arrsaip Less VULNERABLE 
It will be maintained by some critics of the airship that it is too 
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vulnerable and in close proximity to the range of anti-aircraft 
guns or when subjected to direct attack by airplane it will soon 
be destroyed. Granting this to be true, is it not also equally 
true that a 10,000-ton cruiser deployed several hundred miles in 
advance of the main fleet, when sighted by the enemy, will also 
in the majority of instances be destroyed because of the over- 
whelming superiority of the enemy fleet. 

Comparing the two types of craft in this regard, however, the 
airship can sight the enemy fleet at longer range, determine its 
position and strength, reverse its direction and return to its main 
fleet with a speed at least three times that of the cruiser. Fur- 
thermore, it will be thoroughly practicable for a 300-ton airship to 
carry its own defense airplanes to aid in warding off enemy aerial 
attack. The airship it appears is vulnerable to attack principally 
from one source, namely, from the air, whereas the cruiser is 
subject to attack and destruction from a number of sources, 
including direct fire from the enemy fleet, attack by enemy bomb- 
ing planes, attack by submarines, and destruction through con- 
tact with enemy mines. Certainly, it appears that the odds are 
in favor of the airship in so far as vulnerability is concerned. 

Let it be recalled in conclusion that the experience of men and 
the function of equipment engaged in war is not to save them- 
selves, but to spend themselves for the cause they serve. The 
airship, after discovering the enemy, its location, strength, and 
disposition, and having radioed this vital information to its own 
high command, has nobly served its function and what happens 
after will have no effect upon the outcome of the impending en- 
gagement between the two fleets. ‘“‘Forewarned is forearmed”’ 
is the determining factor in a modern naval engagement. 


MILITARY APPLICATION 


The military application of the airship for army transport, 
reconnaissance, coast patrol, and other purposes is equally as 
important as is naval use. Perhaps the most vital problem con- 
cerning any army at any time is its service of supply. One phase 
of this problem takes first rank, namely, the quick transport of 
replacement airplanes to Panama and Hawaii in time of national 
emorgency. It is unthinkable that sufficient airplanes could be 
maintained in storage to cope with the exigencies of war. The 
real test of effectiveness will be the quick construction and 
delivery of not only replacement planes, but the immediate 
concentration, at these strategic points, of aircraft units which 
normally have their base in the United States. 

Obviously military planes cannot fly non-stop from California 
to Hawaii with any degree of certainty. Furthermore, present 
military planes cannot conveniently fly non-stop from Florida to 
Panama and still carry a full military load. 

The delivery of replacement planes to Hawaii apparently must 
be made on board ocean vessels or aircraft carriers. The de- 
livery of replacement and other military planes to Panama can be 
accomplished either by means of ocean vessels or aircraft carriers, 
or by two or three intermediate refuelings in Central America. 
However, without questioning the friendship of any of the 
countries to the south of the Rio Grande, it is obvious that mili- 
tary considerations demand that an alternative method of de- 
livering airplanes to Panama be provided for in time of war 
other than by making use of refueling stations in Central America. 
The question of the violation of neutrality also arises. Obviously 
the most interesting alternative method is the use of aircraft 
carriers, both for Panama and for Hawaii. Therefore, it is pre 
posed to compare the performance characteristics and respective 
efficiency of a 33,000-ton aircraft carrier with a 300-ton airship 
and with a 100-ton airship, each engaged in similar missions. 

Table 3 gives certain performance characteristics necessary 
for this comparison. 

Figs. 11, 12, 13, and 14 give a graphic comparison of a 300-ton 
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TABLE 3 AIRCRAFT-CARRIER DATA 
33,000 tons (long) 
000 


180, 
30 knots (34!/; m.p.h.) 
000 


Horsepower. . 
Cruising speed 


Horsepower required (cruising)............. 140, 
Fuel oi! ‘ed per hp-hr.... 0.75 Ib. 
Crew (iv ‘uding airplane personnel)..... eae ,900 
Planes accommodated, assembled ready for 


airship with an aircraft carrier, each engaged in delivering mili- 
tary airplanes from San Diego, California, to Hawaii. This 
comparison reveals an estimated cost of the carrier at $45,000,000 
and of the airship, $10,000,000, or 4'/. times greater for the 
carrier. 


Convoy Duty, San Diego tro Hawan 


The displacement of the carrier is 33,000 tons and of the airship 
300 tons, or 110 times greater for the carrier. The carrier, it is 
presumed, will have a capacity for 78 airplanes ready for action, 
whereas the airship, by transporting 10 planes internally dis- 
posed and convoying 10 additional planes which are refueled peri- 
odically en route, can deliver 20 airplanes to Hawaii. The time 
required to reach Hawaii from San Diego, a distance of 2400 
statute miles, at 70 knots (80 m.p.h.) is 30 hr., and for the carrier 
at 30 knots (34.5 m.p.h.) is 69.5 hr., or over 2 times greater. 

The fuel required for the airship in still air is 104 tons and for 
the carrier, 3650 tons, or 35 times more. The fuel required per 
airplane delivered via airship is 5.2 tons and for the carrier, 46.8 
tons, or nine times greater. 

Again, the energy required for a given mission, which after all 
is perhaps the truest measure of efficiency, comes in for consider- 
ation. On the San Diego-Hawaii route, the man-hours required 
per airplane delivered by airship is 150 and via the carrier 1690, 
or over 11 times greater. 

The horsepower-hours required per airplane delivered by air- 
ship are 15,720; via the carrier, 125,000, or 8 times greater. 
Four airships costing a total of less than the cost of one carrier can 
deliver the same number of planes from San Diego to Hawaii in 
less than half the elapsed time and at an expenditure of about 
1/s the energy. 


PENSACOLA TO PANAMA 


Similarly the transportation of replacement military airplanes 
from Pensacola, Fla., to Panama via 300-ton airship and via 
carrier is graphically illustrated in Figs. 15, 16, and 17. Sum- 
marizing, two airships at a cost less than half that of one carrier 
can transport 12 more airplanes from Pensacola to Panama, a 
distance of 1530 statute miles, in half the time required for the 
carrier, and at an expenditure of only '/;,4 the energy measured in 
man-hours and '/,; the energy measured in horsepower-hours. 


Miami TO PANAMA 


It is realized that the 300-ton airship still awaits future de- 
velopment and therefore it is important to compare the perform- 
ance on a similar mission of a 100-ton airship (a size now prac- 
ticable) engaged in convoying replacement airplanes to Panama 
from Miami, a distance of 1170 statute miles. This is a perfectly 
feasible tactical mission in so far as the 100-ton airship is con- 
cerned. Properly equipped with hook-on devices and cruising at 
a speed in excess of airplane stalling speed, it is capable of con- 
voying 10 military airplanes, non-stop, by refueling en route in 
an elapsed time of 14'/; hours. 

A comparison of the performance of this 100-ton airship with a 
33,000-ton airplane carrier is graphically described in Figs. 18, 
19, 20, and 21. Summarizing, the energy required to transport 
one airplane from Miami to Panama by airship, measured in man 
power, is 105 man-hours and for the carrier 1100 man-hours, or 
over 10 times greater. Measured in mechanical power output 


4 
4 


§ 


AERONAUTICAL 


required, the airship expends energy equivalent to 11,000 hp-hr. 
per airplane delivered and the cruiser 74,500 hp-hr., or almost 7 
times as much. 


Lona Distance RECONNAISSANCE 


While it is true in the above comparison the standard naval 
airplane carrier has been used, this is done solely for convenience, 
inasmuch as it is the fastest and most convenient ocean vessel 
available for such purposes. The designation of the naval 
carrier in this comparison, however, does not in any manner sub- 
tract from the army’s responsibility to provide for alternative 
means for the quick transport of replacement airplanes from the 
United States to Panama in times of national emergency. It is 
believed that the use of the airship by the army for this purpose 
ranks equally in importance with any other military or naval use 
for which this type of craft might be employed. 

Having convoyed airplanes to Panama, the airship is still 
available, because of its long endurance, to engage in scout duty 
and reconnaissance at considerable distance from the canal as a 
base. This is a service for which the airship is particularly well 
adapted in the rainy season, when, it is reported, military air- 
planes at Panama are often grounded a considerable part of the 
time on account of poor visibility and adverse weather conditions, 
which are very serious for the airplane, but do not interfere with 
the safe continuation of the airship on scout duty. 

Some authorities maintain that it is impossible to defend the 


Jotnt Coast Parrot 100-Ton AtrsHip PLANES 
Versus PLANES ALONE 


Fig. 22 


Panama Canal without having available an adequate number of 
airships for long-distance reconnaissance. In this respect, as an 
adjunct to the heavier-than-air force, they provide a most valu- 
able auxiliary. 


Arrsuip Patrou IDEAL FoR PANAMA 


This is well illustrated in Figs. 22, 23, and 24, which describe 
the effectiveness of a 100-ton metalclad airship engaged in coast 
patrol in conjunction with observation airplanes. 

Fig. 22 is a map on which are delineated four zones of activity, 
namely: Panama Canal, Atlantic side; Panama Canal, Pacific 
side; the eastern seaboard, with New York as the center of 
operations; and the western seaboard, with San Francisco as the 
center of operations. 
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Choosing the patrol] problem of Panama on the Atlantic side 
for examination (see detail in Fig. 23), it will be observed that 
the airship is stationed 500 miles northeast of the canal. Its 
function is to cruise at low speed, serving as a mother ship and for 
refueling purposes for the eight observation military planes which 
are engaged constantly in patrol duty along an are having a 
radius of 500 miles with Panama as its center, and extending 
from the shore of Nicaragua to the shore of Colombia. 

Possessing an effective cruising speed of 125 m.p.h., it is feasible 
for a modern observation plane to negotiate the round trip from 
the airship to either Nicaragua or Colombia, and return in an 
elapsed time of 6 hr. At the conclusion of each round trip the 
plane hooks onto the airship for refueling and a 2-hr. rest, while 
simultaneously one of the reserve planes takes off to replace the 
returning plane. In this manner it is entire practicable, except 
when weather conditions are seriously adverse, to keep under 
constant observation every avenue of approach over water 
leading to the Panama Canal. A 100-ton airship is capable of an 
endurance of 48 hr. on this mission without the necessity of ob- 
taining additional fuel for its own use and for the use of its 
observation airplanes. In this manner one airship plus eight 
observation planes should be able to establish and maintain an 
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Fie. 23. Coast Patrot SUMMARY 
Observation planes required 


Zone Airship base Land base 
Panama (Atlantic side)... . . 72 
Panama (Pacific side)...... 8 72 
k,l 10 96 
San Francisco... 12 120 
38 360 


almost air-tight defense against surprise attack over sea on the 
Panama Canal. 


Rapio Directs ATTACK 


In actual practice when one of the observation planes has 
discovered the enemy, this information is relayed by a short- 
range radio to the airship and immediately transmitted over the 
powerful radio carried on the airship to the main aircraft base at 
the Panama Canal. Attack and bombardment squadrons then 
take off from Panama to intercept and destroy theenemy. Close 
watch of the enemy’s maneuvers is maintained by the dirigible 
and its eight planes, and, by means of constant communication via 
radio with the airship, the attack and bombardment squadron 
commanders can direct their course to the enemy with precision. 

The question will be raised, ‘Why establish a patrol at a dis- 
tance of 500 miles from the canal?” The obvious answer is that 
the defense of the canal is thus made much more certain inasmuch 
as it is possible in this manner to discover the approach of the 
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enemy before its heavily laden bombing planes on board enemy 
aircraft carriers get within flight bombing range of the canal. 

If an airship were not available for this purpose, naturally the 
observation planes would necessarily operate direct from a land 
base at the Panama Canal. To establish a patrol as frequent and 
as effective as with the airship as a base would require 72 instead 
of 8 observation planes. These planes would be divided into 6 
squadrons of 12 units each, 10 planes being on active duty and 
2 held in reserve. The units of each squadron would fly suc- 
cessively at one-hour intervals over the six loops, as indicated on 
Fig. 23. Having a 10-hour fuel capacity and flying at a speed of 
125 m.p.h. each plane would require four hours to reach the 
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the enemy, and for this purpose all forces immediately available 
and in close proximity to the point of attack must be and will be 
utilized. 

Furthermore, some authorities maintain that the advent of the 
use of aircraft in modern warfare has automatically removed the 
zone of operations of the fleet from close proximity to the coast to 
a position located several hundred miles at sea. This is de- 
scribed in Fig. 22, where the outposts of the fleet on both the 
Atlantic and Pacific are located at a point 1200 miles from the 
coast. The main fleet cruises at a strategic distance behind the 
patrol zone ready to dash forward to intercept the enemy when 
warned of its approach. Immediately adjacent to the coast are 
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HORSE-POWER-HOURS PER TON-MILE 
OF PAY CARGO: 


the four theoretical zones of actual coast 
patrol radiating from New York, San 
Francisco, and the Panama Canal. 


Arrsuip Parrot More EFricient 


Assuming, for purposes of comparison, 
that all four of these zones are patrolled 
simultaneously, it is shown in Fig. 23 that 
four airships, operating in conjunction with 
38 observation planes, are able to accom- 
plish as much work as 360 planes operat- 
ing from land bases. 

The energy required for a 48-hr. patrol 
mission is graphically described in Fig. 24. 
Using the airship as a base, 312 men (flight 
duty only) are required, as compared with 
1440 men operating direct from land, or 
a ratio of 4.6 to 1 in favor of the airship. 
The mechanical power output required for 
the four airships and the 38 observation 
planes attached is 434,400 hp-hr. for a 48- 


LEVIATHAN LEVIATHAN == hr. mission, while for the 360 planes oper- 
AIR SH/P oes AIRSHIP ating from land bases is 1,944,000 hp-hr. 
LEVIATHAN 1.166 or 4.5 times greater. 

RATIO RATIO 6.7407 1-33 In the face of such an array of facts, 
COST OF FUEL PER TON-MILE no one can successfully dispute the military 
OF PAY CARGO: application of the airship, its economy in 

MAN-HOURS PER TON-MILE service, and its superiority for certain vital 
arrestin OF PAY CARGO: missions. 
“AIRSHIP 
LEVIATHAN Muuitary anp Nava Uses 
ieee enema Other military and naval uses for the 
THAT POS FO RATIO 1.16 airship suggest themselves. For example, 
Fic. 26 Comparison oF Fuet Usep sy Fic. 27 CoMPARISON OF ENERGY IN the 100-ton airship would be capable of 


ArrsHip Versus LEVIATHAN 


patrol zone; would travel along the arc of the zone for one hour 
and require four hours to return to Panama for refueling. That 
this method would be exorbitantly expensive compared with 
the combination of one airship with eight observation planes is 
graphically described in Fig. 24. 


ARMY OR NAVY 


Obviously another question arises, “Is not this long-range 
patrol duty a function of the Navy rather than of the Army?” 
Apparently a reasonable answer to this question is that in times 
of national emergency no twilight zone or fine line of distinction 
will be drawn in determining whose duty it is to discover and 
destroy the enemy. In actual practice this is the obligation of 
every fighting arm of the government. The peril of air attack 
on vital centers such as the Panama Canal and elsewhere is such 
that both the Army and Navy must be in a position from the 
standpoint of equipment and experience to defeat the objective of 


HorsepoweEr-Howurs AND MAn-Howrs For 
ArrsHIp Versus LEVIATHAN 


transporting a 40,000-lb. military load 
from either Scott Field, Illinois, or Wash- 
ington, D. C., to Panama in about 30 hr. 
It would also be valuable for the following purposes: 


Protection of merchant marine 
Destruction of enemy shipping 

Convoy of troop ships 

Direct reconnaissance 

Training of personnel 

Transportation of personnel and equipment 
Observation of artillery practice 

Patrol of Nicaragua Canal route 

Quick transport of staff headquarters 
Submarine search 

Destruction of mines by direct gun fire 
Courier service in the Caribbean 

Patrol and direction of revenue cutter movement 


Of these additional military uses, perhaps the most important 
are submarine search and destruction of mines by direct gun fire. 
The handicap of the airplane on such missions is due to its in- 
ability to cruise at low speed. On the other hand, the ability of 
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the airship to hover or fly at low speed enables it to search dili- 
gently the ocean depths for submarines, attack them independ- 
ently or direct surface craft to their location, and thus accomplish 
their destruction with depth bombs or else destroy their will to 
come forth and do battle. 


Arrsuip Convoy War REcorp 


It is a matter of official record of the last war that not one 
single American troop ship was successfully attacked by sub- 
marine while convoyed by airships. The record discloses that 
during the last year of the war American and British airships, 
engaged in convoy duty, flew a total of 2,000,000 miles, were in 
the air a sum total of 80,000 hr. and accounted for the destruction 
of 27 submarines. Certainly the superior visibility and adapt- 
ability of the airship in combating submarines, as compared to 
surface craft, is self-evident. Also, because of longer endurance 
the airship is superior from a tactical standpoint to the airplane. 
The necessity for precision in direct gun fire in destroying mines 
also gives the airship a distinct advantage over either surface 
craft or the airplane. This is true from the standpoint of both 
visibility and stability of the gun platform. 


CIVIL APPLICATION 


Peaceful missions of the airship, the accomplishment of which 
the Army and Navy are often charged with, are as follows: 


Forest patrol and fire fighting 
Medical relief in isolated sections 
Bombing ice jams 

Exploration 


River, harbor, and levee survey 
Hydrographic survey 
Topographic survey 
Photography 

Reclamation survey 


From an economic and humanitarian standpoint perhaps the 
most important of these have to do with Mississippi flood relief 
and control. For example, operating from Scott Field hangar at 
Belleville, Ill., a 100-ton airship engaged in flood relief in the 
Mississippi Valley can transport food and medical supplies to 
provide for 10,000 people each day. Possessing the ability to fly 
at low speed, of which the airplane is incapable, the airship can 
diligently search out refugees in isolated sections; cast supplies 
overboard via parachute and even lower Red Cross units to the 
ground by means of a practicable winch arrangement. 


AERIAL SurvEY More Economica 


Such a ship would conveniently and economically expedite a 
detailed survey of the Mississippi Valley necessary for the plan- 
ning of a comprehensive flood-control system. The enormous 
territory directly and indirectly affected by the Mississippi and 
its tributaries during flood periods comprises over 200,000 square 
miles (almost the size of the state of Texas) and lies in seventeen 
states, the respective adjacent areas of which are as follows: 


State Square miles 
Alabama 1,000 
Arkansas 36,000 
Illinois 20,000 
Indiana 7,000 
Iowa.. 6,000 
Kansas. . 3,000 
Kentucky 10,000 
Louisiana. 37,000 
Minnesota 2,000 
Mississippi 23,000 
Missouri. . 20,000 
Nebraska 3,000 
Ohio. 3,000 
Oklahoma 10,000 
Tennessee 15,000 
11,000 
Wisconsin. . 3,000 


AER-53-3 33 


ENGINEERING 


It is true that topographical maps and river surveys have been 
made of most of the Mississippi valley, but many of these maps, 
except the mosaics recently made via airplane, are a generation 
old and do not provide the detail essential for the planning of a 
successful flood-control system. 

If it were undertaken to make a complete detailed survey on 
the ground of these 210,000 square miles, the map would never be 
completed up-to-date because it would take a generation to finish 
the survey. On the other hand, by undertaking such work to 
which a large airship having a complete photographic laboratory 
on board is adaptable, it could be completed within less than two 
years at approximately only one-tenth the cost. It would pro- 
vide a map precise and superior in detail, giving a complete bird’s- 
eye view of the whole situation for careful study by Army engi- 
neers charged with this responsibility. 


Fie. 28 SuGe@estep For MERCHANT AIRSHIPS 


Who can question that the foregoing uses of the airship engaged 
in either military or peaceful missions are worth while? Surely 
anything that will assist in diminishing the annual recurrence of 
devastating floods, costing thousands of human lives and the loss 
of millions in property, is of tremendous economic value. 


COMMERCIAL APPLICATION 


Most aeronautical engineers seem to be agreed that the airship 
rather than the airplane will prove to be more economical and 
satisfactory in long-distance heavy-cargo air transport. It is 
predicted that in the present generation airships will encircle the 
globe in regular operation, supplementing present land and water 
transport facilities, and, by shortening the line of communica- 
tions, their use will expedite trade and thus increase the volume 
of commerce. 

If this be true, the development of the airship is of vital eco- 
nomic importance to our foreign trade, which now annually 
represents a volume of 100,000,000 tons and a value of almost 
$10,000,000,000. Our annual shipping bill for commerce on the 
high seas for freight is $750,000,000, and for passengers $250,- 
000,000, making a total of $1,000,000,000. To carry this enor- 
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mous volume of traffic requires 6000 vessels having a total dis- 
placement of 23,000,000 tons, and flying the flags of 28 countries. 
Of this volume of commerce, ships flying the American flag carry 
only 40 per cent in tonnage and only 34 per cent in value. 

In foreign trade ready access to the source of supply has a pro- 
found influence upon a prospective customer. Therein lies the 
value of quick communication via airship. Consider the value of 
merchant airships flying between our eastern seaboard and Cen- 
tral and South America that would shorten the line of communi- 
cations to Havana, Cuba, to only one day; from Washington, 
D. C., or from California to Panama, 2 days; to Lima, Peru 
3 days; Santiago, Chile, 4 days; to Para (mouth of the Amazon), 
3 days; Rio de Janeiro, 4 days; and to Buenos Aires, 5 days. 

Certainly if this can be accomplished it will have an everlasting 
influence upon the prosperity of our trade with those countries, 
and upon the promotion of a friendly relationship between 
North and South America. Applied in a world-wide sense, the 
adaptation of American-built and American-owned merchant air- 
ships means American supremacy in the great international 
trade routes. 


AIRSHIP vs. ““LEVIATHAN”’ 


Any consideration of the employment of the airship engaged in 
international trade requires comparison with existing modes of 
transport. For this purpose a direct comparison of the perform- 
ance of a 300-ton airship with the Leviathan engaged in trade be- 
tween New York and England is graphically described in Figs. 25, 
26, and 27. 

Individual data for both the Leviathan and the airship are 
contained in Table 4. The airship traveling direct to London, 
England, would negotiate a journey of 3470 statute miles and the 
Leviathan from New York to Southampton, the nearest con- 
venient port to London, would negotiate a journey of 3580 
statute miles. 

Engaged in this service, the airship is capable of transporting 
70 tons of pay load, whereas the Leviathan carries only 2800 tons 
of pay load. This is graphically compared in Fig. 25, which dis- 
closes that the airship is capable of carrying 21 per cent of its 
gross lift in pay load, whereas the Leviathan can carry only 4 per 
cent of its gross displacement in pay load. This circumstantial 
evidence alone should establish the economic future of the airship 
as a merchant vessel. 


TABLE 4 AIRSHIP DATA—METALCLAD CONSTRUCTION 


Displacement (loaded)............. - tons (long) 


60 


100 


1,100 
ern 24 knots (28 m.p.h.) 


@ F.O.B. tank car. 


2,700 
2,800 tons (short) 


In still air the airship would require 50 hr. for the crossing and 
the Leviathan about 130 hr., a difference of 80 hr., or over 3 days, 
the airship cruising at 61 knots (70 m.p.h.) and the Leviathan 
cruising at 24 knots (28 m.p.h.). 

Fig. 26 shows that the airship requires 0.396 lb. of fuel per ton 
mile of pay cargo, whereas the Leviathan requires 1.164 lb. of fuel 
per ton mile of pay cargo, or 2.94 times greater. 


Arrsuip Requires Less ENeray Per Ton MILE 


Fig. 26 indicates also that even though the airship is burning 
gasoline, whereas the Leviathan is using cheap fuel oil, there is 
little difference in the actual cost of fuel per ton mile of pay cargo. 
The future availability of Diesel aircraft engines should lower the 
cost of airship fuel to considerably less than that required for the 
Leviathan. 

It is startling to observe from Fig. 27 that the energy required 
to transport one ton of pay cargo from New York to London is 
less for the airship than for the Leviathan. This energy measured 
in horsepower-hours per ton mile of pay cargo for the airship is 
0.76, and for the Leviathan 1.012, or 1.33 times greater. The 
man-hours per ton mile of pay cargo for the airship are 0.0123, 
and for the Leviathan 0.0143, or 1.16 times greater. This com- 
parison of energy required is of vital consideration when its cost 
in dollars and cents is examined in Table 5, which is based on 
figures made public by the U. 8S. Shipping Board. 


TABLE 5 “LEVIATHAN” OPERATING EXPENSES 
(Fiscal year ending June 30, 1928) 
1,409,594 
17,917 
181,021 


Administrative........ 136,484 
Miscellaneous........ 470,223 

$7,525,916 


The preceding figures, based on Government operation, do not 
include depreciation and taxes. The total cost of energy mea- 
sured in man-power and mechanical power for one year is as 
follows: 


Maintenance of power plants (est.)......... 200,000 


This cost of energy represents 42 per cent of all reported ex- 
penses. If depreciation of power plants were included, doubtless 
this cost of energy would represent approximately 50 per cent of 
all expenses. This justifies beyond all question the relative 
accuracy of the use of energy as a yardstick to determine the 
future economic value of airships, as compared to existing modes 
of transport. 

In view of the foregoing circumstantial evidence, it is not too 
optimistic to predict that the large merchant airship of the future, 
irrespective of its saving in time, will be able to compete success- 
fully with palatial ocean liners on a dollar-and-cents basis in the 
transport of first-class passengers, mail, and express. 


Tue 100-Ton 


But the 300-ton airship must await future development. 
Hence, for immediate application, we must return again to the 
100-ton airship which, comparatively speaking, can now be 
seriously considered in connection with the establishment of 
commercial airship lines. A ship of this size is too small for 
regular transatlantic service. However, it will carry an ample 
commercial load, including 50 passengers, to be profitable in 
developing the natural trade routes which lead from the centers of 
population on the east and west coasts to the Panama Canal and 
to South America. It is admirable for service to such important 
islands as Bermuda and Cuba. 

Fig. 28 is a map on which are delineated seven routes to which 
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this size ship is adaptable and which represent a reasonable 10- 
year building program. 


W ASHINGTON-HAVANA-PANAMA RovuTE 


A detailed study of the proposed Washington-Havana-Panama 
route shows that the vicinity of Washington is chosen as the 
northern terminal instead of New York. This is considered 
desirable because meteorological conditions near Washington 
favor continuous operation with freedom from interruption by 
violent weather. Existing transport facilities, rail, and airplane, 
can be used to connect New York, Boston, Detroit, Philadelphia, 
Chicago, and other industrial centers with the Washington airship 
terminal. Furthermore, Washington is easily accessible to 80 per 
cent of the industrial population of the United States. 

In addition, when, by using the airship, from two days to as 
much as two weeks’ time is saved, it is not important that the 
northern terminal be located immediately adjacent to the largest 
city in the United States. A reasonable time table for this route 
is contained in Table 6. 

TABLE 6 PANAMA OPERATING SCHEDULE 
New York, Philadelphia, Washington, Havana, Panama 
Southbound—Read down Northbound—Read up 
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TABLE 7 100-TON METALCLAD, 80 M.P.H. CRUISING SPEED 
Pay load capacity Ib. 


Range Lb. fuel plus 50 passengers Mail and 
miles 50 per cent reserve plus luggage express 
700 17,500 15,000 24,500 
800 20,000 15,000 22,000 
900 22,500 15,000 19,500 
1000 25,000 15,000 17,000 
1100 27,500 15,000 14,500 
1200 30,000 15,000 12,000 
1300 32,500 15,000 9,500 
1400 35,000 15,000 7,000 
1500 37,500 15,000 4,500 
1600 40,000 12,000 (40 Pass.) 5,000 
1700 42,500 9,000 (30 Pass.) 5,500 
1800 45,000 9,000 (30 Pass.) 3,000 


and express over any given range. Fig. 32 and Table 8, based on 
a cruising speed of 70 m.p.h., show the fuel load required with a 
50 per cent reserve and the pounds of pay load carried over any 
given range. 
TABLE 8 PAY- LOAD CAPACITY 100-TON METALCLAD, 70 
>.H. CRUISING SPEED 
Pay load capacity Ib. 


Monday 12:05 a.m. Lv. Ar. 7:00 a.m. { Wednesday 
Wednesday New York Friday 
Saturday ( Sunday 
Monday 2:10 a.m. Lv. Ar. 7:00 a.m Ww aay 
Wednesday Philadelphia Friday 
Saturday Sunday 
Monday 7:30 a.m. Lv. Ar. 10:30 p.m \ Tuesday 
Wednesday Washington ~ Thursday 
Saturday ( Saturday 
Monday 10:00 p.m. Ar. Lv. 8:00 a.m. ) Tuesday 
Wednesday Havana ‘Thursday 
Saturday ( Saturday 
Tuesday 7:00 a.m. Ly. Ar. 8:30 p.m. \ Monday 
Thursday Havana Wednesday 
Sunday i Friday 
Tuesday 8:30 p.m. Ar. 7:00 a.m. ( Monday 
Thursday Panama Wednesday 
Sunday Friday 


Note: New York and Philadelphia via Pennsylvania Railroad to Wash- 
ington Airship Terminal. 


ELAPSED TIME SCHEDULE 


Havana Panama 

hours hours 


Stop over at Havana: Southbound, 9 hours; Northbound, 11'/: hours. 
Stop over at Panama: 10'/: hours. 


PERFORMANCE Data 


A general estimate of the performance of a 100-ton commercial 
airship is found in Figs. 29, 30, 31, 32, 33, and 34. In preparing 
these graphic charts, particularly with reference to operating 
costs, an attempt has been made to be conservative in order that 
the figures herein indicated may be accepted as reasonably reli- 
able. These estimated costs are not guaranteed as perfect. 
There is no definite experience at this time on which to base an 
exact estimate. However, access has been had to the related 
experience to be found in the actual operation of the larger and 
more important air-mail transport lines in the United States. 
Therefore, no important essential items have been omitted, and 
while future experience may disclose that individual figures are 
in error, it is believed that the totals are reasonably certain for 
purposes of estimate. 

Fig. 29 and Table 7, based on a cruising speed of 80 m.p.h., 
show the fuel load required with a 50 per cent reserve and the 
pounds of pay load carried over any given range. 

Fig. 30 and Table 9, based on a full pay load and a cruising 
speed of 80 m.p.h., show the actual cost per passenger over any 
given range. Fig. 31 and Table 9, based on a full pay load and a 


cruising speed of 80 m.p.h., show the actual cost per pound of mail 


Range Lb. fuel plus 50 passengers Mail and 
miles 50 per cent reserve plus luggage express 
700 13,580 15,000 28,420 
800 15,520 15,000 26,480 
900 17,460 15,000 24,540 
1000 19,400 15,000 22,600 
1100 21,340 15,000 20,660 
1200 23,280 15,000 18,720 
1300 25,220 15,000 16,780 
1400 27,160 15,000 14,840 
1500 29,100 15,000 12, 
1600 31,040 15,000 10,960 
1700 32,980 15,000 9,020 
1800 34,920 15,000 7,080 
1900 36,860 15,000 5,140 
2000 38,800 12,000 (40 Pass.) 6,200 
2100 40,740 12,000 (40 Pass.) 4,260 
2200 42,680 9,000 (30 Pass.) 5,320 
2300 44,620 9,000 (30 Pass.) 3,380 
2400 46,560 6,000 (20 Pass.) 4,440 
2500 48,500 6,000 (20 Pass.) 2,500 


Fig. 33 and Table 9, based on a full pay load and a cruising 
speed of 70 m.p.h., show the actual cost per passenger over any 
given range. Fig. 34 and Table 9, based on a full pay load and a 
cruising speed of 70 m.p.h., show the actual cost per pound of 
mail and express over any given range. 

These graphic charts and tables are based on full load in order 
to simplify their application to the study of any particular route. 
They also contemplate an operating minimum of 250,000 miles 
perannum. No profit has been included. Sleeping accommoda- 
tions are provided for 50 passengers, and the free luggage allow- 
ance is 50 lb. per passenger. 


TABLE 9 UNIT OPERATING COSTS—100-TON METALCLAD— 
BASED ON FULL PAY LOAD AND 250,000 MILES OPERATION 


ANNUALLY 
Cruising 80 m.p.h. Cruising 70 m.p.h. 
Per pass., Mail and Per pass., Mail and 
Range, inc. 100 Ib express, inc. 100 Ib express, 
miles luggage per Ib. luggage per Ib. 
700 $ 54.00 $0.18 $ 48.00 $0.16 
800 66.00 0.22 57.00 0.19 
900 78.00 0.26 66.00 0.22 
1000 93.00 0.31 78.00 0.26 
1100 111.00 0.37 90.00 0.30 
1200 135.00 0.45 105.00 0.35 
1300 159.00 0.53 120.00 0.40 
1400 192.00 0.64 138.00 0.46 
1500 231.00 0.77 159.00 0.53 
1600 282.00 0.94 183.00 0.61 
1700 351.00 1.17 210.00 0.70 
1800 450.00 1.50 240.00 0.80 
1900 ; 279.00 0.93 
2000 324 00 1.08 
2100 381.00 1.27 
2200 453.00 1.51 
2300 549.00 1.83 
ee 678.00 2.26 
2500 867.00 2.89 


Of course it is realized that no commercial shipping line carries 
100 per cent pay load on every trip, and, furthermore, in the 
operation of airships there will be certain short seasons when, 
because of adverse weather, certain scheduled trips will neces- 
sarily be cancelled. Some time will also be lost because of the 
necessity for overhauling and repairs. 
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ComMERCIAL RaTE 
Therefore, in using these tables the following formula applies: 


Unit cost per passenger or per pound 


Profit = Commercial rate 
Load factor X Service factor + 


To illustrate: Consulting Table 9 it is found that the cost per 
passenger on an 800-mile range is $66. Assuming that in actual 
operation this ship will carry on an average 75 per cent of its pay 
load capacity and will complete 80 per cent of its scheduled trips 
per annum, this will give a load factor of 0.75 and a service factor 
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Fig. 30 OpreratInG Cost PER PassENGER AT 80 CrvUISING 
Speep, Basep on 100 Per Cent Pay-Loap Capacity 


of 0.80. On this basis the actual cost per passenger is determined 
as follows: 


$66 


$110 
0.75 X 0.80 


To this must be added a profit, which in turn will vary with the 
different routes and will be determined by the amount of capital 
required, including flying equipment and terminal facilities. 
It is believed that the pioneering hazard justifies the assumption 
of an annual profit of 20 per cent on the capital invested. 

Table 10 sets forth in detail the estimated operating costs per 
mile based on a cruising speed of 80 m.p.h., a fuel reserve of 50 
per cent, and the annual operation of 250,000 miles. In esti- 


mating the fuel cost it is assumed that 25 per cent of the reserve 
will be used in overcoming head winds. This table reveals in 
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round numbers an operating cost of $10 per mile. Should the 
cruising speed be reduced to 70 m.p.h., the cost would be reduced 
to $9.83 per mile, because of the saving in fuel. Should two air- 
ships be operated over the same route, utilizing the same terminal 
facilities and each absorbing its share of overhead, the cost per 
mile would be reduced to $8.51. Additional units utilizing the 
same terminal facilities, repair shops, etce., would further reduce 
the cost. 

It is interesting to observe that the much-heralded high cost of 
mooring airships has been grossly exaggerated. According to 
Table 10 this item represents only 10 per cent of the entire cost 
per mile. It is believed this terminal charge will be found to 
compare most favorably with present terminal expense involved 
in the operation of commercial airplanes. 

In estimating the operating cost over any route, it is recom- 
mended that where the distance between the terminals does not 
exceed 1300 miles, the cost curves in Figs. 30 and 31, based on 80 
m.p.h. cruising speed, should be used. Where the distance ex- 
ceeds 1300 miles, the cost curves in Figs. 33 and 34, based on 70 
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CAPACITY 


m.p.h. cruising speed, should be used. In other words, on the 
longer ranges it is more economical to reduce the speed, thus 
reducing the fuel requirements and increasing the pay load 
accordingly. 


TRANSPORTATION CHARGES 


On the basis of the preceding analyses of costs and assumed 
operation of two airships on the Washington-Havana-Panama 


TABLE 10 OPERATING COST PER MILE 


100-ton Metalclad—Sleeping accommodations for 50 passengers— 
Cruising speed, 80 m.p.h., Fuel reserve, 50 per cent—Cost based 
on operating 250,000 miles per annum 


Item Cost per mile 
4 Transportation: 
0.58 
(d) Miscellaneous... 0.20 
2.35 
9 Depreciation: 
0.59 
3.17 
Total cost per mile.............. $10.01 
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line, it is believed that the transportation charges, as indicated in 

Table 11, are satisfactory for the purpose of preliminary estimate. 

WASHINGTON-HAVANA-PANAMA LINE—SCHEDULE 
OF AIRSHIP PASSENGER FARES 


(Including railroad or bus transportation to airship terminal) 
New York Philadelphia Washington Havana Panama 


TABLE ll 


New York....... $215 $370 
Philadelphia...... $212 $367 
ae $215 $212 $200 ere $155 
$370 $367 $355 $155 


50 lb. baggage per passenger carried free. Excess 
baggage charge 75 cents per lb. between Washing- 
ton and Havana, and between Havana and 
Panama. Excess baggage $1.50 per Ib. Washing- 
ton to Panama 

Express, exclusive of jewelry, bullion, and se- 


Baggage arrangements: 


Express rates: 


curities, transported at the following rates, 
including insurance: 
Washington to Havana $1 per Ib. 
Havana to Panama $1 per Ib. 
Washington to Panama $2 per !b. 


Minimum mail rates: $0.0008 per Ib. mile. Washington to Panama 


$1.64 per Ib. 
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CRUISING SPEED 


The estimated capital required for the establishment of service 
adequate for three round trips per week between Washington and 
Panama is given in Table 12. 


TABLE 12 ESTIMATED CAPITAL REQUIRED 

Two metalclad airships (100 tons gross lift each).......... $ 8,000,000 
10,000,000 cu. ft. helium at $40 per M. inc. freight...... 400,000 
200,000 
One airship hangar 325 ft. wide by 700 ft. long 200,000 sq. ft. 

Four mooring towers, including fuel tanks and utilities. . 800,000 
Helium purification plant and gasometers.................. 400,000 
Crews’ quarters and miscellaneous buildings................ 100,000 
Terminal buildings and equipment.....................6+5. 300,000 
Electrical equipment, radio stations, etc.................5-- 200,000 

Total capital investment required...................4. $15,000,000 


The annual mileage of two 100-ton airships operating on the Washington- 
Havana-Panama line would be as follows: 


Air line distance, Washington to Havana........... 1,160 miles 
Air line distance, Havana to Pamama.............. 930 miles 
Total distance, one-way trip.................. 2,090 miles 


On the basis of a 100 per cent operating schedule each ship will 
make 1'/, round trips per week. Two ships will make a total of 
312 one-way trips per annum. 312 trips at 2090 miles equals 
652,080 gross mileage per annum for both ships. Allowing for 
cancelled trips on account of weather, overhauling, etc., it is 
conservatively estimated that 80 per cent of the scheduled trips 
will be completed, thus giving a total gross mileage for both ships 
of 521,664 miles. 
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The revenue necessary per trip in order to earn a profit of 20 per 
cent on the investment of $15,000,000 is shown in Table 13. 


TABLE 13 REVENUE NECESSARY PER TRIP 
(Scheduled trips completed estimated at 80 per cent) 


On the basis of operating twoships, the operating cost per mileis. . $8.51 
The total distance from Washington via Havanato Panama,is 2,090 miles 
2,090 miles at $8.51 gives a total operating cost per trip of... $17,785 

Add—Profit based on 20 per cent of total capital in- 

vested ($15,000,000) 
Total revenue necessary per trip................ $29,803 
... $29,803 
Revenue necessary per mile $14.26 
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The anticipated revenue on the Washington-Havana-Panama 
line, assuming a 75 per cent pay load and a completion of 80 per 
cent of all scheduled trips, is given in Table 14. 


TABLE 14 WASHINGTON-HAVANA-PANAMA _LINE—ANTICI- 


PATED GROSS REVENUE PER ANNUM 
(Assuming 75 per cent payload and 80 per cent schedule) 


75 per cent of 50 = 37'/2 passengers at $355..... $ 13312 

75 per cent X 2500 Ib. = 1875 Ib. express at $2.00 375 

Total revenue per trip................... a | 33,462 


80 per cent of 312 trips = 250 trips per annum X $33,462.00 
equals gross revenue per annum of..................6.. 
$17,785 X 312 (total possible number of trips per 
annum) reveals annual maximum operating 
Less saving in fuel, crews’ pay, helium and de- 
preciation per 62 trips cancelled............. 


$8,365,500 


$5,548,920 
268,240 


$3,084,820 
This tuo 20 per cent profit on the total capital invested 


,000, 


Conservative anticipated annual profit...................... 


TEN-YEAR PrRoGRAM OF DEVELOPMENT 


The suggested program for future development which follows 
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may sound ambitious, yet it is thoroughly practicable from the 
standpoint of the development and commercial application of 
merchant airships. Certainly it will be a tremendous stimulus to 
international trade to shorten the distance between Washington 
and eastern industrial centers and Havana to only one day; 
Porto Rico, one day; from Washington and California to Pan- 
ama, two days; the mouth of the Amazon, three days; Rio de 
Janeiro, four days; Santiago, four days; Buenos Aires, five days; 
the headwaters of the Amazon River, five to six days. 

South and Central America during the coming century are 
destined to duplicate the marvellous development which during 
the past century has made the United States the most prosperous 
nation in the world. 

All that is needed is improvement in transportation facilities 
and the shortening of the line of communications. 


TEN-YEAR PROGRAM WITH SUGGESTED ROUTES 


Route No. 1 WASHINGTON TO HAVANA-PANAMA 


Maximum annual mileage....................0008 655,200 miles 
Route No. 2 CALIFORNIA TO MAZATLAN, MEx., GUATEMALA, PANAMA 


Beginning of operations. 


19 
707, 300 miles 


Route No. 3 WASHINGTON TO BERMUDA-HAVANA-WASHINGTON 


Capital required . . $13,000,000 

Beginning of operations. . 1936 
Maximum annual mileage................... 686,400 miles 


4 CALIFORNIA TO SEATTLE-SEWARD, ALASKA 


Route No. 
Round trips. . 1 per week 
Equipment required. ate 1 airship 
1937 
Maximum annual mileage....................+.-- 228,800 miles 
Route No. 5 PANAMA TO Lima, PERU, SANTIAGO, CHILE 
Maximum annual 644,800 


Route No. 6 WASHINGTON TO PoRTO RICo-GEORGETOWN, PARA, PER- 
NAMBUCO, RIO DE JANEIRO, BUENOS AIRES 


Round trips........ 2 per week 
Maximum annual mileage................00.0000. 1,428,000 miles 
Route No. 7 Amazon River VALLEY-PARA, MANAOS, IoUITOS, PERU 
Capital required. . $ 6,000,000 


Beginning of operations........... 
Maximum annual mileage 


176,800 miles 


ies RESERVE EQUIPMENT 
One airship: 


$ 4,000,000 


RECAPITULATION, TEN-YEAR PROGRAM 


Total number of routes. 

Total route mileage—one way. 
Maximum annual mileage. . 
Equipment required.......... 


Capital required: 


(a) 15 Airships... es $00,000,000 
(b) Terminals.. 30,000,000 
(c) Working capital. 10,000,000 


CONCLUSION 


The author recognizes the legitimate right of any one to inter- 
pret differently the facts presented herein and to question any 
conclusions that may be reached. Circumstantial evidence is 


not infallible. Experience should confirm the qualitative analy- 
sis, but quantitatively the results no doubt will vary. 

The theoretical application of the airship for naval, military, 
civilian, and commercial uses appears so promising that the ex- 
penditure of both public and private funds for actual demonstra- 
tion is well justified. The cost for certain missions for which the 
airship is peculiarly adapted should unquestionably be less than 
for existing forms of transport. The question as to whether it will 
pay can be answered only with reference to specific application 
of the airship. 

With respect to naval and military uses, neither the value of 
adequate preparation for the national defense, nor the tragedy of 
& poisonous gas attack on a metropolitan center can be measured 
in dollars and cents. Long distance reconnaissance, coast patrol, 
and transportation of personnel and supplies appear to be the 
most useful application of the rigid airship in this regard. In any 
well-balanced program of national defense, the function of the 
airship is not to replace, but rather to release, certain existing 
facilities and equipment for other important duties for which they 
are peculiarly fitted, thus aiding in the efficient disposition of the 
armed forces. 

Commercially the airship will supplement present facilities, 
not replace them. The airship will transport first-class pas- 
sengers, mail and express at higher speed, do more work per unit 
of energy, save more time, earn more profits. It has power in 
abundance, long range, safety, comfort, dependability, and 
economy in operation and maintenance. 

It is destined to play an important role in the general advance- 
ment and prosperity of our country. Its future is as brilliant as 
that of the first steamship. Asa means of promoting the peace- 
ful pursuits of commerce, as an instrument for bridging quickly 
the physical barriers that often are obstacles to better under- 
standing among nations, it is an international asset. Because of 
its speed the airship will expedite trade and thus increase the 
volume of commerce. Therefore its general application to world 
trade routes is inevitable. 

In 1900 Thomas A. Edison was asked if the automobile would 
ever pay. His reply is historic as to the automobile and pro- 
phetic as to the airship. “A great invention which facilitates 
commerce enriches a country just as much as the discovery of 
vast hordes of gold.”’ 


Discussion 


GeorGce V. WuittLe.’ While the significance of the com- 
parisons given in the paper between surface ships and airships 
may be questioned, as may also some of the suggested uses of the 
airships, these are details which do not affect the author’s general 
conclusions regarding the utility of the airship, which are en- 
dorsed. 

Airships have limitations which should be recognized, and 
claims for them restricted accordingly. Those who have studied 
the possibilities of the airship will, in the main, agree that its 
economic field is over the sea, where it has both naval and com- 
mercial uses. For long-distance operation over water the airship 
offers great carrying capacity, with comfort and safety, at a speed 
not attainable by water transportation. For short-distance 
travel over water, the flying boat seems best; and over land, the 
airplane appears economically supreme for high-speed transporta- 
tion. It is generally understood that air transport does not 
compete directly with the older means of transportation, but 
rather supplements the latter and scores where time is of great 
importance. As indicated the airship and airplane will not be 
direct competitors, as each has a sphere of usefulness peculiarly 
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its own. In the highly developed air-transportation systems of 
the future, it seems that airships will be used on the long ocean 
routes, and will be served at the terminals by airplane and flying- 
boat lines serving as feeders to the main stem. 

The spectacular flights of the Graf Zeppelin, and to a lesser 
extent, the numerous but not so much advertised flights of the 
Los Angeles, have focused public attention on the rigid airship as 
a means of transportation. The technical skill and manufactur- 
ing ability necessary to produce airships far superior to either of 
these exist in this country today. The new Navy airships, each 
of which will be roughly 2'/; times the volume of the Los Angeles, 
will be much superior in performance to either the Los Angeles 
or the Graf Zeppelin, due to the technical progress of the art and 
the gain which comes from increased size. The first of these air- 
ships should be ready for trials in 1931. Invention and refine- 
ment can be expected to contribute in a large way to the advance- 
ment of the art for many years to come. In this connection, 
attention is invited to the pioneering work being done at the 
Naval Air Station, Lakehurst, N. J., in the mooring and ground 
handling of airships in which mechanical equipment is being 
substituted for manual handling, which will ultimately effect 
considerable economies in operation. 

Every means of transportation has requirements which must be 
met, if it isto function properly. In the case of the airship, one of 
the most important requirements is good meteorological informa- 
tion, which the government should provide commercial-airship 
operators in a manner analogous to the aids to navigation now 
provided for surface vessels. 

Airships are here to stay. The technical, constructional, and 
operational talent is available for commercial-airship enterprise 
and awaits the call of the airship transport operator. 


T. G. W. Serrie.* Estimated performance and other data of 
two hypothetical metalclad airships of 100 and 300 tons dis- 
placement respectively are used in the study because, as the 
author states, he is more familiar with that type of vessel than 
with the Zeppelin type of ship. He very generously and properly 
indicates that this is not to be taken in any sense as a disparage- 
ment of the Zeppelin in favor of the metalclad. And the paper 
is to be construed as a presentation of the case of ‘The Airship” 
rather than that of a particular kind of airship, despite the fact 
that the data presented are labeled ‘‘metalclad.”’ It is probable 
that the airship of the future will be neither strictly ‘“Zeppelin”’ 
nor “metalclad” in the present rather narrow interpretations of 
these terms; and it is to be hoped and expected that present-day 
performance forecasts of future airships will be exceeded. The 
paper does not discuss nor compare the estimated technical 
characteristics of the large metalelad with Zeppelin-type vessels. 

The author at the beginning briefly reviews the recent convinc- 
ing “full-scale” demonstrations by the Graf Zeppelin of the com- 
mercial utility and practicability of the airship, and very justifi- 
ably takes the position that the airship has passed through the 
stage of ‘doubt and uncertainty” and has focused upon itself the 
attention of the world as a practical and useful vehicle for trans- 
port. 

The point is well taken that engine power sufficient for higher 
speeds is most desirable, particularly with a view to enabling the 
airship to take best advantage of good weather conditions, or 
least disadvantage from adverse ones. Dr. Eckener, referring to 
the portion of his world cruise in the vicinity of Japan, said that he 
“played with the typhoon instead of allowing it to play with him.” 
However, to make this possible in the bigger and better airships of 
the future, we must have airship engines (compression-ignition 
type, sooner or later), and in much larger power units than any 
available today. Probably the most “lagging” major feature of 
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airship development at the present time is the engine. There is 
only one fully developed and proved airship engine in the world 
today, and that a gasoline (or gaseous fuel) 560-hp. engine. 
It is feared that airship-engine progress is doomed to lag behind 
structural, operational, and handling development for some time 
to come, and to react unfavorably, of course, on operational 
technique. 

In the more detailed discussions of the several functions of the 
airship and analyses of costs in money and energy, in the pages of 
the paper, quite a mass of figures, statistics, and ratios are pre- 
sented. In reading this over, it comes to one’s mind that figures 
and statistics, like a good lawyer, can be made to “prove any- 
thing.”” Many of the assumptions and data on the airship side 
are hypothetical, or otherwise open to argument, while the corre- 
sponding data for the surface carrier are more largely based on 
actual experience. However, it seems to the writer that the bulk 
of the comparative ‘‘figures”’ are valid qualitatively if not always 
quantitatively, and that the airship side of the comparison is, in 
general, presented in the proper sense and conservatively. 


NAVAL APPLICATION 


The author compares the airship scout cruiser (300 tons) with 
a surface scout cruiser (10,000 tons) and very properly indicates 
that the former does not replace the latter in naval strategy, but 
does form a most valuable addition on the ‘‘scouting line’’ and can 
perform certain functions much more efficiently than the surface 
cruiser. However, the author displays a serious misconception 
of naval strategy in a major campaign. The scouting line is 
disposed not with reference to any coast line, but with reference 
to our “main body,” that is, our “battle fleet,”” which in turn is 
governed in its movements by the disposition of the enemy and 
considerations of the ‘‘grand strategy” of the war, rather than 
by simple geography; a fleet is a mobile force which must not be 
“coast bound,’”’ unless forced to be so by enemy action and force. 
However, the above does not affect the main point sought to be 
made by the author in this section, that is, that the airship is a 
most valuable and essential type of fleet-scouting vessel, and one 
that for certain purposes is the equivalent of several surface 
cruisers. 

Fig. 5 does not present altogether a true picture, since both the 
airship and surface cruisers will carry planes, which will often 
extend the effective visibility of each considerably; of course, the 
airship is a much better plane “carrier’’ than is the surface cruiser, 
in point of “getting the planes back; the surface ship has to 
heave to, to hoist the plane aboard. 

The simple and unqualified statement that an airship is equiva- 
lent to a certain number of surface cruisers is unfortunate, since 
no such simple equivalency can exist where there are such a large 
number of more or less indeterminate factors entering into the 
case. It would be as erroneous to state simply that a certain 
number of planes were equivalent to a certain amount of railroad 
rolling stock in the field of land transport. 

The author has done well to emphasize the enormous cruising 
range and “sea-keeping”’ ability of the airship. It is believed 
that the airship has a very high degree of defense against and 
invulnerability to enemy action as is indicated by the author 
although, again, any numerical “odds” in regard to vulnerability 
of the two types of craft is without justification in so complex a 
problem. 

The author could well have mentioned several legitimate 
secondary functions of the airship cruiser, that is, convoy escort, 
bombardment of enemy territory, enemy commerce destruction, 
dispatch, and maintenance of “‘our’’ line of communications. 


Miuitary APPLICATION 
While the writer agrees very largely with the paper in the 
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naval application of the airship, he cannot do so in the case of 
military application. It is believed that the Army’s proper rela- 
tion to and utilization of the airship will very closely parallel its 
relation to and utilization of other ocean-going vessels (sur- 
face). 

Possibly in peace-time and probably in certain wars, the Army 
will need to utilize airships, in addition to surface ships, for over- 
seas transport of men and munitions, but these airships, just as 
such surface vessels now and in the past so utilized, will be mer- 
chant ships, bought, chartered, or commandeered by the Army 
(or the Navy) and manned by merchant (or Navy) crews. In 
time of war, the available merchant airship tonnage will be 
largely divided between the Navy, for auxiliary cruisers (and 
transports), and the Army for transports, the allocation ratios 
depending upon the exigencies of the particular war, but probably 
always leaning heavily toward the Navy. 

The comparison of an airship with a surface ship plane-carrier 
for transport of planes seems rather futile, since it is inconceivable 
that a surface carrier would be so used in a major war. However, 
for overseas transport of planes and other munitions, the mer- 
chant airship would probably compare very favorably with the 
surface cargo ship under many sets of circumstances. 

It cannot be seen that the Army has any proper use whatever 
for the airship (large, rigid) for reconnaissance or coastal patrol. 
For reconnaissance the blimp (non-rigid or small pressure airship) 
may have some very infrequent application, but in general it 
seems that the airplane and cavalry are the Army’s proper and 
usual arms for this function. For coastal patrol, that is, such 
coastal patrol functions as properly come under the cognizance of 
the Army (coast artillery), the blimp, without doubt, has a 
legitimate role, along with planes and Army mine craft in certain 
harbors. 

The items in the list of “other military uses’ for the airship 
have either already been discussed or should properly be handled 
by blimps, planes, or Navy agencies. 

The last paragraph in this section deals with the wartime use of 
blimps by the Allies (Navy forces) for convoy escort duty, and 
the reason cannot be guessed for its inclusion at this point, in this 
paper on the “airship” (which throughout the paper is taken to 
mean the large rigid airship). A proper secondary function of a 
naval airship cruiser is as a convoy “ocean escort,’’ as pointed 
out above. 


PEACEFUL APPLICATION (ARMY) 


The items listed under this heading, except ‘‘exploration,”’ 
it would seem should properly be handled by blimps or planes, 
some under the cognizance of civilian departments of the govern- 
ment; at any event, the Army use of large rigid airships for these 
missions is not believed to be justifiable. Just what is meant by 
“exploration” is not clear, but it would seem that any exploration 
mission of a character such as to dictate the use of a rigid airship, 
should be carried on by a civilian department of the government 
or by private enterprise, and utilizing a commercial airship 
fitted up for the specific purpose. 


COMMERCIAL APPLICATION 


In this section the writer can again heartily agree with the 
author in his optimistic view of the future of airships in the 
commercial field. The point might well have been more clearly 
and definitely made that there is no competition between the air- 
ship and the airplane; that they rather have a complementary 
relationship to each other, much as the steamship and railroad 
feed into and serve each other. 

As before, the writer does not put too much faith in the actual 
figures quoted, but believes that a good general comparative 
picture is presented which argues the case of the airship con- 
servatively. The airship lines, of course, must have adequate 
financial backing and administrative organization, and necessary 
port works, just as steamship lines must have the same things; 
airship lines must have proper meteorological service just as 
surface ocean systems must have “hydrographic office’’ service 
and advices. 

Rather than competing with the steamship, the airship will 
take the ‘‘cream”’ of passenger, mail, and cargo traffic from trans- 
oceanic surface carriers, in an analogous fashion to the airplane 
taking the cream of overland and coasting traffic from the railroad 
and coastwise steamers. 


CONCLUSION 


Paralleling the author’s conclusion, it is believed that the 
practical application of the airship for naval and commercial uses 
has been fully demonstrated in full scale by the long list of suc- 
cessful airships which have been built and operating during the 
past score of years; the theoretical economic proofs, at least 
qualitatively, are very well handled in this paper. 

However, it cannot be agreed that the airship has either a 
theoretical or a demonstrated “military’”’ application; the air- 
ship’s only logical relationship with an army is exactly that of the 
ocean-going surface craft. In this connection, the experience of 
the Germans during the war in connection with attempted mili- 
tary utilizations of airships is very enlightening, and is believed to 
fully uphold the views of the writer on this phase of the question. 

In regard to questions ‘‘What will it cost?”’ and “Will it pay?” 
it is believed that the author has handled these very excellently 
in his paper; he has taken performance and estimated data at 
hand, and has made many instructive and interesting analyses of 
the economics of the airship versus surface carrier. While he 
admits the fallibility of this “circumstantial’’ evidence, and 
while the figures, curves, and numerical ratios given are not to be 
taken too literally, nevertheless, these all constitute what seems 
to be a good and conservative qualitative picture. This paper, 
and its analyses, will serve to crystallize thought in channels 
investigated; it will encourage healthy argument among ‘‘pro- 
fessionals,’’ and will be very illuminating to laymen. While not 
agreeing at all points with the author, it is nevertheless believed 
that he has handled a difficult and involved subject excellently; 
his paper is a valuable addition to current airship literature, and 
he well deserves the appreciation of the airship ‘‘profession’’ for 
his painstaking and effective work. 
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Rubber in Airplane Construction 


By C. SAURER,' 


There are a large number of uses to which rubber can 
be put in airplane construction. Its ability to dissipate 
shocks and vibrations makes it useful for engine mount- 
ings, shock absorbers, and propeller insulators. It can 
also be used to produce a leakproof tank lining, for seat 
cushions, and as a lining for airplane cabins to insulate 
the passengers from outside noise and changes in tem- 
perature. The paper describes several types of construc- 
tion in which rubber is used to advantage. 


or size, is generally thought of in terms of devices for 

absorbing shocks and energy. This mental association 
is made because it has become well known from experience that 
the major physical characteristic of rubber is its ability to re- 
ceive shocks and vibrations of varying intensities without passing 
them on to contacting objects, or in other words, its ability to 
dissipate energy. It is not claimed that rubber insulation, even 
when used to its best advantage, will dampen out all vibratory 
and shock movements, but rather that it is a most ideal substance 
for the absolute cushioning of these movements. 

Rubber in its various compounded forms has other remarkable 
and interesting characteristics such as its ability, when acted 
upon by force, to change its form, either in the direction of com- 
pression or elongation, returning practically to its original form 
when the force is removed. Also its peculiar characteristic of 
almost equally resisting movement in all directions makes it 
fit in ideally in shock-insulation work. Tensile strength as high 
as 5000 Ib. per sq. in., permanent set in the direction of compres- 
sion as low as 7 per cent, hysteresis control, and variations in 
hardness ranging from soft, putty-like consistency to horny, hard 
rubber are all commercial possibilities available to present-day 
designers. However, regardless of what may be the other char- 
acteristics of rubber, it is its ability to dampen out shocks and 
vibrations that should most interest the airplane designer. 

Vibrations are necessarily attendant to motor action, and it is 
the designer’s and builder’s job to reduce these vibrations to a 
minimum before being passed on to the fuselage and occupants of 
the plane. This is necessary not only to preserve the plane itself, 
but also to add to the comfort and safety of air transportation. 
lor proof that rubber is and has been doing a wonderfully suc- 
cessful job in this capacity, one has only to refer to what has been 
accomplished in the automotive industry. The comparatively 
recent. development wherein an effective bond can be secured 
het ween soft rubber and steel has put into the hands of the auto- 
mobile designer one of the most potent tools for construction and 
performance improvements in recent years. Torque insulators 


Rea, at the present time, regardless of its form, shape, 


1 Firestone Tire and Rubber Company. Mr. Saurer was born 
in Switzerland. He studied in Germany and France, and was con- 
nected with the Saurer Truck Company. He came to America in 
1919, and was Assistant Engineer of the Mack International Com- 
pany; from 1922 to 1929 was chief engineer of the U. 8. Rubber Com- 
pany on automotive development; from 1929 on development and 
Sales Engineer for the Firestone Tire and Rubber Company. He 
has been instrumental in the introduction of many new rubber 
articles in the automotive field and lately has developed and studied 
new articles for airplane and railroad construction. 
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smoothing out shocks in the transmission shafts, clutch rubber 
assemblies toning out jerks caused by sudden action of clutch 
engagement, rubber spring shackles, and engine-motor mountings 
eliminating 4/; of motor vibrations, are all materially adding to 
the remarkable operation. One 
normally thinks of an automobile as a steel-fabricated vehicle, 
and yet a well-known manufacturer recently announced that its 
car contained over 400 separate rubber parts. This in itself is 
conclusive proof that rubber is doing an excellent job in the auto- 
motive field. 

The particular underlying principles promoting these remark- 
able improvements in the automotive field are in the same way 
even more applicable to the airplane industry. In fact, it is 
largely due to the entirely satisfactory performance of rubber in 
automobiles that has prompted rubber manufacturers to lay out 
development programs for the extensive use of rubber in airplanes. 


smoothness of automobile 


RuBBER IN AIRPLANE-ENGINE MOUNTINGS 


Of the 400 or more rubber parts used on an automobile, the 
most important, aside from tires, are the rubber motor supports. 
They have done more for the absorption of vibration and the 
elimination of noise than any other device. 

In the airplane they are of even greater importance, as they 
retard and prevent crystallization of otherwise affected metal 
structure, thus prolonging its life. Much thought has been given 
to the design of airplane-motor supports, the requirements being 
very different from those of an automobile. In an automobile 
motor, the reciprocating action of the pistons sets up vibrations 
which are primarily vertical. 

Of the many forms of rubber insulators the most sucessful 
ones have applied the principle of vertical vibration elimination, 
depending upon an efficient bond of rubber between steel parts. 
Figs. 1 and 2 show two such installations. Any desired degree 
of cushion in the vertical plane is obtainable without the ill 
effects of a substantial engine movement. 

These motor supports are directly applicable to airplane motors 
of the “in-line” type. It is recommended that the support shown 
in Fig. 2 be used, because of its greater factor of safety. With 
the radial-type motor the problem becomes quite different as 
three major sets of vibrations are encountered. First, there are 
radially disposed vibrations in a vertical plane set up by the 
motor. Second, there are propellor vibrations, mostly running 
in opposite rotation to the motor vibration, but in the same ver- 
tical plane. Third, there are vibrations from the propeller 
thrust; these are at «ght angles to the vertical-plane vibrations 
and are radially disposed. Besides these three majo vibrations, 
many other factors, such as gravity, torque reaction, gyroscopic 
action, etc., have to be considered. 

The best solution for these varied problems of vibration elimi- 
nation on radial-type motors is to have radially installed motor 
supports, as shown in Fig. 3. These motor supports are not 
intended to absorb all vibration, but to absorb and reduce periodic 
vibration and to check a large part of the greater shocks. Safety, 
light weight, suitability for torque, torque reaction, and gyro- 
scopic action were deciding factors in the adoption of this design. 
It is hardly possible to insulate the motor from the rest of the 
airplane in such a way that no vibrations are transmitted. To 
absorb all the vibrations completely an amount of material 
would be necessary which would so increase the weight of the plane 
as to make it impractical from a weight and cost standpoint. 
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IN AtrRPLANE SHock ABSORBERS 


The shock to be absorbed by an airplane shock absorber should 
be not less than four times the static weight of the plane. To 
dissipate the shock of the landing impact, the travel of the shock 


SECTION A-A 
Fig. 1 Apuesion Tyre or Support 
absorber should range over a long 
enough period of time to bring this 
weight slowly to rest. This has 
been accomplished by air, hy- 
draulic, steel-spring, or rubber de- 
vices, or combinations of these. 
The light weight and strength of 
rubber have made the compression- 
disk and tension-cord shock absorb- 
ers popular with the airplane 
designer. The comparatively low 
cost and easy maintenance of such 
an installation have been an added 
reason for their use. The tension- 
cord shock absorber is undoubtedly 
the cheapest and lightest device to 
bring the falling weight of the 
plane to rest. A steel spring de- 
signed to absorb the same energy 
and weight in the same length of 
travel would be approximately 75 
times heavier than the shock 
cords. According to’ the design- 
er’s views, the shock cords are 
used in various ways; they are 
laced between spokes and cross each other; they may be used 
straight and wound parallel. The differences in spacings and 
windings are many. The shock cords have a maximum elonga- 
tion of 10 to 11 times the original length; in use they seldom ex- 
ceed '/, the total elongation possible. A cable of '/, in. diameter 
carries approximately 220 Ib. for every inch of elongation. Tests 
made with tension-cord shock absorbers show that approximately 
14 per cent of the energy is absorbed by them, the variety in de- 
signs or spacings having very little effect on this. 

The compression-disk shock absorbers vary somewhat from 
the tension-cord shock absorber, in so far as total travel is con- 
cerned, the travel being considerably less under impact. than on 
the tension cords. As the load increases on the rubber disks, 
the travel reduces rapidly. Therefore, special care has to be 
taken in the design to prevent the shock of the impact from being 
transmitted to the fuselage. The energy absorbed in the com- 
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pression-disk device is approximately 17 per cent. The per- 
formance of rubber shock absorbers can be improved by rebound 
checks, preventing the plane frame from bouncing. 

Other uses of rubber in airplane construction are leakproof 
tanks. These are especially valuable in military airplanes. The 
construction of this tank lining is very similar to puncture-proof 
inner tubes. Several layers of rubber are put together in such a 
fashion that they are in compression and will seal holes of small 
size automatically. These leakproof tanks are also some insur- 
ance against crashes. 

The time for general adoption in airplane designs of air-filled 
rubber-seat. cushions should not be very distant. The light 
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weight and wonderful comfort derived from such a seating ar- 
rangement, coupled with the life-saver qualities for seaplanes, will 
certainly open a field both for the airplane designer and the rubber 
manufacturer. 

Another article which is now being developed in cabin planes 
is a rubber lining which will insulate the passengers from outside 
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noises and changes in temperature. Experiments and develop- 
ments are conducted to reduce the weight and cost of such linings 
to make them practical for installation on planes. 

A propeller insulator would also greatly help in the reduction 
of vibration. This would be a device similar to an automobile’s 
torque joint, and would be interposed between the motor drive 
shaft and the propeller hub, as shown in Fig. 4. The long-desired 
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rubber fender for automobiles might become a reality on airplanes 
as a streamline housing for wheels. 

Aside from insulation of gasoline lines, cables, grommets, handle 
bars, and so on, where rubber is used on airplanes, there are 
many other points where it might be used, be it in solid or movable 
joints, in insulation of vibration, or for any other problems such as 
where steel is subject to crystallization from changeable stresses. 
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Airplane Tires and Wheels 


By H. F. SCHIPPEL,' AKRON, OHIO 


This paper tells of some of the mounting conditions of 
airplane tires on wheels, and of the relation between static 
load, ultimate cushioned load, and energy capacity. 
Static and dynamic loading curves and corresponding 
hysteresis loops are also presented, and the forces and 
power losses are resolved horizontally and _ vertically. 
Results of extensive wind-tunnel tests show the effects 
of tire size, wheel size, safety-tread design, streamlining, 
and tire misalignment. 


r I YIRE EQUIPMENT and performance cannot be discussed 
without including the wheel, and even the shock absorber, 
for these three principal parts of the airplane landing 

gear are closely interrelated. This paper discusses some of 

the accepted practices in connection with the application of 
pneumatic tires to airplanes and the performance of airplane 
tires. 

Tire Movuntine Conpirtions 


The straight-side tire has now without question been accepted 
as the standard for the industry, although the changeover from 
clincher to straight-side tires has not yet been completely ac- 
complished. The rim equipment is of the drop-center type, 
which has been selected on account of its strength and lightness 
having eliminated the necessity of a felloe band. A typical 
tire mounting is shown in cross-section in Fig. 1. The bead 
of the tire registers on the rim ledge, which has a 5-deg. slope 
and makes a close fit so that the inner tube can come in direct 
contact without danger of injury. The necessity of a flap is 
therefore eliminated. However, particular attention is paid 
to the design of the tire bead so that it does not overhang the 
side of the well, as shown in the center illustration, Fig. 1. This 
condition may possibly arise when oversize tires or extra-ply 
tires are used, due to the greater bead width, but usually there 
isno overhang. Whenever such overhanging exists, tube chafing 
is likely to occur, and this may eventually lead to a leaky tube 
and a flat tire. In cases where bead overhang is unavoidable, 
the tire may be furnished with bead flaps, as shown at the bottom 
of Fig. 1. These flaps are not entirely desirable, however, be- 
cause they interfere with mounting of the tire. 

Airplane wheels are of the wire-spoke and disk types. In the 
former the spokes are laced into the drop-center rim, the heads 
passing through the rim either on the bead ledge or in the well, 
or both, and sometimes on the side of the well. The ends of 
the spokes and nipples may be ragged, and it is important that 
the tube be kept from contact with them. For this purpose 
a rim band is provided, as shown in Fig. 1, which successfully 
covers the spokes on the bottom of the well, but not on the side 
of the well unless the rim band is made unusually wide, in which 


1 Design Engineer, The B. F. Goodrich Co. Received degree of 
B.S. in Electrical Engineering, McGill University, in 1912. Entered 
service with Canadian General Electric Co. and in 1914 became 
lecturer in electrical engineering at}McGill University. From 1917 
to 1925 he served as Research Engineer, Canadian Consolidated 
Rubber Co.; Research Engineer, Ames-Holden-McCready; and 
Development Engineer, Ames-Holden Tire Co. Joined The B. F. 
Goodrich Co. in 1925. 
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case it cannot with certainty be maintained in correct position 
due to possible disturbance when mounting the tire. An alter- 
native solution lies in the use of bead flaps, but this practice, 
as mentioned before, is not wholly desirable. 

Rim bands are not required on disk wheels, there being no 
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Fig. 1 ARRANGEMENTS OF TIRES ON Rims 


danger in allowing the tube to make complete contact with the 
rim. It has been the practice of airplane-tire manufacturers to 
furnish rim bands with each tire, whether sold for original equip- 
ment or replacement, but by a new agreement among the tire 
and wheel manufacturers, these rim bands are furnished by 
the wheel manufacturers when necessary. A further advan- 
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tage of this change in practice occurs in the case of oversizing, 
the rim band according to old practice being too large for the 
undersize rim. 


Tire Loap Ratinas 


The method of rating airplane tires for static load capacity 
is very similar to that used for passenger-car tires. The rating 
is made on a basis of radial deflection, calculated by the method 


Fig. 2. DeEFLecTION oF 30- By 5-IN. Tire 
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Fic. 3 GRAPH OF DEFLECTION OF 30- By 5-IN. TrRE ON 30- By 5-IN. 
Rm at 50 Ls. INFLATION 


shown in the army specifications. This method rates tires 
according to a definite radial deflection taken as a percentage 
of the cross-sectional height of the tire measured from the point 
of extreme overall diameter to the top of the rim flange. The 
present line of tires is rated on the basis of a radial deflection 
equal to 27!/. per cent of this distance. On this basis the tire 
cannot deflect 100 per cent, because twice the thickness of tire 
and tube intervenes between the rim flange and the ground at 
complete collapse of the tire. Fig. 2 shows this clearly. In 
the case of the 30- by 5-in. tire the maximum possible deflection 
is about 83 per cent. Fig. 3 shows a typical loading curve for 
an airplane tire, loaded up to the extreme deflection noted above, 
or collapse point. It will be noted that this tire, which is rated 
at 1600 lb. static load, has a maximum cushioned load capacity 


of 5100 Ib. This indicates that the ratio of maximum to static 
load rating is 5100 + 1600 = 3.2. But the maximum design 
load for the plane which takes the 30- by 5-in. tire is about 6 
times 1600 lb. or 9600 Ib. It is therefore quite obvious that 
under the conditions of maximum allowed impact of the plane 
upon the ground, the tire is not only completely flattened, but 
is pinched between the rim and the ground. This is not a highly 
desirable condition, and is only tolerated because apparently 
the tire has the ability to withstand this punishment, or because 
such a severe landing occurs but infrequently. The ideal 
condition for the tire would be to have its collapsing load equal 
to the static load multiplied by the load factor, but this would 
reduce the static rating of the 30- by 5-in. tire, for example, 
from 1600 Ib. to 5100 + 6 = 850 lb., or approximately one-half 
its present rating. An alternative and equally undesirable 
method of equalizing this condition would be to increase the 
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collapsing load to the required value by increasing the inflation 
pressure to about 100 lb. 

There seems to be an impression that the drop-center rim 
increases the cushioning properties of a tire because of the extra 
amount of air volume in the drop-center portion of the rim. This 
impression probably arises from the fact that the capacity of a 
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tire is often spoken of as proportional to its air volume. Al- 
though this is true in an approximate way, yet it is the active 
air space only that is of consequence in relation to tire cushion- 
ing, because it is only that air space that substantially affects 
the loading characteristics of the tire. Figs. 4 and 5 show in 
a diagrammatic way the significance of this statement. Fig. 4 
shows the relation between load and radial deflection for a 30- by 
5-in. airplane tire mounted on the regular drop-center rim and 
on a hypothetical flat-base rim having the same dimensions as 
the drop-center rim, except for the absence of the well portion. 
The latter curve was obtained by calculation on the following 
basis: When a tire is loaded, the portion of the tire in contact 
with the ground suffers a decrease in internal volume, and this 
produces an increase in inflation pressure. For example, a 30- 
by 5-in. tire, mounted on a 5-in. drop-center rim, and inflated to 
50 lb., shows a pressure rise of 5 lb. when loaded to 51001b. The 
curve of pressure rise is shown in Fig. 5. The drop-center por- 
tion of the rim represents only 5 per cent of the total volume 
of air in the inner tube, and hence the pressure rise in the 30- 
by 5-in. tire when mounted on a hypothetical flat-base rim 
would be 5'/, lb., which would increase the ultimate load-carry- 
ing capacity of the tire by approximately 25 lb., which is almost 
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insignificant. However, the results serve to indicate that the 
increased air volume of the tire on the drop-center rim decreases 
rather than increases the load-carrying capacity, through the 
effect that air volume has upon the pressure rise under load. 
In order to show the full extent to which one can increase load- 
carrying capacity by decrease in air volume, a test was made 
with the air entirely replaced by water. The water being in- 
incompressible, the cushioning property of the tire was entirely 
dependent upon the elasticity of the cords in the tire carcass. 
The pressure rose from 50 Ib. at no load to 96 Ib. at 5100 Ib. load, 
but at full radial deflection the tire was capable of supporting 


10,000 lb., at which load the inflation pressure would have 
been 150 Ib. The load capacity of a tire is also affected to 
a small extent by the width of the rim on which the tire 
is mounted. Fig. 4 shows the loading curves for the 30- by 
5-in. tire on the 4-in. and 5-in. airplane rims. 


EnerGcy CAPACITY AND ABSORPTION 


The simple and approximate method of measuring the energy 
capacity of a tire under radial deflection will be considered 
first. This method is the static test, in which the stationary 


Fig. 7 Enrercy Loss in TrrE WHEN ROLLING ALONG THE GROUND 


tire is loaded against a flat plate in a loading machine, and 
deflected until the tire is compressed between the rim and the 
contact plate. The curve in Fig. 3, for a 30- by 5-in. tire, was 
obtained by this method, the energy stored being represented 
by the area ABC lying under the loading curve. This energy 
is 8950 inch-pounds, and represents the ability of the tire to 
absorb energy in a vertical direction when the airplane makes 
a landing. It should more correctly be stated, however, that 
this only approximately represents the vertical energy ca- 
pacity, because the curve was obtained by a loading test that 
was comparatively slow compared to the rate of deflection 
under service conditions. It is quite possible that the energy 
capacity may be greater under the condition of rapid loading. 
Unfortunately, the necessary equipment was not available 
to make the rapid loading test. However, a careful study 
of the conditions under which a tire is deflected against the ground 
in actual service will disclose the fact that even this rapid load- 
ing test would not give the true figures. 

In actual service, the tire is not stationary, but rolls along 
the ground at a rapid rate, and the length of tire carcass loaded 
is not represented by the small section in instantaneous con- 
tact with the ground, but by the length equal to the distance 
traversed by the plane over the ground during the interval of 
contact. This condition was simulated in the laboratory by 
loading the tire against a large wheel revolving at a speed 
representative of the initial landing speed of an airplane, viz., 
50 m.p.h. On account of the curvature of the drum it was 
necessary to obtain a new static loading curve for comparison 
with the dynamic curve. Fig. 6 shows the results obtained. 
The curve ABC represents the static test results for increasing 
load and CDA the curve for decreasing load, and the area ABCDA 
represents the static hysteresis loss for the complete loading 
cycle. It will be noted that the tire was not loaded to complete 
collapse, because at a speed of 50 m.p.h. the temperature 
rise due to internal friction in the tire during the length of time 
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required to make the test would have affected the inflation 
pressure and also the results. The static curves show that the 
amount of energy stored in the tire upon increasing load was 
1047 in-lb., and the amount returned during decreasing load 
was 919 in-lb. The area of the hysteresis loop is therefore 
125 in-lb., and so it may be said that the efficiency of the tire 
statically as an energy dissipator is 12.2 per cent. However, 
static loading tests on a Riehle machine have shown this effi- 
ciency to be only 6 per cent; so it is feared that the above static 
loading test may be in error on account of friction of the car- 
riage on which the tire was mounted. However, the results 
are at least of qualitative interest. Fig. 6 also shows the results 
of the dynamic loading test at 50 m.p.h. The curve falls inside 
the static hysteresis loop, and it shows no hysteresis loop, since 
the curves of increasing and decreasing loads coincide. It may 
therefore be concluded that the efficiency of the rolling tire 
as an energy dissipator in a vertical direction is zero. 
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But since, during the interval of the single high-speed impact 
of the plane on the ground, the tire may have traveled over 100 
ft. along its outside periphery, there must necessarily have been 
a considerable amount of energy absorbed due to the hysteresis 
of the tire carcass. If, then, there is all this absorption of energy 
why does the tire show no hysteresis loop on the dynamic load- 
ing curve? The answer is, that it is necessary to distinguish 


between effective braking action and ‘‘shock-absorbing” action 
in a tire, or hcrizontal and vertical components of energy ab- 
sorption. 


(See Fig. 7.) In other words, the energy loss in a 


tire when rolling along the ground appears as a net horizontal, 
or braking action, and not vertical or ‘‘shock-absorbing”’ action. 
It is unfortunate that the search for the good qualities in air- 
plane tires should have exposed such gross incompetence of 
the tire in the vertical direction. But so long as this creates a 
demand for rubber shock absorbers, the tire cannot be con- 
demned for failure to support the rubber industry. 
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Fic. 9 DraGRamMMatic Views oF WIND TUNNEL 


Fig. 8 throws light on this particular performance of the tire 
from another angle. Here are presented curves showing the 
apparent increase in vertical reaction of a tire due to rotative 
speed. The increase is really a centrifugal effect, and could be 
expressed in terms of equivalent inflation-pressure increase, 
if so desired. The upper curve shows that if at the begin- 
ning the load is 1600 lb. with the tire at rest, this load increases 
to 1740 lb. at 50 m.p.h., or 8.6 per cent increase. This‘centrifu- 
gal effect increases the vertical energy capacity of a tire, and 
this increase would be very apparent if the dynamic loading 
curve in Fig. 6 is plotted with the point of zero load set back 
of the zero for radial deflection by */x: in., which is the increase 
in the tire height at 50 m.p.h. 


Ar Draa 


On account of the increasing use of anti-skid tires on air- 
plane landing wheels, it is important that their comparative 
air-drag values become definitely known. It is also important 
that information be made available on other factors in connec- 
tion with tire and wheel design, such as the efficiency of stream- 
lining of the wheels and tires, and the effect of toe-in or out-of- 
alignment of the plane of the tire and wheel with respect to 
the line of flight. 

With these objectives in view, The B. F. Goodrich Company, 
under the personal direction of Prof. Alexander Klemin, con- 
ducted tests in the 9-ft. wind-tunnel at the Daniel Guggenheim 
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School of Aeronautics of New York University, on various 
combinations of tires and wheels, as follows: 


1. 14- by 3-in. smooth airplane tire on 14- by 3-in. wheel 
2. 20- by 4-in. smooth on 18- by 3-in. wheel 
3. 20- by 4-in. safety tread on 18- by 3-in. wheel 
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Fic. 10 Avr Lerr Smoorn ArrRPLANE TIRE AND AT RiGHT SMooTH 
STREAMLINE AIRPLANE TIRE 32- By 6-IN. ON 32- By 6-IN. WIRE 
METAL SHIELDS 


4. 30- by 5-in. smooth streamline tire on 28- by 4-in. wheel 
5. Same as 4 but toe-in 2 deg. 2 min. (0.35 in.) 
6. Same as 4 but toe-in 4 deg. 4 min. (0.70 in.) 
7. Same as 4 but toe-in 6 deg. 6 min. (1.05 in.) 
8. 30-by 5 in. smooth tire on 28- by 4-in. wheel 
9. Same as 8 but toe-in 2 deg. 2 min. (0.35 in.) 
10. Same as 8 but toe-in 4 deg. 4 min. (0.70 in.) 
11. Same as 8 but toe-in 6 deg. 6 min. (1.05 in.) 
12. 30- by 5-in. safety tread on 28- by 4-in. wheel 
13. 32- by 6-in. safety tread on 28- by 4-in. wheel 
14. 32- by 6-in. smooth streamline tire on 32- by 6-in. wheel 
15. 32- by 6-in. smooth on 32- by 6-in. wheel 
16. 32- by 6-in. safety tread on 32- by 6-in. wheel 
17. 6.00-20 (32 X 6.00) Silvertown passenger-car balloon 
tire on 32- by 6-in. wheel 
18. 32- by 6-in. smooth airplane tire on 32-by 6-in. wheel 
without streamline disks on wheel 
19. 36- by 8-in. smooth on 36- by 8-in. wheel 
20. 40- by 10-in. safety tread on 36- by 8-in. wheel 


Each combination was tested at 40, 50, 60, 70, 80, and 90 
m.p.h., and the drag in pounds calculated for each air speed, 
as well as the drag coefficients based on actual cross-sectional 
area through the center of the axle, and on the projected area 
which is slightly greater. Fig. 9 shows diagrammatic plan 
and elevation views of the wind tunnel. 

The wheels used were of the wire-spoke type, and sheet- 
metal fairings were used except where noted above. Detailed 
results are shown in the curve sheets, Figs. 11 to 16, inclusive, 
in which the numbers shown refer to the tests listed. The drag 
given is the net drag on tire and wheel, correction being made 
for the drag on the axle and connecting wires. 

In order to calculate drag coefficients, the projected areas 
for each tire must be computed similar to the method shown on 


the attached sample drawing Fig. 10 for the 32- by 6-in. tire. 
The actual areas, as viewed in an aerodynamic sense, comprise 
the complete projection of each unit, and these areas are slightly 
larger than the cross-sectional areas. The method of calcu- 
lating the drag coefficient is as follows: 


Drag in pounds 
Projected area in sq. ft. X m.p.h.* 


Drag coefficient = 


The drag coefficient therefore numerically equals the drag per 
square foot of projected area for an air speed of 1 m.p.h. In 
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Fig. 12 Arr DraG or ArrRPLANE Tires Nos. 4, 5, 6, AND 7 


the case of streamlined wheels the projected area was com- 
puted disregarding the increase in area due to the shields, as 
this makes the comparison of these wheels with ordinary ones 
clearer. Nojallowance for increase in area was made in the 
cases of toe-in. 


Discussion oF RESULTS 


The drag coefficients have minimum values for 30-by 5-in. 
tires mounted on 28- by 4-in. wheels and slightly increase both 
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for smaller and larger wheels. The scale effect is the most 
pronounced in the case of smooth tires mounted on stream- 
line wheels; there is a decrease of about 8 per cent in the value 
of drag coefficient from 40 m.p.h. to 90 m.p.h. 

A comparison of drag on tires of different tread shows that 
the safety-tread tires have 5 per cent to 10 per cent greater 
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Fig. 13 Arr DraG or AIRPLANE TiRES Nos. 4, 8, AND 12 
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Fic. 15 Arr Drac or ArrPLANE TrrEs Nos. 13, 14, 15, 16, 17, AND 18 


drag than smooth ones. There is a saving in resistance of about 
the same magnitude by adoption of streamline tires. Stream- 
line tires are still more advantageous in case they are set with 
toe-in, as the increase in drag due to the toe-in of 6.1 deg. is 
45 per cent in the case of non-streamline tires, and only about 
25 per cent in the case of streamline tires. This fact is of im- 


portance when it is considered that perfect alignment of the 
plane of the wheel with the path of flight may not always be 
easy to maintain in manufacture or service. 

The test on the Silvertown 6.00-20 passenger-car tire shows 
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that substitution of this kind of tire for an airplane safety- 
tread tire does not make a great difference from a drag stand- 
point, but the weight penalty is considerable. The resistance 
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of tire and wheel with the disks removed is about twice as great 
as the resistance with the disks on. 

It is interesting to note the effect of oversizing upon the 
drag. For example, at 90 m.p.h. the 30- by 5-in. safety-tread 
tire on a 28-by 4-in. wheel shows a drag of 5.81 Ib., while the 
32- by 6-in. safety-tread tire on the same wheel shows a drag 
of 8.17 lb., an increase of 41 per cent. It is also interesting 
that the 32- by 6-in. safety tire has less drag when mounted on a 
32- by 6-in. wheel than when on a 28- by 4-in. wheel. 


Discussion 


A. L. Krwpatu.?. The writer does not agree with the author’s 
conclusion that the hysteresis action is zero for a tire rolling 
on a surface for up-and-down vibratory motion. Although his 
dynamometer tests give a zero hysteresis loop, for the tire roll- 
ing against a revolving drum, it is to be noted that measure- 
ments are made when the up-and-down motion is zero. If 
measurements could be made while the tire was in motion during 
its up-and-down path a hysteresis loop would be obtained. 

Referring to Fig. 17, when the tire is rolling against a moving 
surface as shown, the rubber in contact with the ground along 
AC, to the right of the vertical OA, is in the act of being com- 
pressed, while that along AB is in the act of expanding. This 
means that the frictional force which resists deformation pro- 
duces an increased reaction on the ground from A to C, but 
a decreased reaction from A to B. This results in the couple 
shown by the pair of small arrows, which has to be overcome 
during rolling motion and accounts for the power absorbed in 
the tire as it rolls. 

Assume, however, that a downward component of motion 
is superimposed on the horizontal. The median line OA then 
swings to the left slightly to a position OA’. The point of 
maximum compression is no longer directly under the hub 
at A, but swings over to A’ due to the superimposed downward 
component of motion. This means that the zone of increasing 
compression is A’C instead of AC, and that of expansion is 
A’E instead of AB. Since more rubber is being compressed 
upward than is expanding downward, the right-hand member 
of the couple is greater than the left-hand, so that work must be 
done during the downward motion because of a resultant up- 
ward force to be overcome. 

The following is an approximate calculation of the energy 
dissipation due to up-and-down vibration during rolling. 

Assume, as an approximation, that when the tire is not roll- 
ing, but only moves up and down, the total hysteresis force is F. 
The work dW, during an up or down motion through a dis- 
tance dy is Fdy. 

When the tire is rolling, a motion through this same element 
dy results in the work 


where as an approximation the force F is supposed tc be uni- 
formly distributed. 
A'A Vy 
But a ae approximately, where Vz is the constant for- 
ward motion and V, the instantaneous motion along dy. 
Let the tire vibrate up and down according to the law y = yo 
sin w where y. is the half amplitude. 


Then V, = > = Yow Cos wt 


Also dy = yo cos wt d(wt) 
? Research Engineer, General Electric Co., Schenectady, N. Y. 
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Substituting in equation for dW, 
2F rijo%w Cos? wt d(wt) 
lV. 


where r = AO andl = BC. 
Integrating over one cycle 


dw, = 


2Fr 
AW, = lV. Yorw f cos? wt d(wt) = “en 


which is approximately the energy dissipated during one up-and- 
down vibration. The energy 
dissipated during one cycle for 
the static test with no wheel rota- 
tion = § Fdy = 4Fy. approxi- 
mately, since the amplitude is 
assumed relatively small so F is 
approximately constant, but re- 
verses in sign at the top and 
bottom of the cycle. The 
symbol ye represents the half 
amplitude as before. 

The ratio of the energy dis- 
sipated during up-and-down motion in the static case to that in 
the case of the rolling wheel is: 

AW, lV; 


AW, ryof 


where 2zf is substituted in place of w, f being the frequency of 
the up-and-down vibration. 

If 1 = 5in., Vz = 500 in. per sec., » = 15in., f = 10 cycles per 
sec. and yj = !/7in. 


AW. 20 
yee, that is, the energy dissipated due to up-and-down 


motion during rotation is only about !/; that without rotation. 

The formula shows that AW, increases with the frequency 
so the above ratio becomes smaller as the frequency of up-and- 
down vibration increases. AW, decreases, however, with V,, 
giving a correspondingly larger value of the ratio. 

A remarkable feature of this result is the increase of W, with 
frequency. The law of hysteresis assumed is that the dissipa- 
tion per cycle per unit volume of the rubber is independent 
of frequency, that is, that a viscosity which would cause a viscous 
reaction which increases with velocity of strain, is not present. 
The hysteresis cycle is like that of magnetic hysteresis in iron, 
where frequency does not enter. It is for this reason that the 
force F is taken as a constant. A consideration of the funda- 
mentals employed above will show that an equivalent rectangular 
loop is employed. Since we are interested in loop area, the 
shape is immaterial for the purpose of analysis given. 

This law of independence of loop area of frequency has been 
studied by the writer and has been found to hold for a variety 
of solids, including various metals, wood, celluloid, and rubber.* 
It is possible, however, that in the case of rubber, with strain 
velocities as high as they are in a rapidly rolling wheel, a strain 
velocity effect may enter, which increases the loop area. Ex- 
periment shows that loop area depends upon the strain ampli- 
tude squared. In the above case, where during the up-and-down 
vibration the strain is relatively small compared with the en- 
tire range, the force F is assumed constant and independent 
of amplitude, which gives a loop area proportional to the first 
power of the amplitude. 

Although this discussion is rather inadequate, it at least 
gives an idea of what happens, and brings out the important 


3A. L. Kimball and D. E. Lovell, “Internal Friction in Solids,” 
Physical Review, Dec., 1927. 
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fact that the higher the frequency of bouncing the greater the complicated. It is thus seen that with very high rolling speeds 
dissipation and the higher the speed V, the less the dissipation indeed, the hysteresis dissipation due to up-and-down vibration 
for a given amplitude. A complete analysis would be very may be relatively small, although it can never be actually zero. 
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Aviation Natural Gasoline 


By R. C. ALDEN,' BARTLESVILLE, OKLA. 


The usual natural gasoline of commerce is an extremely 
volatile product and quite unsuitable for direct use as a 
motor fuel in the conventional fuel systems of today. By 
careful fractionation, however, it has been found possible 
to produce “aviation natural gasoline,” a fuel that has 
made a splendid record commercially during the last three 
years. A considerable amount of research work has been 
done with regard to this product, and the author discusses 
it under the following heads: (1) Initial flight tests to 
determine specification bases for commercial purposes; 
(2) effects of changes in specifications for aviation natural 
gasoline; (3) survey of commercial aviation gasolines; 
(4) flight tests to determine actual temperature in air- 
plane fuel systems; and (5) other investigations. An 
extensive table of test results of commercial aviation gaso- 
lines is included, as well asa bibliography of articles having 
a bearing on aviation natural gasoline. 


recovered from natural gas. Formerly, the product was 

called “casing-head” gasoline from the fact that the first 

natural gasolines were recovered entirely from the gas with- 
drawn through the casing heads of oil wells. 

The present daily production of natural gasoline amounts to 

more than six million gallons, which represents 


TN seoreed gasoline is the name applied to the gasoline 


definite bearing on the subject of aviation gasolines. The trend 
toward more volatile fuels is quite evident, and a knowledge of 
the economic conditions surrounding the petroleum industry 
leads to the conclusion that these volatile fuels have come to 
stay for a considerable length of time. It therefore follows that 
fuel systems for automotive and airplane engines should be de- 
signed with this trend in mind. 

Because refineries are making such rapid progress in imparting 
volatility to their finished gasolines in their own processing, the 
more progressive manufacturers of natural gasoline have under- 
taken extensive research programs in order to assure markets for 
their product. One of the most interesting of the developments 
resulting therefrom has been aviation natural gasoline. 

The usual natural gasoline of commerce is an extremely vola- 
tile product, quite unsuitable for direct use as a motor fuel in 
the conventional fuel systems of today. A typical Grade AA 
natural gasoline has a vapor pressure at 100 deg. fahr. of 28 lb. 
per sq. in. abs. It contains about 1 per cent by volume of pro- 
pane and 30 per cent of butanes. The vapor pressures at 100 deg. 
fahr. of propane, isobutane, and normal butane are 186, 74, and 
53 lb. per sq. in., respectively. When these volatile constituents 
are removed, the residual product has a vapor pressure at 100 
deg. fahr. of approximately 11 lb. per sq. in. Further fractiona- 
tion of the ‘“‘butane-free” product, at the expense of the pentanes 


TABLE 1 “FRONT END” VOLATILITY OF COMPOSITE GASOLINES RErORTED 


approximately twelve per cent of the total gaso- [N THE SEMI-ANNUAL MOTOR-GASOLINE SURVEYS OF THE U. S. BUREAU OF 


line supply. The natural gas from which natural 


gasoline is obtained may contain before treat- 
ment as little as one-tenth to as much as twenty = 
gallons of commercial natural gasoline per re- 

thousand cubic feet. The average richness of bn — 


gas treated for natural gasoline is about one and 1921 95. 
one-quarter gallons per thousand cubic feet. 

Natural gasoline has been used almost ex- a 3 
clusively as a blending agent,- which, when 1926 96.3 
added to the refinery product in suitable propor- oo ae 
tions, greatly improved the ease of starting and — ss 


accelerating characteristics of the finished motor 
fuel. For this purpose high volatility of the 
natural gasoline was required, inasmuch as the 
product had to be shipped from its points of manufacture 
to the refinery or other point of use, thus increasing its costs. 

During the past five years developments in the refining in- 
dustry have made it possible for the refiners to obtain increased 
volatility without the use of natural gasoline. The use of vapor- 
recovery systems and the oil-cracking process has been responsible 
for this condition. Fortunately, for the natural-gasoline indus- 
try, competition in the marketing end has been so keen that this 
progress has been passed on to the public in the form of better 
motor fuels. It is safe to say that if the motor-fuel standards 
of 1923 were in effect today there would be very little market 
for natural gasoline. 

An interesting sidelight on this development of gas~'ine qual- 
ity is shown in Table 1, which shows the “front end” volatility of 
the composite gasolines reported in the Semi-annual Motor Gaso- 
line Surveys of the U. S. Bureau of Mines. 

Although Table 1 is a study of motor gasolines, it has a very 

1 Assistant Director, Phillips Petroleum Co. 


Presented at a joint meeting of the Chicago Section and Aeronautic 
Division of the A.S.M.E., Chicago, Ill., August 25, 1930. 


MINES 
Winter — Summer 
0% 10% 
First con- 10%! Reid? Per First con- 10%! Reid? 
drop, densed, evap., vapor cent drop, densed, evap., vapor 
deg. deg. deg. pres- re- deg. deg deg. pres- 
fahr. fahr. fahr. sure covered fahr.  fahr. fahr. sure 
119 172 161 6.85 96.7 130 182 173 5.80 
113 168 165 7.90 96.7 125 177 167 6.15 
102 168 154 8.20 96.8 121 175 165 6.55 
107 167 153 8.10 96.8 125 179 170 6.20 
96 164 150 8.95 96.0 107 167 153 8.15 
95 161 147 9.30 96.2 108 169 156 8.05 
93 155 142 9.40 96.7 160 162 152 8.55 
92 149 137 9.65 96.4 102 159 147 8.65 
90 146 134 9.95 96.1 100 156 143 9.00 
87 143 131 10.50 96.1 102 155 143 8.70 


1 A constant distillation residue of 1.0 per cent was assumed. 
? Graphically determined by method described in the Oil & Gas Journal, May 15, 1930, p. 40. 


content, can be employed to reduce the vapor pressure further. 
This residual kettle product, resulting from the careful fractiona- 
tion of natural gasoline, composes the product known as aviation 
natural gasoline. 

The equipment used in the manufacture of aviation natural 
gasoline is the same as that used in the manufacture of commereial 
propane, butane, pentane, and the refinery grades of natural gaso- 
line. The “wild” condensate extracted from the natural gas is 
fed into one column, where conditions of temperature, pressure, 
and rate of reflux are maintained to give the desired kettle prod- 
uct. The overhead vapors are liquefied and subjected to further 
refractionation. 

Aviation natural gasoline thus produced is an exceptionally 
well-fractionated, or “‘stabilized,” product. With the average 
raw material it is necessary to eliminate a portion of the pentane 
content in order to reduce the vapor pressure to the desired limits. 
For example, Table 2 can be taken as illustrative of the composi- 
tion changes which take place in the processing of the “wild” 
condensate extracted from natural gas in the production of 
aviation natural. 
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TABLE 2 COMPOSITION OF FEED AND KETTLE PRODUCTS IN 
THE FRACTIONATION OF AVIATION NATURAL GASOLINE 


(Composition in terms of volume per cent) 


Initial Grade ‘‘Butane-free’’ Aviation 
condensate AA natural natural natural 
Propane and lighter...... 14.0 1.0 
Re 32.0 30.0 1.0 0.3 
28.0 31.0 46.0 31.7 
Heptanes and heavier.... 12.0 15.0 28.0 37.0 


It is interesting to note in regard to the processing of aviation 
natural gasoline that the emphasis in fractionation is placed 
on the light ends. In other words, very careful control is main- 
tained in regard to the vapor pressure of the finished product. 
This, of course, is due to the fact that the possible contaminants 
of the finished product are more volatile than the finished prod- 
uct itself. This is in direct contrast with usual refinery prac- 
tice, where the possible contaminants are less volatile than the 
finished product, with the result that the emphasis in frac- 
tionation is placed on the heavy ends. With the ever-increasing 
supply of volatile hydrocarbons, it is becoming increasingly 
necessary to exercise careful control of what might be termed 
the “front-end” volatility of fuels for internal-combustion en- 
gines. 

Aviation natural gasoline is a comparatively new product. 
In its present form it has been on the market a little over 
three years. In this short time it has made a splendid record 
commercially. It is estimated that in 1929 between 15 and 20 per 
cent of the gasoline used in commercial flying was aviation 
natural. Among the more spectacular achievements to its credit 
can be cited its use by Col. Arthur Goebel in winning the Dole 
race from Oakland, Calif., to Hawaii, and the 1929 endurance 
flight of the St. Louis Robin. 

A considerable amount of research work has been done in be- 
half of aviation natural gasoline. This work can be divided into 
five headings, each of which will be briefly discussed. 
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Fie. 1 A.S.T.M. CHARACTERISTICS OF AVIATION 
GASOLINES 


1 Initiat Tests To DETERMINE SPECIFICATION BASES 
FOR COMMERCIAL PURPOSES 


Fig. 1 shows the A.S.T.M. distillation characteristics of re- 
finery products which meet the requirements of domestic and 
fighting grades of aviation gasoline as compared with a typical 
aviation natural. The significant characteristics to note are: 

a The remarkably low mid-portion of the distillation curve of 
aviation natural. This signifies superior distribution to the 
cylinders of the engine and excellent cold-weather performance. 

b The low 10 per cent evaporated temperature, which signifies 
easy starting, particularly in cold weather. 

c The flat “front end” of the curve. This signifies the absence 
of light hydrocarbons and means that the product has a very low 


vapor pressure as compared with products not having this char- 
acteristic. 

Because of these differences, each manufacturer who has 
launched an aviation natural program has considered it advisable 
to conduct actual flight tests prior to placing his product on the 
market. In the flight tests, a wide variety of gasolines has been 
used, ranging from Grade AA natural in extreme volatility to 
very deeply cut butane-free naturals. The most rigorous flying 
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Volume Per Cent Pentane in Aviation Natural 


Fie. 2. Errect oF PENTANE CONTENT ON SEVERAL SALIENT 
CHARACTERISTICS OF NATURAL GASOLINE 


conditions were imposed, parti¢ularly in regard to extreme ground 
temperatures, rate of climb, and sustained flight. 

In this test work it was found that even the more volatile prod- 
ucts could be used under many conditions. In order to be on 
the safe side and to avoid undue handling losses, most manufac- 
turers established a maximum Reid vapor pressure limit of 10.5 lb. 
per sq. in. at 100 deg. fahr. Inasmuch as this is a shipping 
specification, the vapor pressure at points of consumption will be 
somewhat lower than 10.5 lb. persq.in. In terms of the A.S.T.M. 
distillation, this means that the 5 per cent condensed tem- 
perature will vary through the approximate range of 112 to 
119 deg. fahr. and the 50 per cent condensed temperature will 
vary through the approximate range of 140 to 154 deg. fahr. 

It is worth noting at this point that the existing specifications 
for F.A.G. (Fighting Aviation Grade) and D.A.G. (Domestic 
Aviation Grade), formulated eight years ago, require a minimum 
5 per cent condensed temperature of 122 deg. fahr. Conse- 
quently, in this one respect the conventional aviation natural 
does not meet the federal requirements. On the other hand, the 
maximum temperatures at 50 per cent condensed for D.A.G. and 
F.A.G. are 221 and 203 deg. fahr., respectively. Consequently, 
in this regard, aviation natural is much superior to the fuels 
which barely meet federal requirements. 

Besides the specifications which have resulted from the initial 
flight tests, several facts were developed of general interest. No 
noteworthy differences were found as to fuel consumption from 
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a volumetric viewpoint as compared with other gasolines. The 
consumption when expressed in terms of weight did, however, 
show an advantage in favor of the lighter aviation natural, this 
difference being worthy of consideration. 
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this rather comprehensive survey, a detailed tabulation is pre- 
sented in Table 3. 

Some of the interesting facts developed in the course of the sur- 
vey are as follows: 

a Approximately half the samples examined are considerably 
more volatile at the A.S.T.M. distillation 50 per cent point than 
is required by federal specifications. 

b From a composition viewpoint, the essential difference be- 
tween aviation naturals and other aviation gasolines is that the 
latter usually have considerably more in the butane range and 
less in the pentane and hexane ranges. 

c Several products not aviation naturals are almost identical 
in test characteristics with aviation naturals. 

d A considerable proportion of the fuels examined failed to 
meet federal specifications in regard to the A.S.T.M. distillation 
5 per cent condensed temperature. 

e Products having Reid vapor pressures as high as 11 lb. per 
sq. in. at 100 deg. fahr. are on the market. Smooth curves drawn 
through a plot of Reid vapor pressure against the 5 per cent con- 
densed temperature show that it is easily possible to procure 
gasolines of 10.5 lb. vapor pressure, and even as high as 11.0 
lb., under existing F.A.G. and D.A.G. specifications. 

f The 10 per cent evaporated temperature in the A.S.T.M. 
distillation is not indicative of the Reid vapor pressure. 

g Although there is a lack of uniformity among the several 
marketers of aviation natural gasoline, as to volatility specifica- 
tions, one manufacturer has demonstrated a decided ability to 
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characteristics is represented by the various 
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curves. The most important fact to be noted 


from Fig. 2 is the decrease in anti-knock rating 
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with decreased volatility as measured by the 
several methods depicted. 


From Fig. 2 the conclusion is readily reached 


that any volatility limitation for aviation gaso- 
line that is not founded on the soundest engi- 
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neering data causes a needless sacrifice of anti- 
knock value. 

For purposes of comparison of anti-knock 
ratings it can be stated that the reference fuel used in the tests 
shown on Fig. 2 required 7.3 per cent aniline to equal the “Ethyl 
Standard” for motor gasoline prior to July 1, 1930. 
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3 Survey or ComMMERCIAL AVIATION GASOLINES 


Since November, 1929, the Research Department of the au- 
thor’s company has conducted a monthly survey of aviation gaso- 
lines in order to determine the quality of the products in com- 
mercial use. The samples for this survey have been collected 
at widely scattered airports. Extreme care was exercised in 
sampling and shipping the products. Upon arrival at the central 
laboratory the following tests were made: A.S.T.M. distilla- 
tions, composition analyses, Reid vapor pressures, and anti- 
knock determinations. 

For the benefit of those who may desire to study the results of 
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maintain his product at a satisfactory high level of uniformity. 

In order to demonstrate the rapid increase in the average vola- 
tility of aviation gasolines, Curve I was added to Fig. 2. This 
curve represents the composite gasoline resulting from the sur- 
vey described. It is to be noted that the average commercial 
aviation gasoline, as revealed by the survey, has considerably 
lower boiling points, that is, more volatility than required by 
D.A.G. or F.A.G. specifications. When it is recalled that a few 
years ago practically all marketers of commercial aviation gaso- 
line adhered very closely to the maximum boiling points of federal 
specifications, it will be realized that the period has witnessed a 
considerable change in the quality of aviation gasolines. Curve 
II of Fig. 2 permits a comparison of aviation natural gasoline 
with past and present practice. 

This trend toward greater volatility is naturally of importance 
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TABLE 3 
A.S.T.M. Distillation Data? 
—————Temperatures, deg. 
Identi- Ist 5% 10% 90% End- 
fication! drop cond. evap. evap. point 
1-17-12 110 140 151 289 358 
1-17-7 108 140 151 288 357 
1-4 108 140 148 288 359 
2-20-11 108 129 137 243 334 
2-20-2 104 133 139 244 370 
2-5-12 114 140 146 219 282 
2-5-4 112 138 146 218 290 
3-14-11 90 120 137 325 368 
3-14-12 92 123 136 323 362 
3-14-3 96 124 137 328 384 
4-14-11 95 128 i40 304 372 
4-14-1 100 134 143 302 389 
4-14-5 104 132 140 254 324 
4-14-7 107 141 154 350 402 
5-20-1 91 118 124 336 396 
5-20-4 97 122 130 284 362 
5-20-7 110 140 152 325 382 
6-8-11 91 119 130 266 330 
6-19-12 102 127 135 232 303 
6-19-2 114 144 151 243 324 
6-19-4 98 130 138 240 332 
6-19-6 99 121 127 238 324 
7-5-12 109 138 145 236 339 
7-5-3 112 139 148 286 387 
8-25-11 105 120 124 245 75 
8-14-2 126 160 170 304 390 
&8-14-5 114 145 153 276 380 
9-13-11 93 106 109 237 342 
9-19-1 92 105 109 223 330 
9-19-3 101 117 122 244 354 
9-19-5 97 118 124 245 342 
9-19-7 98 115 120 233 329 
10-12-1 102 130 140 279 356 
10-12-4 100 138 150 334 396 
10-12-6 98 120 124 317 372 
11-1-2 97 115 120 246 372 
11-1-3 106 120 124 242 373 
11-1-4 102 119 123 247 380 
11-1-6 103 118 122 251 372 
11-1-7 101 120 126 264 399 
11-25-6 104 120 124 235 330 
11-25-7 106 122 126 230 314 
12-8-11 116 154 168 285 368 
12-8-12 98 134 145 274 346 
12-8-3 102 140 151 281 354 
12-20-11 102 136 150 282 355 
12-20-2 100 142 151 278 350 
12-20-5 100 142 151 276 354 
12-5-2 104 142 155 275 337 
12-5-4 120 156 167 27 363 
12-5-7 115 150 164 281 354 
12-22-6 101 124 133 282 358 
13-9-11 121 157 169 280 340 
13-9-12 119 159 171 270 333 
13-9-2 118 158 168 272 333 
13-9-4 120 160 172 272 332 
13-26-6 126 161 173 270 345 
14-20-11 101 133 149 276 330 
14-20-2 102 137 147 276 346 
14-28-11 106 138 149 288 360 
14-13-12 105 138 149 279 350 
14-13-6 110 146 157 317 392 
14-7-1 104 140 150 274 336 
14-7-7 109 141 152 72 287 
14-16-1 100 132 141 301 380 
14-16-5 97 135 147 276 338 
14-19-1 104 141 152 281 352 
14-15-3 111 137 145 282 345 
14-14-4 104 140 151 277 344 
14-5-5 103 138 151 273 338 
15-19-1 117 137 141 214 330 
15-19-3 123 137 142 231 322 
15-19-5 108 129 134 233 322 
15-19-7 112 132 137 236 331 
16-8-11 94 116 126 232 312 
16-8-12 92 115 122 228 306 
16-8-3 96 116 121 222 274 
16-27-11 104 137 145 217 288 
16-7-11 106 126 130 202 282 
16-7-1 108 127 130 206 296 
16-7-4 104 126 131 250 370 
16-14-1 120 151 160 295 378 
16-14-4 122 156 166 306 394 
16-14-7 114 138 144 227 318 
16-20-2 93 116 123 232 295 
16-20-5 89 115 122 217 300 
16-5-6 122 151 160 278 364 
16-22-6 102 126 131 222 290 
17-30-11 98 127 140 269 344 
17-3-1 98 126 134 261 328 
17-3-3 100 126 134 261 326 
17-3-7 104 131 140 256 325 
17-24-6 102 131 139 347 390 
18-11 102 128 136 260 352 
18-4-12 118 141 149 288 388 
18-18-2 102 126 134 272 360 
18-2-3 94 117 124 250 334 
18-18-5 94 118 125 233 312 
18-21-6 124 154 160 270 336 
19-6-11 117 139 142 221 308 
19-6-12 116 139 145 223 310 
19-6-2 118 140 144 222 303 


Gravity 
Evap. °A.P.I. R.V.P.3 

at at at 
Rec. Res. Lees 212°F. 66° F. 160° P. 
98.3 0.6 1.1 5).0 64.2 6.2 
98.0 5).0 64.2 5.6 
98.1 0.7 1.3 51.4 64.2 5.9 
98.5 0.5 1.0 77.0 69.8 7.8 
97.9 0.5 1.6 73.0 68.6 7.9 
98.0 0.3 84.9 68.0 6.8 
98.5 0.6 0.9 87.0 68.2 6.8 
98.0 0.6 1.4 36.0 61.7 8.4 
97.9 0.5 1.6 35.3 61.8 7.9 
97.4 3.3 1.5 33.5 61.4 7.9 
98.0 0.7 1.3 42.0 64.9 7.3 
97.4 0.5 2.1 44.0 65.2 8.0 
98.0 0.5 1.5 74.0 69.7 7.4 
98.0 0.6 1.4 31.5 60.9 5.8 
95.3 0.6 4.1 40.0 62.3 10.4 
97.5 0.7 1.8 58.0 68.6 8.0 
98.0 0.7 1.3 36.0 63.5 5.9 
97.2 0.6 2.2 54.0 70.1 11.2 
98.1 0.2 78.0 69.9 8 3 
98.0 0.7 1.2 71.0 68.3 5.9 
98.0 0.5 1.5 74.0 69.5 8.0 
97.0 0.6 2.4 75.0 71.0 8.6 
98.1 0.6 1.3 77.4 67.3 6.8 
98.6 0.7 0.7 64.0 65.1 5.9 
98.8 0.7 0.5 77.5 71.9 8.2 
98.0 0.8 1.2 40.0 62.6 4.0 
98.0 1.0 1.0 62.0 66.9 §.2 
98.0 0.5 1.5 84.0 75.5 11.6 
98.7 0.2 3.3 86.6 76.8 11.8 
97.9 0.¢ 1.3 78.0 72.8 8.8 
97.9 0.8 1.3 78.0 71.9 8.3 
98.0 0.7 1.3 83.0 74.5 9.2 
97.8 0.5 ee 54.0 67.8 8.0 
97.5 0.8 ae 35.0 62.2 5.9 
95.4 0.9 3.7 46.0 65.3 9.7 
98.0 0.9 ‘3 79.2 74.1 8.8 
98.0 0.8 1.2 80.1 74.3 8.5 
98.1 0.9 1.0 79.3 73.5 8.2 
98.0 0.4 1.6 79.8 73.4 8.5 
98.2 0.7 75.5 62.6 8.4 
97.2 1.3 1.5 83.0 74.6 8.6 
97.5 1.2 1.3 84.0 74.9 8.4 
99.0 0.5 0.5 41.0 60.5 5.6 
97.1 0.7 2.2 50.6 62.6 8.5 
98.0 0.6 1.4 49.0 61.9 6.9 
98.5 0.6 0.9 48.0 62.3 8.4 
97.0 0.7 2.3 48.0 61.5 8.0 
97.2 0.6 2.2 48.5 61.1 6.8 
98.1 0.3 1.6 47.7 61.7 6.9 
98.5 0.6 0.9 44.6 65.2 4.9 
98.4 0.6 1.0 45.0 60.7 6.2 
97.2 0.8 2.0 53.0 61.5 8.1 
99.0 0.3 0.7 44.5 61.2 5.0 
98.5 0.5 1.0 44.6 61.4 §.2 
98.1 0.5 1.4 47.0 61.3 4.9 
99.0 0.6 0.4 43.0 61.1 4.9 
98.6 0.6 0.8 42.5 66.2 5.8 
97.8 0.5 me 44.0 64.9 74 
97.6 0.6 1.8 47.0 65.2 a 
97.5 0.6 1.9 44.0 64.9 6.0 
97.8 0.6 1.6 46.6 65.2 7-8 
97.6 1.0 1.4 37.0 62.5 6.1 
98.1 0.2 ij 46.0 64.0 6.7 
97.9 0.5 1.6 46.0 65.4 6.9 
97.4 0.3 2.3 42.0 64.5 8.3 
97.9 0.6 1.5 47.0 64.9 6.7 
98.0 0.5 1.5 44.0 64.3 6.9 
97.1 0.5 2.4 46.3 65.0 5.9 
97.9 0.5 1.6 45.0 64.2 6.3 
97.9 0.6 1.5 48.0 64.3 6.5 
98.7 0.4 0.9 88.0 70.8 6.7 
96.8 0.5 0.7 84.4 71.6 6.4 
98.2 0.8 1.0 84.6 72.2 7.4 
98.2 0.7 1.1 81.5 72.3 7.2 
98.5 0.5 1.0 76.5 71.8 11.4 
97.7 0.4 1.9 80.6 72.0 11.0 
96.7 0.7 2.6 83.5 72.8 10.4 
98.8 0.4 0.8 83.5 68.9 4.5 
98.5 0.3 1.2 94.0 74.3 8.9 
98.8 0.1 4.3 92.0 73.9 8.5 
97.6 0.7 wm 82.5 71.8 7.7 
98.0 0.6 1.4 46.6 62.9 5.4 
98.1 1.0 0.9 42.0 61.9 4.5 
98.3 0.5 1.3 83.0 68.4 6.7 
97.1 0.4 2.5 79.0 71.8 9.9 
97.4 0.4 2.2 87.5 72.4 10.1 
98.4 0.9 0.7 55.0 63.5 4.5 
97.0 0.6 2.4 84.0 71.7 9.3 
98.5 0.5 1.0 55.5 66.9 8.8 
98.1 0.2 ee 60.0 68.2 8.9 
98.0 0.6 1.4 61.3 68.2 7.4 
98.0 0.5 1.5 62.0 68.4 8.2 
96.1 0.9 3.0 32.0 58.0 8.2 
98.8 0.6 0.6 71.5 67.9 7.8 
98.2 0.9 0.9 62.0 66.9 5.4 
98.2 0.5 1.3 70.5 68.3 6.9 
97.9 0.6 1.5 75.7 71.7 8.6 
97.8 0.6 1.6 81.6 72.2 9.5 
97.1 0.9 2.0 56.0 63.4 4.9 
98.5 0.5 1.0 86.0 70.7 6.1 
98.5 0.4 1.1 85.3 70.3 6.2 
98.1 0.4 1.5 85.0 70.1 5.6 
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TEST RESULTS OF SURVEY OF COMMERCIAL AVIATION GASOLINES 


Composition® 
-—————Volume per 

A.K. Rating* Cs Cr 
212° 350° and and 

F. F. light Cs Ce heavy 
8.7 ~~ 3.2 12.2 21.3 64.3 
9.0 a : 3.2 11.4 19 1 66.3 
5.8 a 0.3 3.4 16.9 30.4 49.0 
4.7 a 0.3 3.0 9.8 24.5 62.4 
5.7 3.0 12.1 18.4 66.5 
5.5 2.9 12.4 25.1 59.6 
5.4 oe trace 6.1 12.2 14.1 67.6 
5.3 aye 5.5 11.5 13.58 69.2 
5.0 at 0.3 5.6 10.4 13.0 70.7 
3.8 1.3 5.3 9.9 17.5 67.0 
3.2 5.3 10.0 19.4 65.3 
4.4 es 4.1 13.8 24.4 57.7 
3.1 3.0 
6.4 ; 0.9 67 11.7 14.8 65.9 
3.0 3.0 17.8 19.8 59.4 
2.0 2.0 
4.4 7.9 12.8 14.5 64.0 
3.7 rea 0.6 4.2 12.2 18.3 64.7 
4.1 aes 2.1 8.4 30.6 68.9 
4.2 ee 44 14.8 21.8 59.6 
3.9 3.9 47 13.9 24.9 56.5 
5.2 bes 3.2 12.5 19.8 64.5 
4.6 pas 0.2 2.4 11.7 25.1 60.6 
5.9 1.3 31.2 29.0 39.5 
2.3 5.3 6.0 9.9 83.0 
3.2 Le 1.9 10.4 24 6 2.1 
6.2 — §.2 33.6 28.1 31.1 
5.9 iar 4.4 39.9 26.7 29.0 
5.1 2.2 28.7 22.2 46.9 
4.9 —_ @3.1 23.9 30.0 43.0 
3.9 oe - 5.4 12.6 20.7 61.3 
3.2 hes at 4.0 8.4 14.4 73.2 
5.0 5.0 pont 5.6 13.9 15.5 65.0 
4.8 1.3 29.7 25.9 43.1 
4.7 sn — 14 30.5 27.7 40.0 
4.1 1.4 29.4 30.4 38.8 
44 44 3a 1.2 29.6 26.0 43.2 
1.0 30.8 28.3 39.9 
61 2.3 8.2 19.0 70.5 
6.4 : 4.3 10.5 14.2 71.0 
6.5 0.8 3.3 9.0 12.7 74.2 
6.5 08 46 8.5 fe 68.4 
6.7 0.8 3.1 3.7 18.2 75.2 
6.4 4.2 8.2 16.5 71.5 
6.3 oe 4.1 7.5 16.1 72.3 
6.2 siti 2.9 5.6 14.3 77.2 
64 6.0 5.2 8.5 13.6 72.7 
6.4 2.8 5.2 15.6 76.4 
6.3 wi 2.7 4.9 16.6 75.8 
6.3 3.7 6.3 9.8 
6.5 a 2.9 5.2 14.9 77.0 
6.3 6.3 2.2 10.9 79.8 
4.2 ~ 0.4 42 9.8 18.3 67.3 
40 at 05 4.4 8.6 11.9 74.6 
4.2 aie 05 4.0 10.5 17.2 67.8 
3.5 e 0.5 4.1 9.3 16.5 69.6 
3.7 3.3 ene 3.6 7.8 13.1 75.5 
4.3 ae trace 4.6 9.3 17.5 68.9 
4.0 Pre 0.6 5.3 10.1 15.6 68.4 
4.0 4.8 9.0 15.7 70.5 
3.7 ame not 4.5 8.5 17.2 69.4 
3.6 3.6 8.9 14.1 73.4 
3.9 = 0.4 3.4 8.1 15.2 72.9 
4.0 — nee 4.4 9.0 16.9 69.7 
4.7 0.9 16.9 39.6 43.4 
4.2 0.4 18.3 29.9 51.4 
4.2 he nes 1.3 20.7 40.4 47.6 
5.6 nae 0.5 7.3 17.0 21.5 53.7 
7.8 17.0 26.5 48.1 
47 wee 06 63 15.7 22.2 54.2 
5.8 eas 0.2 3.5 10.6 26.3 59.6 
5.7 2.0 24.8 44.3 28.¢ 
5.1 2.4 23.8 41.2 32.6 
4.7 20.5 35.6 41.8 
4.3 nied ia 2.5 8.6 18.0 70.9 
3.8 9.0 82.2 
5.0 bere 0.6 6.1 12.6 21.8 58.9 
4.7 aie 0.7 6.5 17.2 25.3 50.3 
44 43 oe 1.3 8.3 16.9 73.5 
45 4.3 ae 3.3 17.5 27.5 51.7 
6.0 a 05 4.6 12.3 20.9 58.5 
6.3 ei 0.3 656.2 13.4 19.0 62.1 
6.5 4.7 13.4 16.9 65.0 
5.9 6.0 4.4 9.8 9.9 75.9 
6.2 ae 3.6 15.8 29.7 50.9 
3.5 1.2 13.3 23.0 62.5 
3.5 2.3 14.4 14.9 68.4 
4.6 4.9 15.3 24.7 55.1 
4.9 —e 5.8 18.8 28.1 47.3 
9.3 8.7 Pe 7.5 16.2 74.6 
§.2 eA 1.5 15.7 59.4 23.4 
4.6 Be 15.3 35.0 48.0 
5.0 a 13.6 21.8 63.5 
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TABLE 3 (Continued) 

A.S.T.M. Distillation Data? Composition’ 
yeratures Fahr.———-—— Gravity’ ————-Volume per cent —-———~. 

Evap. °A.P.I. R.V.P.* A.K. Rating Cs Cr 
Identi- Ist 5% 10% 90% End at at at 212° 350° and . ’ and 
fication! drop cond. evap. evap. point Rec Res. Loss 212° F. 60° F. 100° F.  F. F. light Cs Cs Cc heavy 
19-6-4 116 136 142 221 300 98 4 0.5 om 86.0 70.6 6.4 4.3 ‘ee whe 1.1 16.6 28.8 53.5 
19-6-6 116 142 1509 276 340 98.0 1.0 1.0 61.0 66.7 5.8 3.8 3.5 se 1.5 11.5 25.2 61.8 
20-20-11 112 137 143 257 344 98.0 0.8 73.0 65.6 6.4 2.3 13.9 30.4 53.4 
20-20-1 92 111 116 245 336 97.8 0.1 2.1 78.3 71.6 10.9 6.1 e 0.9 67 19.6 31.1 41.7 
20-20-4 114 137 143 251 341 98.7 0.5 0.8 6.0 65.9 6.1 7.0 a ve 2.3 12.5 25.6 59.6 
20-20-7 115 141 147 252 338 98.1 0.5 1.4 5.0 65.9 6.5 7.5 6.7 . ; ie 
20-14-12 93 122 130 264 342 97.9 0.4 ‘.F 5.3 68.8 8.8 5.5 wae 0.4 5.5 13.9 20.3 59.9 
20-14-3 100 126 133 277 362 97.9 0.6 1.5 9.3 67.7 a38 6.9 1.3 3.7 14.3 24.4 57.3 
20-14-6 110 130 134 252 342 97.4 0.8 1.8 5.0 68.5 7.8 7.8 6.5 a 3.0 17.0 29.0 51.0 
20-10-2 100 123 128 252 349 98.0 0.6 1.4 5.0 69.3 8.3 7.2 ‘ 3.1 15.4 32.1 49.4 
20-10-6 102 138 152 377 424 96.8 aon 3.1 6.1 55.4 7.3 5.5 5.5 4.7 6.9 9.0 79.4 
20-5-2 100 122 128 253 340 97.9 0.6 1.5 6.0 69.4 8.8 7.2 - 4.6 7.5 18.5 59.4 
20-54 99 121 129 246 341 98.5 0.5 1.0 7.0 69 6 8.4 6.8 = 44 18.5 28.7 45.4 
20-5-7 107 130 137 267 345 98.0 0.8 1.2 0.0 67.2 7.3 7.2 6 2 
20-2-3 100 123 129 252 349 98.1 0.5 1.4 5.0 69.5 8.0 7.3 43 17.7 27.4 50.6 
21-14-11 107 134 145 292 360 99 .( 0.5 0.5 1.0 66.5 6.5 4.0 3.6 11.8 21.4 63.2 
21-142 103 134 142 273 356 97.7 0.7 1.6 1.0 67.6 6.5 3.6 3.7 12.1 21.6 52.6 
21-14-5 106 136 145 265 358 98.0 0.7 1.3 >.0 67.9 6.1 4.5 2.6 13.6 19.9 64.0 
22-56 107 132 139 236 357 97.8 0.6 1.6 0 66.8 6.8 5.5 5.4 3.4 11.3 24.4 60.9 
23-20-6 108 132 141 258 332 97.6 0.9 1.5 60.5 67 3 He 10.2 9.3 47 12.0 17.1 66.4 
24-23 6 104 132 139 315 368 96.8 0.8 2.4 49.0 55.3 8.2 9.2 + Pe 4.8 9.4 14.8 71.0 
25-18-6 124 144 148 227 342 97.2 0.8 2.0 84.6 49.7 §.5 9.9 8.0 12.9 16.9 32.07 
26-2-7 116 147 156 256 326 98 3 04 1.3 590 66 1 5.3 5.9 6.1 ame 
27-29-11 104 129 140 288 354 98.8 0.6 0.6 47.5 61.9 7.5 6.6 — ait 5.0 13.2 18.7 63.1 


1 First number refers to brand of gasoline (9, 11, and 15 are aviation naturals) ; 


number refers to the month of the year in which the sample was collected. 


second number refers to the city in which the sample was collected; third 


‘Cond.,”” ““Evap.,"’ ‘“Rec.,”’ and “‘Res."’ are abbreviations for ‘“‘condensed,” ‘“‘evaporated,”’ ‘‘recovery’’ and “‘residue,’’ respectively. 
a“RVP.” signifies Reid vapor pressure at 100 deg. fahr. in pounds per square inch absolute. 
4 “A K Rating” means anti-knock ratings which are expessed in terms of per cent of aniline in reference fuel described in connection with Fig. 2. The 


temperatures are those of the cooling medium employed. 


“Cs,” “Cs,” etc. signify the paraffin hydrocarbons having the number of carbon atoms designated, values given include hydrocarbons other than paraffin, 


which have boiling points close to those of the paraffin hydrocarbons. 
6 3.4.per cent benzene. 
7 38.2 per cent benzene. 


to the designer of aviation motors, as it minimizes the problem of 
securing complete vaporization and equalized distribution of 
fuel to the various cylinders. In the experience of the company 
with which the author is associated, using a large variety of 
motors and of gasolines, it has been found that exhaust-heated 
manifolds or hot spots in carburetors are entirely unnecessary 
with these modern fuels, and, under some conditions, decidedly 
injurious as they reduce the volumetric efficiency of the engine, 
increase detonation possibilities, and result in a loss in r.p.m. of 
the motor. On the other hand, the low manifold temperatures 
resulting from the rapid vaporization of these gasolines increases 
the tendency of the carburetor to frost up, and become clogged 
with ice. This condition can be eliminated by a controllable 
device for moderately heating the air at the carburetor intake. In 
one instance these low manifold temperatures have been success- 
fully utilized for cooling the hot oil from the motor. 


4 Tests To DETERMINE ACTUAL TEMPERATURE IN 
AIRPLANE FUEL SysTEMS 


Under the direction of Dr. G. G. Brown of the University of 
Michigan, the Natural Gasoline Association of America has 
sponsored a research program which has for its primary object the 
determination of temperatures in the fuel systems of airplanes in 
actual flight. This investigation is now under way. Thus far 
two ships, one a Hornet-engined Boeing biplane, the other a 
Wasp-engined Travelair monoplane, have been equipped with 
instruments to determine the temperatures in the fuel system. 

The investigation is not far enough along to provide a basis 
for definite conclusions. However, in the work with the wasp- 
engined Travelair monoplane, several interesting observations 
have been made. 

The maximum temperature in the fuel system, exclusive of 
the fuel tank, has never exceeded the outside air temperature 
by more than 20 deg. fahr. At the higher air temperatures 
(60 to 80 deg. fahr.) the difference has not exceeded 15 deg. fahr. 
Fig. 3 shows the relation between the temperature of the outside 
air and of the gasoline in the carburetor passage for this fuel 
system. 

In order to furnish a basis of comparison for the significance of 
the generalization just stated, Fig. 4 is presented. The diagram 


shows the effect of altitude on the boiling points of gasolines of 
several vapor-pressure values. The temperature—vapor-pressure 
relationships on which the curves in Fig. 4 are based are those of 
the paraffin hydrocarbons. The straight line at the left repre- 
sents the temperature of the standard atmosphere as defined in 
National Advisory Committee for Aeronautics, Report No. 218, 
“Standard Atmosphere—Tables and Data,’ by Walter S. Diehl. 
The dotted line represents the author’s estimate of the air tem- 
peratures above territory at high elevation on an exceptionally 
warm day. The shaded section represents the 20-deg. difference 
observed above. It is to be noted that the shaded portion is 
closest to the gasoline curves at ground conditions and recedes 
from the curves with increased altitude. 

Where the gasoline curves cross the shaded section represents 
the conditions where difficulty with vapor lock would occur in 
the particular fuel svstem studied. Under the extreme conditions 
outlined, namely, high altitude and excessively high ground tem- 
peratures, fuels having vapor pressures of 10.5 lb. per sq. in. are 
on the border line of satisfactory operation. Even under these 
extreme conditions, fuels with vapor pressures of 8.5 to 9.0 lb. 
per sq. in. would appear to provide a suitable factor of safety. 

Fig. 4 indicates that any fuel which will operate an airplane 
engine for several minutes on the ground will be satisfactory in 
that fuel system from a vapor-lock viewpoint under all other 
conditions. It does not follow that a fuel which performed satis- 
factorily on the ground in a gravity-feed system would necessarily 
be satisfactory under all conditions of flight from a suction-feed 
system. 

Another interesting observation in the flight tests with the 
Travelair plane was the fact that the gasoline temperatures in 
the fuel system were at no time in the course of the experiments as 
high as the temperature of the gasoline in the fuel tank on the 
ground before the take-off. With the rapid effect of air tempera- 
tures on fuel-system temperatures previously noted, this would 
indicate that a condition of vapor lock would be practically im- 
possible in this particular installation, inasmuch as the gasoline, 
if susceptible of vapor locking, would be “weathered” in the fuel 
tank to such an extent that it could not again reach the “bubble 
point.” The effect would be similar to that observed by Bauer 
where he noted that vapor lock could not occur in automobiles 
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equipped with vacuum tanks provided the vacuum tank was 
the hottest part of the fuel system. It is, of course, -possible to 
conceive conditions of flight and of loading with gasoline which 
would invalidate this observation. 

It has been suggested that the use of natural gasoline results 
in high cylinder-head temperatures. Some preliminary experi- 
ments have been conducted to determine this fact. The indica- 
tions so far are that for fuels of corresponding anti-knock rating 
and with the proper adjustment of air-fuel ratios, there is no 
noticeable difference in cylinder-head temperatures. 

The test results just submitted are not presented as conclusive. 
They are limited to the particular fuel system studied and the 
flight conditions of the tests so far conducted. The data have 
been presented as illustrative of the type of work being conducted 
under the present research program of the Natural Gasoline 
Association of America. 


5 OvHER INVESTIGATIONS 


Prominent in this field has been the U. S. Bureau of Standards, 
which is doing excellent work in providing a better understand- 
ing of the fundamental factors involved in vapor pressure, vapor 
lock, A.S.T.M. distillation data, and engine performance by 
means of laboratory investigations. With the continually aug- 
mented supply of volatile gasolines, it is absolutely necessary for 
all interests concerned to consider gasolines from an entirely dif- 
ferent viewpoint than formerly. The Bureau of Standards has 
made some valuable contributions to this end. 

Although not directly on the subject of aviation gasoline, the 
investigations conducted during the past three years at the Uni- 
versity of Michigan under the direction of Dr. G. G. Brown and 
sponsored by the Natural Gasoline Association of America have 
a very close relation to the subject. The research work referred 
to is a very comprehensive study of the effect of volatility on 
motor-fuel performance. 

Many industrial laboratories and organizations have contrib- 
uted to the general knowledge concerning fuel qualities. For 
the benefit of those interested in the subject, an incomplete bibliog- 
raphy is appended, with special emphasis on those articles 
which have a bearing on the use of aviation natural gasoline. 

Although there are many advantages in the use of more vola- 
tile fuels, such as ease of starting, improved warming-up char- 
acteristics, superior accelerating ability, and higher anti-knock 
ratings, the introduction of these fuels is not without its entries on 
the other side of the ledger. The problem of vapor locking is a 
very definite liability, and a factor to be seriously considered. 
Due no doubt to its pronounced commercial success, there has 
been a marked tendency to attribute this relatively new factor 
in gasoline performance to the activity of the natural-gasoline 
industry. But it cannot be too strongly emphasized that avia- 
tion natural gasoline is but one of the several manifestations of 
an economic condition which clearly indicate the gasolines of 
the future will be decidedly more volatile than those of the past. 
The surveys of motor and aviation gasolines cited in this paper 
clearly demonstrate this trend. And as certain as is this trend, 
it is just as certain that the designers of gasoline-consuming 
units have not kept abreast of the times. Automobiles continue 
to appear on the market with fuel systems so located that it ap- 
pears a deliberate attempt had been made to heat the gasoline 
to the utmost on its path to the carburetor needle. In the air- 
plane industry, safety is an added inducement to keep the gasoline 
removed from zones of high temperature. Moreover, the air- 
plane industry is young and without the burden of tradition, so 
that the application of sound engineering principles is not so 
difficult. With the trend toward more volatile fuels receiving 
so much emphasis at this time, the airplane industry can well af- 
ford to keep a watchful eye on the design of its fuel systems. 


BrsLtioGRaPHy OF Papers RELATED TO Use or AVIATION NATURAL 
GASOLINE AS AVIATION FuEL 


1. G. G. Oberfell, T. W. Legatski, and Billy Parker, “Aviation 
Natural and Its Relation to Other Aviation Gasolines,’’ U. S. Air 
Services, February, 1930. 

2. R. C. Alden and Billy Parker, ‘“‘Natural Gasoline as Aviation 
Fuel,”’ Oil and Gas Journal, May 29, 1930; also Proc. N.G.A.A., May, 
1930. 

3. G. G. Brown, “The Volatility of Motor Fuels,” Engineering 
Research Bulletin No. 14 of the University of Michigan, May, 1930. 

4. G. G. Oberfell, ‘Volatility of Natural Gasoline,” Proc. 
N.G.A.A., May, 1928. 

5. R. E. Wilson, “The Significance of Tests for Motor Fuels,” 
Detroit Regional Meeting, A.S.T.M., March, 1930; also Oil and Gas 
Journal, July 17 and 24, 1930. 

6. G. G. Brown, “Motor Performance as Determined by Fuel 
Volatility,”’ Atlantic City Meeting, A.S.T.M., June, 1930. 

7. O. C. Bridgeman and Elizabeth Aldrich, ‘“‘The Properties of 
Gasolines With Reference to Vapor Lock,”’ Detroit Meeting of S.A.E., 
January, 1930. 

8. O. C. Bridgeman, Elizabeth Aldrich, and H. 8. White, ‘‘Vapor- 
Pressure Data on Motor Gasolines,”’ Jl. S.A.E., vol. 24 (1929), p. 488. 

9. W. C. Bauer, “Vapor Locking Tendencies of Automotive 
Fuel Systems,” Jl. S.A.E., vol. 26 (1930), p. 736. 

10. O. C. Bridgeman and E. W. Aldrich, ‘The Effect of Weather- 
ing on the Vapor-Locking Tendencies of Gasolines,’’ Jl. S.A.E., 
vol. 27 (1930), p. 344. 

11. C.S. Bruce, ‘‘Engine Acceleration,”’ Jl. S.A.E., vol. 27 (1930), 
p. 275. 

12. O. C. Bridgeman and C. 8S. Cragoe, ‘“‘An Interpretation of 
the A.S.T.M. Distillation Curves of Motor Fuels,” Proc. Am. Pe- 
troleum Inst., vol. 9(1927), no. 7, p. 54. 

13. U.S. Bureau of Mines Semiannual Surveys of Motor Gasolines. 

14. G. G. Oberfell, R. C. Alden, and H. Hepp, ‘‘Comparison of 
Vapor-Pressure Testing Methods,” Proc. Am. Petroleum Inst., vol. 
9 (1927), no. 7, p. 106. 

15. G. G. UOberfell and R. C. Alden, “A Discussion of the Front- 
End Volatility of Commercial Motor Fuels,’ National Petroleum 
News, August 27, 1930. 


Discussion 


H. K. Cummines.? The Phillips Petroleum Company has 
made an important contribution to information regarding the 
commercial aviation gasolines available today by permitting 
Mr. Alden to give in Table 3 complete laboratory data on 126 
samples representing 27 different brands of gasoline as sold 
at various airports between November, 1929, and July, 1930. 
It is hoped that arrangements can soon be made for a semi- 
annual aviation gasoline survey to be undertaken by the De- 
partment of Commerce. 

The anti-knock ratings reported in Table 3 and those shown 
graphically in Fig. 2, like all ratings expressed in terms of a 
particular reference gasoline, are difficult to compare with 
results obtained in other laboratories, even though the author 
furnishes the additional information that his reference fuel 
required 7.3 per cent aniline to equal the 1929 “Ethyl Standard” 
for motor gasoline. An approximate evaluation of this gasoline- 
aniline scale in terms of octane numbers, as recently recom- 
mended by the Detonation Sub-committee of the Cooperative 
Fuel Research Steering Committee, would be very helpful. 
The octane number of a fuel is defined as the percentage by 
volume of iso-octane (2-2-4 trimethyl pentane) which must 
be mixed with normal heptane to give a blend having the same 
tendency to knock as the fuel in question. The octane number 
of his 7.3 per cent aniline blend would be about 72, while the 
octane numbers of most straight-run Pennsylvania gasolines 
are between 40 and 50. 

In connection with the author’s conclusion 3 (f), Dr. Bridge- 
man’s work shows that the Reid vapor pressure can be de- 
termined from the A.S.T.M. 10 per cent evaporated temperature, 
if allowance is made fer the slope of the distillation curve at 


2? Bureau of Standards, Washington, D. C. 


a 


j 


\ 
| 
| | 
| 
ff 
£ 
} 


AERONAUTICAL ENGINEERING 


that point, provided the gasoline is propane-free or contains a 
known percentage of propane. As a corollary, the propane 
content can be calculated from the Reid vapor pressure and the 
distillation data. 

It should be noted that the temperature data presented in 
Fig. 3 apply only to a single airplane. For a given initial gasoline 
temperature, the spread between air temperature and gasoline 
temperature at altitude varies widely in different types of 
airplane. From data already obtained on fuel-line temperatures 
in seven types of airplane during flight, it appears that the 
temperature of the gasoline in the main tank when the airplane 
leaves the ground is the most important single factor as regards 
vapor lock. The volatility of the gasoline and the design of 
the fuel system are of course the other factors. In some in- 
stallations it may be desirable to provide means for cooling the 
gasoline as it leaves the fuel tank. 

As pointed out by the author, weathering of the gasoline in 
the fuel tank affords some factor of safety. The amount of 
weathering depends on the rate of climb and the size of vent 
provided. Tests at the Bureau of Standards indicate that 
weathering is ordinarily negligible up to the vapor-locking 
temperature. If vapor lock does not occur when the gasoline 
first starts to boil, weathering will probably take care of it. 


J. H. Doouitrie.* This is an extremely well-written paper, 
and the author handles the subject in a masterly fashion. On 
a few points the writer either does not quite understand Mr. 
Alden or is not in complete agreement with him. He stated 
that the Federal specifications took cognizance of vapor pressure. 
This has been true in the past, but the new Army specifications 
will, it is believed, limit the Reed vapor pressure to 6'/, lb. 
The military specifications are of course somewhat more strict 
than those required for commercial use, as military airplanes 
usually have the gasoline tanks located in the wings and employ 
a pump to deliver it to the carburetor. This pump sometimes 
imposes a negative pressure head on the gasoline in the line, 
especially when the fuel tanks are almost empty. In com- 
mercial work the gasoline tanks are generally located in the 
wings and gravity feed is utilized. Furthermore, in military 
work, especially with supercharged engines, the airplanes are 
sometimes obliged to operate at extremely high altitudes, so 
high that the temperature becomes constant while the pressure 
continues to decrease. This has the effect of steepening the 
dotted curve and will tend to bend it over toward the vapor 
pressure curves shown on the right-hand side of the sheet. 

Although a maximum temperature difference between the 
gas-line temperature and the outside-air temperature was found 
to be 15 deg. in the Travelair tested, in our Travelair “mystery” 
plane, with its poor ventilation and N.A.C.A. cowling, this 
temperature difference was of the order of 30 deg. In this 
airplane in hot weather we experienced gas locks several times 
when testing out gasoline of moderately high vapor pressure. 
Frank Hawks in one of his first test flights in a smaller airplane 
had the motor stop, and the writer is quite sure that this was 
due to vapor lock. In both his plane and ours, ventilation systems 
were arranged to take in cold air at the leading edge of the wings 
and pass it around the gasoline system. In this way the tem- 
perature difference between fuel system and outside air was 
substantially reduced and no further difficulty with gas lock was 
experienced. Mr. Alden states that fuels with a vapor pressure 
of from 8'/, to 9 lb. per sq. in. would appear to provide a suitable 
factor of safety. Considering Fig. 4, suppose it is assumed 
that Yuma, Ariz., is located approximately at sea level (200 
ft. above). The temperature there this summer was 112 deg. 


~ ’ Aviation Department, Shell Petroleum Corporation, St. Louis, 
0. 


AER-53-6 59 


Adding to this the 15-deg. difference found in their Travelair, 
we found the maximum vapor pressure \o be 8.8 without any 
factor of safety, and if the vapor pressure in our own Travelair 
is considered to be 8.8 with a 30-deg. temperature difference, 
the maximum vapor pressure is 6.8. Even this does not take 
into consideration variations in barometric pressure at any 
given point. Added to this there is sometimes, up to altitudes 
of 4000 ft., a temperature inversion where the temperature at 
altitude is actually higher than the temperature at the ground. 
This phenomena is most common in the winter time, but has 
been observed even on very hot summer days. 


Rosert E. Witsont anp Danret P. Barnarp, 4TH.6 The 
author is to be congratulated for his most thorough survey of 
the composition-vapor pressure characteristics of aviation 
gasolines. To the best of information it is the most complete 
yet published, and should be of considerable assistance to the 
further development of these fuels. 

It has been the writers’ experience that fuels of rather high 
vapor pressures may be used under many conditions with no 
signs of vapor lock, and to this extent there is complete accord 
with the author. Unfortunately, however, the fact that such 
fuels may be used in the majority of instances does not give 
them a clean bill of health, as there always exists the possibility 
that some combination of circumstances may cause a fuel system 
to vapor-lock under the most embarrassing conditions. Most 
of the commercial transport planes now in use will handle a 
fuel of, say, 8 or 8.5 lb. Reid vapor pressure with entire success 
under normal conditions. Let the air temperature rise to 100 
or 110 deg. fahr., however, as frequently occurs in summer in 
the southern half of the country, and vapor lock with such a 
fuel not only becomes possible, but in many planes it is probable. 
Furthermore, it appears to have been quite definitely established 
that current military equipment cannot safely utilize a fuel 
having more than 6.5 to 7 lb. Reid vapor pressure. 

It is unfortunate that the author does not express his knock 
ratings in terms of iso-octane and normal heptane. Experience 
indicates, however, that natural gasolines of the highest prac- 
ticable volatility do not possess knock ratings even near the 
74 per cent iso-octane-26 per eent n-heptane which is evidently 
required for the engines built concurrently for transport and 
military use. It is worthy of note that a fuel such as natural 
gasoline having 90 per cent evaporated at, say, 230 deg. fahr. 
responds quite readily to the addition of tetra-ethyl lead much 
more readily than motor gasolines or even gasolines correspond- 
ing to D.A.G. specifications. Unfortunately, this method of 
improving the anti-knock value of natural gasoline cannot be 
generally used today because certain metals used in aircraft- 
engine construction are attacked by the products of combustion 
of ethylized gasoline. This difficulty has been entirely overcome 
in automobile engines and is being overcome in aviation engines, 
but for the present it does not seem safe to market it for general 
use with the wide variety of equipment at present employed 
in military, transport, and private flying. 


C. M. Larson.* The facts that the author has presented 
show clearly how progress and engineering data make it possible 
to overcome objectionable stipulations. By this is meant that 
during the World War the Navy Department specification 
8-G-1-B, Sept. 1, 1917, used by both the Army and Navy Air 
Services, prohibited the use of natural gasolines, as shown by 
the following extract: 

“Aeroplane Gasoline. Quality: To be high-grade, refined, 


“5 Standard Oil Company (Indiana), Chicago, Ill. 
6 Supervising Engineer, Sinclair Refining Company, New York, 
Mem. A.8.M.E. 
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and free from water. No natural-gas gasolines shall 
be accepted nor shall they be mixed with any gasoline submitted 
for acceptance.” 

However, the objection to the use of natural gasolines in part 
or in whole has been dropped from all aviation gasoline speci- 
fications in effect today. 

The main trouble experienced from natural gasolines when 
used in aviation engines is that of “gas locks.’’ The chemical 
constituents of natural gasolines have been isolated and their 
respective vapor pressures studied, as shown in Fig. 5. By 
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knowing the constituents to remove to overcome vapor locks, 
and by their extraction, it is possible to control the vapor pressure 
of any gasoline at the desired 10 per cent over point, as plotted 
in Fig. 6. 

The question of suitable fuel for private and commercial 
aircraft purposes has been a subject of wide discussion during 
recent months throughout the United States. From the fuel 
producer’s standpoint, development of an improved normal fuel 
with a proportionate and yet reasonable increase in cost is 


necessary so that the engine manufacturers will be in a position 
to offer an improved product to the operator. Just how far 
and how fast this improvement in the Federal Specification 
Board’s Domestie Aviation Gasoline Grade B (Department of 
Commerce Technical Paper 323B) can be made, depends on 
the economic distribution and availability of the product as 
well as the standardization of the aircraft-engine manufacturer’s 
requirements. 

The petroleum and aircraft engine industries will welcome 
the day when the working out through proper channels of 
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specifications of two grades of aviation gasoline are arrived at— 
one aviation gasoline with a reasonably high anti-knock value, 
to be used for private flying and aerial service as well as by 
scheduled transport consumers, and perhaps one other, but not 
more than one, additional specification to cover aviation fuel 
for the Army and Navy and such scheduled transport lines as 
well as those consumers that may desire to use supercharged 
engines, all of whom find it necessary to go to compression ratios 
higher than 5.1 to 1 for air-cooled engines. 

Until this is done, the oil companies c nnot afford to plan 
national distribution for a demand equivalent to only that used 
by 50,000 automobiles, as compared with the 26,600,000 auto- 
mobiles operating over the same territory. 
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Commercial Aircraft Radiophone 
Communication 


By ROBERT H. FREEMAN,' OAKLAND, CALIF. 


The need of dependable two-way aircraft communica- 
tion has emphasized the service requirements as they are 
presented to the pilot. The equipment must be light and 
yet rugged, and as the essential parts are placed at a 
distance from the pilot, they must be simple of operation. 
The paper, without stressing the electrical-engineering 
side of the air-communication problem, covers the actual 
mechanical! set-up. The mechanical and electrical diffi- 
culties encountered in shielding the ignition system and 
the complete bonding of the ship are discussed in detail. 
The placement of the component parts for ease of opera- 
tion is taken up and the subsequent maintenance of the 
equipment is briefly outlined. 


two-way aircraft communication has 

been brought before the engineering 
world in a manner only too realistic and 
vivid. Every week situations arise which 
could have been foreseen and most prob- 
ably avoided if there had been two-way 
radio-telephone communication between 
the aircraft and its home station or field. 
There have been presented many papers 
before different, bodies of engineers detail- 
ing the great need for this service, and some 
of the papers have dealt with the theoretical and practical elec- 
trical-engineering side of the question, but so far little atten- 
tion has been paid to the actual service problem as presented 
to the operator of the aircraft. 

In the past engineers have sat at their desks and designed 
equipment to fulfil certain needs without first ascertaining 
the conditions under which this equipment would be used. 
Later nearly all this equipment has been changed to suit the 
operating conditions. This is even more true in the air-trans- 
portation game. As will be pointed out later, there is equip- 
ment now manufactured to accomplish certain tasks, which it 
will do in the laboratory, but which fails under the tests given 
it by the air-transport operator. He has schedules to main- 
tain and life to protect, and cannot afford to take any undue 
risks in the way of poor equipment. 

The requirements for apparatus to fill this general need of 
communication are many and varied. The equipment must 
be light in weight, small, compact, and rugged enough to with- 
stand rough handling and continuous vibration. In the mail 
ships the essential parts of the equipment must be located at 
a distance from the pilot, and must be simple in operation as 
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1 Communications Engineer, Boeing Air Transport, Inc., Oakland 
Municipal Airport. Mr. Freeman was born May 22, 1903, in 
Chicago, Ill. He received the B.S. degree from the University of 
Colorado in 1925. He was with the Bell Telephone Laboratories in 
the Radio Transmitter Development Department from 1925 to 1929. 

Presented at the Aeronautic Meeting sponsored by the Aeronautic 
Division and Pittsburgh Local Section of THe American Socrety 
oF Mm®cHANICAL ENGINEERS and the Engineering Society of Western 
Pennsylvania, Pittsburgh, Pa., March 12, 1930. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


he is unskilled in the manipulation of radio equipment. The 
apparatus should be designed so as to permit ready removal, 
and substitution of duplicate equipment in the short space of 
time it takes to oil and gas a ship. 


PREPARATION OF THE SHIP 


Shielding. Because of the low powers of the transmitters 
on the ground the receivers on the ship must be unusually sensi- 
tive to obtain reliable communication. The gain of the re- 
ceivers must be of the order of 120 decibels. With this enormous 
gain the interfere:-* problem is a very serious one, and before 
reception may b hel at a distance of greater than 10 to 15 
miles using 400 watts of power on the ground, all sources of 
electrical interference on the ship must be eliminated. 

The greatest offender is the ignition system. This must be 
completely covered with metal in order to cut the disturbance 
to a point where it no longer hinders the reception of the voice 
signals. Shielding equipment has been turned out by various 
manufacturers and most of this has been tried. In all cases 
the apparatus failed in one of the two following manners. Either 
it did not shield at the frequencies employed, which were 5660 
and 3172 kilocycles, or if it did shield, it did not last more than 
a few hours when flown over the regular mail route from Oakland 
to Reno. The whole situation simmers down to the fact that 
the designers of the equipment did not have a first-hand knowl- 
edge of the service conditions encountered. From the theoretical 
viewpoint the equipment was fine, but failed miserably when 
applied to practice. 

The air-transport operator was not in the game of designing 
and building shielding equipment, but was forced to it by the 
lack of cooperation received from the manufacturers of air- 
craft engines and accessories. Not being versed in the art, it 
was a long and tedious process, but there was evolved a harness 
which completely eliminates the interference from the igni- 
tion system when using a receiver having a gain of 120 decibels. 

The problem divides itself into three heads: Shielding the 
spark plugs, shielding the leads from the plugs to the magnetos, 
and shielding the magnetos. Although these three were worked 
out simultaneously, they will be taken up in the order named. 

The problem of shielding the spark plug was a hard one to 
attack, as it must be kept in mind that one is dealing with high 
voltages of the order of 15 to 18 kilovolts. Space is at a mini- 
mum where the plugs fit on the back side of the engine and the 
plugs must be kept fairly cool. A good many types of cans 
were tried in which the standard plug was placed, but these 
proved to be a failure, either being unserviceable or impairing 
the efficiency of the motor. At this time a manufacturer of 
aviation plugs put out a shielded plug that seemed to be the 
answer to the situation. It was very effective in shielding 
and seemed to be readily serviced. They were used on the 
test ship for many flights while the other parts of the system 
were being worked out. Then they were placed on the regular 
run, and the plugs failed regularly after about 40 to 50 hours of 
service. The idea of a can was revived, and many types were 
tried to obtain a device which would shield the plug, stand up 
mechanically under the abuse of the service crew, be light in 
weight, low in cost, and in no way affect the operation of the 
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Many weeks of experimenting passed before the final 
The plug itself is only a slight change from 
the plug used by many air-transport operators. This change is 
in the design of the jamb nut which holds the plug together. The 
nut is run up a little over '/, in., forming a tubular sleeve with 
a groove at its base. Of course this nut has to be made first 
and the plug built up on the nut. However, this is no draw- 
back as the manufacturer can supply them in a short time. 
The cap which fits over the plug is made of nickel steel, and the 
prongs, which fit down over the plug sleeve, and clamp into the 
groove at the base of the nut, are tempered so that they hold 
the spring action which is imparted to them during manufac- 
ture. At the top of the cap there is a gooseneck which reverses 
the direction of the wire in a rather short are and heads it back 
toward the direction of the harness. This gooseneck also forms 
a convenient handle for removing the cap from the plug. At 
the end of the gooseneck there is an enlargement which is split, 
and allows the harness to enter and then be clamped up, thus 
forming a good electrical shield and an oil-tight joint. Inside 
the cap there is placed an insulator which fits down over the 
center electrode of the plug inside the nut sleeving. This 
forms a long path for the electrical energy to jump across or leak 
through. In the top of the center of the insulator there is placed 
a small spring and screw which connect the top of the plug to 
the wire entering the cap. All this can be seen readily by re- 
ferring to the illustration of the shielded spark plug. This plug 
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is now in daily use on the lines of the Boeing System and other 
air-mail lines. The cost is nominal and the replacement of 
worn-out parts is practically the same as with the unshielded 
plug. The serviceability is even less complicated than with the 
open type of plug, for there is no need of tying the parts for 
safety, and upon the removal of the cap the plug can be re- 
moved from the cylinder as readily as with the regular type. 
As for the protection of the plug in stormy weather, there is no 
question as to its effectiveness. This plug is the only one to 
date being manufactured in quantity which is inexpensive, 
effectively shields the radiation of electrical energy, and will 
stand the ‘“‘gaff’’ of repeated servicing by mechanics. 


The shielding of the leads from the magnetos to the plugs 
while not so difficult was just as important. Belden braid or 
woven copper braid was first used to cover the wires and proved 
to be a very good electrical shield. However, after about 4 
to 5 hr. in the air the ignition noise again became bothersome 
and at 10 hr. was sufficient to preclude any reception beyond 
about 15 to 20 miles. It developed that the cause was the oil 
soaking of the braid which insulated each strand from its neighbor 
enough to impair the effectiveness of the shielding. Many 
types of this woven braid were tried, but all failed after a few 
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hours in the air or had received a few servicings by the ground 
crew. 

The next step was the use of solid aluminum tubing which 
would stand a great deal of use as well as abuse. It consists of a 
main aluminum ring placed behind the cylinders. From this ring 
a small tube leads to each individual spark plug and a large 
“horn” carries the wires from the ring to the magnetos. To allow 
the servicing of the plugs and the magnetos it was necessary to 
use double braid from the ends of the tubes to the plugs and 
magnetos in order to get the desired flexibility. The braid was 
covered with tape and shellacked to prevent oil saturation. 
While this effectively shielded the disturbance it did not allow the 
desired ease of application of the harness or repeated servicings 
which are necessary in the air-transport business. The solid 
tubing did not stand up under the continual vibration and had 
to be replaced fairly often. 

All sorts of flexible hose, tubing, and the like were tried, but 
none of them gave all the qualities desired, which were flexi- 
bility, shielding, and oil and mechanical protection to the ig- 
nition system. As the braid was a good shield and flexible car- 
buretor hose was oil and mechanical protection, the two were 
combined, placing the braid inside the hose, and the long-looked- 
for result was achieved. The new harness still has the main 
aluminum ring, but with the small flexible leads running to the 
spark plugs, and also a large flexible tubing to the magnetos. 
The braid is used only where the tubing is flexible, thus saving 
weight and cost of shielded ignition wire with its accompanying 
corona losses and deterioration. This harness gave the neces- 
sary shielding, ease of application, would withstand innumerable 
servicings, and was inexpensive. The size of the tubing is such 
that if one wire becomes unusable it may be withdrawn and a 
new one pulled in. This is a big factor in the maintenance cost 
which was overlooked by several manufacturers, in that part of 
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their harness must be thrown away if one wire becomes 
damaged. 

The shielding of the magnetos was a relatively simple matter. 
The one thing, however, that had to be kept in mind was the 
necessity of being able to remove all the magneto-distributor 
blocks without loosening or removing the magneto from the 
motor. This is easy to do if the motor is not equipped with an 
inertia starter, but as most ships now have starters of this type 
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some method had to be used to overcome this difficulty. The 
illustrations of the magneto shields are self-explanatory. The 
shield consists of two aluminum sheets bolted on to the mag- 
neto, and a band of spring bronze which covers the gap between 
the plates. In the front of the shield is a removable block with 
the outlet tube. This comes out when the blocks are removed 
to facilitate the operation and makes for a stronger shield. The 
booster and ground wires which have to be shielded make their 
exit at the rear of the shield through small tubes fastened in 
the rear plate. This allows the shielding on the wires to be 
readily attached to the magnetos. The spring band is held to- 
gether with a toggle catch, making it very easy to open the 
shield for inspection and servicing. The cost of this shield is 
less than half that of any on the market and the weight is con- 
siderably reduced over the cast-aluminum type. 

Thus a complete covering of metal for the ignition system 
is provided which suppresses the interference to a point where 
it is not audible in the receivers with their enormous gain. This 
covering does not interfere with the operation or maintenance 
of the ship and stands up under all the conditions encountered 
on the transcontinental and coastal lines of the company. It 
must be remembered that all this work was done using high 
frequencies, and does not necessarily apply to the intermediate 
frequencies used by the Department of Commerce for Radio- 
Range and Weather Services. However, a ship equipped for 
the high frequencies is better able to make use of the intermediate 
frequencies. 
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BonDING 


Another source of great interference in the reception of the 
signals was the discharge of the static electricity in the different 
parts of the ship. It was not enough that the ship was bonded 
according to the Department of Commerce regulations. Every 
place that one piece of metal could rub on another was a source 
of interference. All joints had to be bypassed with a pigtail 
of copper braid soldered to both of the moving parts. The 
standard turnbuckle was replaced with a new type. This is 
essentially the standard type, but instead of using the brass 
safety wire a strip of bronze is wired and soldered on to the 
eye of the turnbuckle and run down past the hole in the 
barrel. The hole is slightly enlarged, and a specially made bolt 
provided with a half-moon-shaped head which holds the bronze 
strips from turning is inserted and fastened with a nut and 
lock washer. A piece of pigtail braid is soldered on to the 
eye, and passed across the joint to the wire or rod and is sol- 
dered there, thus making a continuous low-resistance circuit for 
all static charges. 
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All the wires in the ship are either shielded with the copper 
braid or else run in conduit. Wherever possible the conduit 
method is used as it permits the replacing of wires with the 
minimum of labor and expense. When the ship is equipped 
with a high-frequency transmitter, it is imperative that all the 
wires are completely covered with a grounded shield as other- 
wise they will pick up the energy and either burn out or at least 
absorb enough of the already too small energy being radiated 
from the antenna system. 
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Rapio EquIPMENT 


The electrical qualifications for the radiophone equipment 
on the ship are easily enumerated, but not quite so readily 
arrived at. First, the transmitter must have as great an out- 
put, with the power input on the high-voltage side not exceeding 
400 watts. Second, it must have an extremely stable frequency. 
Third, the percentage of modulation must be above 80. When 
these are combined with light weight, ruggedness, ease of opera- 
tion, and compactness, one gets an idea as to what the prob- 
lem is. 

For phone communication the best antenna power available 
from the limited input is in the neighborhood of 50 watts. This 
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is sufficient to cover the same distance from the air that the 
400 watts on the ground is capable of. To hold the frequency 
stable with the vibration of the ship and under such a high per- 
centage of modulation it is necessary to employ quartz-crystal 
control of the oscillator. This crystal is held at a constant 
temperature by the use of a heater and a mercury thermostat. 
The crystal works at one-half the output frequency and a fre- 
quency-doubler tube is employed to obtain the desired frequency 
and also to act as a sort of buffer stage between the modulating 
tube and the oscillator. This is necessary since to obtain such 
a high percentage of modulation the plate voltage of the out- 
put tube has to vary from zero to twice normal value, and this 
will reflect back on the oscillator, tending to change the fre- 
quency. The use of this system holds the frequency as constant 
as is necessary to overcome distortion from shifting carrier. 

The weight of the transmitter is about 32 lb., and the ap- 
paratus occupies a relatively small amount of space. 

The receivers are of two types: The high-frequency one for 
the reception of the two-way ground transmitters, and for two- 
way communication with other ships; and the low-frequency 
one for the reception of the Department of Commerce weather 
stations and radio-range equipment. These.receivers are ex- 
tremely sensitive, as has been pointed out, having an overall 
gain of better than a million. They weigh 13 lb. apiece, and are 
remotely controlled by the use of a high-speed tachometer shaft 
so designed that there is very little or no backlash in the tuning 
of the receivers. The volume is controlled by the pilot, the units 
being situated just above the throttle, as can be seen by reference 
to the illustration. The two volume controls are at the right 
side and the two tuning controls at the left side. In the lower 
right-hand corner, the main off-and-on switch may be seen. 
After the equipment has been placed in the standby position 
the pilot merely presses a button on his stick and talks into the 
microphone, and to listen he removes his finger from the button. 
Thus the equipment is made as simple of operation as is possible 
so that the pilots will make ready use of the equipment and not 


be overtaxed trying to remember “how this new-fangled thing 
works.”’ 

The extent to which this simplicity of operation has been 
pushed can be seen from the final models of the radio helmet. 
The microphone is held in front of the pilot so that he has his 
hands free to manipulate the controls of the ship but arranged 
so that it can be pushed up or down out of the way. The 
receivers are of a special light-weight construction, weighing 
less than an ounce. Attached to the receivers is a molded 
ear-piece shutting out external noises, and putting the signal into 
the inner ear where it does the most good. Thus the acoustical 
problem has been somewhat solved. The power supply for the 
transmitter and receivers was given a great deal of thought, and 
only after trying out all the available types was the present one 
chosen. It consists of two dynamotors, one for the transmitter, 
and the other for the receivers. The transmitting dynamotor 
derives its power from the ship’s storage battery and delivers 
1050 volts at a current drain of 400 milliamperes. The smaller 
machine also derives its power from the storage battery, but 
delivers only about 200 volts. This supplies the “B’” and ‘C” 
power for the two receivers. 

The reason for choosing this equipment is that it is always 
available for use whether the ship is in the air on the ground 
with a dead motor. The engine-driven generator cannot be 
used when motor failure occurs, and the wind-driven type cannot 
be used to any advantage when the ship is on the ground, es- 
pecially if the motor is out of commission. 
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The two dynamotors with their control equipment and filter 
systems are mounted on a frame which can be removed from 
the ship and another inserted in about two minutes’ time. The 
connections are made with a multi-terminal plug and jack box. 
All of the equipment which has a possibility of failing in ser- 
vice is arranged for ready removal and replacement by tested 
units. 

ANTENNA SysTEM 


In the past practically all radio work done on ships used the 
trailing-wire type of antenna. This is not satisfactory from a 
good many angles, as there is considerable head resistance, 
the lead “fish” dropping off every once in a while, and having 
been known to cause loss of life, and in flying the air mail from 
Chicago to San Francisco, many times it is necessary to fly at 
an altitude which precludes all possibility of any hanging wires. 

The mast type of antenna is used for the reception of signals, 
and also for transmission on the daytime frequency which is 
5660 kilocycles. When using the 6-ft. dural mast for the night 
frequency of 3172 kilocycles, the effective radiation is so reduced 
that the proper coverage is not obtained. To overcome this 
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difficulty two wires are run from the front-wing spar on either 
side of the gas tank to the top of the mast and then back to the 
vertical fin. With this antenna, transmission can be effected 
when the ship is on the ground without the pilot’s running out a 
wire to the nearest fence post and retuning his transmitter. 
The wires also tend to steady the mast. 

The transmitter on the ground end of the circuit is electri- 
cally the same as the aircraft transmitter with the additica of 
a power amplifier which boosts the power from 50 to 400 watts. 
It has the same crystal control and the units are interchangeable, 
so a smaller number of spares are needed. The power is derived 
from a double-voltage three-phase 220-volt rectifier. This 
supplies the power stage with 2500 volts, and the rest of the 
transmitter with 1000 volts. It makes use of the newly de- 
veloped hot-cathode mercury-vapor tube for rectifying. 

The transmitter and rectifier are housed in separate frames, 
but are placed on the operating table alongside each other. 
This makes a very compact set-up and has proved entirely satis- 
factory. The receiver is of the same type as the high-frequency 
receiver used in the ship. The remote tuning mechanism is 
removed and a knob is substituted for the ground work. Thus 
a smaller supply of spares is needed to take care of emergencies. 

All of the stations are equipped with the teletype or telephone 
printer, which is @ source of never-ending radio interference. 
After working with the installing companies for many months 
trying to get them to clear up the trouble it was found neces- 
sary to tackle this problem ourselves. As a result all of the 
machines in use at our stations are now, or soon will be, equipped 
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with a rotating squirrel-cage type of induction motor. This 
removes the cause of the radio interference as the usual-type 
motor has five sparking contacts. The maintenance of the 
printer has been reduced and the reliability has not been impaired; 
in some cases it has been reported that the speed is more constant 
than with the governor type of motor. 


Service PrRoBLeMs 


Each pilot fills out a card at the end of his run, giving the 
record of the performance of the ship and the radio equipment. 
If there is anything wrong with the radio equipment it is re- 
moved and thoroughly tested until the cause of the failure is 
found. Before a ship is allowed to be taken out on the line the 
radio mechanic gives the entire ship’s radio equipment a test. 
Besides that he tests the condition of the battery and the genera- 
tor. All of the readings are marked down on a form provided 
for that purpose, and this record is submitted to the radio man 
in charge. If the readings vary from the allowable limits it 
is the duty of the radio mechanic to find what the trouble is 
and fix it. No ship can go out until it has his check of approval. 

If a ship comes in to one of the intermediate fields with some- 
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thing wrong in the radio equipment it is the duty of the opera- 
tor in charge there to replace the defective apparatus with the 
spare and send the ship on its way. He then sends the apparatus 
to the nearest repair depot which is equipped to handle the re- 
pairing and testing of the apparatus. In this way there are no 
makeshift repairs which will lead to further grief, but a standard 
job is done which will stand up. 


CONCLUSION 


The results obtained from this system of two-way radio- 
phone communication have more than justified the time and ex- 
pense. It is a means whereby the lives of the pilots and passen- 
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gers may be safeguarded and the loss of expensive equipment 
kept at a minimum. It is necessary to shield the ignition com- 
pletely, including the spark plugs and all wires in the ship, and 
very thoroughly bond the ship if any reliable communication 
is to be hoped for. 

The work as described is only the beginning of many interest- 
ing and varied problems of air-transport communication which 
will present themselves in the near future, but an idea is given 
of the problems confronting the operator of commercial planes 
in the installation and maintenance of two-way radiophone 
equipment. 


Discussion 


Westey L. Smirn.?. The whole problem of shielding the ig- 
nition circuits is a very complicated one and it will probably 
be eliminated entirely as the Diesel aircraft engine comes into 
general use, as it now seems possible that it will. There will, 
however, still remain a low-voltage or combined low- and high- 
voltage generator whose output will need to be filtered to elimi- 
nate the high-frequency harmonics, and at the same time the 
electrical wiring and the battery w.‘l need to be shielded to ab- 
sorb the last vestige of these high-frequency harmonics that 
may have got past the filters of the generator. 

The all-metal airplane will eliminate most of the bonding that 
is now required. The control wires and all moving parts will 
be the only ones that need treatment in that type of plane. 
Radio reception in the all-metal plane is also much better than 
in any other type because the metal parts of the plane serve 
as the counterpoise or ground, and increasing the capacity of 
this counterpoise will automatically increase the signal strength 


* Superintendent, Eastern Division, National Air Transport, Inc., 
Cleveland, Ohio. 
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received. This has already been demonstrated by practical 
flight tests in daily service operations. 

High-frequency or short-wave radio communication has not 
proved as reliable in the eastern half of the United States as it 
has in the Far West, there being considerable skip distance and 
blind-spot effects. Because of the results that are obtained 
between San Francisco and Reno, they cannot be taken as con- 
clusive for general use in this country. 

The use of two separate receivers for high-frequency and 
intermediate-frequency reception is not now necessary since 
at least two manufacturers are building receivers with two sys- 
tems of coils, oscillators, ete., so that the pilot, by throwing 
a switch, may receive in either part of the radio spectrum. This 
development will result in a considerable saving of weight, not 
only in the receivers themselves, but also in the added weight 
that is necessary for power supply. 

Practical every-day operation for over a year with all air- 
planes of the National Air Transport, Inc., equipped with radio 
receivers has demonstrated that it is vitally necessary to have 
all of the radio control including tuning, volume, on-and-off 
switch, and the plug-in for the head phones located in one unit 
on the right side of the fuselage where it is easily accessible. 
The pilot who is flying an airplane where he really needs radio 
aid will usually be flying through the clouds, and then he has 
no time to hunt around the cockpit for the various controls 
that he may need to use. If he is flying in clear weather and has 
a lot of time to do these things, he has no need for radio. 

The “Phonette’’ type of head phone, which fits inside of the 
pilot’s ears, requires that a cast be made for that particular pilot’s 
ears. As a result, these phones are not interchangeable, and 
were not considered for our daily operations on that account. 
The ordinary type of head phone that was commercially avail- 
able was decidedly too heavy and too inefficient for aircraft 
use. However, a very light type of head phone is manufac- 
tured by the Dictograph Company for use with its dictographs. 
By changing the number of windings on these to get the proper 
impedance a very excellent type of phone results. After try- 
ing a great many methods it was finally found that these could 
best be mounted in pockets on the outside of the pilot’s regular 
helmet and located directly over his ears. A small hole is then 
cut in the helmet opposite the opening to the ears and the re- 
sults are very satisfactory. It has, however, been found very 
necessary to line these head-phone pockets to prevent the phones 
from freezing and becoming inoperative in sub-zero weather. 

The matter of power supply for radio transmitters and receivers 
seems to be very much an open question. Batteries are heavy 
and a sufficient number cannot be carried for transmission pur- 
poses. A dynamotor, which is in reality a motor generator, 
is very inefficient because the current that is used must first be 
generated at low voltage and translated from electrical to mechani- 
cal energy and back again at a higher voltage in the dynamotor. 
There is an extra loss of efficiency in going through the dynamotor 
which can and does add both weight and power to the equip- 
ment that is needed. A wind-driven generator cannot be used, 
because its driving propeller would become unbalanced with 
a coating of ice in winter and thereby tear the generator loose 
from its mounting. The double-voltage generator which con- 
verts mechanical energy directly into the two voltages needed 
for filament and plate current seems to be the proper answer. 
A clutch and a third winding on the armature will permit its 
being used as a dynamotor on forced landings for power supply 
when the motor is dead. It is true that there are still some 
mechanical difficulties with the double-voltage generator, but 
it is felt that these can be eliminated. It is the lightest com- 
bination available that will provide the necessary power for 
the radio transmitter. 


The radio interference caused by the motors of the teletype 
machines has been very satisfactorily eliminated by the Ameri- 
can Telephone and Telegraph Company. This did cause some 
concern, but the proper combination of chokes and condensers 
properly to filter out the interference that was caused has now 
been found. This has all been accomplished without chang- 
ing any of the motors. 

It is a regular part of our radio procedure to have the radio 
men check the radio receivers with the motor running full on 
just before the plane is dispatched. A test that is made with- 
out the motor running has been found to be of little value since 
the motor introduces not only electrical interference, but also 
motor noise and vibration. The vibration may cause troubles 
in the radio receivers that interfere with reception and that 
are not present when the motor is not running. In addition 
to this, it has been found very necessary to check the pilot's 
head phones before each trip is started to be sure that these are 
functioning properly. Some of the trouble where receivers 
seemed to be weak turned out to be due to poor head phones. 


C. Francis Jenxins.* The author’s cleverness in working 
out the usual ignition-shielding solution of the airplane radio 
problem deserves commendation, but why locate the antenna 
in the radiation field of the engine-ignition system? There is 
a much better place for it, where shielding of engine and bond- 
ing of plane are unnecessary. Behind the fire-wall of the plane 
is an electric, interference-free shadow. An antenna located in 
this shadow does not, therefore, pick up any ignition trouble. 
And in the wake of the plane the antenna can be as long as de- 
sired, held taut by a miniature wind-sock. With this long 
signal collector, a simple 25,000-gain receiver is more satisfac- 
tory than a 6-ft. mast and a million-gain set. And, of course, 
the long antenna also makes a good radiator for the transmitter. 

With the aft-flying antenna there is, therefore, no special 
problem in aviation radio. The installation can follow usual 
ground-station practice for the same wave lengths. And it is 
certainly more sensible to shield the radio equipment than to 
shield and bond the whole ship and power plant. 

With a Zeppelin twisted, neutralized lead-in, the antenna can 
be flown as far aft as desired. And with a wind-sock to pull the 
antenna out, and an automatic, wind-driven rewind, the installa- 
tion is still suitable for a one-man ship. 

The writer flies a four-place cabin plane with a J-5 engine, 
225 hp. The engine is not shielded, nor is the plane bonded in 
any way. With this plane to work with, the facts herein stated 
have been verified in actual practice. 

Frankly, as a radio engineer, the writer would have felt cha- 
grinned to have been obliged to ask the engine manufacturer 
to help work out his radio problems. Fortunately he did not 
need to do so. 

Better than all else, this construction does not require the 
nuisance of a shielding which confessedly jeopardizes the lives 
of passengers by ignition short-circuits which involve forced 
landings. Ignition harness and plane bonding is absolutely 
not required in aviation communication. 


AvTHOoR’s CLOSURE 


Since the paper was written, numerous improvements have 
been made on the equipment, mainly in the type of harness used 
on the ignition shielding. The present type of harness now 
consists of a double horseshoe or distributor ring, one located in 
front of the cylinders and the other behind, thus doing away 
with the necessity of running the leads for the front spark plugs 
over the end of the cylinders. 

Instead of using the Belden braid covered with flexible conduit, 


3 Jenkins Laboratories, Washington, D. C. 
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a new type of flexible conduit has been developed which in itself 
is a very good shield. This conduit is also completely oil and 
water-tight. The fittings, instead of being clamp fittings as 
before, are now the screw type so that the whole harness is com- 
pletely weather- and oil-proof. The pictures will show this very 
clearly. 

Since using this new type of harness, the service time has been 
decreased appreciably. After original installation, it is not 
necessary to service this type of harness until it is removed from 
the motor at time of overhaul. The condition of the wire as 


removed from the harness, after a 300-hour period, is such that it 
can be used for at least another 300 hours. If it is necessary to 
rewire one of these harnesses, a man that is acquainted with the 
method can readily do this in two hours’ time. This is a decided 
improvement over the former type, where it took one man eight 
hours to rewire the harness. There are many other advantages 
to the new type which are self-evident. 

There have been small improvements made on the rest of the 
equipment, but nothing of great note. A few of these are shown 
in the pictures, however. 
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Although plywood is used for nearly all parts of air- 
planes, its most general use is in wing construction. It 
is used for wing covering, leading edges, spar webs, gusset 
plates, cover plates, nose pieces, and tail pieces. The 
author in this paper tells of joining methods, results from 
use of plywood in shear, and takes up typical examples of 
its use in airplane construction. 


kind a light, strong, and stiff material 

of construction. These characteristics, 
together with workability, beauty, dura- 
bility, and abundance of supply have 
made it a favorite with artizans ever 
since the dawn of civilization. 

Various fabrication methods of wood 
have been developed, both for artistic 
and structural purposes. These methods 
of fabrication have been characterized in 
general by an overabundance of strength 
of the individual wood members and by comparatively weak 
jointing of the several members. With the edvent of the present- 
day development of light-weight transportation mediums, no- 
tably in the automotive, electric-railway, ship, and aircraft in- 
dustries, more balanced constructions have been needed and 
found. The weights of individual members have been reduced, 
and the strength of the ties between members increased. 

As examples of this change may be mentioned, (1) the use of 
molded-plywood panels for the roofs of buses and street cars, 
(2) the use of plywood panels for stateroom partitions on ships, 
and (3) the use of diagonal plywood panels for the webs of 
aircraft spars. 

Laminated wood and plywood were originally developed to 
increase the artistic appeal of furniture. Thin veneers of figured 
woods were glued to ordinary woods, and often successive slices 
were matched together to give an attractive grain pattern. 
This art has been well developed and is much used today. The 
glues used for this purpose, however, were satisfactory only be- 


! Vice-President and Secretary, Haskelite Manufacturing Corp. 
Mr. Fitzpatrick received his education at Cornell University and 
Rensselaer Polytechnic Institute, graduating from the latter school 
with a degree of Civil Engineer. He was construction engineer with 
an automobile company in Detroit, later vice-president and general 
manager of the Grand Rapids Hydraulic Company. During the 
World War, he was factory manager of the Haskelite Manufacturing 
Corporation, which turned out aircraft plywood for the United 
States, England, and France. Mr. Fitzpatrick is a section Vice- 
President of the Aeronautical Chamber of Commerce, is chairman of 
the Accessory-Material Section, and is a member of the Show Com- 
mittee and Membership Committee. He has been on the aviation 
committees of the Illinois Manufacturers Association, Chicago Asso- 
ciation of Commerce, and the Chicago Rotary Club. He has just 
completed a term as chairman of the Manufacturers Section of the 
Automobile Body Builders Association, and was recently made a 
member of the executive committee of the American Electric Railway 
Association. A former trustee of the Rensselaer Polytechnic In- 
stitute, he is also a member of the Society of Automotive Engineers, 
American Society of Civil Engineers, and the Aeronautical Chamber 
of Commerce. 

Presented at a meeting of the Aeronautic Division with the Chi- 
cago Section, Chicago, Ill., August 25, 1930, of THe American So- 
CIETY OF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


[: WOOD, nature has given to man- 


AER-53-8 
Plywood in the Aircraft Industry 


By JAMES R. FITZPATRICK,' CHICAGO, ILL. 


cause the finished product was usually well protected from 
extreme atmospheric changes. They did not possess good 
weathering qualities. 


PLtywoop Aas AN ENGINEERING MATERIAL 


Plywood is, of course, no stronger than the glue which binds its 
veneers, and it was not until the introduction of water-resistant 
glues that plywood could be considered an engineering material. 
It is understood that an engineering material has definite physical 
properties, such as weight, strength, elasticity, and hardness. 
It will have properties which can be relied on to such an extent 
that structural and other parts can be designed from this material 
so that their strength and other properties will be appropriate 
to the loads which the parts are expected to carry or to the ser- 
vice which they are expected to give. For example, shingles 
are not used in design to carry particular loads; they are not 
structural parts and cannot be considered an engineering material. 
On the other hand, the rafters that support the roof are made 
sometimes of one size and sometimes of another, depending 
upon the loads that must be carried and upon the manner in 
which they are to be supported. Rafters are structural parts 
and they may be considered engineering materials. 

Wood is a non-homogeneous material. Laboratory experi- 
ments show that the strength of wood along the grain averages 
about seventeen times as great as the strength across the grain. 
This fairly characterizes wood in its ordinary dry condition just 
as it is found anywhere. The purpose of plywood is to meet 
this deficiency by cross-banding, which results in a redistribution 
of the material. Thus in a plywood panel with a large number 
of plies the mechanical properties in the direction parallel to 
the face grain are almost the same as those at right angles, 
and the greater the number of plies, the more nearly homogeneous 
is the finished product. 

A glue bond has been developed with blood-albumin glue 
which gives a shear-test value, an average taken from thousands 
of tests, of 370 lb. per sq. in. in dry shear and 240 lb. per sq. in. 
in wet shear (after the test specimens have been soaked for 48 
hr.). With an adequate glue joint and selected veneers it is 
possible to predetermine the physical characteristics of any 
given construction of plywood. Engineers have found it ad- 
mirably suited to carry an appreciable load in any direction. 
A few of plywood uses in transportation fields were mentioned 
before, and in every case it has replaced heavier and less adequate 
constructions. 

In the aircraft industry, although plywood is found in prac- 
tically all parts of a plane, its most common applications are 
in wing construction. It is used for wing covering, leading 
edges, spar webs, gusset plates, cover plates, nose pieces, and 
tail pieces. 


JOINING METHODS 


Fig. 1 shows a joint in a wing covering ata rib. It illustrates 
the use of plywood for gusset plates and wing covering. A 
simple lap joint is used for transmission of tensile stresses by 
means of shear. If a joint of this type is used, and it is de- 
sirable to make the joint as strong as the plywood, it is necessary 
to have enough gluing surface in the overlap to make the ulti- 
mate strength in shear equal to the ultimate strength of the 
plywood in tension. Ordinarily a joint of this type would be 
backed up by other structural members rigid enough to prevent 
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the bending shown in Fig. la. When such bending takes 
place, it increases tensile stresses on one side of the plywood 
near the joint. 

Fig. 2 shows plywood used as a wing covering, a cover plate, 
and web of a rib section. It shows another method of transmit- 
ting tensile stresses from one sheet of plywood to another. The 
use of the cover plate decreases the bending moment and is an 
addition to the flange of the rib. Although this joint has the 
structural advantage of mitigating any transmission of bending 
moments into internal structural members, it is slightly heavier 
than the joint illustrated in Fig. 1. 

Fig. 4 shows plywood gussets joining two members of a wing 
rib. This is a typical simple application of plywood carrying 
load from one structural member to another. For simplicity’s 
sake, let it be assumed that member B isin tension. The gussets 
should be large enough so that they can transmit whatever 
load member B is to take either in compression or tension. 

If it is attempted to make gusset plates from thin strips of wood, 
the construction would be similar to that represented in Fig. 3. 
It apparently has insufficient gluing surface between member A 
and the gusset plates, but the use of a wider plate would be in- 
advisable because of the inability of wood to carry shear. 


TESTING PLywoop IN SHEAR 


Reference has been made to the ability of plywood to carry 
shear. To test this assumption, the following experiments 
were performed: Plywood panels were glued to wooden blocks, 
as shown in Fig. 6. The panels were 6 in. wide, and either 
4, 6, or 8 in. long. Supporting blocks aa and cc were '/» in. 
longer than the panel, and were glued to each end of the panel. 
Loading blocks bb were of similar length to aa and were glued 
to the middle of the panel. In testing, the specimen stood on 
the platform of the testing machine, the lower ends of the support- 
ing blocks acting as legs, and loads were applied to the upper 
ends of the loading block bb. The clear distance between the 
loading blocks and the supporting blocks was */,in. The upper 
parts of aa and ce were connected by 2-in. strips of '/s-in. ply- 
wood glued to their faces, but not touching the blocks bb. These 
bracing strips are not shown in the sketch. 

The results with !/,-in., two-ply mahogany plywood glued with 
blood-albumin glue in the ordinary manner, i.e., with the grain 
running parallel or perpendicular to the edges of the loading 
and supporting blocks, were as follows: 


Height of plywood panel tested, in... . 4 6 s 
Length in single shear,in........ 12 16 
Maximum load, pounds, specimen No. 1.. 1240 1700 2750 
Maximum load, pounds, specimen No. 2... 1450 2140 2210 
Average maximum load, pounds.......... 1345 1920 2480 
Strength, lb. per in. in single shear......._. 168 160 155 
Load increase for 2 in. increase in height... . 575 560 

Strength, lb. per in. in single shear........ 144 140 


The foregoing table shows the result of six specimens, two in 
each of three heights. 

The results with '/,-in., two-ply mahogany plywood, glued 
with blood-albumin glue, with the grains running 90 deg. to each 
other and at 45 deg. to the edges of the loading and supporting 
blocks, were as follows: 


Height of plywood panel tested,in........ 4 6 8 
Length in single shear, in............ ; s 12 16 
Maximum load, pounds, specimen No. 1 3250 HOTS 6535 
Maximum load, pounds, specimen No. 2... 3410 5515 5000 
Maximum load, pounds, specimen No. 3... 3085 4360 7250 
Maximum load, pounds, specimen No. 4... 2240 4435 7810 
Average maximum load, pounds........ . 2996 4846 6649 
Strength, lb. per in. in single shear........ 374 404 416 
Load increase for 2 in. increase in height.. . 1850 1803 


Strength, lb. per in. in single shear bets 462 $51 
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The preceding table shows the result of 12 specimens, four 
in each of three heights. The object of using three heights was 
to obtain a value for shearing strength which would be largely 
independent of the form of the test specimen. 

In the lower part of each table, two estimates of the shearing 
strength are obtained by comparison of maximum average loads 
by different heights of panels. The final results for shearing 
strength obtained from these tests may be recorded as about 
140 lb. per in. in single shear when the grain of the plies was 
parallel to the edges of the loading blocks, and about 450 Ib. per 
in. in single shear when the grain of the plies made an angle of 
45 deg. to the edges of the supporting blocks. 

It is believed that this value is low as an average if it is to be 
used for a basis of designs for box beams, in which all edges of 
the panel are well glued. Each test specimen has four free 
edges; the strength near these edges should be smaller than 
elsewhere. This variable has been partly eliminated by taking 
differences as mentioned in the foregoing paragraph. In a test 
specimen, however, the stress is likely to be largest at the top 
and bottom. 

The deflections in the two experiments were also taken, and 
they seemed to indicate that the deflection due to shear in the 
case of a diagonal web grain is not more than half the deflection 
in the case of ordinary plywood. It is interesting to note that 
'/-in. solid mahogany would have roughly 100 |b. of shearing 
strength parallel to the grain. The strength of plywood, es- 
pecially diagonal plywood, is used to advantage in the box-type 
spar as illustrated in Fig. 7. The tension and compression 
in such a spar is mainly taken care of by means of the spruce 
longerons t and c, while the shear is taken care of by means of 
the two-ply diagonal plywood s. Constructions of this type have 
been found light, stiff, and strong. Although diagonal plywood 
is particularly appropriate for spar webs because of its strength 
and stiffness for carrying loads in shear, it is not always found ad- 
visable to use it with a uniform thickness from end to end of 
a panel. It is evident that the shear is not uniform in some 
wing beams, particularly those of a monoplane, and some manu- 
facturers meet this problem by increasing the strength of the 
web in various parts. This is done by adding extra ply or plies 
where the extra thickness is wanted. 


PLywoop ror WING CovERING 


Plywood for wing covering was originally developed as a 
substitute for fabric. At first extremely thin constructions 
were developed, some with plies as thin as 0.01 in. It was 
considered merely as a covering with greater strength and 
toughness than fabric, and no attempt was made to utilize its 
strength in the construction of the wing. At present °/g-in 
plywood is used for wing covering and its physical properties 
are used to advantage. 

There are four groups of stresses to which plywood wing cover- 
ing is simultaneously subjected. The first is a stress induced 
by direct wind pressure. The second is tension, considering 
the plywood as an extension of the flanges of the spars. The 
third is a shear due to the drag forces f of Fig. 8, and the fourth 
is a shear due to moment m, developed by forces a as a result of 
aileron action. The tensile strength developed by considering 
the wing covering as a continuation of the flanges of the spars 
would indicate the importance of having the grain of at least 
one of the plies run in the direction of the spars, as shown in 
Fig. 9-a. 

The shears due to drag and due to the aileron action seem to 
indicate the advantage of having the grain of the plywood run 
at 45 deg. to the direction of the spars. This is shown in Fig. 
9-b. A combination effect might be produced by having the 
angle of Fig. 9-c less than 45 deg. 
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TypicaL ExamMp_Les oF PLywoop in WinG ConstRUCTION 

Fig. 10 shows a typical wing-nose construction, consisting of a 
solid nose piece n tied to the ribs by means of blocks b, and covered 
at least to the front spar by a plywood leading-edge covering p. 
Such constructions have been considered capable of resisting 
impact of solid particles which may be in the air, and similar 
constructions have been found successful by a large number of 
the airplane manufacturers. 

At the beginning of the paper, the importance of plywood as a 
medium of transmitting loads from one member to another was 
emphasized. Fig. 11 shows a very good example of such a use 
of plywood; ¢ and c show the flanges of a spar, while s shows the 
diagonal plywood webs of the spar; b is a spacer block, and 
p is a plywood reinforcing member. Through the entire beam, 
hole A is drilled for a bolt fastening. Plywood reinforcing mem- 
bers pp are used to prevent splitting of spruce members adjacent 
tothem. They transmit the load from the bolt to a much wider 
loading surface. 

Fig. 12 shows a wing-rib construction and its attachment to a 
spar. Plywood is used for gusset plates in the rib and for webs 
in the spar. Fig. 13 shows another wing-rib construction and 
its attachment to a spar based on the same principles illustrated 
in Fig. 12, but different in appearance. It illustrates another 
method of utilizing plywood as a shear-carrying member of a rib. 

Fig. 14 illustrates a spacer block used between the upper and 
lower flanges of a spar. It is designed to carry a load from the 
spar to other structural members. This particular type is used 
at the point at which the strut and lift wires are applied. It isa 
built-up three-ply member. The face plies are of maple with 
the grain running in the direction of the pull of the lift wires. 
The core is spruce with its grain running along the axis of the 
spar. This connection member shows the importance of large 
gluing surfaces. The load is transmitted from the flanges of a 
spar to the spruce core of this spacing block over the large surface 
of e and from the spruce core to the maple faces again over a 
large surface. The loads are taken through bolts, mainly from 
the maple of this block, to another structural member. The 
reason for this is clear when it is considered that even though 
the bolts run through the entire block, the load carried along 
the grain of the maple will exert much larger stresses on the 
contact surface of the bolt and the maple than on the contact 
surface of the bolt and the spruce whose grain is not in the direc- 
tion of the load. 

Fig. 15 shows a section of a rudder beam. It must carry shear 
and bending moments applied from all directions. It consists 
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of a spruce beam with a rectangular cross-section, partially 
routed out in the center and covered on the four surfaces by 
three-ply diagonal birch plywood. The spruce carries the ten- 
sion and compression of the bending moment while the diagonal 
plywood carries the shear. The resulting beam is extremely 
strong and light. 

Where fabric is found for wing covering, plywood is usually 
employed for a leading edge. An interesting example of the 
manner in which plywood is cut for this use is shown in Fig. 16. 
The protruding parts h are glued to point j of the spar between 
the small filler strips g. These are glued to the spar in order 
to taper the fabric gradually from rib to spar. The result is a 
nice, smooth airfoil section. Plywood leading edges present a 
smooth contour and permanently retain their shape under any 
weather conditions. The face grain is parallel to the edge, 
and the cores are made slightly thicker than those used in or- 
dinary construction in order to give the desired stiffness. Lead- 
ing edges are given a desired curvature by boiling the plywood 
in water for a suitable length of time and then bending it wet 
around special forms. These forms have a system of clamps 
for holding the panel in place. When the panel dries on the 
form it has acquired the desired shape and will not change under 
ordinary conditions. 

In this paper only a few of the uses and possibilities of plywood 
are touched on. If an attempt were made to list all of its appli- 
cations, such a list would contain at least 50 different uses. Ply- 
wood is found in some of the earliest planes. In the World War 
it received a decided impetus along with other aeronautical con- 
structions. Since that time it has been used in increased quan- 
tities from year to year in spite of inroads of other materials. 
With the advent of the all-metal ship, it was thought by many 
that other constructions were doomed, but plywood has main- 
tained its place. Plywood wings are used with some all-metal 
fuselages and even in all-metal ships it is used in combination 
with metal for interior paneling and flooring. Plywood with 
metal glued to its surface is stronger than sheet metal of the 
same weight and in addition it provides insulation against both 
heat and sound. Although plywood has been mentioned in 
this paper principally as a structural material, it is widely used 
in transport ships for decorative and insulating purposes. These 
additional uses are mentioned merely to indicate plywood's 
wide scope. Its importance in the aircraft industry is due to 
the fact that it is an engineering material whose physical prop- 
erties are known and can be depended upon to perform the tasks 
for which it is intended. 
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The Layout and Design of Modern 
Airplane Plants 


By G. W. PLAISTED,' SEATTLE, WASH. 


Plants for the manufacture of airplanes are in their de- 
sign subject to the same general principles as are applied 
to all factory buildings. They must meet the require- 
ments of straight-line production, flexibility, ample 
daylight, analysis of material handling, and the special 
needs of individual departments. Changes in methods of 
manufacture or changes in conditions should not affect 
a building so laid out originally as to permit of a flexible 
straight-line production process nor affect the maximum 
return on the investment. The author exhibits the 
general plant layouts and flow diagrams of four existing 
airplane plants and a typical cross-section of an economi- 
cal factory building that might be converted to airplane 
manufacturing. 


factory buildings are obviously also applicable to the air- 


(ik fundamental principles applied to the design of all 
The essential require- 


plane manufacturing industry. 


The objective of the design of an airplane plant or any other 
modern manufacturing plant is, briefly, to provide a straight- 
line production process so flexible that the buildings can be used 
satisfactorily in spite of change of conditions and methods of 
manufacturing, at the same time providing housing for the 
industry which will result in ultimate maximum return on the 
investment. 

The factors involved in the design of an airplane factory may 
seem to the layman so numerous that it would be practically im- 
possible to attain the ideal, and yet it has been proved in many 
industries, including aircraft manufacturing, that the ideal can be 
closely approached if the fundamentals are carefully analyzed. 

The Curtiss plant, designed and constructed by the Austin 
Company in 1917 for the manufacture of airplanes for use in the 
war, was so flexible that not only could it readily be used for 
the manufacture of airplanes today, but the design is such that 
it could be used successfully for many other industries. 

Building ‘‘A”’ of this plant was composed of nine aisles approxi- 
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ments that must be satisfied in the design of all manufacturing 
buildings are as follows: 


(1) Straight-line production 

(2) Flexibility 

(3) Ample daylight 

(4) Analysis of material handling 

(5) Special needs of individual departments. 

1 The Austin Company. 

Contributed by the Aeronautics Division and presented at the 
National Aeronautics Meeting of THe AMERICAN Soctety oF MeE- 
CHANICAL ENGINEERS, Seattle, Wash., May 28 and 29, 1930. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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mately 100 ft. wide and 700 ft. long. The side high aisles in 
Building “A” could either be equipped with crane runways or 
with a mezzanine over either part or over the entire area. These 
side aisles could be used for assembly or, in fact, almost any part 
of airplane manufacturing. Furthermore, these aisles would ac- 
commodate the assembly, crating, storage, and shipping of ships 
in crates on flatcars. 

This plant stands out rather conspicuously for the way it has 
anticipated manufacturing requirements of even today. The 
reason for this is that this plant layout was so flexible that all 
kinds of airplane manufacturing in either wood or metal could 
be carried on in Building “B” and all kinds of assembly, crating, 
storage, or shipping could be done in Building “A,” and, con- 
versely, Building “A’’ would make an ideal building for ware- 
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housing, for receiving, storing, and assembling ships for local 
fly-away delivery. (See Fig. 1.) 

The aircraft factory designed and constructed for the Navy 
Department at League Island Navy Yard at Philadelphia in 
1917 was similarly flexible and satisfies the requirements of the 
manufacturing of airplanes of all kinds today, with minimum 


Companies like the Boeing Airplane Company, leaders in the 
industry today, were started with a group of three or four avia- 
tion enthusiasts who were willing to take a sufficient gamble on 
the future to invest their capital while the industry was in its 


infancy. 
At the beginning of this period the problems of housing the 
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change during the period since it was constructed, almost as 
well as it did when originally occupied. 

The problem of the airplane manufacturer during the past 
15 years has been the problem which has existed and confronted 
every new industry. It has been impossible for the industry as a 
whole to foresee accurately the opportunities for profit ahead of 
it, and it has been extremely hazardous to attempt to forecast 
the volume of business that would be available even twelve 
months ahead. 


manufacturing utilities of the industry were minor and were 
little considered, as the objective was the design and the construc- 
tion of the airplanes themselves. Government orders during 
the war and since that time to a considerable extent furnished 
sufficient volume in the industry, so that the number of ships 
produced annually in the manufacturing plants of the country 
required more attention to production costs than before. 

It is true that the demands of commercial aviation have in- 
creased remarkably during the last five-year period, and with 
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this condition very naturally came the problem of increased 
competition, and this condition in turn tended to fix the selling 
price ever closer to the cost. Mass production, in the real sense 
of the word, as it is applied to the automobile, however, has never 
been reached in the airplane industry, and there has been a con- 
siderable tendency on the part of airplane factories to neglect to 
a large extent the important factors which tend to lower produc- 
tion costs. 

This condition may be more readily seen by an analysis of the 
plant layouts of a few of the manufacturers of commercial planes. 

Plant “A” is designed for a maximum production of approxi- 
mately 1500 commercial airplanes annually, with about 300 em- 
ployees. It will be noted from the flow sheet that the main plant 
building is practically square, resulting in a complicated routing 
system as the material moves through the plant toward assembly, 
involving considerable back-tracking. The flow sheet indicates 
quite clearly that the fundamental condition of straight-line 
production was not satisfied in this plant. At the same time it 
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amount of manufacturing space. This flow sheet clearly indicates 
again that the conditions of straight-line production have not been 
satisfied. (See Fig. 3.) 

Plant “C” is designed to produce approximately 1100 com- 
mercial airplanes annually. It is composed of several buildings 
in parallel with closed passageways between the buildings. The 
system of manufacturing is departmental, as is indicated by the 
flow sheet. The amount of back-tracking is comparatively small. 
The flexibility provided in this layout is obviously better than in 
Plant “B,” though it is not as great as in Plant “A,’’ and the 
production process in general is the most logical of the three 
layouts presented. Fora given type of building the investment is 
large on account of the large wall area per square foot of floor 
area, and it is safe to say that the ground could have been more 
economically used and more provision made for expansion by 
housing the industry in one building or in two buildings connected 
with loading docks. (See Fig. 4.) 

Plant ‘‘D” is designed to produce approximately 300 commer- 
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must be recognized that this square building results in minimum 
building costs on account of the small wall area per square foot of 
floor space. (See Fig. 2.) 

Plant “B” is designed to produce 2200 commercial planes an- 
nually. This company manufactures engines and cabin planes 
at this plant, also a considerable number of custom-built planes. 
The layout of this plant is an example of the other extreme, 
with too many buildings for specific purposes and with the ob- 
vious disadvantages resulting from handling between buildings, 
as well as a layout which is not as flexible as when the industry is 
housed in one large building. Moreover, this type of layout is 
wasteful of land, and the large wall area per square foot of building 
area obtained results in increased capital expenditure for a given 


cial monoplanes annually. The flow sheet indicates practically 
straight-line production and the housing of this small industry 
essentially in one building, and from a layout standpoint this 
small airplane plant satisfies more of the conditions than any of 
the other layouts shown. The principles of straight-line produc- 
tion indicated clearly in the layout of plant “D” can be applied 
successfully and satisfactorily to airplane factories whose business 
requires much larger production. (See Fig. 5.) 

It must be realized, however, that the restrictions placed on 
engineers designing airplane factories today involve the use in 
most cases of existing facilities, and it is seldom practical in the 
design of additional buildings to increase the production of exist- 
ing plants to satisfy all of the conditions of this ideal layout. As 
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the industry grows, however, it is true that there will be new 
plants built on vacant property where all factors of the ideal 
layout can be considered and attained, and while it is impossible 
to foresee at this time whether the manufacture of airplanes will 
even approximate the production conditions of the automobile, 
it is interesting to refer to one of the most modern automobile 
plants and consider it for a moment as an airplane plant. 

The 1000-cars-a-day plant of the Pontiac Division of General 
Motors is an outstanding example of close coordination of straight - 
line operations with material-handling equipment. This is said 
to be the largest factory constructed in the United States during 
the year of 1926. There are 35 acres of floor space. Lost mo- 
tions are avoided, aisles are wide, and assembly lines in various 


believed, been established, but even though an excellent layout 
is adopted the design of the buildings is equally important to 
assure economy of investment and a maximum return on the 
investment. The first principle to be applied to the design of the 
buildings themselves is flexibility. 

No industry is changing so rapidly today as is airplane manu- 
facturing. The receiving end of the plant and the storage of most 
materials may be provided at minimum expense ia buildings of 
40-ft. or 50-ft. span with column spacing in the opposite direction 
20 ft. apart. The machine shop and welding and brazing may 
well be housed in structures using spans from 30 to 50 ft. and 
with column spacing 20 ft. apart in the opposite direction, but 
the plant will be more flexible and will represent a better invest- 
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departments are arranged to give workmen ample working 
space. 

Three parallel structures were built—a motor-manufacturing 
building, an assembly building, and a car-storage building. 
The three buildings are connected by unloading docks 75 ft. 
wide for incoming material. A third unloading dock is located on 
the receiving side. 

The diagram showing the layout clearly indicates the arrange- 
ment adopted, and it is not beyond conception to imagine this 
plant being converted to the mass production of the airplane in- 
stead of the automobile, in so far at least as the preliminary lay- 
out isconcerned. The primary conditions of straight-line produc- 
tion, flexibility, ample daylight, material handling by conveyors, 
and special requirements of individual departments have been 
carefully studied and satisfied, and the plant has actually at- 
tained a production in excess of the 1000 cars per day for which 
it was designed originally. 

Perhaps the most outstanding factor of this plant is that every- 
thing is under one roof from the time that the freight cars loaded 
with parts and other materials reach the unloading docks until 
the finished automobiles leave the shipping department. 

The principles of the layout of airplane factories have, it is 
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trusses with 40-ft. spacing in the opposite direction but vertical 
clearances of at least 22 ft. should be provided, with hangar doors 
at the shipping end. 

In airplane factories with an extremely large output which will 
be attained in the future, the assembly building esbould be 
joined by a storage hangar building adjacent to a Aying field or 
testing field. Light and ventilation may be satisiacterily pro- 
vided in all buildings by the use of continuous steel sash in the 
sidewalls and in monitors which will provide light to the interior 
portions of the buildings where long spans are used. 

Material handling, fire protection, insurance costs, as compared 
with the required investment, and light studies and space studies 
in the various departments must be considered. Heating, plum|- 
ing, and locker rooms must be given the same consideration in 
this industry as in any other, and the problems in connection with: 
the location of the washrooms and toilet rooms will materially 
affect the production cost of any plant. 

It may be the simplest thing to do to provide the same heat 
in all departments; but the design of the heating system, while 
it must be made flexible, as must the system of illumination and 
power wiring, must take into consideration the special demands of 
the various departments, for it must be quite possible, for ex- 
ample, to maintain a temperature of 90 deg. in the dope room for 
satisfactory results, while a temperature of 60 deg. in cold weather 
in the machine shop will prove entirely satisfactory, providing 
proper ventilation is supplied. 

The standardization of modern factory buildings makes 1 
possible to provide the building structure itself, including he 
foundatious, walls, and roof, at a minimum expense, satisfying (he 
conditions of daylight and ventilation at the same time. 
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In conclusion, it is evident that the straight line to profits in 
manufacturing today is found in straight-line production meth- 
ods. Many concerns have moved ahead of their industry by 
taking full advantage of this fact, while others have waited until 
forced to do so by competitive conditions. With the funda- 
mentals of proper design and layout of airplane plants satisfied, 
the handicap of selling price approaching cost, as is the tendency 
today, is minimized. All signs indicate that the industrial con- 
cern which comes to the end of this year without a completely 
modernized plant will be seriously handicapped in doing a 
profitable business. Soon this urgent problem may mean com- 
plete new plants, perhaps in entirely different locations. 


Discussion 


GARDNER W. Carr.? Without attempting to criticize the 
paper, it is believed that certain points can be profitably ampli- 
fied or explained. To do this a survey of this company’s prob- 
lem will be enlightening. Four years ago the Boeing Airplane 
Company was manufacturing an airplane the structure of which 
consisted of a welded tubular steel body with wings manu- 
factured of mahogany plywood and spruce, covered with fabric. 
The following year the same type of wing construction was 
used by the Boeing Airplane Company, but the body structure 
had been changed, supplementing a considerable number of 
welded stee! tubes with bolted dural members. The following 
year found a reactionary change in the body construction, al- 
though the wings remained the same. The forward section of 
the body was of welded alloy-steel tube construction, but the 
rear section of the body was made up of bolted rectangular dural 
tubes. The fourth year, that is, 1930, finds a still farther and 
more radical departure from previous practices. The wings 
are now fabricated from dural sheet, the ribs, spars, and cover- 
ing being metal. The body, although it still retains the steel 
forward section, is also metal covered, the covering being ap- 
plied over a skeleton of bolted dural tubes. Quite a change has 
taken place in the shop organization. In 1927 there was a large 
amount of electric welding and work in steel tubing, with the 
wood shop manufacturing spars and ribs and the wing room 
manned by cabinet makers who could handle the assembly of 
wood structures. The year 1928 increased the load in the 
machine shop, where the dural tubes and terminal blocks had 
to be made up, while the load in the welding shop decreased. 
The year 1929 found a still greater load in the machine shop, 
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with the welding problem almost eliminated and replaced by a 
new type of work, that of assembling bolted dural structures. 
This year, 1930, brings up a problem involving almost nothing in 
the welding shop, a normal load in the machine shop, and a tre- 
mendous burden in the sheet-metal department. A plant not 
laid out to give this flexibility would have rendered the manu- 
facturing problem extremely uneconomical if not prohibitive. 

Another phase to be considered is that of size, and particu- 
larly over-all height or clearance under the roof trusses. As 
long as small airplanes are being built, little overhead clearance 
is required. In this plant, however, airplanes have been manu- 
factured ranging in weight from 2500 to 27,500 lb. and in wing 
spread from 27 to 120 ft. The latest design has wings of such 
size that they could no longer be assembled in a horizontal po- 
sition, and vertical jigs were constructed. Although the assem- 
bly department in any plant will require head room, the probable 
size of units to be produced in other departments must be given 
consideration. 

From an observation of the industry and the changes which 
have taken place in the last ten years, the writer believes that 
a plant laid out in the shape of a letter E or with wings leading 
into a main building offers the greatest advantage. There are 
two problems connected with the manufacture of airplanes 
which require isolation of equipment—that is, electroplating 
or anodic process equipment, and doping or enameling. Either 
electroplating or anodic process involves a problem of ventila- 
tion and heat control not required in other operations. The 
doping or enameling processes require not only heat control 
and ventilation, but special protection against fire hazard. The 
problem of isolating these functions seems easiest to solve by 
housing them in a wing offset from the main building. The 
experience of the Boeing Airplane Company indicates that 
such a unit can be placed between other departments to advan- 
tage, thereby simplifying the flow lines and eliminating back- 
haul. In construction this wing should not be radically dif- 
ferent from the other wings of the plant, as these requirements 
seem to be changing quite rapidly, and particularly the doping 
operation may be eliminated in the near future. 

The foregoing comments are offered not as a criticism but 
rather to emphasize the author's point that no plant should 
be laid out that will not be flexible and capable of handling the 
varying types of construction and new manufacturing prob- 
lems which are constantly appearing in the particular branch 
of engineering where progress is exceedingly rapid and radical 
changes occur almost over night 
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Stability and Controllability in Free Flight 


By PAUL E. HOVGARD,' BRISTOL, PA. 


Making the airplane pleasant to fly is discussed by the 
author in this paper. Strength, durability, and perform- 
ance of airplanes are determined quite accurately by 
analyses and tests, but the ease with which a particular 
plane can be maneuvered is often left to chance. Sta- 
bility at cruising speeds and balance with the throttle 
closed and open are essential for ease of control. The 
author tells of various methods that can be used to test 
flying characteristics and make certain that airplanes will 
perform as desired. 


T IS NOW becoming possible to choose 
I an airplane in much the same manner 

as one chooses an automobile, that 
is, by picking out from a directory the type 
and size that suit the needs, scratching 
off a few because they are too slow, and of 
the remaining, buying the one that is the 
most pleasant to operate. If one finds the 
operation of the airplane not to his taste, 
he will know from automobile experience 
that it is useless to ask the manufacturer to 
modify something to eliminate the queer 
feeling he gets coming out of a turn, but will step into the next 
hangar and buy a competitive airplane almost identical to the 
first except that he likes the way it flies better. 

In one case three pilots from different parts of the country and 
strangers to each other informed the author that the proper 
way to make a turn in a certain popular cabin monoplane was to 
start by pushing the rudder hard in the direction of the desired 
turn, and when the airplane had reached a sufficient degree of 
bank, relieving the pressure on the rudder. The plane continued 
to turn without further attention. As soon as it was headed in 
the desired direction the top rudder was to be pushed till the air- 
plane straightened out. The ailerons were to be used only for 
rough weather take-offs and landings. Such haphazard design 
may be tolerated when airplanes are hard to purchase, but with 
the strong competition in selling now in vogue, such an airplane 
has little chance. 

While the strength of an airplane can be determined by stress 
analysis or static tests, the durability by service tests, and the 
performance by flight instruments and a stop-watch, the “‘fly- 
ability”’ is too often left to get along the best it can, and when 
finished is expressed in such vague terms as to have no meaning 
to the designer. In some cases the test pilot is reluctant to find 
fault with the airplane for fear others will think it was just get- 
ting the best of him, and on that, of course, he cannot afford to 
take a chance. Making an airplane pleasant to fly requires 
close cooperation and intimate understanding between the test- 
flight and design sections. The stability and controllability forms 
used by the Army and Navy serve well the purpose intended, but 
are of little help to the designer in this respect. The Department 
of Commerce instructions are very indefinite and in some cases 
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even incorrect, as an airplane would have to be spirally stable 
to pass either their directional or lateral stability tests. 

Determination of longitudinal stability is the most straight- 
forward test of all; yet even there mistakes are made especially in 
large airplanes. The stabilizer must first be set to trim the air- 
plane at the given engine speed, and the air speed for that engine 
speed recorded. The throttle and stabilizer setting remain con- 
stant throughout the test. The airplane is then nosed over to 
increase the air speed 5 m.p.h. and held in the required position 
until the air speed is constant. If upon releasing the control 
column the nose returns toward its original position, the airplane is 
stable. The test is repeated for an air speed 5 m.p.h. below the 
cruising speed. 

Quantitative results may be obtained by measuring the forces 
on the control column required to hold the airplane constant at 
given air speeds and the results plotted or by finding the center- 
of-gravity location at which the airplane is neutrally stable. 
If a revision of any kind is made on the airplane, one or both 
of these methods should be used to determine the effect of the 
change on the stability. In case the tail surface is changed 
the test should be made with both the old center-of-gravity 
location and the new, as quite often the increase in weight of 
an enlarged tail plane will move the center of gravity far enough 
to the rear so that the stability at or close to cruising speeds 
will remain unchanged, though usually the stable moments will 
be increased at very high and very low speeds. 

If the airplane is found to be statically stable by the above tests, 
its dynamic stability is next determined. To do this the airplane 
should be dived or climbed and the control column released. If 
the oscillations decrease and dampen out, the airplane is dynami- 
cally stable. There are very few airplanes that are statically 
stable that are not also stable dynamically. 

Besides the stability at cruising speeds the power “on” and 
“off”’ balance should be determined. This can best be given in 
terms of air speeds with throttle closed and wide open with the 
stabilizer set for cruising and no pressure on the control column. 
Ordinarily, the greater the stability, the higher the power “‘off’’ air 
speed, a rather unpleasant condition. It is possible to maintain 
a constant air speed for all throttle setting regardless of the ver- 
tical position of the engine except for rapid movements of the 
throttle. Such an airplane will invariably be longitudinally 
stable. 

The amount of longitudinal control necessary varies with the 
purpose of the airplane. All airplanes should have enough ele- 
vator to raise the tail on the take-off by the time 50 per cent of 
the stalling speed is reached and with the stabilizer set for cruising. 

Small airplanes should have enough elevator control to get the 
tail fully down when landing without changing the stabilizer 
setting, though this feature is not necessary on large airplanes 
because the pilot expects to take more time for the approach pre- 
paratory to landing. It is not necessary that a large airplane be 
able to make a three-point landing when only partly loaded 
even by the use of the stabilizer as long as the landing speed in 
this condition is not greater than the landing speed with full 
load. 

The lateral stability of an airplane is determined by its ability 
to bank itself for a turn and to level itself from a turn without the 
use of the ailerons, the turn being made with rudder alone. The 
rudder action for this test should be quite slow, and a certain 
amount of slip during the maneuvers must be expected. 
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The amount of lateral stability an airplane should have can be 
set by no definite rule and must be determined by compromise. 
Too much lateral stability is much more unpleasant than too 
little. too much means dangerous take-off and landing char- 
acteristics in gusty weather or cross wind and, worse than that, 
causes the airplane to be very rough and sickening in bumpy air. 
Too little lateral stability means mainly that the pilot must be 
a little more careful with the aileron control when maneuvering. 
There should be enough so that the pilot can follow a straight 
course by using the rudder alone. 

The lateral control must serve two functions; overcome in- 
herent lateral stability and provide sufficient maneuverability. 
If an airplane can be flown on its side at speeds not over 10 m.p.h. 
above the stalling speed in this position, it has ample aileron 
control for the first condition. The aileron control for sufficient 
maneuverability cannot be determined definitely, but is a matter 
of judgment. 

The directional stability is the most difficult of all to determine 
accurately, and it is possibly fortunate that very few airplanes are 
directionally unstable. For the test a bank-and-turn indicator 
is very helpful. The rudder should be either held rigidly in the 
center or entirely released and the maneuvers made with aileron 
alone. The pilot must bear in mind that there will be a yaw due 
to the ailerons which must be accounted for in the test. 

The airplane should first be banked in one direction by the 
ailerons. This should be done very slowly and for this start it is 
better to counteract the yaw of the ailerons by applying the rud- 
der in the direction of the turn. The ailerons should then be 
applied in the other direction until the airplane is approximately 
level and the turn indicator shows zero turn. Ailerons are then 
either entirely released or held rigidily in neutral. If the airplane 
turns into the direction of the slip it is directionally stable. 

It can be seen from this that the test is made with wings hori- 
zontal and the airplane side slipping either to the right or left but 
not turning. The test should be made with various degrees of 
slip as shown by the ball of the bank indicator and should be made 
both to the nght and to the left. 

The degree of directional stability can best be given by the 
position of the center of gravity on the mean chord at which the 
airplane is directionally stable with the rudder held in neutral 
and directionally unstable with the rudder free. Difference in 
stability, rudder held or free, with a balanced rudder is surprisingly 
small so this position can be definitely located within about 1 
per cent of the mean chord. Ordinarily this position is 10 or 20 
per cent to the rear of the full-load center-of-gravity position. 

The rudder area required depends for the most part on the de- 
gree of directional stability except in cases of airplanes without 
brakes where the determining factor is the ability to taxi on the 
ground. The rudder area and directional stability should be 
so proportioned that the airplane can be flown on its side at low 
speeds with full top rudder and without stalling in this position. 
In the case of multi-motor airplanes the rudder should be powerful 
enough and well enough balanced so that the airplane can be 
flown straight with one engine idling and the other engines wide 
open without overexertion on the part of the pilot. 

For spiral stability an airplane must have small directional 
stability as compared to the lateral stability and whether or not 
the airplane should be spirally stable is sometimes questionable 
because of the small amount of directional stability or the exces- 
sive dihedral required to obtain it. 

To test for spiral stability the airplane is put into a normal 
steady turn and the controls released. If the airplane recovers 
from the turn it is spirally stable and if not is spirally unstable. 
Tests should be made both to the right and to the left, and either 
the vertical fin should be adjusted or the spring attached to 
the rudder to make the airplane act the same in right and left 
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turns. In multi-motor airplanes the outboard-engine tachome- 
ter should be carefully checked to be sure the engines are 
synchronized before making the test. 

For normal flying the spiral stability is closely tied in with the 
yaw due to the ailerons. Because of the small directional sta- 
bility, pilots invariably over-rudder an airplane that is spirally 
stable. If aileron yaw is high this rudder movement is necessary 
for normal flying and the pilot is at ease. It is advantageous at 
times to use unbalanced rudders on airplanes that are spirally 
stable to reduce the tendency to overcontrol. 

One of the most important considerations in making an air- 
plane pleasant to fly is the coordination of the three control 
surfaces. A normal flying airplane will be defined as one which 
requires an approximately equal pressure on the rim of the wheel 
or top of the stick and the rudder to start and recover from turns, 
the pressures being applied or released at approximately the 
same time. In spirally stable airplanes a very fine degree of 
relationship must exist between directional stability, lateral ‘sta- 
bility, and yaw due to ailerons without making the airplane fly 
abnormally. Spiral stability therefore should not be required in 
an airplane, but of course excessive instability is not desired. 
Even though an airplane were spirally stable the action would be 
so slow that the pilot would not care to wait for it. 

It is impossible to fly airplanes above a given size without 
balance of some type on the control surfaces. The overhang 
balance gives satisfactory results for elevator and rudder at small 
angles of attack of the surfaces, but has very little effect when 
the surfaces are moved through more than about 10 deg. It is 
possible to design a partially hidden balance that will give ex- 
cellent results over the entire control movement. Frize type 


balance for ailerons with hinge line at about 18 per cent or 20 


per cent of the chord gives excellent results and is generally 
acceptable. 

It is quite possible that at some time in the near future the 
method of controlling airplanes will be entirely changed and one 
of the controls eliminated. Until this time comes, however, it 
behooves the manufacturers using the present system to so refine 
it that the best results possible wil] be obtained. 


Discussion 


Haut L. Hreparp.? I believe that the paper is very much 
to the point. The modern airplane can have stability and con- 
trollability not thought possible several years ago. Aircraft 
properly proportioned and designed are in existence which have 
good stability and controllability, but there are still a larger 
number which do not have these desirable features; especially 
is this true of stability. It has been the writer’s experience 
that many pilots are unable to discover accurately whether an 
airplane is stable or unstable. It is for this reason that the 
author’s ‘‘Methods for Determining Stability and Controlla- 
bility” should be studied and tried by pilots. Many of the 
war-time pilots became accustomed to the airplanes used dur- 
ing the war. As a rule these craft, although quite controllable, 
usually lacked stability. Numbers of these pilots, however 
have become accustomed to this unstability, and when buying 
a modern plane pay little attention to this important item. 
Not long ago attention was called to a pilot who had been fly- 
ing an airplane which was laterally unstable and which had to 
be “flown” all the time. He was asked to try out the stability 
of a particular airplane which happened into the field and which 
he had never flown before. This airplane was known to have 
poor or no lateral stability. When the pilot returned from the 
test flight he was questioned about the lateral stabilitv, and 
much to the surprise of all he reported good lateral stability. 
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The answer is that he been accustomed to poor lateral stability 
and was unfamiliar with the method of testing airplanes for this 
quality. It is for such pilots that the paper is recommended. 


H. Rawpon.* Control and stability in general cannot be 
expressed quantitatively, and one is usually compelled to ac- 
cept the qualitative or descriptive statements of test pilots. 
At least there is very little in the way of generally accepted 
units of measurement. 

It is exceedingly difficult to find a test pilot who has a suffi- 
ciently clear idea of what he is to look for and to give an inter- 
pretation and presentation of opinions of his observations. This 
fact imposes difficulties on the design staff, since under the cir- 
cumstances the pilot will probably change his mind later on, 
on his first impressions, or since it is difficult to get two test 
pilots with a common opinion. The difficulty could be helped 
if engineers in general would take greater interest in flying them- 
selves. 

The Keystone Company is fortunate in having a man who is 
both a capable pilot and engineer. 

Regardless of size, it is always desirable to have an airplane 
that can be landed three points under any condition of load 
within the range for which the airplane was designed. There 
is no practical reason why this should not be possible to accom- 
plish. 

Spiral stability is generally of the least value. However, 
excessive spiral instability is not desirable by any means. A 
case is known in which the directional stability was deemed 
insufficient and a small amount of fin area was added. The 
resulting directional stability was satisfactory, but the airplane 
was objectionably unstable in a spiral without using a prohibi- 
tive dihedral in the wings. This was a case for compromise. 

A measure of control which seems desirable to obtain is the 
ability of the airplane to make a turn at a speed something be- 
low that of stalling speed without the aileron action causing 
the wing to drop. The lateral control required here would be 
greater than in the case cited by the author. 


A. A. Gassner.‘ The paper covers the subject thoroughly. 
One misses, however, the mentioning of two criterions of the 
stability of an airplane: 

1 A ship should be longitudinally balanced in such a way 
that, with stabilizer and throttle setting at cruising speed, clos- 
ing of throttle would bring the ship in a glide and opening of 
throttle would bring the ship in a climb. 

2 The behavior of the ship in a stall. If small-sized planes 
slide off one wing when brought in a stall and go in a spiral, 
which is sometimes mistaken for the beginning of a stall, or if 
they actually go into a spin, the forces required to stop this 
movement will not be excessive and recovery is possible. It 
is, however, of imperative necessity to test all large-sized planes 
for their behavior with engines partially or totally throttled. 
A ship which behaves well in a stall, i.e., goes into a straight 
dive when all controls are released, can be termed as safe playing. 


H. The author is to be commended 
for inviting attention to a series of very simple tests by means 
of which airplanes may be compared as regards stability and 
controllability. The mere definitions of these quantities are 
too often misunderstood or confused by both pilot and engineer. 

From a strictly academic viewpoint the author has not drawn 


8’ Chief Engineer, Travel Air Company, Wichita, Kan. 

4 Chief Engineer, Folker Aircraft Corporation of America, Has- 
brouck Heights, N. J. 

5 Assistant Chief Engineer, Berliner-Joyce Aircraft Corporation, 
Baltimore, Md. Mem. A.S.M.E. 
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a sharp enough distinction between stability with free controls 
and with locked controls; that is, ‘hands off’’ and “hands on.”’ 
However, in actual practice, the former quantity is generally 
the easier to determine by such tests as the author describes, 
and, except in the case of spiral stability, it is usually the criterion 
of the latter. 

Although the author criticizes the standard flight-test forms 
of the Army, Navy, and Department of Commerce as being 
of little help to the airplane designer, one must venture to say 
that his subject article may be criticized in the same respect. 
For any case of instability or deficiency in control the changes 
in the airplane necessary to correct the condition should have 
been mentioned. As an example, dynamical instability with 
free controls may be caused by any one of the following items: 


(a) Center of gravity too far aft 

(b) Center of gravity too far above thrust line 

(c) Moment of inertia in pitch too great 

(d) Too much area of horizontal tailplane in slipstream 

(e) Elevator area too large a proportion of total tailplane 
area (where the control surface is unbalanced). 


Generally, items (d) and (e) are the easier to change after 
flight tests indicate longitudinal stability. Simply increasing 
the aspect ratio of the horizontal tailplane, keeping the total 
area constant, and increasing the area out of the slipstream will 
usually greatly improve longitudinal stability. 

Occasionally, in military aircraft, a rearrangement of the use- 
ful load, in order to reduce the moment of inertia in pitch, will 
remedy an unstable condition caused primarily by item (6). 

It can be shown theoretically that the difference in elevator 
angle to trim, for the same airspeed, “power on” and “power 
off,” is a function of the built-in wing incidence. The effect 
is theoretically small except, for example, in the case of a trac- 
tor biplane seaplane, with wings set 3 or 4 deg. to the thrust 
line for quick take-off. The relation of wing incidence to dif- 
ference in trim for the aforementioned conditions ought to be 
given considerable attention by the designer. In this connec- 
tion he must of course take account principally of the relative 
positions of propeller and wing. 

An airplane which is stable statically in pitch or yaw with 
fixed controls, but unstable with free controls, can be made 
stable sometimes in either case by the addition of a small amount 
of balance to the control surface in order to reduce the hinge 
moment. 

It is most important of all, in so far as yaw is concerned, to 
provide sufficient rudder moment to counteract the yawing 
moment with fully deflected ailerons at the stall with power 
off. Incidentally, this is a quite difficult condition to obtain 
(with conventional ailerons), and at the same time maintain 
spiral stability at low speed, unless the airplane has a large 
amount of sweepback. 

From the standpoint of preliminary design, all satisfactory 
stability calculations should take account of slipstream down- 
wash and velocity. Many designers do not realize that these 
effects are so pronounced in some tractor airplanes that they 
account for a difference of from 15 to 35 per cent in effective 
tail area required to give equal degrees of stability with free 
elevator, for “power on’’ and “power off’ conditions. 


G. G. Bupwic.! The author states that a particular air- 
plane, the name of which is not mentioned, is guilty of being 
haphazardly designed because it can normally be turned with 
the rudder only and without applying the aileron control at all. 
In view of the fact that such characteristics are very difficult 


* Director of Air Regulation, Department of Commerce, Wash- 
ington, D. C. 
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to predict, he is probably correct in his assumption that the 
turning characteristics were the result of accident rather than 
design. However, it appears that this particular feature was 
rather a happy accident than otherwise because it would tend 
to make the airplane in question much more pleasant to fly. 
The reason for the author’s condemnation, therefore, is not 
entirely apparent. 

When the author accuses the Department of Commerce in- 
structions of being ‘‘very indefinite, and in some cases even 
incorrect,” it is assumed that he is referring to Inspection Ser- 
vice Memorandum No. 1, which was published and circulated 
October, 1929. This memorandum is fairly lengthy and was 
written for the sole purpose of acquainting the manufactureiz iv. 
as much detail as possible with the routine procedure followed 
by inspectors when they test an airplane for conformity with 
the Air Commerce Regulations. The instructions contained in 
the memorandum do not in any way guarantee that an airplane 
which meets those requirements will be the best possible air- 
plane of the particular type, but for the purpose for which the 
memorandum was written it is believed that it is both definite 
and accurate. If there are parts of the memorandum which 
are not clear, we would be very glad to have any one point them 


. out specifically, so that we might clarify them. 


It is stated by the author than an airplane would have to be 
spirally stable to pass either our directional or lateral stability 
tests. This is not correct, because during the directional sta- 
bility tests the wings are held level by means of the ailerons, 
and during the lateral stability tests the airplane is held level 
by means of the rudder. No part of either of these maneuvers 
has a remote resemblance to spiral flight, and airplanes which 
successfully pass these tests are not necessarily spirally stable. 
In fact, an airplane with sufficient stability will usually dive 
out of a turn and assume a level flight attitude if the controls 
are released. 

When the author states that a faster power-off glide results 
from longitudinal stability, it is difficult to follow his reasoning. 
A longitudinally stable airplane has a negative lift on the stabil- 
izer, which builds up rapidly as the speed increases. Of course, 
as the down load on the tail increases, the nose of the airplane 
comes up and it flattens out, at the same time decreasing its 
speed. It is therefore not only apparent but true that the greater 
the longitudinal stability, the quicker a dive will be checked. 
A stable airplane therefore, cannot build up an excessive diving 
speed. An unstable airplane, on the contrary, will frequently 
get its nose clear under in a dive and wil) fall at terminal ve- 
locity if allowed to do so. 

An excessive amount of lateral stability is unpleasant in sev- 
eral ways, particularly in a cross-wind, as the author says. How- 
ever, it is believed that an insufficient amount of stability in 
this direction is even more unpleasant and more dangerous 
when one is called upon to fly in rough, gusty air. Fighting 
with an airplane to keep it on an even keel is far from being 
the ideal in flying. The writer agrees with the author that 
the coordination of the three controls is a very important con- 
sideration which is too frequently neglected. 


Joun C. Nutsen.’? There is no question that the author is 
correct in his contention that airplanes should be so designed 
as to be easy and comfortable to fly. The necessity of this feature 
will of course grow in importance from the manufacturer’s stand- 
point as competition increases. Nothing is more disagreeable 
from the pilot’s standpoint than to get into « ship and find on 
maneuvers that it is light on the ailerons and heavy on the flip- 
pers, or vice versa. Such conditions are due simply ‘to lack of 
attention to details. 


7 General Manager, Ryan Aircraft Corp., Anglum, Mo. 


Stability about the various axes is a subject that should re- 
ceive very careful consideration, and a conclusion should not be 
jumped at. It can without question be overdone. As the 
author points out, too much lateral stability is hard on the 
passenger prone to air sickness; likewise locating the center 
of gravity too far forward in an attempt to make the longitudinal 
stability extremely positive is detrimental to the full efficiency 
of the ship. 

There is no good reason that the writer can see to try to balance 
the ship so that it will recover rapidly from a power-off dive 
after having been balanced at cruising speed, if it means that 
in normal flight sufficient negative setting must be carried on 
the stabilizer to cause a sacrifice of maximum performance. 

Maneuverability is also a safety factor in tight places, and a 
careful balance between this feature and stability must be arrived 
at. This brings up a question that is, or has been, before every 
manufacturer; namely, the attitude of the individual engineering 
inspector of the Department of Commerce. As the author brings 
out, the department's instructions relative to the foregoing points 
are indefinite. The department unquestionably deserves the 
appreciation and thanks of all in the aviation industry for the 
splendid work that has already been done toward making avia- 
tion safe. However, the writer feels that the department could 
help matters still more by impressing upon the individual inspec- 
tors the necessity of approaching the subject of stability very 
conservatively. Because a sufficient amount cures, it does not 
follow that more will cure faster. 


AvuTHOR’sS CLOSURE 


It is easily possible in some types of airplanes to so design it 
that it will balance at the same air speed for any throttle setting. 
In other designs this is quite difficult, and for rapid movements of 
the throttle is impossible without going through a series of oscil- 
lations before reaching steady flight. It is of course desirable. 
This was discussed in the paragraph on power on and off balance 
which stated, “This can best be given in terms of air speed, 
throttle closed and wide open, with stabilizer set for cruising and 
no pressure on the control column.’’ Mr. Gassner’s other com- 
ment on the behavior of the ship in a stall is well taken. Atten- 
tion is invited to the fact that an airplane goes into a straight 
dive when all controls are released only when stalled in straight 
flight. Since, except during demonstrations, airplanes are most 
often stalled while turning, this feature is not as important as it 
may at first appear. 

The author did not intend to make a sharp distinction between 
stability with free controls and locked controls, because, since no 
airplanes are equipped with devices to lock controls, why should 
one be interested in the stability in this condition. If the pilot 
attempts to hold controls in neutral for stability, it is not only 
an unnatural procedure, but he has one chance of being right and 
an infinite number of chances of being wrong. 

It was the purpose in writing the paper to assist the test pilot 
and designer in understanding each other and not in assisting the 
designer to correct faults found by the test pilot; the latter is 
purely a design problem in which the test pilot is usually of little 
assistance. The remainder of Mr. Miller’s discussion, therefore, 
being beside the point, will not be answered. 

In order to answer Mr. Budwig’s discussion it will be necessary 
to repeat and expound some of the material given in the original 
article and to comment upon Inspection Service Memorandum 
No. 1. 

In explaining the normal manner in which a certain airplane 
was to be flown, the author stated that the rudder must be pushed 
hard in one direction; by hard was meant to put both feet on 
the rudder pedal to try to bend it. It was impossible to push the 
pedal more than 2 inches in either direction without waiting for 
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response; while the airplane is making a turn it is impossible with 
both feet to even get the rudder pedals into neutral, much less 
the rudder. This point was brought out, not as a measure of 
lateral stability, but to show a lack of coordination in control 
forces. The aileron control could be moved to any position with 
one finger only, with absolutely no exertion. 

Mr. Budwig stated in his discussion that ‘During the directional 
stability test the wings are held level by means of the ailerons 
and during the lateral stability test the airplane is held level by 
means of the rudder.”” Had this been stated in Memorandum 
No. 1, the author’s statement that ‘Department of Commerce 
instructions are very indefinite and in some cases even incorrect,”’ 
would not have been made so broad. As requested by Mr. Bud- 
wig, the author will point out specifically parts of the memoran- 
dum that are indefinite or incorrect. 

Their instructions to determine longitudinal stability read as 
follows: ‘“‘Whether or not an airplane is longitudinally stable 
at any given load or power condition can be determined by balanc- 
ing the airplane with the stabilizer for level flight and then nose 
the airplane over approximately 15 deg. and release the control 
column. The airplane on being pointed down should increase 
its speed and the nose begin to come up.’’ This is a very good 
test for dynamic longitudinal stability, but will not assist the 
designer in determining statical longitudinal stability, although 
this memorandum does not distinguish the two. According to 
these instructions, the test is started while the airplane is rotating 
about the axis of pitch, is at the moment 15 deg. to the horizontal, 
and the air speed is slightly above cruising speed, but actually 
unknown, and the angle of incidence is unknown. How far the 
nose continues to go down will depend upon the moment of in- 
ertia about the axis of pitch and the stable righting moment. 
The moment of inertia being so much larger, it is impossible 
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to tell whether the aerodynamic moment is positive or nega- 
tive. 

The test for lateral stability reads as follows: ‘Lateral sta- 
bility is determined by setting the controls for normal flight and 
then by purposely dropping either wing. If either wing tends to 
return to horizontal with the controls released, the airplane can 
be considered laterally stable. If, however, either wing stays 
wherever you put it, the airplane is neutrally stable. If the condi- 
tion becomes worse and either wing keeps coming up or down, the 
airplane is laterally unstable. All airplanes must be at least 
neutrally stable laterally.” Contrary to Mr. Budwig’s state- 
ment, lateral stability test is made with controls released, if made 
according to instructions. If the top rudder were used to bring 
the airplane level, the test would be correct. 

The next paragraph in the memorandum, that on directional 
stability, shows a similar fault. 

Mr. Budwig’s statement that “In fact, an airplane with suffi- 
cient stability would usually dive out of a turn and assume level 
flight attitude as the controls are released,’’ is not entirely correct, 
since, if an airplane is going to recover from a turn, it will lose 
speed instead of diving before assuming level flight. 

Mr. Budwig has somewhat confused the author’s statements on 
stability and power on and power off balance. The “negative 
lift on the stabilizer, which builds up rapidly as the speed in- 
creases,’’ as quoted from Mr. Budwig’s discussion, may be built 
up from the slipstream as well as from increased speed. 

It is quite common for pilots to say an airplane is stable when 
they mean its flight is stable. The more stable an airplane is, 
particularly in roll and yaw, the more unstable will be its flight. 
The necessity to fight controls in rough, gusty air is due to excess 
of directional and lateral stability and not to an insufficient 
amount. 
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Opportunities for Aviation Training 


By JOSEPH S. MARRIOTT,' WASHINGTON, D. C. 


In this paper the author endeavors to set forth the 
possible methods of obtaining adequate instruction and 
training to enter the aviation industry either as a pilot or 
in a ground capacity. The article is written from the 
practical viewpoint of training facilities available in the 
industry itself rather than opportunities presented by 
strictly educational institutions such as secondary schools 
and universities. The author also points out some of the 
advantages and disadvantages that are apparent in the 
existing means of obtaining aviation training. 


HOSE who have kept in close con- 
tact with aviation in the past three 


years realize that it has emerged from 
a babe in arms, passed through the creep- 
ing stage, and is beginning to take an im- 
portant place in national industrial de- 
velopment. The continued expansion and 
development of this new industry can be 
accepted without question. Along with 
this progress and expansion is found a va- 
riety of opportunities likewise increasing 
for those who are adequately trained 
and qualified to find employment and fill responsible positions. 
While it is possible for some of these positions to be filled by 
men from other allied industries, a majority of the opportuni- 
ties are such that specialized training or a background of ex- 
perience is required. Since men who have had any previous 
experience are practically all connected with the industry in 
some capacity, the operators are faced with the necessity of 
calling on those who have been trained, since the expansion 
of the past few years has made the need for additional trained 
personnel evident. Therefore, an important part of the in- 
dustry itself is the training facilities which are available for 
preparing men and women to take their places in the respon- 
sible positions of the aeronautical field. 
Since it is the purpose of this paper to discuss the opportunities 
for training which exist as a part of the industry itself, only 


1 Chief, Inspection Service, Aeronautics Branch, Department of 
Commerce. Mr. Marriott graduated from Leland Stanford, Jr., 
University in June, 1917, and was commissioned First Lieutenant, 
Aviation Section, Signal Corps, in December, 1917. He was sta- 
tioned at Park Field during the war, and at the conclusion had 
passed through the stages of dual instructor, flight commander, 
officer in charge of second solo, and officer in charge of flying. 
Entered commercial aviation as manager of the Memphis Aerial 
Company and two years later-was made head of the science depart- 
ment of the Tamalpais Union High School, Mill Valley, Cal. He 
remained there five years, during the last two of which he was vice- 
principal in addition to his other duties. 

Mr. Marriott joined the Aeronautics Branch, Department of 
Commerce, in 1928. He was an inspector in and later supervisor of 
the New York district. In 1929 he went to Washington to take 
charge of the school inspection and regulation work as an assistant 
chief of the inspection section, and was advanced to Chief, Inspec- 
tion Service, in October of that year. 

Contributed by the Committee on Education and Training for 
the Industries and presented at the Annual Meeting, New York 
N. Y., Dee. 1 to 5, 1930, of Toe AMERICAN SocteTy OF MECHANICAL 
ENGINEERS. . 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


passing mention will be made of the facilities provided by strictly 
educational institutions such as secondary schools and uni- 
versities. It is, however, worth while to mention that prob- 
ably one of the best ways of preparing for a life work in aviation 
is by the route of an aeronautical engineering course. Courses 
of this nature are offered by a large number of our leading uni- 
versities, considerable impetus having been given to the institu- 
tion of such courses by the Daniel Guggenheim Foundation. 
In addition to the university courses the report of the survey 
made by the Daniel Guggenheim Fund Committee on Elementary 
and Secondar: Aeronautical Education shows that an ever- 
increasing number of secondary schools are teaching aeronautics 
in some phase. True enough, a number of these courses are 
of general information value only, but a small group of poly- 
technic and trade schools are offering courses of such a nature 
that they could be classed as vocational education in preparation 
for ground positions. 

For a first rough classification of opportunities existing in 
aviation the types of positions may be divided into: (1) Opera- 
tions requiring flying ability and experience, and (2) operations 
of a ground nature. In the first group are commercial pilots 
operating aircraft on scheduled mail runs; passenger and ex- 
press airlines; aerial taxi service; passenger hopping and mis- 
cellaneous operations; governmental pilots functioning as in- 
spectors for the purpose of examining and testing pilots for li- 
cense; aircraft salesmen demonstrating planes for sale; in- 
structors in flight-training schools; test pilots testing the prod- 
ucts of aircraft factories; specialized pilots operating some 
specific industrial mission such as aerial photography, mapping, 
crop dusting, aerial advertising, etc. 

The second group includes the engine mechanic, airplane 
mechanic, maintenance superintendent, ground-school instructor, 
airport manager, traffic agent, airport engineer, aeronautical 
engineer, research engineer, airways mechanicians, airways 
keepers, weather observers, radio operators, parachute riggers, 
instrument repair men, airport lighting specialists, and a host 
of others requiring some technical or specialized training. 

In addition to the above two groups, a third group might be 
added which would include the personnel engaged in the busi- 
ness phases which closely interlock with the activities of the 
ground and flight operation personnel. In this phase are minor 
executives and managers of such activities as aerial photography 
and surveying, aircraft sales and distribution, aerial advertising 
and promotion, airport development and management, accesso- 
ries specialists, insurance experts, factory and office executives. 
It is evident that this third group is being supplied to the in- 
dustry mostly from other allied industries and the business 
world. Therefore, no particular study has been made of the 
opportunities available for training in these fields because of 
the fact that the average individual entering such a field will 
have had previous business, sales, or engineering experience fit- 
ting him for the position involved, and he will find it entirely 
possible on his own initiative to acquire the general aeronauti- 
cal information necessary for the executive duties involved 
in that type of position. 


It will be seen readily from the preceding classification that 


the different positions in the field of aeronautics demand various 
types of training and experience. However, education in cer- 
tain basic lines will lay the foundation upon which the individual 
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may acquire specialized information leading to other and higher 
positions provided the person possesses the proper qualifications 
and necessary basic training. The desirability of adequate 
preparation cannot be overemphasized. 


OPPORTUNITIES FOR FLIGHT TRAINING 


In view of the fact that the entire first group requires ability 
and experience as a pilot, investigation should be made of the 
various avenues through which a person desiring flying training 
as a preparation for aeronautical work may acquire this instruc- 
tion and training. The different means of acquiring flying 
training may be subdivided into: (1) Military schools, (2) 
commercial flying schools, (3) individual ownership and pur- 
chase of instruction, and (4) flying clubs. 


Miuitary ScHoois 


The army, navy, and marine corps operate primary and ad. 
vanced flying training schools for the purpose of providing 
officers and flying personnel for the particular branch of the 
service involved. The fact remains that these services do not 
require the permanent employment of all the graduates of their 
schools and, although each branch of the service requires that 
the graduates of their schools undergo a period of active duty 
after instruction is completed, a large number of the men so 
trained do eventually leave the service and enter commercial 
aviation. In view of the fact that the navy, marine corps, 
and army select the applicants for these schools with a view 
to their fitness as officer personnel as well as their fitness to 
become pilots, the educational requirements are somewhat 
stricter than are required in commercial aviation. These re- 
quirements are such for the navy and marine corps that only 
applicants with the equivalent of four years of college training 
stand an appreciable chance of being accepted. The army will 
accept applicants who have satisfactorily completed at least 
two years of college or who are able to pass an examination 
which is equivalent thereto. For all branches of the service, 
there is a minimum and a maximum age requirement and strict 
physical qualifications. Providing an applicant is able to 
secure an appointment to one of these military schools, there 
is, of course, no question regarding the quality of the training 
which he will obtain. However, it is only natural that this 
training will have the emphasis of the military phase of aviation, 
and the graduate of such school, while he will have had ade- 
. quate flying training, will, in the beginning, be somewhat handi- 
capped in commercial aviation due to his lack of knowledge 
and familiarity concerning the problems relative to commercial 
operation. 


CoMMERCIAL FLYING ScHOOLS 


It is believed that the commercial schools which have been 
issued approved-school certificates by the Department of Com- 
merce provide the most complete and adequate training avail- 
able in the industry itself for preparation as a pilot. The air- 
commerce act of 1926 was amended February 28, 1929, by the 
passage of the Bingham bill authorizing the Secretary of Com- 
merce to inspect and rate civilian schools giving instruction 
in flying when such schools applied for approval. 

Under the provisions of this amendment school regulations were 
formulated and inspection and rating of commercial schools 
were under way in June of that year. At the present time 


43 schools are operating under approved-school certificates 
issued by the Department of Commerce. The results obtained 
by these approved schools have been thoroughly gratifying. 
The improved methods of instruction are decidedly apparent 
in the greater capability of the graduates whom they are present- 
ing as applicants for Department of Commerce pilot’s license. 
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This can best be shown by the figures obtained from the Depart- 
ment of Commerce records regarding the examination of pilots 
for license. A comparison of the number of student permits 
issued, which are not over a year old, with the number of the 
holders of such student permits who have applied for higher 
grades of license indicates that 60.6 per cent of those issued 
student permits continued their instruction to the point where 
they applied for some grade of pilot’s license. It is believed 
that this can be accepted as a fair figure for comparison be- 
cause of the fact that the department’s study shows that less 
than 5 per cent of those who hold a student permit for over a 
year ever apply for a higher grade of license. In comparison, 
or rather in contrast with this figure of 60.6 per cent, it is found 
that 91.6 per cent of the students enrolled in approved schools 
actually complete the course and obtain a higher grade of li- 
cense. The remaining 8.4 per cent includes not only those who 
discontinued their instruction voluntarily or were dropped from 
enrolment by the school, but also those who completed their 
course, but were subsequently disapproved for license. This 
comparison shows conclusively that the methods of instruction 
as well as the attendant conditions at an approved school de- 
cidedly decrease the factors which influence an individual to 
discontinue his training before completion. 

Further proof of the value of approved-school instruction 
methods is obtained by comparing the figures of all applicants 
for pilot’s license. For the first half of the year 1930, Depart- 
ment of Commerce figures disclose that 20 per cent of all ap- 
plicants for pilot’s license were disapproved. During the same 
period, the figures of approved-school operation show that only 
7.34 per cent of the applicants for license from these schools 
failed to pass the test for license, which means that 32.66 per 
cent of those applying from other than approved schools failed 
to obtain license. Here again, the percentage is greatly in 
favor of the approved-school instruction. This comparison 
is even more favorable to the approved school when the fact is 
taken into consideration that a larger number of the approved- 
school graduates are applying for the higher grades of license, 
that is, industrial, limited commercial, and transport, than is 
the case of applicants on the outside. By this is meant that a 
large number of those receiving instruction from other than 
approved schools acquire only enough instruction to obtain a 
private grade of license, the test for which is less difficult than 
the examination for the advanced grades. The present number 
of approved schools and their locational distribution throughout 
the United States make it possible for any one desiring to learn 
to fly to enroll at such a school with a minimum of inconvenience 
and travel expense. As an explanation of the reason for the 
results which it has been possible for the approved schools to 
obtain, it should be borne in mind that approved schools are 
required to give the student a complete course in ground in- 
struction in addition to the flying training. Also, the student 
is required to have instruction on a number of different types 
of aircraft, which increases his capability and broadens his ex- 
perience prior to the time when he actually enters the industry. 
The thorough instruction which the approved school is required 
to give the flying student has naturally increased the operating 
cost of the school. Certain advantages accrue to the approved 
school such as advertising the fact that they have governmental! 
approval and the counting of a portion of the dual instruction 
flying time as solo flying experience. However, the approved 
schools are required to meet the serious competition of the un- 
approved school which can operate without providing a ground 
school or a variety of equipment. 

As stated in the foregoing section, it is not compulsory for a 
school to obtain a Department of Commerce approved-schoo! 
certificate in order to operate. The matter of applying for a 
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rating is entirely optional with the operator. Because of the 
necessity of meeting certain definite requirements such as pro- 
viding a field of adequate size, several different types of air- 
craft, and maintaining a ground school as well as a flying school, 
a number of operators have continued to conduct their schools on 
an unapproved basis. The quality of instruction being offered 
by such schools may be of a high standing. However, there 
is no assurance that such is the case, and a careful investigation 
of the facilities, equipment, personnel, and reputation of the 
institution should be made before a person decides to enroll. 
After enrolment, the student will find that, under Department 
of Commerce regulations, only his solo-flying experience counts 
toward eligibility to apply for a pilot’s license. Consequently, 
in all probability, he will receive only a limited amount of in- 
struction in accordance with whatever restrictions the contract 
with the school calls for, and his solo-flying experience must 
be built upon his own initiative without adequate check time 
and advanced instruction. In other words, any check time or 
advanced instruction will have to be paid for in addition to 
the solo time, which very often results in the advanced instruction 
not being acquired at all. The persons involved, therefore, 
usually apply for license without adequate instruction and with 
the possibility of having acquired faulty flying habits which, 
even though they may not be dangerous, will be expensive to 
eradicate and will certainly affect the pilot's competency and 
his ability to obtain a worthwhile position in the industry. 
He also runs the chance of being in the 32.66 per cent group 
with those who are disapproved for license on the first exami- 
nation and who, on that account, are required to wait 90 days 
before being eligible to reapply. This causes considerable 
embarrassment, loss of time, and expense for additional instruc- 
tion. While it is possible for a student flier with the proper 
aptitude for assimilating flying instruction to obtain his training 
and experience in an unapproved school, he may, in the long 
run, find the course more expensive than the approved course 
would have been, which course carries with it a practical guarante> 
of being able to obtain the pilot’s license. 


INDIVIDUAL OWNERSHIP 


When an individual is so financially situated that he can pur- 
chase his own airplane and hire a pilot to teach him to fly, or 
can reverse the process, that is, hire a pilot to give him instruc- 
tion and, at the completion of the course, purchase an airplane 
to build up his flying experience, he is in a position to acquire 
thoroughly satisfactory training if he is sure of the competency 
of his instructor. The trend of aviation appears to be such 
that in the future a number of sportsmen pilots and individuals 
who purchase airplanes for their own private use will receive 
their preliminary training leading to a private pilot’s license 
from the factory or sales agency from which they purchase the 
airplane. Teaching the purchaser to fly will be a part of the 
purchase price of the airplane. If the individual who desires 
to fly only for his own pleasure or to use an airplane as a means 
of his own personal transportation learns to fly by this method, 
the result will be that the established schools, both approved 
and unapproved, will be training centers for professional pilots 
only. In this case, the tendency would be for the schools to 
lengthen their courses beyond the present requirements for 
transport grade of license in order that they might provide 
specialized phases of instruction preparing pilots for air mail, 
passenger, and airline operation and other types of pilots’ posi- 
tions. In fact, one or two of the approved schools have already 
offered advanced courses of this nature. One school in particu- 
lar offers a 500-hr. course for pilots for definite preparation 
for scheduled airline operation. This is in contrast to the custom- 
ary 200-hr. course for transport license, which is the highest 


one the average approved school is now giving. The group of 
individuals who are able to purchase airplanes and employ pilots 
to give them private instruction is, at the present time, relatively 
small. Also, a relatively small number of this group are in- 
terested in entering commercial aviation in a flying capacity. 
This group is, therefore, not a particularly important factor 
in the nation's aviation training program. 


Fiyinc CLuss 


The flying club offers an excellent opportunity for a person 
to build up his flying experience and keep his hand in after 
having acquired his preliminary instruction. Particularly is 
this the case if a person is not able to purchase a plane as an 
individual or is unable to obtain a position requiring flying duty 
immediately after obtaining his primary instruction. The 
flying club also offers an opportunity for an individual to obtain 
his elementary flying instruction if conditions are favorable 
and the club is organized properly with a membership including 
men who have sufficient experience and qualifications to serve as 
instructors, or providing the club is in such financial position 
that it can employ the services of a competent instructor. How- 
ever, it should be pointed out that the limited amount of equip- 
ment and the usual lack of facilities for maintaining and servicing 
the club airplane usually make the matter of learning to fly 
by this method a long drawn out process. Also, when the 
flying instruction is so spread out, the individual finds difficulty 
in maintaining progress and, in most instances, takes a greater 
number of hours in the air to acquire satisfactory skill in manipu- 
lating the airplane. This may cause discouragement to the 
student flier and influence him to give up the experiment before 
he has reached the place where he can obtain a license and be- 
come a producing part of the flying fraternity. 

The foregoing four methods, as outlined, now constitute 
the principal opportunities for flying training existent in the 
country today. The selection of the method of training should 
be made with the advantages and disadvantages of all the four 
available methods in mind, particularly as they apply to the 
individual himself. 

While there has been some talk in the past six months to the 
effect that there is now an overproduction of pilots in the in- 
dustry, a careful analysis of the situation discloses that a very 
large percentage of the pilots now out of employment are those 
whose capabilities and experience as pilots do not meet the 
standards set by the industry itself or they are lacking in cer- 
tain other qualifications which render them unsuitable for a 
given phase of work. Unquestionably, with the present healthy 
growth of commercial aviation operations such as the extension 
of scheduled passenger-carrying airlines, the pilot who has 
been adequately trained and who has the proper qualifications 
will be able to find a position commensurate with his capabilities. 
In this connection, it might be well to add that the industry 
does not look upon the graduate of a school, even though that 
school be approved, as a comp'etely trained product. Ability 
to fly aircraft under varying conditions of weather and other 
emergencies can only be acquired over a period of time and can- 
not be crammed into the school course, regardless of how in- 
tensive the course may be. In addition, any specialized type 
of work, such as the variety of type of positions specified in 
group one, will require additional preparation if the individual 
does not have knowledge of same prior to taking the pilot’s 
training. At the present time, very little has been done toward 
providing these specialized courses in commercial aviation 
schools. Some courses are available for aircraft salesmen, 
aerial photographers, and flying instructors, but the demand 
for such instruction has not been great enough to warrant the 
institution of many courses covering these fields. 
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OppoRTUNITIES FOR GROUND TRAINING 


Opportunities for training of a ground nature in connection 
with aircraft operation as they now exist are: (1) Trade and 
technical schools, (2) practical experience as apprentices in 
the industry, and (3) combination of aeronautical courses and 
practical experience. 

A representative group of the trade and technical schools is 
offering courses in preparation for ground positions in aviation. 
However, the nature and the value of the instruction are as diver- 
gent as the number of schools. This is due to the fact that 
there are no established standards for any of the courses of this 
type, which means that the kind and quality of instruction de- 
pends entirely upon the initiative, capability, and viewpoint 
of the instructors and operators of these schools. A greater 
portion of the trade and technical schools attempt to prepare 
a person for a position in the mechanical phase of aviation ground 
operation. This school preparation, if adequate in any Sense, 
prepares an individual to take a position as an apprentice me- 
chanic working on the maintenance and repair of aircraft under 
the supervision of licensed personnel. After having acquired 
sufficient practical experience, the apprentice mechanic is eligible 
to apply for a Department of Commerce mechanic's license, 


of which there are two types, the airplane mechanic’s license 


and the engine mechanic’s license. In addition to the trade and 
technical schools, quite a number of the commercial schools, 
especially the approved ones, are offering courses for mechanics. 
There is no provision at the present time for the rating of such 
courses by the Department of Commerce. Consequently, 
little can be said about the quality of the instruction being 
offered or the uniformity of instruction as given by the different 
schools. 

The army air corps conducts schools for mechanics for its 
enlisted personnel. This army course is a combination of 
theoretical and practical training. Together with the subse- 
quent experience obtained during the three-year enlistment 
period, it produces thoroughly competent mechanics provided 
they have the necessary aptitude and qualifications to begin with. 
The army air corps also conducts at Chanute Field a school 
for parachute riggers. To date, the graduates of this school 
have furnished practically all of the army as well as commercial 
parachute packers. In view of the recent Department of Com- 
merce parachute regulations which require a parachute packer 
to hold a Department of Commerce parachute rigger’s license 
if he is to pack parachutes used in commercial aviation, this 
type of position will become increasingly important in civilian 
aeronautics. 

New York University has done some valuable work in de- 
veloping a course for ground-school instructors. This activity 
has been conducted under the supervision of the Daniel Guggen- 
heim Committee on Secondary Education. So far as is known, 
this is the only school offering a course preparing ground in- 
structors for positions in approved schools. 


PRracTIcAL EXPERIENCE AS APPRENTICES IN THE INDUSTRY 

By far the greatest number of men serving in a ground ca- 
pacity in connection with the operation of aircraft have obtained 
the position which they now hold as a result of previous practical 
experience. These men, particularly the airplane and engine 
mechanics, served with the air service during the war or with 
the barnstorming pilot since the war and have developed their 
knowledge of airplane maintenance and repair from the “Uni- 
versity of Hard Knocks.’’ The work of an aviation mechanic is 
rapidly developing into a trade of its own. The men without 
previous experience or with a mechanical experience from other 
fields are, in many cases, entering aviation groundwork by the 
apprenticeship method. If the individual is fortunate enough to 


obtain a position where he can, by applying himself, learn the 
various phases of work in connection with the mechanical re- 
pair of aircraft, it is possible for him to acquire sufficient knowl- 
edge to enable him to obtain a mechanic’s license, and with 
the proper qualifications, to progress to a responsible position 
supervising this type of work. In many instances, however, 
the apprentice finds himself working under a mechanic who 
obtained his knowledge and experience in the early days of the 
industry and who, although thoroughly capable himself, is all 
too often unwilling or unable to impart his knowledge to the 
apprentice. Factories are hiring from time to time inexperi- 
enced employees and training them on some portion of the air- 
craft construction work. These men are not required to hold a 
license because they are not working on the maintenance and 
repair of aircraft, but rather on the construction of a component 
part under the supervision of competent engineers. Such men, 
while they have an opportunity to work into factory production, 
will have some difficulty in getting into aviation operation be- 
cause their training has been entirely limited to one phase of 
airplane construction. As the factory production increases 
and as commercial operation expands, increased opportunities 
for men to work as apprentices and learn their trade will become 
available. 


CoMBINATION OF AERONAUTICAL COURSES AND PRACTICAL 
EXPERIENCE 


The aviation ground man who obtains his training solely by 
practical experience will be limited in the advancement which 
he can make in the industry. This is true, because he will have 
learned to do certain things, but will not have learned the why 
and the wherefore. He will have no theoretical or technical 
background, and will have to rely entirely upon his experience of 
having done a job before or having seen it done in order to be able 
to do it himself. Therefore, probably the best method of train- 
ing for aviation ground positions is a combination of some aero- 
nautical course which will provide tae theoretical instruction 
regarding the position which the person desires to fill combined 
with the practical experience in work of this nature. Whether 
this aeronautical course is taken before or during the time when 
practical experience is being acquired is not necessarily essen- 
tial, although if it can be taken in conjunction, the theoretical 
training will be more easily assimilated by the student. If the 
person is to follow this method, it will probably be necessary 
for him to attend night courses or take correspondence courses 
in order to enable him to work and obtain his practical experience 
during the day. The selection of a ground course should be 
made only after a careful investigation of the reputation of the 
school and the facilities available. For courses of a mechanical 
nature, the amount of modern demonstration equipment pro- 
vided for laboratory or maintenance and repair instruction 
is an important factor. The value of a correspondence course 
is dependent, to a great extent, upon the application of the 
person taking such a course and his ability to apply practically, 
in his daily work, the principles which he is studying. Earlier 
in this article, it was stated that there was a lack of uniformity in 
ground courses and that no standards existed for relative com- 
parison of such courses. There has been a standard set up by 
one governmental agency for courses which are designed for 
the instruction of airplane and engine mechanics. The Federal 
Board of Vocational Education has issued a bulletin setting 
forth the phases of instruction essential for each of these two 
courses. The bulletin gives the duties of the airplane and the 
engine mechanic, and includes in the course outline a complete 
set of typical jobs for practical instruction. It is believed that 
the combination of theoretical and practical experience is the 
soundest means of preparation for any ground aviation position. 
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‘The necessity for some theoretical and technical instruction 
is conclusively indicated in the high percentage of failures by 
applicants for mechanic’s license who apply with only a back- 
ground of practical experience. 


New Grovunp Positions DevELOPING 


The provision for the licensing of parachute riggers, which has 
already been mentioned, is an example of the new types of special- 
ized positions which are developing in the ground operation of 
aviation. Another example is the necessity for competent 
instrument repairmen on operating airlines. Still another is 
the development of radio in connection with aircraft and the 
necessity for radio operators to handle such equipment on the 
airplane. 

The radio division of the Department of Commerce has es- 
tablished a new grade of radio operator’s license known as 
commercial third class which is specifically designed to take 
care of men operating radio-telephone or radio-telegraph in- 
stallations on aircraft. This license or a radio operator’s license 
of a higher grade will entitle the holder to serve as a licensed 
airman in connection with licensed aircraft. 

In closing, the fact should be pointed out that the acquisition of 
proper training for filling a definite ground position in connection 
with aviation depends, to a large extent, upon the ability of the 
individual to make the most of the facilities which can be ob- 
tained. His success or failure will be governed by his initiative 
and persistence in following through to a conclusion the course 
of instruction which he maps out for himself. In addition 
to the theoretical training, the practical experience is equally 
as important. The selection of the place to obtain this initial 
experience should be made with consideration given to the oppor- 
tunities which are available for progress rather than the amount 
of salary which is involved. While it may appear that the 
opportunities for aviation training for ground positions are 
limited, it is, nevertheless, possible for any one with the proper 
qualifications to equip himself adequately for a successful future 
in this work. Information relative to the names of schools 
offering aeronautical courses, either for ground or flight instruc- 
tion, can be obtained from Department of Commerce bulletins. 
The department has recently prepared a new bulletin on the 
entire subject of aviation training which will be of value to 
any one interested in acquiring such training. 


Discussion 


T. A. Sms.? After reading this paper there are several 
thoughts which may or may not be of any value. The writer 
knows little about commercial aviation beyond the average 
military pilot’s knowledge of the commercial game gleaned from 
several years’ experience in flying around the country visiting 
civilian fields as well as military. However, the writer formerly 
was stationed at the Air Corps Advanced Flying School at Kelly 
Field, Texas, as a flying instructor and is familiar with the present 
system of flying training in use by the Army Air Corps. It is 
this system which he would like to recommend to the industry. 

An enormous expansion of commercial aviation in this country 
is being held up simply because the public is still skeptical, and 
rightly so, about the safety of flying. Although the large air 
lines have a very low accident rate, the general public forms its 
opinions of aviation in its entirety, and every accident exerts its 
disquieting influence on the whole industry. So it behooves the 
whole industry to take drastic steps to demand safety in flight; 
to convince even the insurance companies by cold statistics that 
it is safe to fly. Now every one knows that approximately 75 
per cent of the accidents are caused by errors in pilotage. So 
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let us begin at the pilot factory and nip these errors in the bud. 

The standards of commercial schools at present are far below 
what they should be for the best interest of commercial aero- 
nautics in that they have no tendency to eliminate the inferior 
student. Any man who pays his tuition fee for a 200-hour 
flying course, for instance, can complete the entire course re- 
gardiess of his progress in flying ability, which may or may not 
be satisfactory. The schools should be honest enough to elimi- 
nate the student when he has reached his ultimate limit of learn- 
ing, beyond which further instruction is useless. To graduate 
such a student is a crime against the aviation industry, for this 
man is handicapped from the beginning, and lacking the normal 
safety factor he stands more chance of becoming a casualty. 

Imagine the condition at West Point if we had no method where- 
by the deficient cadet could be eliminated. About fifty plebes 
per year would just be wasting their time when carried to more 
advanced classes, because the subject matter would be so far 
over their heads that they would be completely lost. This is 
the condition that exists in the commercial flying schools today. 
Instead of turning out a smaller number of safe, dependable pilots, 
they have entered mass production of a larger number of pilots of 
the questionable variety. Compare this with the Government 
flying schools, which perhaps swing the pendulum the other 
way and graduate about 25 per cent of a class, eliminating any one 
the instant he fails to show satisfactory progress and becomes 
dangerous to himself and others. It is only fair to the student 
that he be eliminated when he reaches this stage. Unfortunately, 
some of these eliminated students will not believe that they are 
incapable of further flying, and will enter the commercial game. 
Handicapped as they are by the ‘‘lack of inherent flying ability,” 
they will eventually become a casualty. They should be for- 
ever prevented from touching the controls of an airplane in 
flight. 

Now the writer realizes that there is at present a vast differ- 
ence between commercial and military flying. As he under- 
stands it, the military pilot must be able to use his airplane as a 
military weapon; that is, the actuai technique of flying to him 
is secondary to the proper use of the military weapons at his 
disposal. He must possess “inherent flying ability” or, in plain 
language, the ability to operate the airplane automatically by 
his subconscious mind while his main mental effort is directed 
toward his enemy, his machine guns, bombs, camera, radio, his 
tactics and strategy, and countless other tasks. On the other 
hand, it would seem at first glance that the commercial pilot 
needs very little of this “inherent flying ability’”’ because he can 
devote most of his mental effort to the actual technique of operat- 
ing the plane. However, it is this “inherent flying ability” 
that the writer believes should be a requisite of the commercial 
flier as well as the military. What may happen to the pilot 
without it? He meets an emergency sooner or later wherein he 
is required to look for a landing field or make his choice between 
several courses of action, or in other words, to use his mind for 
something other than concentration on the technique of opera- 
tion. He does one or two things, both wrong; he either neglects 
the technique and allows the plane to fly itself, which, together 
with his natural tenseness on the controls, will cause the plane 
to fall off into a spin, or he neglects the headwork or judgment 
end of his forced landing, and the chances are that he crashes. 
The possession of “inherent flying ability” is an enormous safety 
factor, and the industry will do well to follow the lead of the 
military schools and demand it in their pilots. 

Now some people might question this and bring out the fact 
that the military accident rate is as high as the commercial. 
This is true, and the reason for this lies in the type of flying that 
the military services are required to perform and which to be 
of any tactical value whatsoever are far more difficult and danger- 
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ous than most commercial missions. Were the military ser- 
vices required to reduce their accident rate to the minimum, it 
would be necessary to dispense with formation flying, for instance, 
but at the expense of the effectiveness of the Air Corps as a mili- 
tary arm. 

Another thing, the writer thinks the 200-hour requirement of 
the Department of Commerce is really no fitting criterion for 
a transport pilot’s license. A student's knowledge depends not 
upon the amount of time spent in study, but upon what he gets 
out of the study, on the quality of time in the air rather than 
quantity. Quoting from the paper that ‘Graduation from a 
200-hour course in an approved school carries with it a practical 
guarantee of a license,’ the writer has seen some schoois where 
the students were merely counting flying hours in building up to 
that coveted 200; they were doing the same thing day after day 
(acrobatics) without much thought toward improvement of 
flying ability. The writer has seen one school where the bulk 
of the students were airplane factory workers, who would save 
out their $5 from their weekly pay roll and spend it for 15 minutes 
of flying instruction, a slow and tedious course, without any hope 
of sequence or any instruction in a phase of flying that took more 
than 15 minutes to complete. The knowledge of either of these 


-two types cannot be compared to that gained by a student who 


completes his course of supervised instruction within a year's 
time, who has flown in various types of airplanes, made cross- 
country flights, or perhaps flown as co-pilot on transport lines. 
The writer thinks that a stiff flight check by the Department of 
Commerce covering everything an embryo transport pilot should 
know is a far better criterion of flying ability, and too much 
should not be taken for granted upon presentation of 200-hour 
credentials. 

The third opportunity for aviation training, that of individual 
ownership, is relatively small due to the large financial outlay it 
takes at present to purchase, maintain, and operate aircraft. 
However, with the advent of standardization and mass production 
this cost will diminish in the future, and this group will become 
more important. To insure safety it will be necessary to rule 
this group with better regulations than are in existence today. 
This group is controlled mainly by the various state laws govern- 
ing flying, just as automobile licenses are controlled today. 
These laws lack uniformity; in fact, some states have no laws, 
and it is possible in these states for a man to purchase an air- 
plane, get in, and fly it away with little or no flying experience, 
when the same man would be arrested for driving his car without 
a license. It appears that the only solution rests in more strin- 
gent and uniform state regulations. So much for pilot training. 

Obviously, the graduate of any school is not a finished product. 
Under present conditions the only way a pilot can learn anything 
more is through the “school of hard knocks,’’ his own experience 
over a period of time. The pilot has several real forced landings, 
and finally learns that he can “walk away from them”’ if he 
flies at a safe altitude, so that he has plenty of time to think and 
plenty of room in which to maneuver. Finally, flying at a safe 
altitude becomes a habit. However, these lessons by personal 
experience are sometimes fatal, if the pilot makes the wrong 
decision when he gets into some predicament that he has never 
experienced. In fact, the first year after graduation is the most 
dangerous one of the pilot’s career. The various statistics on 
aircraft accidents emanating from the Chief of the Air Corps 
and the Department of Commerce are extremely valuable to a 
person who understands statistics and who studies them thor- 
oughly. By these means we learn from the experience of others. 
However, it is the writer’s opinion that there is a considerable 
amount of information on aircraft accidents that is going to 
waste because it cannot be expressed by statistics and graphs. 
By this is meant all the various details of an accident, the con- 


ditions under which it happened, what was done by the pilot, 
what happened, and a statement by an expert on what the pilot 
might have done to avoid the accident. Such information never 
gets into print and is consequently lost. The Navy gets con- 
siderable information on landing accidents by having a moving- 
picture camera trained on the approaching airplane, and taking 
the photograph when an accident looks possible. Obviously 
this is impractical for the mass of accidents, but the essential 
information could be reproduced by drawings and _ pictures. 
This information might be broadened to include personal ex- 
periences of reputable men. To be specific, suppose a pilot in a 
land had a forced landing, with the choice of landing either in 
the woods or in a river. Certainly the great collection of data 
on aircraft accidents could give some indication of the best line 
of action in this case. Also certainly some experienced pilot 
could be prevailed upon to explain the technique of landing a 
land plane on water. In the military services a common mistake 
of the inexperienced pilot having motor trouble while flying in 
formation is to pull up and out of the formation in a natural 
reaction to gain more altitude. He flies directly across the path 
of the succeeding elements in the formation, and sometimes a 
collision results. This happens several times each year. If these 
collisions were represented pictorially and repeatedly published 
to the services every time such an accident happens, it would 
soon teach every one to dive out of a formation instead of pulling 
up. Some Government agency should be prevailed upon to 
publish this detailed information as an addendum to the statis- 
tics. 

Perhaps quoting a few statistics will tend to verify some of 
these contentions. In the paper, “Opportunities for Aviation 
Training,” it is noticed that 7.34 per cent of the applicants for 
license from accredited schools and 32.66 per cent of the ap- 
plicants from other than approved schools fail to obtain their 
license, whereas the writer knows not a single case of a graduate 
of the Army flying schools failing to obtain a transport pilot's 
license. 

To summarize, it has been attempted to show that: 


1 The standards of commercial schools at present are far 
below what they should be for the best intent of com- 
mercial aeronautics 

2 The 200-hour requirement of the Department of Com- 
merce is really no fitting requirement for a transport 
pilot’s license 

3 Better state laws are needed to cover cases not controlled 
by Federal Interstate Commerce regulations 

4 Some Government agency ought to publish and dis- 
tribute detailed information of an educational nature 
about airplane crashes and the technique of flying. 


The foregoing are the writer’s personal views. 


J. S. A. Jounson.* The author has not only described in a 
comprehensive manner the present opportunities for training in 
aviation, but also has outlined fully the methods of broadening 
these opportunities and creating others. 

Of the two kinds of training, flight and ground, the former will 
appeal most strongly to the more adventurous natures. Ac- 
cordingly, with the gradual increase of aerial transportation an 
increasing number of regulatory measures must be introduced 
for safeguarding not only pilots and passengers, but also the 
general public. As small a number as possible of such means of 
regulation should be of the “‘thou shalt not’ type, but all of 
them should be designed to contribute toward the safety, com- 
fort, and convenience of both fliers and those upon the earth. In 
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congested areas aerial traffic regulations therefore will doubtless 
open up an ever-increasing number of opportunities for employ- 
ment, along with which will proceed increased opportunities for 
training in both flying and ground work. The aerial traffic officer 
of the future must possess not only great courage and skill, but 
also tact and general resourcefulness. The installation and 
operation of aerial signs and signals such as beacon lights ahd 
possibly buoys, together with effective weather forecasting and 
indicating equipment, will provide opportunities for numbers of 
well-trained and skilful pilots and other aerial employees. 

Especially significant are the author's statements regarding 
the necessity of proper general qualifications and the thorough- 
ness of basic training and preparation of the pilot and the flight 
mechanic. In many cases those who know least concerning the 
principles and mechanism of the automobile become the most 
skilful chauffeurs after a few lessons in manipulation and steering. 
In case of failure to function, the car can at least be stopped 
until aid is secured. Not so with the airplane, however, when 
failure immediately to locate and correct trouble may result in 
disaster. It would appear, therefore, that in time all agencies 
giving instruction in flying must be chartered, at least by the 
respective state governments, or come within the classification 
of the approved schools. 

With the increase of aerial transportation owners of airplanes 
and other aircraft will be required, doubtless, to secure accident 
insurance for the benefit of passengers and employees, and this 
would involve a corps of aeronautical experts in various capaci- 
ties, thereby offering additional opportunities for those trained 
in both flight and ground schools. 

In connection with flight schools, especially those under gov- 
ernmental! control, it is probably that consideration should be 
given to the establishment of Reserve Officers’ Training Corps 
units in aeronautics at certain technical schools, together with 
aerial summer camps for R.O.T.C., possibly at least one of each 
in every state, depending upon general conditions, such as popu- 
lation, climate, and topography. 

For training in ground work the opportunities would appear 
to be limitless because of the need of development of materials, 
fuels, mechanisms, and methods of construction. A broad field 
in design and research is accordingly opening up for any one with 
technical training and research ability. As in any industry, 
there have been many, and there will be many more, impractical 
suggestions and “inventions,” and it will become the duty of 
those with technical training to pass upon them. For such 
investigators, especially as the author suggests for those who 
intend making aviation their life work, the best preparation 
would be the completion of a course in aeronautical engineering 
at a standard technical college. 


R. Burpetre Date.‘ The author has confined his paper 
principally to the opportunities which exist within the aviation 
industry for those who are connected with operation and main- 
tenance. He has given but little consideration to those who are 
engaged in the planning and design of the airplane structure 
itself. He did mention the aeronautical engineer whom he has 
classed in the group whose operations are of a ground nature. 

A survey of the industry would probably disclose that not 
all those employed in the engineering department are aero- 
nautical engineers. The industry rightly makes use of many 
young men with a basic engineering background who have not 
had the advantages of a specialized course in aeronautical en- 
gineering. This is a customary procedure in the general engi- 
neering field. For example, not all technical men in the en- 
gineering department of an organization engaged in the manu- 
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facture of steam turbines are turbine engineers, but many of 
them are apprentices or cadet engineers with a mechanical 
engineering background. These young men deserve special 
training to enable them to take their proper place in the industry 
and to fit them to carry on the responsibilities of the future. 

The aviation industry is at the forefront of this forward- 
looking movement. It has observed that those industries which 
have not been active in recruiting and training promising young 
men are today suffering for their neglect. This is particularly 
true in the case of planning activities. Every industry must look 
forward to the future if it intends to maintain its position with 
the highest efficiency. 

At least one organization in the New York district provides 
special out-of-hour training for their engineering apprentices. 
Advancement in the organization is predicated on technical 
examinations which are held every six months. Their engineer- 
ing designers and draftsiuen are encouraged to attend evening 
classes in airplane design offered in technical institutions in the 
city. In selecting the general run of designers and draftsmen, 
preference is given to the young man with a sound, fundamental 
engineering training rather than to graduates of aeronautical 
engineering courses. The industry itself assumes the respon- 
sibility of providing the required specialized training either within 
its own organization or through other agencies. 

For the past three years, Pratt Institute has offered an evening 
course in airplane design. This has been very successful. Most 
of the students are actually employed in the industry, though a 
number have prepared themselves to enter the industry by 
taking the course. The enrolment is limited to twenty members, 
and these are carefully selected for their suitability and qualifi- 
cations. Many are college graduates from a general course in 
engineering or from a specialized course in aeronautical engi- 
neering, but membership is not restricted to college graduates. 
The instructor is a practical and experienced airplane-design 
engineer who is employed in the industry. The objective is to 
give intensive and practical but highly technical training which 
will be of immediate and useful application in the industry. 


Routanp H. Spauupine.’ The author has given a splendid 
paper on the opportunities for aviation training to be found in 
the industry itself. It may be of interest to know that approxi- 
mately 500 public schools are giving some form of aeronautical 
instruction. In about 50 of these the instruction is on the vo- 
cational level. The Daniel Guggenheim Fund Committee on 
Elementary and Secondary Aeronautical Education, with head- 
quarters at New York University, has been aiding the public 
schools in this instruction for the last two years by its research 
work and its facilities for the training of teachers, both for ground 
schools and for public schools. One may obtain the publications 
of this committee gratis. 

The Educational Committee of the Aeronautical Chamber of 
Commerce of America is also sponsoring the development of 
educational opportunities in aviation. Last year, in cooperation 
with the Daniel Guggenheim Fund Committee, it held the 
First National Conference on Aeronautical Education in St. Louis. 
The next one will be held in April in Detroit, coincident with 
the International Aircraft Exposition. 


AUTHOR’s CLOSURE 


I wish to take exception to Lieutenant Sims’ statement that 
the standards of commercial schools, at present, are far below 
what they should be for the best interests of commercial aero- 
nautics in that they have no tendency to eliminate the inferior 
students. I would call attention to the fact that the approved 
schools, in order to hold their certificate, are required to maintain 

5 Professor, New York University, New York, N. Y. 
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a standard that will guarantee’that nine out of ten of their grad- 
uates qualify for license. This requirement has resulted in the 
approved schools eliminating inferior students from their en- 
rolment prior to graduation. In fact, most of the schools 
have adopted the policy of eliminating such students as soon 
as their unfitness for flight duty becomes apparent. Statistics 
for the first year of approved-school operation definitely show 
that the standards of instruction in commercial aviation have 
been greatly improved. 

The Secretary ot Commerce is charged with the duty not 
only of regulating commercial aviation but also of fostering and 
promoting its development. The approved-school set-up, 
therefore, was made as nearly ideal as possible without being im- 
practical from a commercial operating standpoint. As a matter 
of fact, it was made so nearly ideal that, although it improved 
conditions so far as student training is concerned, the approved 
schools have found it difficult to maintain their required standards 
and, at the same time, make a profit. 

It is believed that the transport graduate of an approved 
commercial school is a thoroughly competent pilot. Further- 
more, in contradiction to the opinion of the discussor, it is be- 
lieved that the commercial pilot must possess inherent flying 
ability and does. He is called upon to fly a wider variety of 
weights and types of aircraft than the military pilot, under all 
sorts of weather conditions, and, in the case of air transport pilots, 
must be able to maintain two-way radio communication with the 
ground while in flight. Along this same line, Army Air Corps 
officials freely admit that commercial aviation has done more to 
develop instrument flying than the military branches. 

The author agrees with the critic that too large a proportion of 
aircraft accidents are caused by errors in pilotage. Therefore, 
anything that can improve pilot training by having the embryo 


pilot gain his experience under a variety of operating conditions 
and thus better qualify him to fit into commercial operation, 
would be of great value to the aeronautical industry. 

Lieutenant Sims points out that the two-hundred-hour require- 
ment of the Department of Commerce is not a fitting require- 
ment for a transport pilot’s license. While it is agreed that a 
certain number of hours does not indicate a pilot’s ability, it 
might be pointed out that the two hundred hours constitute a 
minimum requirement and all applicants for license are required 
to undergo a flight test to determine their actual ability. It also 
might be worth while mentioning that the graduates of military 
schools have little more than the two hundred hours’ total solo 
flying time upon their graduation. 

The author is heartily in accord with the critic’s statement that 
better state laws are needed to cover causes not taken care of by 
Federal Interstate Commerce regulations. He also is in accord 
with the suggestion that more publicity of an educational nature 
concerning airplane crashes and the technique of flying would be 
of value. 

Mr. Dale has pointed out one of the methods whereby the in- 
dustry may recruit men with a technical background and assist 
them in obtaining additional technical training needed for the 
duties involved in connection with a position in the aeronautical 
industry. His discussion bears out the suggestion that practical 
experience, supplemented by theoretical instruction, is sound 
means of advancement. 

Prof. J. S. A. Johnson’s suggestions for the further develop- 
ment of opportunities in aviation. particularly as they apply 
to the allied ground opportunities, are excellent. Undoubtedly, 
as the various phases of the aeronautical industry become better 
organized, their development will require the services of a large 
number of men trained in specialized fields. 
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Los ANGELES METROPOLITAN AIRPORT—THE Cross Is THE SoppED RUNWAY 


Management and Operation of a 
Large Airport 


By WALDO D. WATERMAN,' LOS ANGELES, CALIF. 


The policies and methods outlined indicate how an air- 
port may be managed so as to take care of all interests. 
The author covers relations of the airport management 
with transport companies operating large fleets, with air- 
service operators having fleets of taxi and charter planes, 
with schools, with dealers and distributors, with manufac- 
turers, with private owners of airplanes, with individual 
owners of single airplanes or small fleets for business pur- 
poses, and with the general public. Figures are given 
showing how a successful business has been built. 


HE management and operation of an airport presents many 
interesting problems both serious and difficult. Perhaps 
the most difficult of these is the maintenance of the proper 


1 General Manager, Los Angeles Metropolitan Airport. 

Presented at the Meeting of the Aeronautics Division, Seattle, 
Wash., May, 1930, of Taz AMERICAN Society oF MECHANICAL ENGI- 
NEERS, 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 


of the Society. 


relationship between the management and those located on the 
airport. 

In an analysis of the situation each individual class of operators 
must be considered as the problem of each is often greatly differ- 
ent from that of the others. For such an analysis the various 
operators should be grouped so that each case can be studied 
individually: 

1 Transport companies operating large fleets of planes 
2  Air-service operators operating fleets of taxi and charter 
planes 
Schools 
Dealers and distributors 
Manufacturers 
Private owners 
Individual owners of aircraft operating one airplane or 
small fleets for business purposes, such as oi] companies, 
accessory manufacturers, etc. 


Speaking for all classes there are a few fundamental rules which 
it is believed are necessary in the successful operation of any com- 
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Fig. 2 Hancars Numsers 6, 2, anp 1 at THE Los ANGELES AIRPORT 


Fic. 3. AIRPLANES IN FRONT OF ADMINISTRATION TOWER AT Los ANGELES AIRPORT 
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mercial airport upon which diversified operations are taking 
place. The first of these is that all commercial activities must of 
necessity be given every chance to operate at a financial profit 
or it is certain that a time will eventually come when they cannot 
pay their bills and the airport will be the financial loser. With 
this in view it is highly advisable for the airport management to 
exert considerable effort in publicizing the field and the operators 
thereon in as many ways as the particular case makes advisable. 

It is the policy of many airport organizations to engage in com- 
mercial aviation activities to as great an extent as is financially 
profitable. Many such airports reserve for their own organiza- 
tion passenger-carrying and charter rights, repair facilities, 
and the marketing of supplies, gasoline, and oil, etc. Although 
engaging in such activities is unquestionably in many cases lucra- 
tive, it is not a function of the airport operator. It is certain that 
many plane operators would be drawn toward such an airport if 
they were permitted to participate in such activities. If airplane 
operators conduct such businesses in competition with the airport 


operator, the situation would be very undesirable, although such 
cases are occasionally found. In an ideal set-up the airport 
management should be in such a position that it cannot favor 
any particular operator over another, whether he be an airline, 
a school, a dealer, or service station. Under such circumstances 
a spirit of good business and clean competition can be built up 
among the operators, which is the basis upon which true modern 
American enterprise is developed. 

Rules and regulations, in addition to Department of Commerce 
rules, must be promulgated; but only such rules as are absolutely 
necessary to the safety of aircraft operation and those that will 
prevent an injustice to other operators should be in force. The 
enforcement of airport rules is a difficult problem, as every air- 
port manager experiences minor infractions which under the 
particular circumstances render no hardship or hazard to any 
one, yet seriously impair the morale of the pilots. Such penalties 
as grounding or otherwise punishing such offenders can very 
quickly cause considerable friction between the pilots and the 
airport management. A new idea is now being used on the 
Los Angeles Metropolitan Airport, which has so far solved this 
rather difficult problem. A “kangaroo court” has been estab- 
lished, having its judge, prosecuting attorney, and clerk selected 
by the operators appointed by their own group. At periodic 
meetings the offenders are given a fair trial and, if found guilty, 
are fined in small amounts. The proceeds of the fines thus de- 
rived are used for development or social purposes participated in 
by all of the operators. This is being found to make the worst 
offenders an excellent policing body. The system has thus far 
proved very effective, and any hard feelings that would otherwise 
be felt toward the management are eliminated. 

With such a system there is still nothing to prevent the manage- 
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ment from taking any steps which it may see fit along disci- 
plinary lines, but naturally such authority would be unwisely 
used unless the offense was a serious one and the kangaroo court 
could not adequately take care of the matter. 

It has been found that periodical meetings between the oper- 
ators and the management are of great benefit. At such meetings 
many things can be explained and the reasons thereof enlarged 
upon by the management, thereby preventing cause for dissen- 
sion. Many constructive ideas can be obtained at such meetings 
from the operators, and many petty grievances such as exist on 
all flying fields can be aired and usually amicably settled. 

One of the most essential things to make it possible to maintain 
the proper relationship between the airport management and 
the operators is to have the original fundamental set-up between 
the management and the operators of such a nature that certain 
relationships can be established and maintained. Without this 
proper foundation there is always room for discord and strife. 
There may be many set-ups that can be used to advantage, but 


there are certain things which, if included in the original set-up, 
make the airport management’s future job much less complex. 
These are briefly outlined as follows: 

The granting of an exclusive privilege of any sort to any oper- 
ator, even though he pays well for it, is a constant source of 
trouble. If a certain firm has the exclusive passenger-carrying 
rights on the airport and another operator is seen by him to load 
in what is apparently, but not in reality, a load of pay passengers, 
there immediately arises in his mind the thought that he is being 
deprived of something which is rightfully his, and nothing will 
cause trouble and dissatisfaction more quickly than such a feel- 
ing. Unjustly the airport management immediately receives 
the blame and bears the brunt of the ill-will thus incurred. If an 
airport grants unrestricted commercial privileges to all those bas- 
ing on the airport, it then only becomes the management’s prob- 
lem to see to it that planes based at other ports do not encroach 
upon the home plane operators’ rights, which is a comparatively 
easy matter. 

The more nearly approaching ownership of hangars and hangar 
sites that can be developed the simpler the airport management’s 
problems will be, for it is natural for every one to take pride in 
ownership and look at things from a much different point of view. 
If an operator owns his own hangar or still better his hangar and 
the site upon which it stands, together with an interest in the 
flying area, he feels that he is part of the airport organization and 
will be more careful to guard and promote its interests. It also 
encourages him toward a more permanent development and a 
better standard of operations. He becomes a permanent func- 
tion of the airport, and, although spasmodically perhaps not so 
lucrative, is in the long run a much greater asset than a tenant 
who is here today and gone tomorrow. 
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One of the most necessary policies in airport management is 
to make each operator feel that those in charge of the airport take 
& personal interest in his activities and evidence a desire to be of 
help in developing his business or of assistance in solving his 
problems. A much closer relationship can be established along 
these lines if the airport manager or at least some of his staff 
are recognized pilots. If such is the case many incidental prob- 
lems can be dealt with more intelligently and the opinions of the 
airport management are likely to be more highly respected. 
Being a pilot, although desirable, is by no means the only quali- 
fication that members of airport managerial staffs should possess. 
They naturally have many problems of construction, engineering, 
and general business with which to cope, which require a di- 
versified experience. 

With an airport built on the foundations outlined the problem 
of maintaining an amicable relationship between the aircraft 
operators and the airport management is greatly simplified. The 
author is frank to admit that with the fundamental set-up which 
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exists on many airports throughout this country a harmonious 
organization would, at many times, be very difficult to maintain. 
In these cases the fault does not necessarily lie with the manage- 
ment, its personnel, or the operators, but rather with its policies 
which are basically wrong. Unfortunately many airports have 
been developed by political administrators with little thought ex- 
cept that of building a monument to their administration or have 
been developed by private capital with little thought of what 
the future held in store for them. 

To make a drastic change in policy, although apparently for 
the better, even in an airport’s infancy is oftentimes disastrous. 
This has been tried in the cases of privately owned airports which 
have been taken over by municipalities. As an example, a cer- 
tain large midwestern airport which was privately owned per- 
mitted all operators to market gasoline. Upon the acquisition of 
the airport by the city near which it was located, the new manage- 
ment of the airport decided that the revenue derived from the 
sale of gasoline should go rightfully to the city, and immediately 
took steps to bring about this change. When the operators were 
not only deprived of this revenue, but also had to pay a larger 
price per gallon for the gasoline which they themselves consumed 
than they did before municipal control, immediate dissension 
resulted. Although in some cases these operators carried on ex- 
tended operations with bases at other airports where they were not 
permitted to market gasoline and were perfectly content with 
the arrangement there, yet it was one of these operators in par- 
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ticular that raised the biggest protest. The result has been a 
belligerant attitude between the operators and the municipal 
management, although in the minds of both they are entirely justi- 
fied in the stand which they have taken. In the long run it may 
be found that although considerable revenue can be gained by 
the city in the sale of the gasoline the loss of good-will more than 
counteracts this apparent gain. 

This is cited just as one case of scores that may arise in a change 
of policy. The airport that is intelligently built with an eye to 
the future, instead of merely looking two or three years ahead, 
will always have fewer operator-managerial problems. 

Individual consideration must be given to various classes of 
operators as outlined in the opening paragraph. 

(1) Transport Companies Operating Large Fleets of Planes. 
Such an operator is one of the backbones upon which the industry 
is built. His demands are many and in most cases do not dove- 
tail well with the activities of other types of operators. One of 
his principal! difficulties is in merchandising. His clients are pay- 
ing prices for transportation considerably in excess of other means 
and therefore feel entitled to all possible courtesy and comforts 
while at the airport. It is therefore highly necessary that the 
airports from which transport companies operate have suitable 
terminal facilities available at which various conveniences are 
to be had. A comfortable waiting room is necessary, with clean 
and modernly equipped restrooms. Conveniently situated, 
should be also a clean restaurant where good food is served at 
reasonable prices, and tobaccos, confections, and current periodi- 
cals should be obtainable. Some one should be at hand at all 
times when airline passengers are present, competent to give full 
information on the many questions likely to be asked. There is 
no branch of service that will mean more to the airline operator 
than judicious attention to all of their clients’ needs. 

Air-transport hangars should be so located and fenced that 
the general public has no access to them and so that they are 
not bothered by the usual airport hangers-on. 

Many airports ground all other flying activity upon the arrival 
or take-off of transport planes. This may be very satisfactory 
from the transport operators’ point of view, but works an un- 
necessary hardship upon all other operators. When the flying 
area of the particular airport in question is of sufficient size, the 
enforcement of the Department of Commerce rules requiring that 
all ships in the air remain at least 300 feet apart and the granting 
rights of way to transport ships in the vicinity of airports should 
be entirely sufficient. Care should be taken, however, that traffic 
does not interfere with the activities of transport ships on the 
ground to the extent that they may be delayed in approaching 
the passenger terminal, and congestion, if any, at that point 
should be eliminated, as close operation to schedule is highly im- 
portant to the success of the air-transport operator. 

(2) Air-Service Operators Having Fleets of Taxi and Charter 
Planes. Such operators depend largely for their business upon 
the solicitation of customers from those drawn to the airport 
through interest in aviation and general flying activity, and of 
course the repeat business derived from their clientele. Their 
problem, as of the transport operators, is principally one of mer- 
chandizing, and they should be accorded every possible oppor- 
tunity of contacting those that visit the airport. For this pur- 
pose parking areas should be provided at locations giving a good 
view of the general flying and as free from unpleasantness as 
possible. It is highly desirable, but oftentimes impractical, from 
an operation and safety point of view, to permit the spectators 
to get as close to the operating planes as possible. 

On almost every airport it will be found that the spectators 
are likely to congregate at certain spots, and each operator feels 
that if he can park his plane nearest that spot he will be advan- 
tageously located. As airports grow this will of course be impos- 
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sible, and it has been found that rather than lose the good-will 
experienced in the past through a change in policy along such 
lines it is advisable to require all operators to park their planes 
in some area immediately in front of or adjacent to the hangar 
in which their equipment is stored. With this definitely under- 
stood in the development of an airport from its start, much future 
hard feeling can be eliminated. 

A public address system operated by the airport company 
for the benefit of all of its commercial operators or for those who 


airports should be prescribed for the flight operations of student 
planes. The carrying of tape streamers attached to the rudder 
by solo students prior to securing a private license easily desig- 
nates the plane as one piloted by an amateur, and right of way 
should be given to such planes by all except transport ships. 

Hangars in which school operators are based should be easily 
accessible to the public, and it is oftentimes desirable that they 
may be thrown open to the public, for many schools obtain their 
students from casual airport callers. 
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subscribe to its ‘maintenance can do much to build up the 
trade. 

(3) Schools. The problem of intensified student training on 
any airport where transport operations take place, particularly 
if the port is of limited size, is a serious one. One of the customs 
frequently practiced during the giving of landing practice is for 
the instructor to give his student verbal instruction immediately 
upon landing out in the middle of the field prior to another take- 
off, this instruction lasting in some cases several minutes. The 
pilot of a plane in the process of landing often questions whether 
this standing plane with idling engine is going to take off again 
or turn to go back toits hangar. This oftentimes confusing situa- 
tion can be prevented by requiring all ships headed in a downwind 
direction to keep moving. If they wish to remain stationary, 
they must head upwind, incidentally giving the pilot vision in 
the direction of approaching and landing planes. 

Certain very definite lanes within the immediate vicinity of 


(4) Dealers and Distributors. It is greatly to the advantage of 
dealers and distributors to be located on a port where intensive 
selling activities are taking place. The modern purchaser of 
aircraft no longer buys the first plane that he sees which is satis- 
factory and at the price he wishes to pay, but he will spend con- 
siderable time looking at various makes and models. The port 
having the distribution of the largest variety of planes will at- 
tract more buyers than any other. This is being fully realized 
by many distributors in that the tendency has been lately for 
them to concentrate as much as possible on one large major air- 
port. The airport fortunate enough to get this type of business 
soon becomes recognized as a leading aircraft merchandizing 
center and quickly attracts the other dealers who did not have the 
forethought to locate on it in the first place. However, such a 
situation on an airport immediately makes more problems for 
the management. Care should be taken that distributors are not 
located so close to each other that there can be any feeling that 


a 
| 
| 
q 
= 
i i 


102 AERONAUTICAL ENGINEERING 


one may steal another’s prospects. It is essential that the 
public at large have easy access to the distributors’ quarters and 
display rooms. He must be provided with office space and given 
sufficient opportunity to display his merchandise. Airport 
hangers-on should be discouraged from interfering in any way 
with the distributors’ clients. 

While on the subject of hangers-on, this type of individual, 
although seemingly at many times obnoxious, is an asset to the 
industry. These people are usually super-airminded and are 
often the go-between in many deals. They usually give a willing 
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hand when called upon and can be made generally useful. Of 
course,.there are the out-and-out airport bums who certainly 
are not assets, and steps must necessarily be taken to eliminate 
this type of individual. 

(5) Manufacturers. On airports where industry is encouraged, 
manufacturers of aircraft, engines, and other commodities are 
usually found. It is well that such industries be so located that 
they do not come in direct contact with the other airport ac- 
tivities. Their premises should be suitably fenced and protected. 


There are many facilities which an airport can well afford to 
install for the use of aircraft manufacturers and others, such as 
weighing scales capable of weighing large aircraft as units, 
compass-swinging bases, etc. Not only the manufacturer but 
the dealer and distributor finds railroad trackage essential. 
Restaurants should be provided which serve good meals at low 
prices for factory employees. Given these conditions in a good 
labor market, together with suitable airport test facilities, one 
has the principal requisites which an airport management 
should provide to attract manufacturers. Of course, the geo- 
graphic location of the airport is also a prominent factor. 

(6) PrivateOwners. The needs of the private owner are varied. 
He wants his plane stored where it will not be tampered with by 
others and where it may be kept clean and ready to go at all times. 
Service should be supplied which makes it possible for him to have 
his plane on the line, warmed up, and ready to go at any desig- 
nated time. He also wants his friends to be shown the proper 
deference when they come to the airport, either with him or 
calling for him. He usually has a certain personal pride in bis 
plane and wants his acquaintances to see it and know that it is 
his. Particular care should always be exercised by hangar 
crews in handling all planes between the line and into the hangars, 
not only of private owners, but of allships. All airport operators 
have been confronted with the problem of an occasional minor 
damage to aircraft in this process, and it is money and effort well 
spent to repair such damage at the airport’s expense and im- 
mediately report same to the owner. 

(7) Individual Owners of Business Aircraft Fleets. This in- 
cludes those operating one or more small fleets for business pur- 
poses, such as oil companies, accessory manufacturers, etc. 
This type of owner can come in many classes. He is a cross be- 
tween the private owner, the distributor, and the air-service 
operator. An airport managed to the best interests of all of these 
classes will also attract this latter type of business. 

No one set of rules can be laid down which will govern any 
particular airport to 100 per cent efficiency, and no one man or 
group of men is qualified to judge what the future has in store 
in airport management. It is the author's belief, however, 
that with the proper fundamental set-up and policy an airport 
managed along the lines outlined will be highly successful so far 
as the relationship between the operators and the management is 
concerned. The business is in a highly experimental stage, 
however, and only the future can determine the correct proce- 
dure along all lines. 

Much has been written and theorized on making the airport 
pay, but the examples which may be pointed to of such cases in 
this country are at present exceedingly few and far between. 
Perhaps an outstanding example along these lines is the rapid 
growth and development of the Los Angeles Metropolitan Air- 
port. 

This project was originally conceived and backed by the fi- 
nances of a group of Los Angeles and Hollywood business men. 
The ideal of their conception was a port planned and operated 
to meet all needs of commercial aviation. In the short space of 
thirteen months after the port was opened for operation it has 
been placed on a paying basis. When it is taken into considera- 
tion that the entire plan and layout had been developed with the 
future rather than the present in view, this rapid progress can 
be considered unusual. There are many fundamental theories 
upon which the airport has been developed, the strict adherence 
to which has been largely responsible for its success. 

The first of many problems which had to be considered was 
that of location, and the site of 394 acres located in the heart of 
the San Fernando Valley was purchased only after a careful 
analysis of its merits with respect to accessibility to the center 
of the buying power of the metropolitan area, meteorological con- 
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ditions, cost of the land, and cost of preparing the land for air- 
port purposes. 

The next problem was that of laying out the field in such a 
manner that it would adequately serve all requirements imposed 
upon it for future flying activities and building development 
without the unnecessary waste of any acreage. 

It was then necessary to install needed improvements, such 
as runway surfacing, hangars, lighting equipment, restrooms, 
restaurant, and administration facilities, in conformity with the 
scope of potential business. No effort was made to install any 
improvements for the sake of display or effect, but purely those 
that were essential to the contemplated activities, with the 
thought continuously in mind as to what the future might hold 
in store. 

The next step, then, was merchandizing the airport. In 
order to do this effectively, it was necessary to have a set-up 
which was not only diversified but fundamentally sound. The 
plan of development made it possible for manufacturers and 
operators and other allied industries to procure sites for their 
activities by either lease, lease with an option to purchase, pur- 
chase for cash, or on time. Such a plan enabled those locating 
on the Los Angeles Metropolitan Airport to get actual title to 
the property on which their buildings were located if they so 
desired. For those not wishing to put up their own buildings the 
airport company is supplying the necessary buildings on a lease 
or a lease with an option-to-purchase basis. This diversified 
plan has enabled enterprises and allied industries to avail them- 
selves of the airport's facilities in whatever manner most suited 
to their particular requirements. 

The next problem has been that of exploitation. The airport 
was dedicated on December 16, 1928, with a suitable program 
which was publicized through the press as extensively as possible. 
This launched -a year’s program of letting the public and the 
aviation industry of this country hear of the Los Angeles Metro- 
politan Airport with great frequency. 

In order to do this, it was felt that among other things it would 
be highly desirable to obtain as many record-making flights at 
the port as possible. At no time did the airport, however, in 
any way sponsor any such flight, but it was felt, as was later 
justified, that if facilities were made available and equipment in- 
stalled that would tend to make such record flights more success- 
ful if attempted at this port than at other ports, activities of that 
nature would naturally be attracted. 

The first of a series of such records to start from the port was 
the famous flight of the “Question Mark.’’ Before this was com- 
pleted, Miss Bobbie Trout took off and established the world solo 
endurance record for women. A few weeks later, Captain Frank 
Hawks took off from the Metropolitan Airport for his first trans- 
continental non-stop record, and early in the spring Herbert J. 
Fahy broke the men’s solo endurance record here. In the month 
of June, Frank Hawks again used the Metropolitan in establish- 
ing his non-stop round trip record between New York and Los 
Angeles. The following month the writer was fortunate enough 
to establish a new record for altitude, carrying 1000 kilograms 
pay load, using a Bach Air Transport. The month of August 
saw the start of Henry Brown, Lee Shoenhair, Roscoe Tur- 
ner, and the ill-fated John Woods in the Los Angeles-to-Cleveland 
non-stop air derby. At the close of the year, Misses Bobbie 
Trout and Elinor Smith established a world refueling endurance 
record for women, and a few days later Amelia Earhart estab- 
lished a new women’s world record for speed by attaining an 
average of better than 184 miles per hour over the mile course at 
the port. 

The estabiishment of nine records recognized by the F.A.I. 
during the year in no small way contributed largely to the ex- 
ploitation of the port. Exploitation was further developed by 
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building up a friendly relationship with the various newspapers, 
magazines, and news services. Every single item of news, no 
matter how small, was immediately transmitted to the press. 
No attempt was made to cram “publicity”? down their throats, 
with the result of building up a very friendly relationship with 
the press. A conservative advertising program was carried out 
through the distribution of literature, the advertising in trade 
magazines, and occasionally by newspaper advertising. 

Business has not been built at the Los Angeles Metropolitan 
Airport merely by exploitation. So far as has been possible, 
every branch of the aviation industry and allied industries, 
whether apparently suitably located or not, has been interviewed 
by representatives of the airport company with the idea of selling 
them on locating at the port. These activities have not only 
been local but in some cases national in scope. 

Getting business is one thing and keeping it is another. The 
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airport company has stayed out of all commercial activities 
which in any way might be competitive with those located here 
on the port and is therefore in an admirable position to remain 
neutral on the many problems which daily arise in the operation 
of all ports. 

Every month has shown an increase in business. Starting in 
with nothing on December 1, 1928, the Los Angeles Metropolitan 
Airport on January 1, 1930, could claim the following: There 
were 95 airplanes permanently based at the port; six hangars 
capable of housing 125 planes; two airplane factories; one en- 
gine factory; dealers and distributors representing 14 makes of 
aircraft, who have sold twice as many airplanes in the last six 
months as have been sold at any other airport west of the Rocky 
Mountains; four schools; four gasoline filling stations; three 
service and repair shops; and many private owners. 

Revenues have been derived from many sources, the principal 
source of income being from the rental or lease of hangar space, 
hangars, and ground space. Other income has been derived from 
rental of the restaurant, refreshment stand, office, and shop space. 
Revenue in no small amount has been obtained from motion-pic- 
ture companies while on location at the port. This form of 
activity has also proved quite lucrative to the various operators, 
shops, and restaurants. Certain portions of the airport which 
are held for future development bring a fair revenue from farming. 

The year of 1929 showed an operating cost of approximately 
$52,000, with an income of approximately $42,500. Contracts at 
hand and business located on the airport as of January 1, 1930, 
show an income of approximately $60,000, with little reason for 
much increase in operating costs over the preceding year. With- 
out any increase in the present business, a profit of $8000 for 
the year 1930 can reasonably be expected. 

An analysis of the income of Metropolitan Airport shows that 
approximately 75 per cent of the revenue is derived from rentals, 
the remaining 25 per cent being the revenue from sales of land 
to manufacturers and operators, less the cost of improvements 
and alterations. 
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At this time, approximately 140 acres of the flying area are investment in buildings and improvements on the part of the 
being sown to aifalfa, which from time to time during the coming airport company represents $130,000, while there is an invest- 
year will be irrigated and cut. Of course, it will be necessary ment slightly in excess of this amount which has been spent in 
to cut this alfalfa much more frequently than if grown for agri- building improvements on the part of companies located at the 
cultural purposes, yet it is anticipated that revenue from this airport. 
source and other agricultural activities will approximate $20,000. There has been no one single factor which has been responsible 

Fully 80 per cent of the floor space erected by the airport com- _ for the financial success of the Los Angeles Metropolitan Airport, 
pany is occupied, and with the same increase as has in the past but the many contributing factors as previously outlined have all 
been enjoyed it will in a short time be filled to capacity. The had their place in doing their share toward the development. 
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Airplane Instrument Vibration 


Report of the A.S.M.E. Special Research Committee on Airplane Vibration With Special 
Reference to Instruments! 


HE problem of airplane vibration with special reference to 
instruments is one of vital interest to both aircraft manu- 
facturers and operators, since safety in flying depends 
to such a large extent on accurate instruments. The present in- 
vestigation is one of a preliminary character only, and had for 
its purposes: (1) The securing of information on difficulties en- 
countered in practice, (2) the collecting of opinions as to possible 
remedies, and (3) formulating suggestions for research. 
With these purposes in mind, the committee sent out a ques- 
tionnaire to pilots, airplane operators, aircraft manufacturers, 
aircraft instrument makers, and others in the aviation industry. 


QUESTIONNAIRE AND ANALYSIS OF REPLIES 


The questionnaire and analysis of replies follow: 

1 Have you experienced any difficulties with airplane or airplane- 
engine instruments due to vibration? 

Almost every reply stated that instrument difficulties due to 
vibration had been experienced. 

2 If so, on what types of airplanes? 

The airplanes on which instrument vibration occurred covered 
all types, the reply as to type being dependent upon the particular 
operator’s experience. It is safe to say that instrument vibration 
difficulties are not limited to any one type, or to a few types, of 
airplanes. 

3 What was the general construction of the airplane in which such 
difficulties were experienced? 

Such difficulties were not limited to any one type of airplane, 
nor were they limited to any one type of fuselage construction. 
Difficulties were experienced in all types of fuselage construc- 
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tion, whether of welded steel tubing, riveted dural, or composite 
metal and wood. All phases of structure were evidently covered 
in the replies and no particular type of fuselage structure seemed 
to be free from vibration difficulties. 

4 What was the character of engine mounting? 

The engine mount was constructed of the same material, gener- 
ally, as the fuselage. Some engine mounts were detachable, 
while others were not. Wooden engine bearers were employed 
with some engine mounts, while others had the engine mounted 
on rubber blocks. 

5 What engines were employed? 

All engines, whether radial, in-line, vee, etc., were used on the 
planes which had instrument vibration troubles. Those who 
had experience with both radial and other types of engines stressed 
the fact that radial engines gave the greater trouble, while the 
six-in-line gave less trouble. These comparisons were made with 
engines in different airplanes; no particular investigation was 
made to determine if the trouble still persisted if a different type 
of engine was substituted in the same airplane. Nevertheless, 
since the airplanes are more or less similar in construction, the 
diagnosis as to which type engine gave the better results may be 
assumed as correct. 

6 What p opeller was used? 

Both metal and wooden propellers were used. If excessive 
instrument vibration trouble occurred due to the propeller, it 
was usually traced to propeller unbalance and therefore could 
easily be corrected. In no case was instrument vibration dif- 
ficulties thought to be due to some inherent fault in propeller 
design. 

7 Where was the instrument board mounted? 

The instrument board location aft of the engine was generally 
dependent upon the location of the cockpit. The conventional 
place was slightly in the rear of the fire wall. (The fire wall was 
usually located as close to the engine as possible.) The instru- 
ment boards were usually suspended between the two upper 
longerons. 

8 What was the distance from the instrument mounting board to 
the engine mount? 

The distance from instrument board to engine varied from 7 
in. in the rear of the fire wall (which was the closest of all cases 
cited) to as far away as 10 ft. The average distance in the rear 
of the engine mount was about 2 ft. 

9 What were the material and thickness of instrument board? 

Aluminum or duralumin were the common materials used in 
the construction of the instrument boards. A few instrument 
boards were reported to be of plywood construction, while one 
operator mentioned basswood. The common thicknesses for 
metal boards were either 0.020 in., the thinnest used, or 0.050 in., 
the most common thickness, or 0.091 in., which was the thickest 
used. 

10 What was the method of attaching the instrument board? Were ' 
mountings flexible or rigid? 

A few instrument boards were bolted directly to the longerons 
or cowling of the fuselage, while a few were mounted on felt 
washers or sponge rubber. The majority of the instrument 
boards were rigidiy mounted, although one or two were reported 
to be flexibly mounted. 
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11 Did the instrument board form part of the fire wall? 
In the majority of cases, the instrument board did not form 

part of the fire wall. One operator replied that it was impractical 

to have the instrument board form part of the fire wall. 

12 What was the exact character of the instrument trouble ez- 

perienced? 

Excessive vibrations caused oscillations of the compass card 
so that it was practically impossible to read. All instruments 
having indicating pointers were difficult to read since the indicator 
vibrated so badly that readings were inaccurate. 

In some cases, continued and excessive vibrations caused the 
indicating hand to drop off if it was not held in place securely by 
a small cotter pin. 

13 If the trouble was eliminated, how was it eliminated? 

The answers were few on this subject, probably indicating that 
either the trouble had not generally been overcome, or no particu- 
lar attempt had been made to overcome it. The difficulty in 
trying to eliminate instrument vibration usually lay in deter- 
mining the real cause. 

A few eliminated the trouble by flexibly mounting the instru- 
ment boards, while others did the direct opposite and rigidly 
One eliminated the trouble by changing 
engines, but this method is not expedient. 

14 Was the vibration difficulty experienced at all engine speeds, 
or at specific engine speeds? 

Difficulty was generally experienced at all engine speeds. 
Some noticed difficulty at varying engine speeds, and still others 
found that vibration difficulties were experienced at one or two 
engine speeds. 

15 Did all instruments vibrate at the same or at different engine 
speeds? 

There were very few replies to this question. Two corre- 
spondents found that various instruments vibrated at different 
engine speeds, while three found that the instruments vibrated 
at the same engine speeds. 

16 With what instruments was vibration difficulty experienced? 

The compass seemed to be affected most severely of all instru- 
ments. Altimeter and tachometer readings were also affected 
by vibration. 

17 What was your diagnosis of the trouble? 

The diagnosis by the correspondents were equally divided 
among five causes: 

1 Faulty Engine Mounts. The engine mounts were either too 
rigid or too flexible. There seemed to be no agreement among 
the correspondents. 

2 Faulty Instruments. Improper balancing for dynamic condi- 
tions were thought to be the cause of inaccurate readings. 

3 Faulty Instrument-Board Mountings. The boards were con- 
sidered to be of cheap construction, and improperly mounted, 
either too rigidly or too flexibly. 5 

4 Engine. Some engines have inherent vibration weaknesses 
which affect the entire aircraft structure. 

5 Propeller Balance. Wherever propeller unbalance was 
found to be the cause of instrument vibration, the operator was 
able to remedy the difficulty, so that this may not be considered 
an inherent fault. 

18 What are your general recommendations as regards elimination 
of instrument vibration difficulties? 

(a) Structure. A few suggested that the fuselage structure 
might be made more rigid by more bracing; the structure in 
the vicinity of the instruments especially should be well braced. 
Changes in structures, if made at all, should only be made if all 
other methods have failed. 

(b) Engine Mounting. Rubber or fiber mounting for engine 
bearers were generally favored in order to obtain a slightly more 
flexible engine mounting. 
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A few consider a more rigid engine mount desirable. 
(c) Mounting of Instrument Board. The consensus of opinion 
was that a flexible instrument board mounting was essential. 
The flexibility could be obtained either by rubber, fiber, or spring 
mountings. The degree of flexibility would depend upon the 
particular installation and would require some investigation. 

Locating the instrument board as far away from the engine as 
possible is usually a very good means of eliminating vibration 
difficulties. Most of the present-day instrument trouble could 
perhaps be diminished by proper location. 

(d) Mounting of Instruments. The opinions were, on the whole, 
very contradictory; both rigid and flexible mounting of the in- 
struments found equal favor. However, if the instruments 
themselves were not flexibly mounted, then the instrument board 
should be. 

(e) Improvement in the Instruments Themselves. It was sug- 
gested that the instruments could be improved (1) by better 
damping and balancing of component parts and (2) by more 
rugged construction of the instruments so as to be unaffected by 
vibrations. It was conceded that the more rugged the instru- 
ments were made, the more sluggish they would likely become. 


GENERAL IMPRESSION OF REPLIES 


A survey of the replies to the questionnaire shows that compara- 
tively little is known as to the exact cause or causes of instrument 
In some cases, the answers were too brief to analyze 
the whole properly. However, the questionnaire did accomplish 
its primary object. The following items stand out: 

1 That instrument vibration is not limited to any type of 
plane, fuselage construction, engine mount, or engine or propeller 
make. 

2 That changes in fuselage structure or engine mount are not 
considered essential. 

3 That instrument vibration is not necessarily limited to spe- 
cific engine speeds. 

4 That practically all instruments are equally affected by vi- 
bration. 

5 That partial elimination of vibration difficulty may be ob- 
tained by placing the instruments as far away from the engine 
mount as is conveniently possible. 

6 That elimination of vibration difficulties may be found by 
proper mounting of the instrument board and instruments, 
and perhaps further refinements in the instruments themselves. 


vibration. 


SUGGESTIONS FOR FURTHER RESEARCH 


Further research for the mounting of instruments and instru- 
ment boards perhaps should more properly be taken up by some 
governmental agency rather than by the aircraft manufactu: 
or the aircraft-instrument manufacturer. Refinements in the 
instruments, of course, can be more easily made by the instru- 
ment manufacturer. 

Several suggestions for research have been made: 

1 Records of vibrations of the instrument boards of various 
airplanes should be made. These records could be studied for 
intensities and frequencies of the vibrations affecting instru- 
ments. After the intensities and frequencies had been classified, 
they could be duplicated in the laboratory, and tried on various 
mountings of instruments and instrument boards. In this man- 
ner the comparative merits of flexible or rigid mountings of 
either instruments or instrument boards could be definitely and 
progressively studied until the difficulty had been eliminated. 
Flexible mounting could be obtained by use of rubber, fiber, or 
small steel springs combined with a small dashpot. 

Steel springs have natural vibration frequency of their own, 
so that any spring system would have to be thoroughly tested 
out before the vibration of instruments could be overcome. 
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2 Experiments should be made with the instrument board 
mounted on steel springs whose tension can be adjusted. It 
would be by this means that the instrument board could be 
adapted to any condition met with an airplane. 

3 Experiments could be conducted on different weights for 
instrument boards. It is possible that the instrument board is 
insufficiently loaded; a flexible mounting might then not effect 
much improvement unless it were too flexible to be practical. 
The loading of the instrument board could be varied to increase 
its natural period, and then combined with a flexible mounting 
to eliminate vibration difficulties. 

4 Further refinements in instrument construction could be 
carried out by the instrument manufacturer. It has been sug- 
gested that an application of the principle of the Lanchester vibra- 
tion damper may help those instruments which employ indicating 
pointers. The instrument pointer could be mounted on its pivot 
and driven through some simple frictional or hydraulic connec- 
tion operated by a somewhat heavier pointer. The Lanchester 
vibration damper would not, however, take care of dynamic 
unbalance and therefore would practically be useless. 

Hydraulic systems are not reliable since they are affected by 
temperature and humidity variations. 

As soon as a definite program for research is successfully con- 
ducted, other improvements will naturally suggest themselves. 

Grateful acknowledgment is made to all those who contributed 
replies and information to the committee. 


Discussion 


E. H. Huuu.? Until airplane engines and propellers can be 
made nearly vibrationless by proper design and balance or 
isolated from the fuselage by elastic supports, a device such as 
is suggested in paragraph 6 of “General Impression of Replies” — 
namely, an elastic suspension of the instrument board—will 
be desirable. 

Referring to “Suggestions for Further Research,” the fre- 
quencies present in the instrument board, with their approximate 
relative amplitudes, can be quickly determined by Frahm-type 
vibration tachometers. The frequencies of response of the 
instrument parts such as pointers can be determined by observing 
them, while in vibration, through a stroboscope. 

Knowing the lowest impressed frequency which causes trouble, 
a frequency of suspension of the instrument board can be chosen, 
using the expression 


1 


where the transmissibility e is the ratio of the amplitude of the 
board after suspension to the impressed amplitude, w is the 
impressed frequency, and w, is the natural frequency of the board 
on its elastic supports. Any elastic material may be used in 
the suspension. The board itself should be made as rigid as 
possible to avoid flexural vibrations in itself. 

Helical steel springs “have a natural frequency of their own” 
when the ends are held and the middle part vibrated as in valve- 
Spring surge, but this frequency is very high and should not be 
troublesome here. The instrument board will show a natural 
frequency (the w. mentioned) when mounted by any elastic 
means, such as rubber, springs, cork, etc. It is necessary for 
the impressed frequency to be well above this natural frequency 
of the board on the mounting before any benefit can be gained 
from the elastic mounting. 


_ * Research Laboratory, General Electric Company, Schenectady, 
N. Y. Jun. A.S.M.E. 
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Stops incorporating heavy damping for limiting the motion 
of the board would be desirable at take-off and landing. Con- 
nections, electrical and mechanical, to the instruments mounted 
on the board must be flexible. 

When a body is supported between two springs, its natural 
frequency in the line of the springs is not dependent on the initial 
tension in the springs. Thus the mounting cannot be varied 
to meet requirements of different stiffness along the spring 
axis by varying the spring tension. The spring constant itself 
must be changed. 

Loading the instrument board will decrease its natural fre- 


quency since w. = Vi when c is stiffness and M mass. 


Light or heavy boards can be made to give the same isolation 
providing the natural frequency of each, determined by its 
elastic support, is the same. If the board is made heavy, the 
stiffness of the supporting means may be increased in proportion, 
maintaining the same natural frequency on these supports, and 
hence the same isolation. The isolation obtained in any case 
depends on the natural frequency of the board on its mounting; 
the lower this frequency the better will be the isolation. 


J. Ormonproyp.? The question of proper mounting for 
airplane instruments comes in the field of general vibration 
theory. In order to treat the question rationally, the source 
and frequency of the disturbing force must be known and the 
elastic and mass properties of the instrument mounting must 
be known. The problem of adjusting the instrument mounting 
to the known disturbances is one which has been solved in a 
tremendous number of engineering problems in other fields. 
The probability is overwhelming that the disturbances come 
from the engine rather than from any aerodynamic instability 
at the airfoil surfaces. Since an airplane engine operates most 
of its time at two more or less fixed speeds, its full speed and its 
cruising speed, it is possible to predict at least the frequencies 
of all the disturbances which can arise at the motor. These 
disturbances will have engine r.p.m. frequency or some multiple 
of that frequency. The possible sources of disturbance are: 

1 Unbalance—one cycle per revolution 

2 Torsional critical speed—some multiple taken in half 
steps of r.p.m. 

3 Torque reaction—firing frequency 

4 Crankcase vibration—one cycle per revolution. 

There are known methods for reducing unbalance, torsional 
critical speed, and crankcase vibration to unimportant magni- 
tudes. In most engines to be found in modern airplanes these 
steps have been taken. Torque reaction, however, is a phenome- 
non so inherent in the operation of the internal-combustion 
engine that the only way to get rid of it is to stop the engine. 
However, since torque reaction is inevitable, instrument mount- 
ing should be so designed that the frequencies from torque re- 
action at the running speeds are not in resonance with the 
instrument on its mounting. 

Technical literature is filled with papers on the subject of 
spring mounting. It is to this field that the designers should 
turn their efforts. In line with this, probably the most im- 
portant step which can be taken would be toward the accurate 
measurement of the frequencies and amplitudes of the dis- 
turbance actually found at the instrument boards. Any number 
of commercial instruments for the recording of vibrations are 
already in existence, and any number of special electrical devices 
for measuring these quantities have already been devised by 
various manufacturers who have had vibration troubles in 
their own equipment. 


3 Experimental Division Manager, Westinghouse Elec. & Mfg. 
Co., Philadelphia, Pa. 
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The group of manufacturers interested in airplane instruments 
should be warned that they must stand on their own feet in 
the solution of this problem. While the Government is very 
active in certain centers, such as the Brooklyn Navy Yard, 
Wright Field, and Langley Field, in the study of vibration 
problems, it does not have the same immediate interest in their 
solutions as those interested in the commercial exploitation of 
the parts affected. 

The writer believes that the questionnaire method of starting 
the solution of any real technical problem is fundamentally 
wrong. The committee should get a man who can study the 
theory of vibration and work out its immediate application of 
the problem in hand. The questionnaire merely dodges the 
real issue by making what is distinctly one man’s business, 
everybody's business, and therefore nobody's business. Surely 
there is somebody in the airplane industry or in the airplane 
instrument industry who can go deeply into the study of vibra- 
tion theory and bring order out of the chaos of ideas which is 
shown to exist in the answers to the questionnaire. 


S. J. Zanp.‘ It has been the writer's experience that instru- 
- ments perform very satisfactorily on some ships, but, due to 
the excessive vibrations of other ships, the same instruments 
fail. The problem therefore is to find out exactly the source 
of these vibrations and eliminate them as much as possible. 
This is similar to the solution which Mr. John Lee suggested 
of eliminating noise in the airplane cabin. ‘It would be much 
wiser,” he said, ‘‘to remove the source of noise, rather than 
dampen the noise by insulating the cabin.” Similarly, it would 
be much wiser to eliminate airplane vibrations rather than try 
to eliminate the vibrations of the instrument board alone. 

The problem of airplane vibrations and its relation to instru- 
ment performance is much more complex than generally realized. 
Any elastic system or any elastic body which is suddenly sub- 
jected to an external force, or if a continuously applied force 
is suddenly removed, will vibrate; which means that the elastic 
forces of the system will no longer be in equilibrium with the 
loading. 

The airplane is a structure which consists of many individual 
parts, and each part will be subject to what is called natural 
vibrations, which in turn will produce on the instrument board 
a resultant vibration of quite a complicated nature. 

To solve this problem theoretically would be a task great 
enough for a mathematician of the highest skill. The writer 
does not want to say that a theoretical solution is impossible, 
but anybody who has had experience with differential equations 
will agree that the interpretation of the same for practical pur- 
poses is very difficult and very often impossible. 

It is the writer’s conviction that the engine is the main offend- 
ing part. This is due to the difficulty of balancing any internal- 
combustion engine. In the case of radial engines, perfect 
balancing is impossible, at least at the present time. 

Empirical methods in accord with the recommendations by 
the committee are favorably regarded, and for this purpose an 
apparatus faithfully recording the vibrations is the first item 
necessary. 

There are a number of very fine vibrographs on the market, 
but, owing to their weight and size, none is particularly suitable 
for aircraft use. 

The size of such an instrument should be the same as of all 
other aircraft instruments, and the weight should be similar 
to that of one of the standard aircraft instruments, so that sub- 
stitution can take place without materially changing the loading 
of the instrument board. Such an instrument is not easy to 
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construct as it involves a number of parts which have to be 
assembled in a very small case. 

In order to have a reference point which will not move, a 
long-period pendulum is necessary. Such a pendulum ought 
to have considerable length, which is in direct contradiction to 
the statement made regarding the small size. The writer is 
firmly convinced, however, that by using differential, harmonic, 
or even gyroscopic pendulums, an apparatus recording the 
vibrations of an airplane can be constructed in the standard 
airplane instrument size, but it is, as explained, a rather difficult 
proposition. 

The stiffness of instrument boards should be studied. Any 
attempt to load instrument boards to increase their natural 
period should be discouraged; adding weight to any existing 
part of the airplane is poor practice, and even if it should prove 
one of the solutions, it will not be acceptable to the airplane 
manufacturers. 

Owing to such obvious reasons that need not be mentioned 
here, the use of dashpots as a dampening medium for instrument 
boards is entirely out of the question. The suggestion referring 
to the use of steel springs should be taken with reserve. It 
should be borne in mind that steel springs produce changeable 
magnetic disturbances which might affect the compass. Further- 
more, steel springs corrode. Brass or Monel metal could be 
used more advantageously. 

There is no difficulty in figuring the natural frequency of 
springs. It can be done in a few minutes by the following pro- 
cedure: Denoting k, the load necessary to produce a unit 
extension of the spring, then the static deflection of the spring 
under the weight W will be 6 = W/k, and at once the period 


6 
and the frequency any! 
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The k is a constant of the spring and can be either measured 
or else found from the diameter of the spring, diameter of the 
wire, and characteristics of the material used; a simple mathe- 
matical calculation and any engineering handbook gives all 
the necessary formulas. 

The best solution to overcome excessive instrument-board 
vibration is to suspend the same pendulously. If the instru- 
ment board should have the same period of vibration as the 
r.p.m. of the engine in the case of a rigid suspension, then the 
same instrument board, in order to be immune to vibrations, 
ought to be suspended in such a way as to have a period of 
1200/60 X '/, = 4 sec. (assuming the lowest flying r.p.m. to be 
1200). It is at once apparent that to obtain such a low period, 
considering the space available for the spring suspension, is 
not easy. 

In paragraph 4 of “Suggestions for Further Research,’’ the 
use of a Lanchester damper is advocated. This is highly im- 
practical, as the Lanchester dampener is used to dampen tor- 
tional vibrations of crankshafts, i.e., of bodies of considerable 
mass and revolving at high speeds. The pointer of an instru- 
ment is the lightest part and revolves very slowly. For example 
in a rate-of-climb indicator the pointer revolves with a maximum 
speed of about '/; r.p.m., and in 10,000 ft. altimeters, about 
1/,r.p.m. These values are maximum for commercial airplanes. 

When one hears about improvements in instrument design 
suggested by people outside of the instrument industry, he is 
naturally inclined to be slightly skeptical. The majority of 
engineers, outside of the instrument makers, hardly realize the 
complexity of the problems. Aircraft instruments are com- 
promises, and a very brief illustration will prove this statement. 

The main difficulty when designing instruments for aircraft 
use is the fact that the power available to produce indication 
is very small, In an altimeter, for example, for a difference 
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of 1000 ft. the available power is equal to about 1 in. of mercury 
pressure difference. For a range of 10,000 ft. there will be, due 
to the logarithmic form of the pressure-altitude curve, about 
6 in. of mercury. The movement of the diaphragm, due to that 
pressure difference, is not larger than '/z in. This movement, 
in order to be read with ease, has to be amplified tremendously, 
from 100 to 400 times. Thus it is seen at once that any attempt 
to introduce additional friction to dampen out errors due to 
vibration would be ill-considered. Friction must be eliminated 
as much as possible in order to achieve the amplification of 
motion aforementioned. 

If one looks at a sketch of an altimeter he sees a great simi- 
larity to a vibrating reed. That the instrument makers are 
able to produce very reliable instruments which will stand some 
vibration is not a mere coincidence, but the result of very careful 
design and a great many calculations. 

When an instrument performs satisfactorily op the majority 
of airplanes, but fails on some of them, it is not the fault of the 
instrument, but generally the failure can be traced to terrific 
vibration of the instrument board or parts of the structure near it. 

The work of the committee is appreciated, as it will no doubt 
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give the incentive both to the airplane motor and instrument 
manufacturers to study the vibration problem thoroughly. 
It is unfortunate that the committee could not obtain quanti- 
tative and qualitative data on vibrations. Without this in- 
formation, very little can be accomplished. 

Through the proper cooperation of the airplane industry 
with the instrument manufacturers, and possibly with the help 
of Government agencies, such as the Bureau of Standards, a 
very satisfactory solution of the problem can be obtained, and, 
needless to say, instrument manufacturers will be delighted to 
cooperate. 


Avutuops’ CLOSURE 


Many thanks are due to Mr. Hull for his valuable suggestions 
on practical methods for further research. It is hoped these sug- 
gestions will be acted upon by experimenters in the field. 

Mr. Ormondroyd’s reference to technical literature will be 
studied further, and it is hoped, at a later date, to issue supple- 
mentary data on this literature. 

Mr. Zand’s discussion is equally as valuable and will undoubt- 
edly provide stimulus for further work in the field. 
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Airplane Cabin Engineering 


By PIERRE FREYSS,' NEW YORK, N. Y., anp JOHN F. HARDECKER,? PHILADELPHIA, PA. 


The intense interest in the development of the interior 
design of the airplane is the national consequence of the 
competition between the airplane, the Pullman car, the 
automobile, and the motor bus for the patronage of the 
general public. Appealing as the plane does to that 
class whose time is of extreme value, it must offer a degree 
of comfort, convenience, and luxury comparable with 
other means of transportation. 

While essentially a problem of the decorator, interior 
design demands the whole-hearted cooperation of the 
aeronautical engineer. It must be always in mind from 
the inception of the structural design, so that the maxi- 
mum opportunity for eye appeal is assured the decorator. 
Wall, ceiling and floor treatments, hardware, sanitary 
equipment, accessories, chairs, windows, doors, sound- 
proofing, and fireproofing, all are within the scope of 
interior design. All must be blended into a harmonious 
whole, keeping ever in the forefront of the design the 
fundamental aeronautical requirements of minimum 
weight and maximum space utilization. 

M mere flying machines; they are 
a mode of transportation rapidly 


gaining equality with long-established 
contemporaries in many respects and 
already far exceeding them in certain 
phases. As a fitting climax to this rapid 
cycle of evolution, the proponents of air 
travel have become aggressively interior- 
conscious. Luxury evolved after literally 
scores of years in other means of trans- 
portation is demanded in a few short 
years, not as a consequence of mere pride 
or ambition, but as a necessity of travel competition. * 

Flying is rapidly ceasing to be an adventure. The owner- 
ship and utilization of a plane as a means of transportation is 
a matter of convenience and comfort. The development of 
large transport cabin planes has made it possible to travel by 
air with a security and comfort comparable to the automobile 
and motor boat. It is always a proof of stabilization when an 
industry so fundamentally mechanistic as aircraft reaches a 
point where, in addition to satisfactory functioning, there arises 
a distinct demand for elegance, style, and beauty. 

This demand for interior styling is a natural consequence of 
the expansion of the prospect lists for aeronautical sales, either 
of planes or transportation. The youthful enthusiast who 


ODERN airplanes are no longer 
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spends freely of his time about flying fields, anxiously soaking 
up technical details of aircraft construction and operation, ever 
willing to do anything to get a flight or get into aviation, is 
still worthy of cultivation in the general scheme of things aero- 
nautical, but he is not the best prospect for sales. His sym- 
pathetic understanding of the many ramifications of a highly 
technical profession is indeed gratifying to the ego of the aero- 
nautical specialist, but his is, primarily, an ambition to find in 
aviation a means of livelihood. 

The real prospects are the individuals of means and large cor- 
porations. These prospects have neither the time nor inclina- 
tion to master the details of the theory of flight, structural 
analysis, or flight operations, but they depend to a large ex- 
tent on eye appeal in establishing their confidence in air trans- 
portation. 

This attitude is not a consequence of indifference or laziness, 
but a natural derivative of the popularization of other means 
of transportation. Surely the utilization of a Pullman car 
as a means of travel does not demand an intimate understand- 
ing of railroad construction and operation, nor the ownership 
of a private automobile that its possessor 
must be an expert on gasoline engines. 
More and more, these competing means 
of transportation depend upon the luxury 
and comfort of their interiors for sales ap- 
peal. The more the airplane can suggest 
the same degree of ease and refinement 
in its interiors, the better able it becomes 
to meet travel competition. 

It would therefore appear that the 
problem of interior design might be 
relatively simple at first glance if style 
standards are adopted which are al- 
ready stabilized by competing transporta- 
tion agencies. Immediately following this thought the ques- 
tion of weight enters the mind, and the designer is face to face 
with perhaps the greatest problem to be encountered in plane 
interiors. Practically every material or part evolved in quan- 
tity production for other industries, and therefore decidedly 
attractive in price and availability to the airplane manufacturer, 
is automatically barred on this single count—it is too heavy. 
This single factor alone is responsible for the fact that origi- 
nality is necessary from the very inception of interior design, 
an originality which requires extreme ingenuity in an industry 
which at present is far from mass production possibilities. 

Following closely on the heels of the weight inhibition is 
the restriction on design imposed by space limitations. Luxury 
and comfort are most easily accomplished and suggested by 
the generous utilization of space; to achieve the same effect 
in the decidedly restricted confines of an airplane interior calls 
for extreme skill and artistic legerdemain. In addition, and 
each a distinct problem within itself, is the need for sound- 
proofing, fireproofing, and the providing of the many acces- 
sories to comfort so readily supplied in other transportation medi- 
ums, which in the airplane become a distinct problem in spe- 
cialized interior design. 
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PRELIMINARY ENGINEERING CONSIDERATIONS 


While this matter of interior design is essentially the problem 
of the decorator, he must be assured a close degree of coopera- 
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tion from the aeronautical engineer if he is to accomplish the make an attractive interior out of the resultant cut-up, odd- 


most desirable results. No greater mistake in management angled interior spaces. 
can be made than to design a commercial passenger plane purely Windows and doors should be a primary consideration in 
the preliminary layout of the plane design. Windows should 


be preferably long and narrow, in order to accentuate the ap- 
parent length of the cabin, and odd shapes should be avoided. 


he 


Fig. 1 Canin oF BwurNELLI, 20-PassenGeR ArR TRANSPORT. 
ArMcHAIRS TAKE OWING TO THE ALL-WING TyPE 
OF FUSELAGE THE CABIN Is VERY WIDE 


Fie. 4 Controt Casin oF Curtiss Connor AIRPLANE 


Fic. 2 Luxurious Sikorsky AMPHIBION. PRATT AND WHITNEY 
PuRCHASED Tus PLANE FoR Use oF Its Executives 


Fic. 5 Bausam Woou Appiiep To CABIN FoR INSULATION 


It is also highly desirable that no construction members show % 


through the window opening, as the general public does not ‘a 
Fic. 3 Bustvess PLane Urpnousterep Vetmo Monarn have sufficiently adequate conception of the strength in- 
herent in tubular members of small diameter. Doors should “! 


VELVET 
not only be of regular shape, but they should be sufficiently large 


for natural entrance and exit, and should be made sufficiently 


on the basis of aerodynamical and structural considerations, 
thick to inspire confidence, as to the public they often suggest 


and on its completion, call in the decorator and defy him to 
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the only protection against being suddenly catapulted off into 
space. 

In arranging for lavatory space, due regard should be given to 
the dimensions of available sanitary units to avoid costly special 
installations. Floors should be adequately supported and of 
such section as to give a solid feeling to the feet of the passenger 
walking over them, as nothing so readily suggests flimsiness to 
the lay mind as a floor that gives with every step. Windows 
that are intended to be adjustable must be readily so, and this 
at least is one respect in which the railroad car is not to be taken 
as an example of desired practice. Provisions for ventilation 
and heating are part of the interior design charged to the aero- 
nautical engineer. 

All controls and operating mechanisms, while desirable of 
concealment behind the walls of the cabin, should be so ar- 
ranged in coordination with the interior finish that they may be 
readily reached for routine inspection and emergency repair 
through removable panels that suggest a routine function rather 
than a hurried tearing down of the plane interior that is sugges- 
tive of fear and danger to the passenger. In fact, the mili- 
tary practice of making a layout and mock-up of fixed equip- 
ment and useful load in the development of a plane design 
may well be followed by the commercial-plane designer in his 
planning of interior design installations. 

The foregoing, while indicative of a considerable effort on 
the part of the aeronautical designer in achieving a satisfactory 
interior, must be regarded in the light of a task which, well 
performed, bears fruit in every single unit produced of a given 
plane model. This may to some extent suggest a monotony 
of interior design, but it must be borne ‘n mind that once these 
essentials are properly established for any given model, the 
decorator by his skill in choosing appointments and finishes 
can add infinite variety to each individual plane unit. In fact, 
many planes purchased for private use are custom decorated. 


Decorator's GENERAL PROBLEMS 


Avoidance of monotony is one of the decorator’s problems 
which he must be careful not to exceed by over-emphasizing 
pattern and color, lest the interior disturb the sensitiveness of 
people subject to air sickness. The decorator must create an 
interior into which the psychological factor of security enters, 
and build effects which indirectly assure the naturally timid 
with their recurrent thoughts of their long distance above the 
ground. He therefore has to choose tones and textures that 
have an appearance of substance and reliability and by handling 
style and line give an assurance of maximum strength. The 
whole interior should put the individual into an intimate at- 
mosphere, confronting him with materials and fabrics he is 
accustomed to, and which conceal any unfamiliar members or 
construction which, to his excited nerves, may suggest fragility. 
The reduction of noise, the single remaining factor that suggests 
breakability, is now receiving serious consideration by all air- 
craft manufacturers, and real progress is being made. 

The finished product of the decorator’s art is at once a study 
in harmony and contrasts. It cannot be reduced to a simple 
engineering formula applicable in all cases. Each plane may be 
said to be an individual study, an attempt to apply the decorator’s 
skill to the interpretation of the individual wishes of the owner 
much as the interior decorator functions in finishing the interior 
of a home, hotel, or club. Therefore no attempt will be made 
to draw detail word pictures of individually finished interiors. 
Even the photographs offered, with their accompanying de- 
scriptions, are not a sufficient presentation of the assembled 
effect, for they do not show conclusively for ready perception the 
wonderful crowning effect of color in creating the true beauty and 
luxury of the modern airplane interior. Therefore, the major 
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materials, chiefly textiles, which are used for walls and ceilings, 
will be treated only in a general way, leaving for detail treat- 
ment the less obviously visible treatment of the interior, and 
also the many accessories and fitments which form such a signifi- 
cant part of the coordinated whole. 


WALL AND CEILING FINISHES 


When choosing textiles, it is easier to find suitable decorative 
fabrics for walls and ceilings with harmonizing contrasts as the 
plane grows larger in size. These textiles are in a large propor- 
tion combination rayoh weaves with modernistic designs, as 
modern art is the most suitable for the decoration of the airplane. 
The rayon weaves give the glint of silver best. Silver plays 
a large part in the aeronautical color scheme, as the aerial at- 
mosphere favors its neutral and restful tone. Wool damasks, 
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Fic. 8 Knock-Down Type or Construction Usep For AIRPLANE 
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cotton, rayon, and rough-weave Rodier fabrics are most success- 
fully used in the bigger transport planes for sidewall panels. 
In weight these fabrics vary from 7 to 12 oz. per sq. yd., the gen- 
eral and best weight being from 8 to 9 oz. 

The usefulness of a woven fabric has been questioned by many 
an engineer. Some advance the opinion that it will soil and 
cannot be cleaned; others fear its inflammability. This latter 
has been overcome by a special treatment which makes it en- 
tirely fireproof, and which will be presented later. Yet fabrics 
have won their way because they are light in weight, strong, 
decorative, and do not soil more readily than other materials. 


i 
: 
; 
$ 
& 
: 
i 
> 
> 
' 
Be 3 
| 


114 AERONAUTICAL 


They have withstood the test, and many a large transport 
plane inspected after two years of service shows fabrics which 
have neither faded nor stained. 

Fabrikoid, an imitation leather, which is a washable fabric, 
is of course more suitable, but up to the present this lacquered 
fabric has been produced only in plain colors. These colors are 
of the same tone as the Duco colors. So instead of being sub- 
dued as are the woven cotton and rayon fabrics, they are very 
decided in coloring. The decorators have tried in many ways 
to render Fabrikoid more decorative by air-brushing designs 
on it or even embroidering it with modernistic designs as was 
done in one cabin of the Commodore plane. Yet it has been 
impossible to obtain the highly decorative soft effects so greatly 
sought after for plane interiors. Therefore attention has been 
directed to developing new designs in light and strongly woven 
cotton and rayon fabrics. The woven fabric has a decided ad- 
vantage in absorbing sound, a property which the lacquered 
Fabrikoid lacks. 


Vem 


ENGINEERING 


deaden the sound is the new rubberized carpet, with a heavy pile 
of wool backed by rubber. This carpet is very easy to place, as 
contrary to the ordinary carpet, cuts are not joined by sewing. 
After the carpet has been cut, the two straight edges are pushed 
together, and a tough web of strapping, impregnated with a 
special cement, is laid along the back of the joint, overlapping 
it for several inches on each side. When the cement has set, the 
joint is firm and unyielding, the resilient back and the strapping 
having been firmly fused, while on the face of the carpet, the 
thick pile meshes together and the seam is invisible. As the 
resilient back is waterproof, the carpet can be scrubbed on the 
floor. If damaged by stain or burn, the offending spot can be 
quickly cut out, another piece inserted, and not a trace of the 
joining will show. 


FIREPROOFING TEXTILES 


It is highly desirable that the textiles used in plane inte- 
riors be fireproofed. The processing of textiles by fireproofing 
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The best solution is to combine the use of woven fabrics and 
Fabrikoid. Places like sidewalls where a decorative effect has 
to be obtained are covered with a modernistic woven fabric, and 
Fabrikoid is used on the ceiling, in the lavatory, galley, and 
entrance. In many cases Fabrikoid is used for seat covering as it 
is a very strong and resistant fabric which can be washed, while 
the softer woven fabric is subject to replacements. 

Mohair pile fabrics, or mohair velvets, find considerable 
favor in small planes, where they are utilized in a manner similar 
to the decoration of an automobile interior. Genuine leather, 
in upholstery finishes, is sometimes used for chairs or sidewalls 
in small planes. Many cabins use veneers or plywood for walls or 
ceiling, finished in natural-wood finishes or treated with the 
many decorative design finishes used in modern building in- 
teriors. In others, plymetal, with its finish surface of aluminum 
or duralumin, cored with light woods such as balsa, is utilized. 


Fioor CovEeRING 
Carpets are used on the floor. The latest contribution to 


formulas should leave the fabric as nearly as possible in its 
original color and texture. This can be done in most cases, but 
as chemicals are made a part of the cloth, in some cases there 
is a slight change in the color. This change usually consists of 
a slight darkening. 

The fireproofing of textiles is usually done by one of two 
methods. The first is to impregnate or coat the fibers with mate- 
rials that do not burn, and in that way exclude the air and raise 
the ignition temperature. The other method is to impregnate 
the fibers with chemicals that liberate a gas when they are heated, 
this gas cutting off the air supply, so that the fabric does not ig- 
nite. Of course, both these methods do not prevent the burning 
of a cloth, but they do eliminate the rapid burning of the fabric 
and therefore reduce the fire hazard. 


WATERPROOFING OF TEXTILES 


It is highly desirable to waterproof or showerproof the fabrics 
used in amphibions, flying boats, and seaplanes. This is usually 
done as a precaution against water damage of the fabrics. The 


Vi | W | NG/ 
| | 
3 


AERONAUTICAL ENGINEERING AER-53-14 115 


showerproofing of textiles also involves the impregnation of 
the fibers with chemicals that make them resistant to water. 
In looking at an unprocessed woolen or cotton fabric under 
the microscope, one notices a decided absorption when it is 
brought in contact with water. The same fibers that have 
been showerproofed, by the ‘“Cravenette’’ process would not 
absorb water and if viewed under the microscope would show 
some beads of water clinging to the outer surface. 

There are a great many methods of showerproofing cloths and 
their effectiveness is as varied as the processes. Most shower- 


Fic. 10 Some Types or Arrcrarr HARDWARE 


Fie. 11 ACCOMMODATIONS 


proofing processes consist of some surface coating of the cloth 
which has no permanence and is not very efficient. The “Cra- 
venette” process of showerproofing involves the saturation of 
the fabrics in especially designed solutions, so that these chemi- 
cals become a definite part of the yarn, and render the fabric 
water-resistant as long as the cloth lasts and it is not subjected 
to any vigorous cleaning process. In addition to preventing 
the absorption of water by the fabric, this process also prevents, 
to @ very large degree, the spotting of a cloth when water strikes it. 


CaBIN INSULATION 


One of the big problems to be met in passenger comfort is 
cabin insulation. While the major function of cabin insulation 


is the reduction of noise, important contributing advantages are 
cold insulation and fire protection. Those insulating materials 
which are highly inflammable should be barred. While there is a 
great deal of development work going on in the reduction of 
noise at the source, the present success in abating the noise 
nuisance lies in the reduction of the noises that find their way 
into the airplane cabin. Therefore a good airplane-cabin in- 
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sulation should have three properties; reduction of sound pene- 
tration, absorption of the sound that penetrates, and lightness 
of weight. 

The Bureau of Standards in conducting sound-insulation 
experiments uses a unit of measurement called a “‘decibel.”’ 
In a scale which ranges from 0 to 108 decibels, it places the sound 
comparable to the rustle of leaves in a gentle breeze at 10 decibels. 
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an average whisper 4 ft. away at 20; conversational-speech range 
at 35 to 65, train noise at 65, New York subway train noise at 80, 
and the noise in an open cockpit plane at 90 to 100. By proper 
insulating methods it has been shown that a decrease in sound 
level of about 32 decibels can be attained. Generally speaking 
this is a reduction in the loudness of sound as heard in an open- 
cockpit plane to a level of that of a railroad coach in motion. 

The most efficient insulation material commercially utilized, 
on the basis of weight for the same degree of sound insulation and 
volume of space filled, is dry zero. Dry-zero airplane blanket 
is a batt of ceiba fiber bound up with cheesecloth. The in- 
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tensely fine and permanently resilient tubular fibers of ceiba are 
“grained,” that is, laid parallel and across the line of sound trans- 
mission or heat flow. Its resistance to heat flow is 25 per cent 
greater than that of cork, and it absorbs only 49 per cent as 
much moisture from humid air as cork. The material weighs 
about 0.2 lb. per sq. ft. in 2-in. thick layers, which is approxi- 
mately '/, the weight of cork. The material is highly flame- 
proof. 

Balsam wool, the next most popular and efficient insulation, is 
made of clean new wood fiber from Northern coniferous trees. 
By mechanical and chemical means the wood is broken down into 
individual fibers; fine, hair-like, hollow tubes. After being 
saturated with chemicals to render them non-inflammable and 
resistant to decay, and treated with an adhesive to secure a per- 
manent bond, these fibers are felted into a fleecy mat which looks 
and feels like sheep’s wool. In balsam-wool airplane insulation 
this mat is lined on one side with waterproof Kraft paper and 
on the opposite side with open-mesh cloth. Balsam wool weighs 
0.3 Ib. per sq. ft. 1 inch thick and 0.18 Ib. per sq. ft. '/: in. 
thick. 

Both of these materials are easily installed, being literally 
tucked into place after being fitted with a simple pair of shears. 
In wooden fuselages they are nailed to the wooden struts, a braid 


being placed over the nails to protect the interior fabric. On 
metal tubular structures the material is wired in place, supple- 
mented by nailing through wood fairing strips where available. 
It is to be noted that continuous hard materials (such as micarta, 
plymetal, etc.) when used for interior panels impair the sound- 
absorption qualities of the insulation, and that loosely woven 
fabrics are best for interior finish in this regard. It is possible 
to lower the noise level by 8 or 10 decibels by taking this simple 
precaution. 

Other substances such as hair felt, cotton, and cork have been 
tested and used as insulation materials, but they are not as effi- 
cient as the foregoing. In France, seaweed is used for this pur- 
pose, being very light in weight and non-inflammable. It is 
kept together by fireproofed thin-woven fabric. ; 

Inasmuch as windows are not so effective as the walls in 
dampening sound in a well-insulated cabin, it is necessary to use 
rather heavy glass with a thickness of */\, or '/, in. From a 
safety angle it is highly desirable that this be laminated glass. 
Briefly, laminated glass consists of two layers of glass cemented 
together by an inner layer of tough, flexible, colorless material, 
molded by heat and pressure into one clear transparent plate, 
which neither jars nor blows can 
force apart. If the glass breaks, 
no splinters will fly, all broken 
particles adhering to the flexible 
inner layer. Celluloid or pyra- 
lin is generally used for the inner 
layer. Safety glass '/, in. thick 
weighs about 50 oz. per sq. ft., 
a relatively high weight, so that 
it is desirable to hold windows 
to a minimum size consistent 
with passenger comfort and en- 
joyment. 


FURNITURE 


The cabin airplane chair prob- 
ably contributes more to the 
comfort or discomfort of the pas- 
senger in a transport plane than 
any other single item. Early 
chairs at best were rather crude 
affairs, very light due to their 
wicker construction, but other- 
wise not very practical. The 
building of seats for any purpose 
is one that requires considerable 
study of the human anatomy so 
that the proper comfort factors 
may be incorporated. A chair 
that may be very comfortable 
when tried out in an office for a 
few minutes may prove to be 
very irksome when one is forced to sit in it for any great length 
of time. As rattan did not adapt itself readily to a strong and 
permanent connection to a structural member of a hull or fuselage, 
attention was naturally diverted to metal tubing for the frame- 
work. There is, of course, no universal airplane chair for all 
uses, but fortunately several organizations have specialized in 
this field, so that there is a reasonakle range of choice, and 
particular designs may be modified in detail dimensions to 
fit particular planes. Brief descriptions of some of the leading 
chairs follow. 

Adapto Steel Chairs. (Grand Central Wicker Shop.) This 
self-reclining chair is easily made of mild carbon-steel tubing o/ 
0.035 in. wall thickness, and lends itself readily to airplane re- 
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quirements. The mechanism is simple, automatic, and light. 
Whereas a chair frame is usually constructed in one part, 
this is made in three, i.e., a seat chassis, a seat, and a back. 
The back pivots from the chassis while the seat is connected 
at two friction points with the back. A chair of this type in 
which the restless passenger can satisfy his whims with an 
infinite number of positions is highly desirable. In choosing 
the upholstery fill, cotton has been discarded because of its 
weight. Down has a slight advantage in weight and comfort, 
but kapok is considerably cheaper and possesses water-resisting 
properties which are desirable as a life preserver in a flying boat. 
Fabrikoid is used for covering due to its strength, lightness, 
cheapness, and washability. Repair costs caused by tears or 
burns are reduced to a minimum by having each unit of the 
chair upholstered separately and laced. The complete weight is 
73/4 lb. 

Steel Arm Chair. (Grand Central Wicker Shop.) The steel 
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bringing the total weight with seats and pads down to approxi- 
mately 6 Ib. 

The custom-finished private plane offers unlimited opportunity 
for the decorator to exercise his skill. Built-in desks at which 
the business man may dictate his letters while traveling are 
cleverly contrived to take little space in the plane and are most 
useful. Complete galleys for the preparation of food on elec- 
tric equipment are features of some private planes, while all 
others have one or more sleeping berths, somewhat similar to 
those in a railroad Pullman car. Combination ice boxes and 
table cabinets are features of others. In fact, the designers 
of air yachts have taken many a thought from pleasure boats or 
Pullman cars, and made them as practical for air as for water or 
rail travel. 


SANITARY EQUIPMENT 


The development of this very primary need in modern planes 
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tubular arm chairs required by the large transport planes such 
as the Ford tri-motor, merely necessitates a reconstruction of 
the chassis. The front and rear legs are arched a foot or so 
higher than on the side chair chassis, thus forming two arms which 
are upholstered in the same manner as the seat or back. This 
incorporates all the comforts of a heavy living-room chair and 
weighs but 13 lb. While no two planes generally call for the 
same chairs, it is a simple matter to change heights and widths. 

Aluminum-Alloy Reclining Chair. (Aluminum Company of 
America.) This chair is fabricated from strong aluminum alloys 
using both riveting and welding as fabrication processes. Tub- 
ing of 0.036-in. and 0.040-in. wall thickness is used. The total 
weight of the chair is 12'/; lb. These chairs are also available 
in a double-chair type. 

Aluminum Alloy Deck Chair. (J. G. Brill Company.) Both 
the adjustable and stationary chairs developed are constructed 
principally of heat-treated, */,in. aluminum-alloy tubing. To 
this framework is attached a one-piece leather cushion support 
and back. The cushion and headrest are padded and up- 
holstered in leather. In the adjustable type there is a push- 
button direetly under the arm at each side, the pressing of both 
buttons at the same time releasing the back. The stationary 
type weighs 13 lb. complete and the adjustable type 19"'/, lb. 

Magnesium Alloy Straight Chair. (Dow Chemical Company- 
Kelton Aurant Company.) This magnesium-alloy tubing chair 
is fabricated by welding, the use of a light braided fiber as filler 


may be divided into two distinct phases of development. The 
first installation in which all the requisites are installed as 
separate units as shown in the current planes of the day, and 
the latest, a brand new development, in which all the require- 
ments are grouped into a single compact unit before installation. 
In addition to the obvious restrictions of weight and space, there 
is the further fact that government regulations rigidly prohibit 
the discharge of any waste while in flight. There were really no 
precedents available in other travel conveyances when this de- 
velopment was first inaugurated, so that the entire matter of 
lavatory equipment may be said to have been a pioneering 
undertaking. 

In most of the installations made with separate individual 
units, it has been necessary to build a great part of the equipment 
as special, designed to fit the space available. Nickeline and 
aluminum are used to build wash stands and water tanks. Wash 
stands are equipped with either two faucets, one faucet, or 
none at all, some types being foldable when not in use, while 
the weight ranges from 1 to 5'/; lb. Water tanks are of various 
forms, flat rectangular, triangular to fit corners, quarter cylinder, 
and half cylinder, according to space available. Varying capaci- 
ties, often of 4 to 5 quarts, and weights of 1*/, to 6'/2 lb. are 
utilized. 

Aircraft hoppers are of the chemical type, ranging from 16 to 
25'/, in. in height, with diameters from 10 to 13 in. and weights 
from 8'/; to 19'/2 lb. Some are of the folding closet type, 
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while others are built with slanting bottoms to fit the slop- 
ing floors found on many planes at their point of installation. 
The inner buckets are readily removable for cleaning. 

The single-unit cabin toilet is a self-contained unit, designed 
from the three predominating angles of minimum weight, mini- 
mum space, and artistic design. It is patterned after the lavatory 
toilet-chair combination used in the recently introduced bedroom 
cars of the Pullman company. There are three outstanding 
advantages to this unit, namely, it is complete within itself, 
combining water and liquid-soap storage, lavatory, and water- 
flush toilet in a compact article that can be moved and placed 
in any desired location; secondly, it occupies only a part of the 
space now occupied by the conventional type of corner bowl 
and open toilet; and, thirdly, it is equipped with the Pullman- 
type flapper valve and water sealed against all odors. 

Its pleasing appearance allows the use of the toilet room as 
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face and the penalty of excess weight was again paid by utilizing 
automobile hardware which was pleasing in design. Only 
recently have the automobile-hardware manufacturers interested 
themselves in aircraft hardware, with the result that at last 
there are available small, artistic, light-weight hardware units, 
usually made of aluminum or aluminum alloy except where 
design or wear limitations preclude their use for certain com- 
ponent parts. 

To enumerate in detail all the various types of aircraft hard- 
ware now available would be rather tiring. Therefore only a very 
abbreviated attempt will be made to give an indication of the 
various fitments which are customarily classed under this general 
term. Door-locking equipment ranges all the way from cylinder 
door locks with automatic safety-lock features, to simple latches 
and bolts, with external handles usually streamlined in form. 
Window equipment includes various forms of window regulators, 
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a dressing room without the feeling of distaste that would or- 
dinarily prevail. The modernistic design as a whole is carried 
into detail in the shape of the Venetian mirror, side lights, and 
toilet seat. The back of the chair (which forms the bottom of 
the lavatory) is upholstered in rich velour or leather, and the 
color scheme is followed in the finish of the pearl-covered toilet 
seat, frame, and covering of the unit. A variety of colors are 
provided to harmonize with the interior decoration of the planes. 
The panels may be of perforated metal, solid sheet in tile or 
painted colors, or of special sheet materials. Complete units, 
together with 5-gal. capacity tanks, are 14 in. by 22 in. by 63 in. 
in dimension and weigh about 32 lb. 


AIRcRAFT HARDWARE 


The development of suitable aircraft hardware for cabin 
interiors is, strange to say, but a recent accomplishment. Its 
history has been rather peculiar. At first the airplane manu- 
facturer was literally forced to shop at the corner hardware 
store and accept the weight penalty. Then individual plane 
manufacturers and a few specialty concerns made crude attempts 
at light-weight design, entirely lacking in any artistic conceptions. 
The advent of the decorator into the field necessitated an about 
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window stops, and regulator handles, usually, though not always, 
available in light alloy materials. Aluminum-alloy hinges of 
all forms are readily procurable. Lighting equipment includes 
various sizes of dome and torchére light fixtures. Robe rails, 
baggage racks, ash trays, and various accessories complete the 
list of special light-weight hardware of artistic design developed 
especially for airplane interiors. 


HEATING AND VENTILATING 


Heating and ventilating equipment where installed, while 
perhaps more exterior in its visible applications, is decidedly 
interior in its needs and effects. While the necessity for heating 
is naturally influenced by the routes operated over or the terri- 
tory ordinarily selected for flying operation, it is decidedly 
important from the viewpoint of passenger comfort, as extreme 
cold is reached at high altitudes even in temperate climates. 
It may be cited as a matter of interest that on the Western trans- 
continental route of the Boeing system the temperature some- 
times varies from 35 deg. below zero to 135 deg. fahr., and the 
flying altitude from sea level to as high as 12,000 ft. when crossing 
the mountain ranges. 

In heating, the source of heat is the exhaust from the motor. 
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This is carried from the various cylinders of the motor in a 
collector ring to the base, where a long steel pipe is brought 
down under and along the fuselage to carry these hot gases. 
Stoves or heating cylinders, usually of duralumin, are placed 
around this exhaust pipe, and direct fresh-heated air up into the 
passenger cabins through appropriate conduits and floor reg- 
isters. The heating cylinders are belled out at the front to 
insure an adequate supply of fresh air, and various types of 
control valves are used to regulate the amount of heat admitted 
to the various parts of the cabin. 

Ventilation is not such a serious problem in so fast a moving 
transportation medium. Toa great extent it is at present merely 
a matter of opening and closing ~indows, but in addition some 
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installations use an ordinary light-weight grill-type ventilator 
with an external flat scoop at certain desirable locations. 


Résumé 


It is hoped that the foregoing will give some conception of the 
many problems involved under the heading of interior design. 
Its accomplishment is essentially a problem in coordination 
of many materials, many parts, and the work of many indi- 
divuals. This job of coordination belongs most properly to the 
decorator. His is the responsibility to create in this rather limited 
space—and it is limited, judged by the standards of other 
means of transportation—an artistic appeal that makes of flying 
not only the last word in speed but in luxurious comfort as well. 
I t is necessary not only to keep abreast of style trends, but many 
mes in advance of them, so that their specialized application 
in aircraft materials and fitments will appear simultaneously 
with their more readily general application in other industries. 

Air transportation is still at the stage where the first flight 
oi an individual is significant; everything about the exterior 
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of a plane is novel to his perceptions, the medium through which 
he is transported is new to him as such, and the speeds with 
which it is done are also generally far in excess of what he is 
accustomed to. Only one familiar aspect can be graciously 
bestowed upon him, an interior which is as luxurious and com- 
fortable as his own home or club, and which immediately places 
him at his ease. 

To attain this perfection in harmony of line, color, and utility 
in an industry which economically has not yet felt the advan- 
tages of true mass production, is a difficult task. That it has 
been accomplished in so fitting a manner, as shown by the ac- 
companying illustrations, is a tribute not only to the decorators 
who have directly created these artistic conceptions of interior 
design, but also to the many specialty organizations operating 
primarily outside the field of aeronautics, which have had faith 
enough in the future of aviation to anticipate the ultimately 
profitable volume demand for specialized aviation products 
by making them available well in advance of that eventual 
demand. 

The rapid evolution of aeronautical technical development 
makes it imperative that the finishing of the interior of any par- 
ticular plane be accomplished in a minimum of time. There 
is usually very little time left after the completion of the structure 
of a plane for the interior design to be carried out. Therefore 
while this should be executed under the direction of an ex- 
perienced decorator, who has a knowl.dge of the mechanical 
problems involved, the actual work is best done by the per- 
sonnel of the airplane manufacturer under a specially appointed 
and experienced foreman. The decoration of the interior of a 
plane is a specialized function, best performed by those who are 
thoroughly familiar with plane construction and fully aware of 
the many intimate special problems involved. 


Discussion 


Joun G. Lez.* After so admirable a presentation, the writer 
dislikes to take the opposition view. Nevertheless, he feels 
that any stress on cabin interior decoration is premature. He 
has no quarrel with special interiors for individuals who buy 
an airplane as if it were a yacht. They have a right to any- 
thing that makes them comfortable or suits their fancy. But 
for the ordinary transport plane to be used en a transport line 
the case is different, as also for the small plane for the private 
owner, wheré we cannot afford to make every one different. 

The truth is that the airplane is not as far advanced as we 
like to think. The present-day airplane is about as far de- 
veloped as the steamboats that immediately followed Fulton. In 
other words, they are clumsy and unsatisfactory in many ways. 
To spend much time on the decoration of a Fulton steamboat 
is obviously ridiculous. When as radical a device as the Auto- 
giro can seriously be considered as a competitor of the airplane 
in any particular, then the art of airplane design is anything but 
stable. Or, more specifically, when we do not know whether 
to make a fuselage of shell construction with rounded sides or 
to build it of tubular members, then we are not ready for the 
interior decorator. 

The writer would be glad to see all of the interior design 
thrown overboard. Obviously, however, we cannot do that. 
Airplanes compete with luxury in other forms of transportation, 
so we must supply at least the essentials of comfort. We may 
differentiate between comfort and decoration. This modern 
decoration is usually overemphasized. The designs are large 
and bold, and do not show well in a constricted space. One 
cannot get away from them. They are disquieting, to say the 
least. What decoration there is should be restful and simple. 


3 Fairchild Airplane Mfg. Corp., Farmingdale, N. Y. 
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The authors mentioned the use of a “mock-up,” or full-size 
dummy structure, as a help for laying out the cabin interior. 
This is a most excellent idea. In the last plane which we de- 
signed at the Fairchild factory we used this method, and saved 
ourselves an untold amount of difficulty in the cabin design. 

The subject of soundproofing is of great importance. It 
has always seemed, however, that we have gone at it back- 
wards in permitting so great a source of sound as the power 
plant, and then trying to prevent that sound from entering 
the cabin. If we were to put the necessary time and money 
into research on a silent propeller, the result would be much 
better. For the propeller is really the most serious offender. 
The problem should be relatively easy. We know that a geared 
propeller is much quieter than a direct drive, and that micarta 
and wooden propellers are quieter than metal. That is some- 
thing to start with at least. 

To silence the exhaust is by no means sufficient. The human 
ear can record only a certain volume of sound, to put it roughly. 
If the volume of sound exceeds this amount, enormous reduc- 
tions can be made and yet the effect will scarcely be noticed. 
Some time ago we were much interested in mufflers at the Fair- 
child plant, and finally obtained an excellent silencer. From 
the ground the noise of the plane was much reduced, but in the 
_ cabin there was no improvement. After flying wide open at 

5000 ft., we put the plane in a dive and throttled back the motor 
until we obtained the same high speed and same r.p.m. as in 
wide-open level flight. There was no difference in noise be- 
tween the two conditions. In other words, the silencer was 
effective, but no improvement resulted. In fact, the only com- 
ment which shed any light on the subject was the pilot’s remark. 
“This is the noisiest engine I ever rode behind. You can hear 
the parts rattle around inside it.” 

We had silenced one of the noises, which allowed others to 
be heard, but did not sufficiently reduce the general noise level. 
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If we can do something to eliminate these noises at their source, 
then the decorators’ soundproofing will be much more appreciated . 

While on the subject of comfort, the writer wishes somebody 
would define what “adequate comfort’”’ is. We get as many 
answers as we ask people. For example, are toilets really neces- 
sary in present-day aircraft? If so, how big can an airplane 
be before it requires a toilet? Another point, are the reclining 
chairs really such an asset? The writer thinks not. They have 
a nasty habit of collapsing when you put your hand on the back 
of them in walking up the aisle. Also, when you are seated, 
and the pilot “gives it the gun” your seat flattens out like an 
operating table. To prevent this, some sort of clamp or clip 
is required for the passenger to operate, and most passengers are 
scared to tamper with any adjustments on an airplane. 

It is surprising how much apparatus a human being requires 
to have carried around with him. The average passenger 
thinks that we are transporting nothing but himself. Actually 
we are carrying an accumulation of weights, about as follows: 
Passenger’s baggage, 35 lb.; seat and safety belt, 15 lb.; lami- 
nated window glass, 10 lb.; upholstery, rugs, soundproofing, 
15 lb.; toilet and toilet compartment, 10 lb.; total, 85lb. Thus, 
for every 170-lb. passenger we have to carry 50 per cent more 
of unpaid weight. 

As things stand now, air transport does not pay. Before it 
can pay we will have to at least double our pay load. That 
does not mean to double the size of the airplane. It means to 
double the pay load for the same size of equipment. Further- 
more, air transport is unpunctual and unreliable. If the weather 
is bad, the flights are postponed, Otherwise, they are unsafe. 
We will have to make air transport a dependable service. When 
we are confronted with problems as serious as these it seems 
premature indeed to lay great stress on cabin interior design. 
Let us keep our interiors simple, and think more than twice be- 
fore we add anything more for the airplane to carry around. 
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Airplane-Wing Trussing 


By RICHARD M. MOCK,' WARNEMUNDE, GERMANY 


The paper compares and analyzes the existing types of 
wing bracing in conventional airplanes. The internal 
structure of airplane wings is closely linked with the ex- 
ternal system of support, and therefore the paper covers 
some of the methods of internal bracing, but is mainly 
devoted to systems of external bracing. The efficiency of 
the wing trussing is a function of the size of the machine. 
For a low-wing design the wire-braced wing seems quite 
efficient, providing the span is not too great compared with 
the height of the plane. For a larger span, subject to 
high wing loadings, the high-wing monoplane is very 
efficient, though there are many points in favor of both the 
braced and the cantilever wing. For the very large plane, 
with a normal fuselage, the biplane bracing is advantageous. 
On large designs where a part of the load can be carried 
in the wings the monoplane is better aerodynamically. 


F ALL the possible variables in 
airplane design, the system of brac- 
ing for the wings perhaps has been 

exploited the most. It seems that man’s 
imagination has no limit in designing the 
trussing of members to support the lift- 
ing surfaces of the airplane. This paper 
will confine itself chiefly to existing types 
of bracing and will attempt to compare 
or roughly analyze them. Only the con- 
ventional airplanes, as in practical use, will 
be discussed; the Ente or Canard type, 
as well as the Autogiro, will not be included. 

The internal structure of airplane wings, especially in mono- 
planes, is so closely linked with the external system of support 
that it is believed best first to cover some of the current methods 
of internal bracing and then to devote the remainder of the 
paper to some of the systems of external bracing. 

Internal wing bracing may be divided into two basic schools. 
In one, the entire air loads on the wing are taken by a bracing 
inside the covering of the wings, and in which the covering is used 
only to give shape to the airfoil. In the second, the wing has a 
covering of rigid material which can be utilized to take stress 
and therefore to eliminate a corresponding amount of material 
inside the wing. In addition, there are some designs using a 
combination of these two. 


‘(At time of presentation) Consulting Aeronautical Engineer, 
Ernst Heinkel Flugzeugwerke. (Now assistant to A. H. G. Fokker, 
New York, N. Y.) Jun. A.S.M.E. Mr. Mock is a graduate of the 
Daniel Guggenheim School of Aeronautics, College of Engineering, 
New York University. Before-completing his college course he was 
in the inspection and experimental departments of the Ware Radio 
Corporation, New York, N. Y., and in the inspection department of 
the Litho-Etching Corporation, New York. In 1926 he was in the 
shops of the Loening Aeronautical Engineering Corporation, New 
York. Later he became technical editor of Aviation. In June, 1928, 
he joined the Bellanca Aircraft Corporation, New Castle, Del. In 
September, 1929, he went to Germany as consulting aeronautical 
engineer, supervising the design and construction of a metal flying 
boat. He returned to the United States this year. 

Presented at the Fourth National Aeronautic Meeting, Dayton, 
Ohio, May 19 to 22, 1930, of Tae AMERICAN SocteTy OF MECHANICAL 
ENGINEERS, 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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The simplest type of internally braced wings consists of the 
popular two-spar design, with compression members parallel 
to the flight direction. These compression members are between 
the spars and have diagonal wires or tierods between, com- 
pleting the truss. This system has been varied by having 
single diagonal wires in one direction and double wires in the 
other, depending upon the loads, or by having a complete double 
system with the double wires attached together on one fitting. 
A third is to have the wires as far apart as possible, and thus give 
the wing great torsional rigidity. A variation of the last is to 
have the wires go from the top of one spar diagonally across the 
bay to the bottom of the otherspar. However, this is somewhat 
complicated and is not desirable in most wing designs. For the 
wires it has been proved quite efficient to employ tierods of solid 
cross-section and threaded terminals. In some less expensive 
airplanes hard piano wire is used, wrapped at the ends and 
soldered. Another type of internal interspar bracing used in 
wings of two-spar design has the entire internal wing bracing of 
rigid members that can take either tension and compression 
(such as tubes), and thus eliminate wires completely. In this 
type of bracing it is usual to have the system made up of similar 
members, arranged in a Warren truss, with none of them parallel 
to the flight direction. This usually eliminates the complications 
of compression members with airfoil shape, and yet does not 
complicate the method of supporting the aileron hinges should 
there be an aileron attached to this wing. However, it is some- 
times found necessary in wings with tierod bracing because of 
wing, tanks, etc., to use a diagonal tube in one bay. Of all of 
the mentioned systems the most modern for two-spar designs 
seems to be that of having all ribs alike with an internal bracing 
of tierods spaced far apart and with compression members placed 
between the ribs so that it is not necessary to give them a special 
contour. 

A basically different system of bracing a wing in torsion is that 
developed by the Meno-Spar Company, Ltd., of England. The 
system of bracing is to have a single spar in the wing with tierods 
from the top and bottom of the spar to tubes or ribs in the chord 
direction. These diagonal wires, crossing at the spar, take part 
of the torsional and drag loads. (See Fig. 1.) 

There are many variations of the methods of internally taking 
the air loads on the wing when it is decided to use the covering to 
take some of the stress. The prime method is to have a single 
spar that has strength both in bending and torsion, and can thus 
carry all of the loads without additional members. The English 
braced single-spar wing has been used to a limited degree, and in 
Germany the single-spar incorporating a stressed covering has 
been used on gliders as well as on power machines. 

The German single-spar system utilizes the depth of the wing 
to take part of the beam loads and the skin to take the torsion 
and drag loads as well as part of the beam loads. The most 
common construction of this type is that used in some German 
gliders and in the B.F.W. powered machines. These have a 
wing profile with a fairly thick leading edge utilizing a single 
vertical member about 30 to 35 per cent behind the leading edge 
and the curved rigid covering over the leading edge to act as a 
spar. (See Fig. 2.) This thin covering is given its shape by ribs 
of the usual type. The rear portion of the wing consists of ribs, 
usually fabric covered to give the proper profile. Sometimes the 
inner portion of this covering is metal to give a better base for the 
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attachment of the wing to the fuselage. Another method, which 
also has been called a single-spar type of construction, is that 
employed by Rohrbach, in which the central portion is used as a 
beam and has vertical members at the place where the usual two 
spars are located. The top and the bottom are closed in by 
sheet metal, and thus complete a box to which the leading and 
trailing edges are hinged. 

Wings of the type used by B.F.W. are quite light and allow a 
very high aspect ratio. (The single spar B.F.W. M-20 has an 
aspect ratio of 10.) However, it must be admitted that, in their 
present state of design, wings of this type are not cheap to manu- 
facture in spite of the fact that in principle there are fewer struc- 
tural elements. 

Somewhat similar to these are the wings with two or more 
internal spars in which the skin takes the drag and torsional loads, 
and in addition sometimes takes part of the beam loads. The 
simplest of this type of construction seems to be that of having 
the spars and usual ribs all covered with a stressed covering, thus 
forming the airfoil desired. Somewhat more complicated than 
this is to have more than two spars and a lattice-truss system 
between the spars, and thus give the wing its shape and also act as 
part of the bracing. Such wings are usually indeterminate, and 
are therefore sometimes quite difficult to calculate, as well as be- 
ing costly to construct. 

Stressed covering is normally limited only to cantilever wings, 
and for this reason the wing is usually tapered so that the aero- 
dynamical lift increases toward the root and thus gives the 
combination of an aerodynamically efficient wing with sufficient 
depth at the root to take the large bending moments. However, 
because of the difficulty of attaching the covering, wings with 
stressed covering are usually quite expensive, especially if metal is 
used. Internally braced wings without a stressed covering are, 
in general, with parallel leading and trailing edges and have no 
taper in thickness ratio. Therefore they are somewhat cheaper, 
since all ribs are alike. A simple variation of the stressed covered 
wings is that used on some Heinkel land types of wooden construc- 
tion in which there are parallel beams of the normal type sup- 
ported torsionally by rigid box ribs. A plywood covering for the 
under side of the wing completes the structure, and the top is 
covered with fabric in the usual manner. 

Before going to the subject of the various methods of external 
wing bracing, mention must be made of the tendencies in airfoil 
design, which it seems will materially affect the future systems of 
internally bracing airplane wings. There seems to be today an 
increasing tendency in the use of thick profiles having high-lift 
characteristics and allowing high wing loadings, and also to have 
the proper depth for sufficient spars. More and more the in- 
dustry is coming to use airplanes with a short center of pressure 
travel, thus reducing the torsional loads on the wing. Where a 
constant center of pressure is not possible because of the aileron 
loads, when a usual aileron has been employed, it has been pro- 
posed to balance this torsional load by another aerodynamic force 
caused by a second external member, and thus reduce the result- 
ing load to only a local one and a bending load on the beam. 
However, this has not been worked out to a practical point. In 
some modern designs it is usual to have inset ailerons and a 
constant center of pressure airfoil for the wing tip, and thus re- 
duce the possibility of flutter in normal flight with great accelera- 
tions or in flight in which certain vertical currents or ‘“‘bumps”’ are 
met. 

Cantilever wings usually have a fairly thick section inboard 
because of the high bending moments. (See Fig. 3, left.) For 
this reason external bracing has sometimes been used to reduce 
the bending moments, and consequently to allow a shallower pro- 
file to be used. It is common in some designs to have a wing 
that is quite like a full-cantilever wing in all respects except that 
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about one chord length outboard from the root a strut goes from 
the fuselage to the wing, thus relieving the bending moment and 
allowing a more shallow airfoil. (See Fig. 3, right.) Such a wing 
usually approaches the full-cantilever wing in aerodynamic 
cleanliness, and sometimes allows a lighter structure, though 
the aerodynamic interference of the strut and the costs of more 
members and more fittings sometimes overbalance the advan- 
tage of the shallower profile. 

A structurally lighter development is the externally braced 
monoplane wing in which the strut point is some 120 to 135 per 
cent of the chord from the tip, thus allowing a very light type of 
structure, providing that the base of the external support has 
sufficient depth to allow a good angle between the strut and the 
wing and thus not cause excessive axial loads in the wing beams. 
Structurally, the lightest variation of this type is to have the 
wing taper according to the bending moments, and thus give a 
wing with maximum chord and thickness at the strut point and 
with a short chord and thin section at the fuselage, giving a low 
weight and increased vision without the complication of cutouts or 
abnormal wing tapers. 

Mention should be made of the wing system of the German 
Rohrbach Roland and the Beardmore Inflexible, also of Rohrbach 
design. In these a very high aspect ratio has been incorporated, 
and a tension cable is used to support the single-spar wing from 
the fuselage, and thus have a braced wing for normal wing load- 
ings. Because of the short center of pressure movement, this 
single cable puts little torsion in the wing. 

The most popular type of wing bracing in America and now 
also finding great favor in Europe is that of the high-wing mono- 
plane with struts from the bottom of the fuselage attached to the 
wings at an efficient point. (See Fig. 4.) This point varies 
with the depth of the fuselage, the dihedral and the pressure 
distribution on the tip, and the depth of the spars available. 
Bracing of this type has the great advantage that, without being 
excessively heavy, it allows a wing without taper, eliminating the 
costs of the dissimilar ribs, tapered spars, etc. 

Of all of the possible types of wing bracing it is believed that 
there are more basic variations in the externally braced mono- 
plane than in any other system. Most airplanes using this brac- 
ing are of the high-wing type as they allow the external bracing 
to be under tension under the most severe flight conditions. In 
addition, the external bracing is under the wing, allowing less 
aerodynamic interference than when the wing is low and the 
external bracing is above, with the bracing members of large 
dimensions because of their high compression loads. (See Fig. 7, 
right.) In most monoplanes of the braced high-wing type the 
members go from the lowest point on the fuselage to the wing. 
As the axial load in the wing beams is a function of the cosine of 
the angle between these wing struts and the wing, it is desirable 
to have this angle as large as possible, and yet have the strut at- 
tachment point far enough outward to relieve efficiently the bend- 
ing moment caused by the air load. Outboard of this strut point 
the wing is designed in the same manner as a cantilever wing, 
and for this reason, if costs permit, it is advantageous to have 
the wing tapered from here to the wing tip. The design of the 
wing spars between the strut point and the fuselage or cabane is a 
function of the axial load caused by the external bracing, the 
air loads producing bending, the length of the bay, and the 
available section for spars. Thus it can be seen that, in addition 
to having the angle between the struts and the wing as large as 
possible, it is advantageous to have the length of the compression 
bay as short as possible. This has been carried out very nicely in 
the wing system of the new Boeing monoplane fighter and the 
French Wilbault 130 by having the cabane struts arranged in 
such a manner as to reduce the slenderness ratio for the inner 
bay of the spars. (In Fig. 5, left, is the Wilbault 130 and right, 
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the Boeing monoplane system.) It is also quite customary now 
to reduce the buckling length of the external wing bracing by 
having short struts between this bracing on the wing such as is 
shown in many of the accompanying sketches. (For example, 
see Fig. 3, right, the system of the Bellanca ‘Pacemaker.”’) 
In order to reduce the axial loads in the wing as well as the loads 
in the external bracing, it is advantageous to attach the external 
bracing struts as low as possible. This is carried out very in- 
geniously in the French Ateliers des Mureaux type 4 C-2, two- 
seater fighter (see Fig. 6), where the wings are braced directly to 
the landing gear. In this plane the wing-strut angle is exception- 
ally good, though it must be admitted that the landing-gear de- 
sign is somewhat complicated and there is a great aerodynamic 
interference between the numerous struts supporting the landing 
gear to the fuselage. 

In most of the American high-wing monoplanes of the cabin 
type in which the wings are braced externally, the landing-gear 
shock absorbers are attached to the wing struts, and sometimes an 
additional strut goes from this attachment point to the upper 
longerons of the fuselage. (See Fig. 4.) 

This action allows the slenderness ratio of the external bracing 
to be somewhat reduced. In most American commercial designs 
the external bracing consists of steel tubes, though in many 
high-speed planes tension streamline tierods have been substi- 
tuted and additional tierods braced above the wing take the 
reversed loads. Of course this means that the wing must be 
below the fuselage in order to have a high point of attachment 
for the tierods above the wing surface. In the Schneider Cup 
designs (the wing system of which is shown in Fig. 8, left) and the 
Travel Air type S racing plane (Fig. 8, right) this has been carried 
out quite successfully. It is the opinion of the author that this 
type of bracing has great possibilities as it allows a very light 
structure without the additional resistance of the usual struts. 
In both of the racing designs referred to, a very efficient angle 
for the under tierods was obtained by having them attached to 
the landing gear. However, for very rough usage, tierod bracing 
has the disadvantage of being somewhat flexible, and for this 
reason the Heinkel single-engined and multi-engined low-wing 
designs (for seaplane designs for heavy sea duty) have substi- 
tuted tubes for the tierods and thus have eliminated the upper 
wires. (See Fig. 9.) In these designs the external strut bracing 
is afforded at a very good angle because of the wide tread of the 
floats. This type of bracing is also carried out on the Consoli- 
dated flying boat (Fig. 12, left) and the French three-engine 
Paulhan-Pillard E-5 flying boat (Fig. 12, right). 

Another method of reducing the slenderness ratio of the ex- 
ternal bracing efficiently is shown in Fig. 13, where the addi- 
tional bracing also carries part of the wing-float loads. In multi- 
engined, externally braced monoplanes the inner bay of the wing 
spars and the external bracing can be relieved of great loads by 
utilizing the additional struts for the engine support as part of the 
wing bracing and thus reduce the slenderness ratio. (See Figs. 
10 and 11.) 

In all of the drawings mentioned only the front bay has been 
shown, and in most cases the airplane is shown as a land machine. 
However, most of these designs are adaptable for seaplane 
installation by attaching floats to the landing-gear fittings. 
However, though the objection to attaching the wing bracing to 
the landing gear has been somewhat overruled by the use of very 
good shock absorbers, care must be taken to have sufficient rigid- 
ity when including the wings in a float-bracing system. 

In externally braced monoplane wings with parallel spars it is 
simplest to have the external bracing, as seen from above, coin- 
cide with the spar center lines and thus relieve the wings of any 
chord component forces such as may occur when the external 
bracing is carried to one point as on some folding-wing planes 


or on some high-wing flying boats. However, in these cases it is 
believed that the advantage of easily folding wings, allowed 
by naving the struts at one point of the fuselage, or the reduced 
water resistance, in case of a high-wing flying boat, overbalances 
the additional weight caused by chord-component fcrces from the 
external diagonal wing strut. On the other hand. there is the 
advantage of great rigidity in having the two lower attachment 
points of this external bracing far apart longitudinally and 
thus give as great a base as possible to take the torsional drag 
loads in the wing. However, in such designs it is usually neces- 
sary to have diagonal bracing between the wing-support struts, 
which then makes the wing structure indeterminate in the chord 
direction, complicating the stress analysis considerably and in- 
creasing the costs accordingly. 

In conventional monoplanes the external bracing is usually of 
streamline form. However, many manufacturers are now adapt- 
ing the principle developed by Bellanca of having the external 
bracing with a lift or airfoil section, thus carrying some of its own 
weight without any great difference in resistance. Streamlining 
of wing-brace struts, when there are no short auxiliary members 
between the external bracing and the wing (such as mentioned 
and as illustrated in Figs. 4 and 5), means that the large section 
for the external bracing members must continue to the wing and 
thus cause a large amount of aerodynamic interference, especially 
if the strut is given a lift section. However, by the use of these 
short auxiliary struts, the large cross-section for the external 
bracing does not continue to the wing and allows the airfoil 
section to be carried to this auxiliary strut attachment point 
and then have a small streamline section continued to the wing. 
Thus induced drag is reduced. While on this subject it might be 
interesting to recall the wing bracing of the Bellanca CF mono- 
plane (Fig. 14) developed in 1922 in which the external bracing 
supports formed the spars for a lower auxiliary wing that braced 
the main wing to the fuselage. Although the aerodynamic inter- 
ference of this auxiliary or lower wing was very high, this was 
somewhat compensated by the increased lift and lateral stability 
of the plane. Incidentally, it is the opinion of the author that the 
long column members for external bracing for monoplanes for 
land use only can be made structurally more efficient in wood than 
with steel tubing. This is because of the form factor of the 
wood column and the possibility of better attaching the ribs for the 
fairing and covering the entire unit with doped fabric. How- 
ever, it must be admitted that the steel-tube type of bracing with 
a metal fairing, though somewhat heavier, is cheaper. 

Similar to the externally braced monoplane is the wing-bracing 
system used on the Nieuwport-Delage planes, shown in Fig. 15. 
In this design the landing gear is of a through-axle type with the 
fairing for the axle having a lift section. From the rear of this 
fairing goes a forked strut to the upper wing. The strut is sup- 
ported laterally in the middle by a short wing from the bottom of 
the fuselage. Both aerodynamically and structurally, this type 
of design having a large upper wing and a very small lower wing is 
quite small, the weight of the external bracing is not excessive 
and is properly proportioned, and in addition it allows more 
lifting area. However, in the method of carrying this out in the 
Nieuwport-Delage machine there is a considerable number of 
struts below the fuselage, which it is believed causes much in- 
duced drag. Somewhat similar to this in structure, though of 
cleaner design, is the French Breguet sesquiplane (Fig. 16, right), 
in which more of the usual biplane characteristics are incorpo- 
rated, with the power wing strut point braced to the landing 
gear by wires. The upper wing has considerably more span 
than the lower wing, and for this reason the interplane strut, a 
single streamline member, slopes outward so as to eliminate ex- 
cessive overhang in the upper wing. In the French Caudron ses- 
quiplane (Fig. 16, left) the interplane bracing consists of stream- 
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line N-struts attached to the lower wing above the landing-gear 
attachment points and then has additional struts from this land- 
ing-gear attachment point to the upper fuselage longerons. Thus 
the struts act as part of the landing-gear structure as well as 
supporting the wings. 

The idea of having the lower wing of a sesquiplane assist in 
taking the landing and starting load was also carried into the 
flying boat by Dornier, who has a small stub wing at each side of 
his main boat hull. (Fig. 17, left.) In addition to bracing the 
upper wing this stub wing provides lateral stability on the water 
and gives sufficient planning action for starting. In the first 
Fokker F-XI amphibion (Fig. 17, right), the sesquiplane idea or 
stub-sponson idea was also incorporated, providing for the am- 
phibion gear as well as to be used for starting. However, in this 
design it is understood that the upper wing supported the lower, 
and not the lower wing the upper, as is usual. Fig. 18 shows two 
methods of utilizing the lower wing of a sesquiplane in supplying a 
convenient support for wing floats on the flying boat, whereas 
quite long struts might have to be used for the side floats if the 
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plane was designed only as a high-wing monoplane. The sys- 
tem shown on the left in Fig. 18 is similar to that used by Sikor- 
sky. In the Buhl sesquiplanes the lower wing has such great 
taper that it might be said to be triangular in form. In the larger 
of the Buhl types (shown at the right of Fig. 19) the landing 
gear is supported to the wing in a method similar to that in the 
Caudron. 

Two designs also incorporating the landing gear with the wing 
bracing are shown in Fig. 20. Both of these planes are Heinkel 
single-engine water training machines in which the landing loads 
are carried through parts of the wing structure. In the design 
shown at the left no tierods are used. 

For the land types of purely braced-wing biplanes there does 
not seem to be as much variation in the system of trussing the 
wings except perhaps in the arrangement of the struts for the 
cabane. Figs. 21 and 22 show two of the most popular methods 
of carrying this out. In a biplane, it is agreed that in a multi- 
bay design it is possible to have some reduction in weight, though 
the complication and aerodynamic resistance are, of course, greater. 
The Martin 74 type of bracing (Fig. 21, left) eliminates the 
additional bracing of the two-bay design and yet incorporates 
much of its efficiency and at the same time provides for a landing 
gear of fairly wide tread. The Boeing mailplane 40-C (Fig. 23, 
left) is practically of two-bay design with the inner bay braced 
with tubes instead of wires. A variation in the usual tube- or 
wire-bracing biplane design is in the Parnall Elf (Fig. 24, left) 
in which a complete tube truss is used to provide greater rigidity 
and allow the wings to be folded. In multi-engined biplanes it is 
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usual to have the outboard engines form part of the interplane 
bracing, and thus have a multi-bay design, utilizing the engine 
bracing as an integral part. This is carried out in the Boeing 
transport (Fig. 24, right). Fig. 25, left, shows the usual method 
of bracing a biplane flying boat, while Fig. 25, right, is a type of 
bracing used on some German seaplanes in the war. 

Perhaps one of the most interesting types of wing bracing de- 
veloped in recent years is that first used in the Bellanca K and 
later developed in the Bellanca TES. (See Fig. 26.) It is 
difficult to classify this type of wing in the category of either bi- 
plane or sesquiplane, as the wing bracing in no way resembles the 
sesquiplane as the term is generally used. In endeavoring to in- 
corporate a large span and yet have monoplane efficiency, Mr. 
Bellanca has used what might be called a two-bay design, with 


Fig. 28 Bettanca TES 


Fic. 29 K 


the inner bay being a normal biplane with usual dihedral and the 
outer bay being a braced-wing monoplane, incorporating the 
advantages of the Bellanca CF and yet eliminating the aerody- 
namical interference by having the supporting wing stub some 
distance below the upper wing. In order to provide an angle as 
efficient as possible for the bracing wing, or auxiliary wing, the 
upper wing of the inner bay is given some positive dihedral, 
and at the same time the lower wing of the inner bay is given 
negative dihedral. Thus a deep box for the external wing 
bracing is obtained, at the same time providing for support of the 
landing gear. 

From the foregoing it may be seen that the efficiency of the 
wing bracing is a function of the size of the machine. For a 
low-wing design the wire-braced wing seems quite efficient, both 
aerodynamically and structurally, providing the span is not too 
great when compared with the height of the plane. For a larger 
span, subjected to high wing loadings, the high-wing monoplane 
is very efficient, though there are many points in favor of both 
the braced and the cantilever wing. Also in airplanes of about 
this size and for flying boats with side floats the sesquiplane 
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type of bracing offers many advantages structurally, while when 
one considers the very large plane, with a normal fuselage, the 
biplane bracing is advantageous. However, on large designs 
where a part of the load can be carried in the wings the mono- 
plane is distinctly better aerodynamically. 


Discussion 


W. E. Savaae.? The paper discusses almost all the externally 
2 Aeronautical Engineer, Wright Field, Dayton, Ohio. 


braced wing trussings used at the present time, but very little 
was mentioned of the internally braced wings. It is believed 
that “interference,” which accompanies externally braced 
wings, should have been included in this paper, since inter- 
ference must be carefully considered in developing wing-trussing 
design. 

The paper, which is not highly technical in character, will serve 
as a ready reference for the different type of wing trussings used to 
date. 
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Design and Development of Seaplanes for 
Transatlantic Service 


By DR. E. RUMPLER,' BERLIN, GERMANY 


The author takes up in succession the various problems 
involved in the design and construction of a multi-engined 
airplane capable of making a transoceanic non-stop flight 
of 5000 miles and carrying a pay load of 21 tons. Among 
the topics dealt with are: Location of engines and pro- 
pellers; influence of load distribution on weight of wing 
structure; aerodynamical researches of the Gottingen 
laboratory on a model of the author’s plane; hydrodynami- 
cal starting tests in tank at the Hamburg Shipbuilding 
Research Institute; influence of various factors on size of 
pay load; maximum power outputs from oversize engines 
at various altitudes; necessity of greatly increased air- 
plane speeds; etc. 


N DEALING with the subject of 
I long-distance airplanes it will only 

be possible, because of space limi- 
tations, to discuss a few of the problems 
involved. I shall confine myself, pri- 
marily, to long-distance water planes, 
but much of what I shall say relative to 
these is also applicable in a correspond- 
ing sense to land machines. I shall also 
try to make clear what I say by reference 
to practical examples. 

In order to have a starting point, I shall 
base what I have to say on the design of a transoceanic airplane, 
especially so because tests carried through in the research insti- 
tutes of Géttingen and Hamburg pertained to such a machine. 


LocaTION OF ENGINES AND PROPELLERS 


In the design of my transocean flying boat, the first problem 
that presented itself was to find the most favorable location for 
the engine with respect to accessibility, the lowest air resistance, 
and the greatest security. All three of these requirements point 
toward locating the engine entirely within the wing. 

In the interest of safety, it is also generally understood that 
the power plant should be subdivided into several small units in 
order that equilibrium shall be affected to a minimum extent in 
the event of one unit’s failing, and which would be of little in- 
fluence relative to the continuation of the flight. 

The opinion occasionally stated that several power units 
cannot be started simultaneously or kept at a uniform engine 
speed is erroneous, being disproved by the large Dornier flying 
boat, which has twelve engines. 

By arranging the engines within the wing structure, the ques- 
tion as to the adoption of air cooling is decided in the negative. 
Therefore we must use the well-tried and reliable water-cooling 
system in long-distance airplanes until adequate means are found 
in the shape of a carefully designed system of tubes that conduct 
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the flying wind into the interior of the wing to the cylinders of 
the motors. 

The question as to the maximum propeller efficiency must be 
settled by taking into consideration the disturbing influences set 
up by other constructional parts. Very much depends on the 
ratio of the propeller diameter to the thickness of the wing. If 
propellers of relatively large diameter were to be employed, the 
question of their location either in front or to the rear of the wing 
would—in view of the experience we now have—not be highly 
important if only the propeller efficiency had to be regarded; but 
when propellers having a relatively small diameter in relation to 
the depth of the wing are to be employed, the location is more of 
a problem. Owing to the subdivision of the power plant the 
latter is frequently the case at the present time and will be in- 
creasingly so in the future. By locating the subdivided propellers 
at the trailing edge of the wing, the air current surrounding them 
as well as the fore-and-aft propeller currents, will suffer relatively 
the least deviation. For this reason the best reciprocal effect 
between the wing polar curve and propeller efficiency is to be 
expected. 

The design of the tailless airplane that was successfully demon- 
strated last year at the Tempelhof airport was based on similar 
concepts. 

As we see from this, the most favorable location of the engine 
clashes somewhat with that of the propeller, and therefore it 
may be said, in general, that the employment of special trans- 
mission mechanisms becomes unavoidable. This is a problem 
in itself, and it has to be solved in a manner insuring a minimum 
of mechanical-efficiency losses, as such losses in the transmission— 
as will become evident later on—cannot be countenanced in a 
long-distance airplane. For this reason I shall give no attention 
to arrangements other than those in which the engines are inside 
the wing, and the propellers are located above or below them. 

In view of what has just been said, it would appear that the 
best compromise is to place the propellers behind the wings in 
line with the engine crankshafts and connected to the latter by 
means of a simple shaft. In the event that a reduction gear is 
employed, the shaft will of course lie in the direction of the gear- 
wheel on the countershaft. Such an arrangement is simple and 
its mechanical efficiency will be the highest possible, as additional 
friction losses are avoided. 

Also, the noise problem must be given attention. In the near 
future this is sure to be regarded as highly important, perhaps 
no less so than the arrangement of the motors and propellers. 
It is indeed unreasonable that passengers in a flight of about 
twenty hours’ duration should be subjected to the incessant 
thundering of the engine. Doubtless many having thus been 
inconvenienced would desist from using an airplane on a long 
journey again. 

The noise problem can be solved only by locating the engine a 
sufficient distance away from the passengers and arranging be- 
tween them soundproofing material. The best possible solution 
that occurs to me is to locate the engines and propellers behind 
the passengers. 

In a lecture which I delivered in 1926 at the annual meeting of 
the Scientific Aeronautical Society of Germany at Diisseldorf, I 
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outlined my plan for a transatlantic service, the crossing to be 
effected in stages. Since then, however, the requirements of 
a transatlantic service as also the technical possibilities have 
changed somewhat. 


5000-MiLe F.iiagat a Necessary Design ConpiITION 


In order to take full advantage of the great speed of aircraft 
it will be advisable to make the transatlantic flight in a single 
stage from a European to an American port. Another circum- 
stance necessitating the crossing in a single stage is to be found in 
recent politico-economical developments. Owing to concessions 
which the Portuguese Government has recently granted to an air- 
traffic company, it will, for some time to come, be impossible to 


Arrangement 


| 


Arrangement 


J Lines o 
Bending 
Moments 


Arrangements 


CuRVES OF BENDING MOMENT 


Fig. 1 


effect intermediate landings on the Atlantic islands under 
Portuguese _sovereign‘y, namely, the Azores and Cape Verde 
Islands. 

The shortest distance between England and Newfoundland is 
approximately 2360 miles. But the full advantage of air traffic 
will only then be attained when it becomes possible to link up 
directly the most important commercial places. The distance 
from an English port, for instance, Plymouth to New York, 
amounts to approximately 3350 miles, and from Hamburg to 
New York to about 4100 miles. 

In practical air service one must always consider the possibility 
of contrary winds retarding flight and thereby virtually increasing 
the distance to be covered. Assuming that such a counter wind 
of, say, 26 miles per hour, is blowing during the whole of the cross- 
ing—which is a very unfavorable supposition to make—the hourly 
speed of the plane will then be less by this amount. Later on I 
shall demonstrate that in consideration of such possible counter 
winds it is desirable to choose a plane that develops a speed as 
high as possible. This will not only mean a shortening of the 
flying time, but actually also a decrease in the amount of fuel to 
be carried. 

An airplane capable of a speed of 144 m.p.h. and heading 
against a wind of 26 m.p.h. will actually cover only 118 m.p.h. 
Taking a distance of 4100 miles and dividing it by this speed, we 
find the plane wi!l have to keep in the air for 34.4 hours. In other 
words, the airplane has to carry sufficient fuel for a flight of this 
duration. In calm air this airplane would be able to cover 4950 
miles with the same supply of fuel. 

In consideration of these facts, I have so designed my flying 
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boat as to enable it to make a non-stop flight of approximately 
5000 miles. 


INFLUENCE OF DISTRIBUTION ON WEIGHT OF WINGS 


I should now like to say a few words relative to the influence 
of weight or load distribution on the constructional weight of 
wings. 

Fig. 1 shows the various possibilities of distributing the weights 
or loads. In arrangement I the weight is distributed over 0.67 
of the wing span and in arrangement II over 0.34 of the span, 
while in the third arrangement the total load is concentrated at 
a single point. It is assumed that the span and the weight in all 
three instances are equal. 

The air forces, the sum of which of course is equal to the total 
weight, it is assumed, are equally distributed over the central 
part of the wing, while toward the wing tips it is likewise as- 
sumed that the load per unit of wing length imposed by the air 
forces progressively decreases in accordance with the German 
building regulations. 

The diagram shows the curves of bending moment for the three 
arrangements. The curves meeting at a point represent the 
moment produced solely by the air forces. The same curves 
apply of course also to arrangement III. In a long-distance air- 
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plane such an arrangement will hardly be considered advisable 
today. 

Curve I constitutes the moment of forces for arrangement I 
and curve II for the second arrangement, and it is seen that by 
just about doubling the length over which the loads are distrib- 
uted an extraordinary reduction of the moments is obtained. 
The maximum moment for arrangement I is about four-tenths 
of that in arrangement II and about a quarter of that in ITI. 

The weight of the wing, which in the first place depends on the 
bending forces, will in arrangement I be very noticeably smaller 
than in arrangement II, and much more so than in III. A 
rough estimate already shows that in the first plane, according to 
arrangement I, a saving in weight is effected of approximately 20 
per cent, that is, about 11,000 lb. over that of arrangement IT and 
of 30 per cent or 19,800 lb. over IIT. 
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This diagram conclusively demonstrates that in the case of 
long-distance airplanes, which are expected to carry a maximum 
load a maximum distance, an extensive distribution of loads 
similar to arrangement I should be selected as this insures the 
smallest constructional weight, and therefore the largest paying 
load. 

Assuming that the other important features of my transoceanic 
airplane, which is shown in Figs. 2 and 3, are sufficiently well 
known, I shall confine myself to saying that my design with two 
hulls is attracting increased attention. Ten independent engines 
of the high-compression type. each developing normally 1000 hp., 
are to be employed. The most important data of the plane are 
given in Table 1. 


TABLE 1 DATA ON RUMPLER TRANSATLANTIC SEAPLANE 
Specifications 


Total weight.... 232.000 Ib 


ae 15 ft. 9 in. 
Lower edge of propellers above water.................. 13 ft. 2 in. 
Specific fuel 0.352 Ib. per hp-hr 


Constructional Figures 
Beginning of flight End of flight 


Ep ahaneteseeeeaene 23.6 Ib. per sq. ft. 15.9 Ib. per sq. ft. 

4, eee 23.2 Ib. per hp. 15.7 th. per hp. 

Ratio of power to area....... 1.01 hp. per sq. ft. 1.01 hp. per sq. ft 
Performances 


Maximum Speed: 


Landing Speed: 
68.5 m.p.h. 


The fuel consumption I have taken at 0.352 Ib. (0.16 kg.) per 
hp-hr. as I am hoping to be able to employ Diesel engines. 
Although perhaps so low a consumption has hitherto not been 
attained, I believe the research work carried through to develop 
suitable Diesel engines for aircraft will eventually lead to a com- 
plete success. 

Apart from low fuel consumption, Diesel engines have the in- 
valuable advantage over normal gasoline engines that they offer 
positive safety against fire and have great reliability. 

The polar curve on which this calculation is based is shown in 
Fig. 4. It has been developed from measurements made in the 
research institute at Géttingen and is based on my own experience 
extending over many years. 


AERODYNAMICAL RESEARCHES IN Mopet or AvuTHoR’s FLYING 
Boat 


Let us now turn to the aerodynamical researches which are 
being carried on with a model of my transoceanic plane. This in- 
vestigation to find the most suitable construction for a long-dis- 
tance airplane has already led to good success. 


The basic requirement is to obtain as high as possible a value 
for 


One of the most important auxiliary conditions is to reduce the 
relatively high starting and landing speed which is given by the 
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necessarily high wing load. This is obtained by a high Co mex. 
value. For starting, the additional requirement of a high pro- 
peller force during the starting process and especially toward its 
end, is to be considered. 

While a large Camax.-value is easily obtained by a correspond- 
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ing choice of the wing section, the requirement of a maximuna 


degree of efficiency during the start as also of a large E | 


value offers various difficulties. 

In order to satisfy the last requirement the body resistance and 
the induced and section resistances must be as small as possible, 
and the propeller efficiency at the economical speed as large as 
possible. Also the highest values of ¢./c. and of » must be 
reached at the same ratio of velocity to the peripheral speed of 
the propeller. The requirement of large propeller push forces at 
starting calls for an arrangement of the propellers in which the 
efficiency during the low starting speeds shall be as large as pos- 
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sible. But, as is well known, it is very difficult to obtain an ar- 
rangement of this kind which is satisfactory at low as well as 
at higher speeds. 

At this point I should also like to mention various matters 
respecting propeller efficiency. As is well known, it is not proper 
to state the efficiency of a propeller by itself, since when a pro- 
peller is mounted on an aircraft, each is influenced by the other. 
The push and torque of a propeller depend on its location on the 
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aircraft, and therefore also does its efficiency. On the other hand 
the propeller causes a change as regards the lifting properties 
and resistance of a wing as compared with a wing having no pro- 
peller. By itself the degree of efficiency established from the 
push and torque of a propeller on an aircraft does not indicate 
the quality of the propeller, for the changes in respect to lifting 
force and resistance must also form part of the calculation. 
Later on I shall describe how, under the conditions obtaining 
in economical flight, these difficulties can be avoided. For the 
other matters I wquld refer to the interesting work of Beetz and 
Seiferth. 

In conformance with these considerations an agreement was 
made with the Institute at Géttingen to carry on researches on 
the wing by itself, the control surfaces alone, various propellers 
by themselves, a part model with the propeller running, and on 
the complete model. As it would take too long to report on this 


work, which has not yet been completed, I shall limit my remarks 
to the results obtained with the wing and on the part model 
with propeller running. 

Fig. 5 shows the wing polar curve, which is very satisfactory 
both in regard to Ca max. and [Ca/¢w)max- 

Unfortunately it was not possible at Géttingen to carry through 
tests with a complete model wing with propellers running as the 
size of the wind tunnel there limits the size of the models. Even 
if it were possible to test a very large-scale model with propellers, 
the sizes of the latter and the values obtained with them would 
still be so small that the results could not be regarded as reli- 
able. For this reason the tests were made with a large-scale part 
model and propeller. Figs. 6-8 show this model hanging in the 
Géttingen wind tunnel. The model consisted of the central 
wing section provided at each end with an elliptical disk. Inside 
the wing two small electric motors belonging to the Aerody- 
namical Research Institute of Géttingen were provided, each 
driving one propeller. Two hulls were fitted to the wing section. 
They were each provided with rudders and common stabilizer 
and elevator. 

Fig. 9 shows polar curves of the part model which served as 
the basis for the propeller tests. The one indicated by open 
circles refers to an arrangement in which the disks sit square on 
the wind ends and without filleting. At cs = 0.8 it begins to 
be irregular. The other polar, however, showing the result ob- 
tained by filleting the joints between the wing and disks is uni- 
form in curvature, and also much more favorable in other re- 
spects. Thus clearly demonstrating the great importance of 
avoiding sharp corners. 

In the tests with the part model about to be described the in- 
fluence of alterations to the height of the propeller position, the 
rearward position of the propeller, the propeller inclination, and 
the propeller diameter is being or has been established. 

Fig. 10 shows some of the results obtained in these tests on 
a part model built to a scale of 1:30, in which the propeller was 
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located 5 mm. to the rear, the shaft was 10 mm. above rear edge 
of the wing, and the propeller had an angle of inclination of 1.8 
deg. to the wing chord with the wing set at 8.8 deg. Similar 
results have been obtained with all other angles of incidence and 
with all other propeller sizes that were examined. 

The abscissas are the ratio of forward velocity to the peripheral! 
speed of the propeller. As ordinates are used the ca, Cw, and c, 
values of the wing area of the part model, also the k, and & 
values in relation to the circular surface swept by the propeller, 
and also the » values. 

The c.. values here are the resistance figures of the wing with the 
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propeller running, and therefore do not depict the real resistance 
of the part model but the reduced resistance caused by the pro- 
peller rotation. For this reason the value may be a negative one. 
At the intersection of the c. curve with the axis of abscissas the 
resistance is equal to th> propeller pull. 

The polars shown in Fig. 11 cover the results of these tests with 

running propellers. Each polar is based on a definite progres- 
sion. 
« By developing this further we arrive at the diagram of Fig. 12, 
the most important curve of which gives the (ca/c.)n values for 
horizontal flight. The peak of this curve corresponds to the 
most economical flying condition with the propeller arrangement 
under examination and has a value of 10.2 at a = —1 deg. 

In a similar manner the values obtained with various positions 
of the propeller are established and in this way that position of 
the propeller is being determined for which the (c./cw)y curve 
has the greatest maximum 


100 


80 
Hohlkehle 
( @ with ” ) 
| 90 20 30 
Fic. 9 Curve or Parts Move. 
| 
ttt | 
20 i 
10 20 
04 
100K, 100k 
a 
\ 
20/04 \ 
10102 
02 Q3 04 


Fic. 10 Parts Mopet Tests Wira RunNInG PROPELLERS 
These researches are not yet complete and new series of experi- 
ments employing a larger-scale model and larger propellers are 
in progress. The values thus obtained will be greater and the 
experimental results more reliable. 
The results obtained thus far clearly show that it is quite pos- 
sible to develop by means of systematic experiments a long-dis- 
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tance airplane that will fulfil the aerodynamical demands men- 
tioned at the outset and therefore providing the best solution of 
the problem in hand. 

HypropYNamic StartinGc Tests 


I shall now discuss some hydrodynamic starting tests that 
have been carried out by the Shipbuilding Research Institute of 
Hamburg on a mutually agreed schedule. 
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In these tests it was assumed that the load on the boat decreases 
directly as the square of the speed from the moment of starting 
to that at which the plane lifts out of the water (Fig. 13). 

It is possible to calculate the take-off speed on the basis of 
the aerodynamical tests, and in the present case it amounted to 
130 kilometers or 81 miles per hour. It was therefore assumed 
that at this speed the wing carried the total weight and that the 
load on the hull would be zero. The load for the speeds between 
zero and 130 km. per hr. may then be ascertained by a parabola, 
the ordinate of which at 130 km. per hr. or 36.1 m. per sec. will 
be equal to the total load. 
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On recommendation of the Hamburg Institute a model scale 
of 1 to 25 was adopted. According to Froude’s model law the 
loads had to be reduced in the ratio 1: 25* and the speeds in the 
ratio 1 Vf, 25or1:5. Inthe present instance the model load there- 
fore works out at 105,000/(2 X 25) = 3.68 kg. and the take-off 
speed at 36.1/5 = 7.225 meters per second. These figures are 
entered on the diagram and the parabola is based on them. 
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The experiments were carried through with the boat under a 
definite load and at a speed for this load corresponding to the 
decrease of load in the square proportion referred to and at various 
trimming angles. 

In the tests the resistance at every speed and the various trim- 
ming angles was measured and plotted in Fig. 14. From the 
resulting curves the resistances belonging to the same trimming 
angle were then deduced. These values then were combined to 
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form the resistance curves shown in Fig. 15, which are plotted 
against the speed. Each curve corresponds to a different trim- 
ming angle. 

I have purposely left out of the diagram the curves for 4 and 
6 deg. as otherwise the graph would not have been so clear. In 
this model, as can be seen from the views, it is advisable to keep 
the trimming angle below 8 deg. The most favorable angles 
are 4 and 5 deg. during the whole starting procedure. Up to 
v = 5 m. per sec., angles of 4 to 7 deg. are practically of equal 
value. At higher speeds 4 to 6 deg. should be maintained. In 
this case the second resistance rise in the Ru 93 hull graph would 
be avoided. The ratio of maximum resistance to flying weight 
only amounts to 12.5 to 13 per cent for the trimming angles r = 
5 to 8 deg., which alone are practical. 
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In these tank tests the moment at every speed and the various 
trimming angles were measured and plotted in Fig. 16. From 
these curves those moment values belonging to one and the same 
trimming angle were then deduced and plotted in Fig. 17 against 
the speed, so that each curve corresponds to a different trimming 
angle. 

The moment of the water force is brought into relation with 
the line perpendicular to the central plane of the hull that joins 
the two lateral corner points of the step. Positive moment 
means that the machine must be pressed down so as to obtain 
the running angle. 

As is evident from Fig. 17, the position of the hull may easily 
be influenced with increasing speed. The moment differences 
which cause the change over from 4 to 9 deg. at a speed of 6 
meters per second are already so low that the accuracy of the 
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measuring devices employed no longer suffices to record them. 
From this it is manifest that the hull, after passing the critical 
speed, can be made to adopt every desired position by operating 
the elevator correspondingly. It will therefore be very easy to 
force the plane into a position at which the sum of the water and 
air resistances is at a minimum. 

With the aid of these results it is now possible to formulate 
the actual starting process; at any instant at the start the sum 
of all moments must be equal to zero. The moment of the water 
forces is known for every trimming angle from Fig. 17. We also 
know the angle of pitch between wing and hull, and it is therefore 
possible to determine for each trimming angle the angle of inci- 
dence of the wing corresponding thereto. It is then possible to 
calculate the value of the air-force moments from the results of 
aerodynamical tests at the angle of incidence thus found and at 
the assumed speed. Based on the particulars given regarding 
the propeller, it is easy to determine the propulsive force at the 
speed under consideration. In this we are assuming that each 
motor will develop 1400 hp. during the start. As the position of 
the propeller is also known, it is possible to determine the moment 
caused by the propulsive force. Assuming that the point of 
application of these forces coincides with the center of gravity of 
the airplane, then only these three moments will arise. If it does 
not, however, we have to take into account the further moments 
arising from the weight and of the masses. 
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The trimming angle of the airplane at which the sum of all these 
moments is zero is established experimentally. At the instant at 
which the airplane glides at the given speed it will automatically 
assume the trimming angle thus ascertained. Fig. 15 will then 
indicate the water resistance corresponding to this trimming 
angle. 

If we carry through this calculation we arrive at the diagram 
in Fig. 18, in which curve a represents the water resistances. In 
this we are assuming that the airplane trims automatically only 
up to a speed of 5 meters per second. At greater speeds than this, 
this model would assume a very small trimming angle (slightly 
more than 0 deg.) if left to itself. But, as we have seen from the 
diagram of resistances at various trimming angles previously 
shown, the resistance increases very considerably with the speed 
and with a decrease in the trimming angle. In order to avoid 
an increase in the resistance it will be advisable to force the air- 
plane into a greater trimming angle by operating correspondingly 
the elevator as soon as a speed beyond 5 meters per second is 
attained. The influence of this has been considered in construct- 
ing curve a, 

In some airplanes in which the elevator is not effective at this 
speed, it may be desirable to provide a vertically operating water 
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rudder in order to insure that the proper trimming angle is main- 
tained. This is especially to be recommended for craft in which 
the control surfaces are located as high up as possible in order to 
prevent water and spray from touching them. In such places 
the stabilizer and elevator are sometimes located above the pro- 
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peller airstream, so that it requires a relatively high speed for 
them to become effective. 

The water rudder should be located at a point on the float 
where it will be submerged constantly. Also it must be arranged 
as far away from the step as possible so as to exert the highest 
possible moment with the smallest possible surface and applica- 
tion of power. The best position would probably be at the rear 
step or in front of the forward step. 

The use of a water rudder, then, is of course only justified 
when it is possible to obtain with it a trimming angle at which the 
saving in air and water resistance is greater, as compared with 
the arrangement employing no water rudder, than the resistance 
of the water rudder. The latter should also be retractable into 
the float in flight so that it causes no additional air resistance. 

The application of the values thus obtained to full-scale con- 
struction is attended with difficulties, since as yet there is no 
generally recognized law for such calculations that meets all 
requirements. However, English researches, as well the experi- 
ence of the German research institutes, show that the actual maxi- 
mum water resistance is considerably lower than the value ob- 
tained by converting model results in accordance with Froude’s 
law; furthermore, compared with the model results it tends in 
the direction of smaller speeds. 

On the basis of the experiences of the Hamburg Shipbuilding 
Research Institute I have arrived at a resistance curve b (Fig. 18) 
which will apply to,full-scale operation, and which I call the 
corrected water-resistance curve. 

From the trimming angles that result in a self-trimming air- 
craft, the angle of incidence is obtained by adding the angle of 
pitch to the trimming angles. 
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It is now possible to determine from the aerodynamical tests 
the resistance corresponding to the angle of incidence. This re- 
sistance is shown in curve d. The sum of these two resistances 
constitutes the total resistance during the starting period at any 
given moment. These total resistances are plotted against the 
speed and are represented by curve c. 

The propelling force of an airscrew is a function of the speed. 
In the curves e and f the propelling forces of two American pro- 


Fig. 22 Towing speed, 4.02 m. per sec.; trimming angle, 6° 2’ 
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would be retarded. The power must also be as great as possible 
in order to shorten the time and the starting distance. It will 
be seen in Fig. 18 that the difference between the propelling force 
and the total resistance is quite large, and the airplane will 
therefore have a good acceleration when starting. 

Referring to Fig. 18, I should like to point out that the angle of 
incidence @ is indicated at various points on the air-resistance 
curve. It is arrived at, as already mentioned, by adding to the 


Fig. 23 Towing speed, 5.00 m. per sec.; trimming angle, 5° 6’ 


Fig. 25 Towing speed, 6.00 m. per sec ; trimming angle 6° 12’ 


Figs. 20-25 Tank Tests Wirth Move. 


pellers (N.A.C.A. 28 and 83) are converted to correspond to the 
scale of the model and for five propellers. The former propeller 
has better qualities as regards starting; the latter, for economical 
flight. 

It is quite generally acknowledged that the difference between 
the propelling force of the airscrews and the total resistance con- 
stitutes the power available for accelerating the airplane. This 
of course must at all times be positive, as otherwise the starting 


trimming angle the angle of pitch between the hulls and wing, 
which in the present instance is 2.5 deg. It will be seen that the 
angle of incidence constantly increases up to a certain speed and 
then decreases. From this it is evident that the decrease of the 
load on the float is directly in the square proportion of the 
speed, which we assumed at the outset does not hold true in 
the actual starting process. If the reduction of the load on 
the hull did proceed thus, it would mean that the airplane would 
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have a constant angle of incidence from the moment of starting to 
the moment that the craft rises out of the water. 

In the further tests which are being carried on with the object 
of ascertaining the counter influences set up between two hulls 
(when such are employed), this circumstance will be considered 
and the load carried will be progressively decreased to corre- 
spond with the actual aerodynamical conditions. 

From Fig. 18 we find that the power available for the accelera- 
tion of the airplane is equal to the difference between the pro- 
pulsive force and the total resistance, depending on the speed. 
Designating this force by P, 


Gad 
d=-X— 
g 


in which G/g is the mass of the airplane, ¢ the time, and v the 
velocity. From this we derive 


dv 
ad 


and obtain the starting time as a function of the velocity. 
If we know the speed as a function of the starting time we can 
determine the starting distance from 


s = fodt 

Knowing now the starting time and also the starting distance 
as a function of the velocity, it is possible to derive also the start- 
ing time as a function of the starting distance. 

In Fig. 19 the velocity and time are plotted against the starting 
distance. In this case the propulsive force of the propeller 
N.A.C.A. 83 has been taken; this propeller is less suitable for 
starting than the N.A.C.A. 28, but it is given the preference since 
it is more efficient in flight. 

It will be seen from this graph that the critical speed, that is, 
the speed at which the water resistance reaches its highest value, 
is attained after but a very small percentage of the starting dis- 
tance has been traversed. The lift-off is effected after a distance 
of 850 meters has been covered or respectively after 38 seconds 
has elapsed, which are results that must be regarded as ex- 
ceedingly satisfactory. 


Tank Tests Witn Hutu Rv 98 


Figs. 20-25 show views of a number of tank ,tests carried out 
with the hull Ru 98. In Fig. 20 the speed is 3.04 meters (9.97 
ft.) per second, which is less than the critical speed. In Fig. 21 
the speed is 4.02 meters (13.18 ft.) per second. The hull already 
glides on the step. In Fig. 22 the hull is moving at the same 
speed as in Fig. 21, but at a greatly increased angle. In Fig. 23 
the speed is 5 meters per second. In all these views it will be 
seen that the lateral wave caused by the step is very low and that 
the spray hardly reaches half the height of the hull. Therefore, 
there is no danger that the propellers, which are situated a con- 
siderable distance above the upper edge of the hulls, will be 
moistened by spray. This favorable condition is to be ascribed 
to the form of the gliding bottom at the step. The surface of 
the water at the rear of the hull shows a depression so that there 
is also no danger that the tail of the hull, which is drawn high 
up out of the water, will be moistened either. 

Fig. 24 was taken with the hull moving at a speed of 6 meters 
per second and just about to take off. It is seen gliding on a 
very narrow strip of the front step. In Fig. 25 the speed is the 
same, but the trimming angle is larger. 

Summarizing, I should like to say that it is quite possible, by 
dint of systematic research work, to determine a form of the hull 
or float which will insure a short start even in the case of airplanes 
with a high wing load. This is exceedingly important, as in this 
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way the unknown problems necessarily arising in the design of 
a new plane type are considerably reduced and the prospects 
of success greatly enhanced. 

Turning now to certain questions of general importance, neither 
small nor great risks may be run in the construction of a long- 
distance airplane. Almost all mistakes made have aggravated 
adverse effects. The worst faults are those having a cumulative 
effect which must be integrated in order to determine the total of 
adverse influences at work. A long-distance airplane must be 
a high-efficiency craft but not necessarily a high-powered craft, 
for there is a difference between the two. Naturally the high 
efficiency must be coupled with absolute safety in service. 


INFLUENCE OF VARIOUS Factors ON S1zE or Pay Loap 


In what follows I shall discuss the influence of various factors 
as they affect the size of the pay load. 
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Let us compare three airplanes for flying distances of 1000, 
3000, and 6000 kilometers, respectively. These distances are 
considered as being covered at normal touring speed, that is, in 
flight with the approximately most favorable gliding figure. 
All planes, in order to have a simple comparable basis, shall have 
the same paying load as the first or basic plane. Also we shall 
assume that the wing load, the starting speed, and also the ratio 
between load and starting weight in the three cases are identical, 
and that all three planes have the same aerodynamical qualities 
and the same fuel consumption per horsepower-hour. 

First, let us assume that for some reason or other the propeller 
efficiency is reduced by 5 per cent, which will correspond to an 
increase of the average power output by the same percentage. 
This increase of power output will increase the fuel consumption 
and require that approxifnately slightly more than 5 per cent of 
extra fuel be carried, the weight of which has to be deducted from 
the paying load. The latter will, therefore be reduced in the 
various airplanes by 

1700, 530, and 133 kg., respectively, corresponding to 
8.8, 2.7,and 0.69 per cent of the pay load. 

Second, let us assume that the fuel consumption will be 10 per 

cent greater than foreseen. In this case the 6000-, 3000-, and 
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1000-km. planes will respectively have to carry the following 
additional amounts of fuel: 
3400, 1060, and 266 kg. 

The pay load of 19,300 kg. (42,460 Ib.) will be reduced by these 

weights or by 
17.6, 5.4, and 1.38 per cent. 

Third, unsuitable location of the engines, radiators, etc. may 
create an undesirable increase in the resistance. We shall 
assume that owing to this the coefficient of parasite resistance is 
increased by 0.01. We have assumed a gliding factor of 14 and 
a lift coefficient of ce = 0.6 so that the coefficient of the total 
resistance has the value 


0.6 
Ce = 14 0.043 


If now this value be increased to 0.053, we find that the airplane 
will have a gliding factor of only 


Cw 


This requires an increase in power output of approximately 


' 14/11.4 = 1.23 times the original amount, and the fuel con- 


sumption will increase at the same rate. This means the 6000-, 
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Fig. 27 Power BaLANcE AND CLIMBING TIMES 


3000-, and 1000-km. planes will respectively have to carry the 
following additional weights of fuel: 

7800, 2440, and 610 kg. 
so that the pay load will be reduced by 

40.5, 12.6, and 3.17 per cent, respectively. 

These calculations are represented graphically in Fig. 26. The 
reduced values of the pay load as a consequence of various faults 
are plotted against the flight distances of the various airplanes. 

Curve I shows the values for a reduction of the propeller ef- 
ficiency of 5 per cent, curve II shows the conditions obtaining 
when the fuel consumption is increased by 10 per cent, and curve 
III those when the coefficient of parasite resistance is increased 
by 0.01. 

. These curves distinctly show that the pay load decreases when 
these three faults appear and also the law of this reduction. In 
other words, the remaining pay load will, in the event of mistakes 
of whatever nature, sink absolutely and relatively much quicker 
in the case of long-distance airplanes than in that of planes with 
a normal radius of action. : 


Maximum Power Ovrtpvuts From Oversize ENGINES AT VARIOUS 
ALTITUDES 


Fig. 27 presents a comparison of the maximum power outputs 
available from oversize engines at different altitudes with the 
power requirements of the airplanes they belong to when start- 
ing, when climbing to height of 4000 meters (13,000 ft.) at various 
speeds, and when flying horizontally. 


ENGINEERING 


These calculations are based on a long-distance airplane 
equipped with ten engines each developing nominally 1000 hp. 

In the left-hand portion of the diagram the output of the engine 
is plotted against the altitude. The maximum output of the 
engine at an altitude of 4000 meters or 13,000 ft. is 10,000 hp., 
and increases at lower altitudes until it reaches 16,300 hp. at 
sea level. Curve a depicts this more distinctly. 

Curve b shows the power output at various altitudes when a 
constant power reserve of (16,300 — 14,000)/16,300 = 14.1 per 
cent is assumed. 

Curve c shows the power output at various altitudes when a 
constant and absolute power reserve of (16,300 — 14,000) = 
2300 hp. is assumed. 

Let us now discuss the power output of 14,000 hp. assumed for 
the start, which includes a considerable surplus of power. 

The power requirements of the airplane for various climbing 
speeds ranging from 0.5 to 3.5 meters per second are shown by 
the curves d, to d; for varying altitudes. These curves are based 
on the assumption that the airplane always flies with the value 
of (ca*/c~”?) a maximum. 

Horizontal flight at an altitude of 4000 meters is demonstrated 
by two examples. For flight with a minimum of power this 
has been calculated at 7100 hp., and for economical flight the 
power requirement has been calculated at 8000 hp., both of which 
values have been entered in the diagram. 

Having now established the motor power on the one hand and 
the power requirements on the other it is easy to compare the 
surplus power under various flying conditions. 

When starting we have a power output of 16,300 hp. as against 
14,000 hp., in which latter case, however, it will be remembered 
there is already included an abundant reserve of power. This is 
highly desirable as it will enable a quick start to be made, even 
inahighsea. The fact that the high power surplus is not actually 
required when starting or flying low is very important, as it 
means that the engine and gears will not be strained, and thus 
tends to insure great security. 

The large surplus of power in reserve when starting will there- 
fore only be required in rare instances as when the sea is running 
very high. 

In order to determine the surplus of power available at any 
altitude, say, 2000 meters, with the airplane climbing, it is only 
necessary to compare the abscissa of curve a, Fig. 27, for the 
given altitude with the abscissa of the one of the curves d, to 
d; for the same altitude. We see that this difference is a positive 
one in the case of d, to ds, and negative in the case of ds and d;. 
This means that it is possible to climb at a speed of about 2.5 
meters per second but not, however at a higher rate. 

Correspondingly the same reasoning applies to curve c. 

In order to determine the surplus of power in horizontal flight 
at an altitude of 4000 meters or 13,000 ft. it is only necessary to 
find the difference between the abscissa of the curve a at 4000 
meters, that is, 10,000 hp., and the power requirements of the 
airplane in economical flight and in flight with minimum power. 
As shown by the diagram, 2000 hp. are available in the first 
case and 3000 hp. in the second, or 30 per cent. 

I should like to remark here that this figure applies to the be- 
ginning of the flight. It increases very considerably in the course 
of the flight and reaches approximately 60 per cent toward the 
end. 

Summarizing, I should like to point out that the surplus power 
shown on this diagram by the difference between the power out- 
put and the power demand of the airplane constitutes virtually 
a balance sheet of work. The decrease in this surplus shows 
that the power reserve required for horizontal flight at high alti- 
tudes differs in no great measure from that needed when climbing 
and starting. The assumption that a very great surplus of power 
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is required when starting, making for a small actual reserve of 
power, does not therefore hold true in airplanes that for reasons 
of safety are also provided with a considerable surplus of power 
for horizontal flight at high altitudes. 

For this reason it appears to me that the auxiliary devices to 
aid starting, such as towing by another airplane, catapulting, 
starting rockets, etc., recently so much discussed would perhaps 
constitute a complication for airplanes of the type described 
having an oversize power plant. On the other hand, it is quite 
possible that such starting aids will be very useful for airplanes 
constructed from other points of view than that of long-distance 
flying. Everything depends on whether or not normal hori- 
zontal flight is to be performed at great altitudes with a large 
power reserve. If such reserves are required, as is certainly 
the case for a long-distance airplane, then, as shown by the dia- 
gram, it will only be necessary to draw on these reserves for a 
few minutes during the start and the climb. 


Tue Propitem or SPEED 


Before concluding I shall refer briefly to the speed problem. 
What I have to say in this respect will not be new to experts, but 
it may possibly interest the general public and aid in spreading 
a better understanding of the problem involved. 

The distances to be traversed as well as contrary winds are 
entirely beyond our influence. They are given facts in the prob- 
lem, and the latter ever so powerful, they must not constitute an 
impediment to the start and flight of a long-distance airplane. 

Only the speed of the airplane is under our control, and this 
must be as high as possible in order to covnteract effectually the 
influence of the opposing winds. How essential this is will be 
readily seen from the diagrams of Fig. 28. 

The upper one of these diagrams shows the actual traveling 
speed in kilometers per hour of three airplanes capable respec- 
tively of speeds of 100, 200, and 300 kilometers per hour plotted 
against the speed of the counter wind in meters per second. 
As is self-evident the absolute deductions from the traveling 
speeds for the various forces of counter winds are the same for 
all three airplanes. With a counter wind of 25 meters per second 
blowing, 90 kilometers have to be deducted from the speed of 
each of the three airplanes. The 300-km. plane therefore ad- 
vances at the speed of 210 km. per hour, the 200-km. plane at 
110 km. per hr., and the 100-km. plane at 10 km. per hour. 
This is shown on a percentage basis in the middle diagram. While 
the 300-km. plane loses 45 per cent of its speed, the 100-km. 
plane loses 90 per cent. 

The adverse influence of contrary winds, however, becomes 
more manifest still if we consider how it increases the time re- 
quired to execute a flight of definite length. This is shown graphi- 
cally in the lower diagram, in which the distance to be covered 
is taken as 6000 kilometers or 3730 miles. This is the distance, 
it will be remembered, which was assumed in constructing the 
basic plane. In the case of the 300-km. plane the traveling 
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time increases from 20 to 28.6 hours; in that of the 200-km. plane, 
from 30 to 54.5 hours; and in that of the 100-km. plane, from 60 
to 600 hours. The increase in time with a counter wind of 25 
meters per second in the fastest airplane amounts to 8.6 hours, 
in the second to 24.5 hours and in the third to 540 hours. It 
is possible also to read from the diagram the increased flying time 
required for counter winds of lesser velocity. 

Comparing the three diagrams we distinctly see the prolonga- 
tion of the flight in the case of fast aircraft is small, whereas with 
slow machines of the fine-weather type it increases with extraor- 
dinary rapidity. 
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Fic. 28 INFLUENCE oF CouNnTER-WIND VELOCITY 


Mention might also be made of the fact that airplanes with a 
high range of speed and good climbing qualities make it possible 
for their pilots easily to climb to altitudes in which the counter 
winds have a minimum velocity or in which they reverse their 
direction. That such searching for more suitable altitudes must 
not be left to chance but be aided by instruments goes without 
saying. 

From this we see that the speeds of modern aircraft must still 
be increased very considerably, and I go so far as to assert that 
in case this is found not to be possible or only partially so, the 
future of long-distance air traffic will not be very promising. 

Four years ago when I stood before the assembly of the Ger- 
man Scientific Aeronautical Society and delivered a lecture on 
transoceanic flying boats, these aircrafts were not objects of 
general interest. Today, however, it is quite different. 

Today no one asks whether such a long-distance airplane is 
worth building, but how it is to be built. Its construction or 
development at the moment interests engineers all over the world 
to a very great degree. Further, the daily press in educating 
the general public to understand the developments taking place, 
and is creating for us engineers the basis on which future successes 
will be built. 

The great problem has been recognized; it is being attacked 
and its solution is assured. 
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Some Aspects of the Seaplane 


With Special Respect to Its Development in Germany 


By FREDERICK P. SCHUETTEL,' NEW YORK, N. Y. 


After a brief historical resume, the author deals, re- 
spectively, with the efficiency of the seaplane, construc- 
tional features, design of floats and boats, engine arrange- 
ment, beam load, seaworthiness, service questions, official 
requirements to be met, etc. Many tables, charts, and 
illustrations are included. 


NE of the world’s greatest aircraft 
() designers said once in a discus- 

sion in Berlin, in the fall of 1929: 
‘Why do we talk so much about seaplanes 
if we are able to build multi-engined land- 
planes that can fly with one engine out of 
commission and that can thus cross the 
oceans with reasonable safety?’ And, in- 
deed, he had such valuable justification of 
his words as that given by the flights of 
Byrd, Kingsford-Smith, and of the Dutch 
India mail fliers. But his optimism went 
too far. In giving due credit to the pioneering spirit of the crews 
who succeeded in landplanes, we should not forget all those who 
perished in the attempt, mostly because of the insufficient 
floatability of their planes. We cannot use landplanes for 
transoceanic commercial flying, as they absolutely depend on the 
reliability of their engines and are merely flying fuel tanks when 
traveling directly from one continent to another. And as far 
as multi-engined landplanes are concerned, it is still a question 
whether they can really reach land with their speed considerably 
reduced by the failure of one of the engines. 

We must continue along the way indicated by the American 
NC-boats in 1919, by Franco (Wal) in 1926, by de Pinedo (Savoia) 
and Beires (Wal) in 1927, and by Mermoz (Latecoere) and von 
Gronau (Wal) in 1930. Admittedly the range of the seaplane is 
not yet sufficient; but we know how the Atlantic can be sub- 
divided, and by beginning on smaller routes we must prepare for 
the service, which will be a fact as soon as, for instance, the Diesel 
engine has been further developed. Our aim must be to produce 
seaplanes which will be able to compete with steamships, because 
they have here the best opportunity to show their superiority in 
speed. This competition would by no means affect the steamship 
companies—consider only the number of passengers aboard a 
Leviathan or Bremen. And developments show that it is just 
these companies that do take an active interest in airplane service: 
the ship-to-shore services of the North German Lloyd and of 
the French Line are well known, and some weeks ago the Lloyd 
Sabaudo began to connect its steamers with an express flying- 
boat service at Gibraltar. The fact that the commander of the 
DoX, Captain Christiansen, was previously master of a pas- 
Senger steamer in the Hamburg-Mexico service, is also significant. 

One pronounced advantage of the seaplane is the very low 
cost for the acquisition and maintenance of its “landing fields.” 


* Aeronautical Engineer. Mr. Schuettel was born in Berlin, Ger- 
many, and was graduated from the Technische Hochschule of that 
city. He was formerly research engineer of the Dornier Metallbauten 
G.m.b.H., of Friedrichshafen. 

Presented at a meeting of the Metropolitan Section of THe 
American Society or Mecnanicat Enaineers, New York, N. Y., 
Nov. 18, 1930. 
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So we often find seaplane services running along mountainous 
coasts where landplane fields are scarce, e.g., in Italy. And 
flights over unexplored countries have been very successfully 
made with seaplanes (Mittelholzer, Cobham over Africa, Pinedo 
over Brazil), relying on rivers and lakes as landing grounds. 
The natural landing areas offered by the water are normally 
level and large; it is not by pure chance that the heaviest airplane 
in the world, the DoX, is a flying boat. Besides, water areas are 
mostly nearer to the big cities in the world than are landing fields: 
e.g., New York, London, Chicago, Buenos Aires, Rio de Janeiro, 
Sidney; in Berlin, however, the existing “Flughafen’’ has the 
best possible location. 

Political reasons are of course very important; so we have seen 
during the last years how Great Britain has been anxious to de- 
velop efficient seaplanes for improving the connections within 
the Empire. Similar reasons of a more commercial character 
have led to the establishment of the wide network of the Pan- 
American Airways. 


HISTORICAL 


As a part of what follows deals with German seaplanes, a few 
historical notes are appropriate at this point. German seaplane 
development was negligible before 1911. The first seaplane com- 
petition was held on Lake Constance with a representative of 
the single-float type. But this was abandoned in favor of the 
twin-float seaplane, which was the standard type during the 
World War, equipped with 160- to 220-hp. engines. There were 
flying boats used in the Mediterranean, but the German Naval 
Air Forces preferred the twin-float seaplane, which showed a 
reasonable amount of seaworthiness for that time. Incidentally, 
it may be stated that Dornier began bis work in 1914 with the 
design and construction of flying boats of 142.5 ft. span and 
about 20,000 lb. weight. The first one made was a failure, but 
the second flew well, and the third passed the severe seaworthi- 
ness test of the German Navy with success. 

Later came the termination of activities which was forced 
upon the German aircraft industry by the Treaty of Versailles, 
and it was not until the end of 1925 that the aircraft limita- 
tions of that pact were interpreted as applying only to military 
aircraft. In the meantime German designers had been com- 
pelled to sell their abilities in foreign countries to keep alive, so a 
certain experience and tradition was available when the time for 
planning efficient commercial airplanes came. During recent 
years there have been four establishments in Germany which 
have more or less specialized in seaplanes: namely, the Dornier, 
Rohrbach, Heinkel, and Junkers. 


EFFICIENCY OF THE SEAPLANE 


As far as aerodynamic efficiency is concerned, in the smaller 
sizes, the seaplane is inferior to the landplane of equal weight 
because of the drag of its floats and bracing. The limit depends 
on the type of construction of course. For example, the Dornier 
Works succeeded in developing a two-float seaplane giving the 
same performance as an equivalent landplane (Figs. 1 and 2). 
This was done by carefully fairing the float bracing by means of 


” 
pants. 
Special attention must now be given to the question of over- 
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loading. A seaplane cannot be overloaded to the same extent as 
a landplane, but this is obviously no fault from the standpoint 
of safety, as excessive stresses are thus avoided. All long-distance 
flights with landplanes have been made possible by overloading, 
and the machines would never have passed any official approval 
tests because of reduced load factors as well as because of lack of 
sufficient take-off and climb performance. 

Table 1 gives data on maximum take-off performances as 


Fig. 1 Dornter Two-FLoat SEAPLANE 


aks 


= 


tests and reports a set of coordinated curves for normal airplane 
(Figs. 3 and 4). There is of course no fineness considered, no 
aspect ratio, no tandem efficiency, and no abnormal decrease of 
power with altitude due to altitude control or blower systems. 
Looking at these diagrams with the above figures in mind, we 
find the limiting performances for the different types to be as 
follows: 


Power Initial 
reserve, climb, Ceiling, 
per cent ft. per min. ft. 
ee 7 40 1300 
24 280 6000 
Two-float plane......... 32 410 8500 


Remember now the approval requirements for landplanes, 
made for the sake of safety: “Take-off within 1000 ft., initial 
climb 400 ft. per min. (Department of Commerce), or altitude 
66 ft. within 2130 ft. from beginning of take-off, rate of climb 
157.5 ft. per min. in air of specific weight 0.0686 Ib. per cu. ft. 
(D.V.L.).” Fig. 5, derived from these data, shows clearly that 
American and German climb requirements are substantially the 
same for machines with normal engines. It is thus seen that for 
reasons of safety landplanes are not permitted to be as over- 
loaded as the technical possibilities admit, and that for com- 


Fie. 2 Dornier LANDPLANE 


exact as the author could get them. The figure of merit is the 
familiar 


cP S 


only with a coefficient c in order to take into consideration varia- 
tions of the propeller efficiency. This coefficient 
was assumed to decrease from 1.0 for 1000 r.p.m. 


mercial purposes the landplane does not possess the superiority 
which it might be assumed to have from its distance records. 
The take-off requirements are even more rigid: both are roughly 
equivalent and correspond to a time of, say, 18 sec. (this depends 
largely on the wing loading). A further diagram (Fig. 6) con- 
necting take-off time and the figure of merit shows that even the 


TABLE 1 MAXIMUM TAKE-OFF PERFORMANCE OF VARIOUS AIRPLANES 


linearly to 0.93 for 2000 r.p.m. It was not necessary Type Wmex, Hp. S W/S W/Hp. f Teke-off 
to introduce different factors for wooden propellers Landplanes 
Lindbergh (Ryan)..... 5,250 225 319 16.5 23.3 100.0 About 2500 ft. 
as only geared engines were equipped with them, Byrd (Fokker).......- 675 730 21.4 23.1 113.0 48 sec., 3268 ft.* 
so that the difference in efficiency was negligible. jokers Dur. Record.. 8830 360 463 19.0 24.5 111.0 86 sec, 2460 it.° 
The hp. values given are maximum hp. only for airey Long Range.... 16,000 600 846 18.9 26.7 119.5 3700 ft. 
his ; ; Kingsford (Fokker)... 15,400 675 730 21.1 22.8 110.5 3500 ft. 
this comparison, the actual power at take-off being Coste (Breguet)....... 13.900 700 647 21.5 19.8 92.0 2630 ft. 
considerably smaller. Seaplanes 
From this table it is seen that the figure of merit Dornier DoX......... 113,000 6300 5130 22.0 17.9 84.5 (At 1300 ft. altitude) 
f Rohrbach Romar..... 41,890 2340 1830 22.9 17.9 86.5 
or the maximum possible take-off is about 110 for Dornier DoR........- 8,500 1400 1570 16.9 18.9 78.0 
i Rohrbach Rocco...... 23,400 1400 101 1 
normal landplanes as against 75 for normal boatsand 28... 11070 640 690 16.0 17.3 69.5 
65 for normal 2-float seaplanes without wind or spe- Earhart (Fokker)..... 


cial starting devices. The author has prepared from 
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400-ft. per min. limit is not often reached. The comparative 
take-off times taken from the preceding curves and plotted to- 
gether are rather interesting (Fig. 7). The curves show the 
amount of take-off time for the seaplane is longer than for an 
equivalent landplane. 

A certain handicap to the seaplane’s efficiency lies in the addi- 
tional weight necessary to make boats or floats watertight and 
fit to withstand the stresses encountered in a seaway. Here the 
weight empty is about 10 to 20 per cent greater, depending of 
course on the type and purpose—high-sea or river service. But 
this handicap is counterbalanced in the case of commercial sea- 
planes by the larger normal gross weight they may have, and 
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which is made possible by ample water areas with no smokestacks 
in the take-off direction requiring the limitation of take-off 
performance. 

Both the natural take-off limit resulting from water resistance 
and friction and the increased weight of course govern the maxi- 
mum ranges of seaplanes, which are of the order of 2000 to 2500 
miles as compared to 5000 to 6000 miles for landplanes. But, 
as already said before, both types are practically equivalent for 
commercial service by reason of limitations which are necessary 
from considerations of safety. 


CONSTRUCTIONAL FEATURES 


Types. The different types are well known; we distinguish 
between seaplanes with positive and with negative stability. 
Twin floats, twin boats, sponson boats, and boats with low side 
floats (called triple floats by Richardson) belong to the group 
having positive stability, while single-float types and boats with 
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wing-tip floats belong mostly to the group with negative water 
stability. The influence of stability on the seaworthiness will 
be discussed later. From the standpoint of weight the boat will 
in most cases be more efficient than the equivalent float plane, 
as the weight of the boat with stability devices and engine nacelle 
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will be less than that of the fuselage with floats and float bracing. 
On the other hand, there is the possibility of exchanging floats 
during service or of substituting a wheel undercarriage on a float 
plane. The combined landplane and seaplane, the amphibion, 
should not be overlooked here. This construction lends itself 
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well to beaching, but it depends on each special case whether its 
disadvantages shall be taken into account: namely, reduced 
seaworthiness—a consequence of the special necessity to save 
weight, increased drag, surplus weight, and the additional main- 
tenance of the landing gear affected by sea water. The published 
data for the two types of craft make this clear: 


Useful Top Initial 

load speed climb Cost 
Fokker F1l (Amphibion)....... 2430 112 700 33,775 
Fokker Flla (Flying boat)..... 
Reduction, per cemt.....-...0. 10 6.6 


2700 120 800 32,500 
12.5 4 (additional) 


Fic. 9 Hutt or Dornier WAL 


Further, the additional landing gear will probably be so heavy 
for bigger ships as to make them rather inefficient, especially if 
one considers that they are subject to the official landplane rules. 
The position of the side floats is of course connected with 
the question of seaworthiness, but apart from this, say, for ships 
for inland waters, the author would always prefer that position 
which provides positive stability. This means low side floats 
and imposes the necessity of having them nearer to the hull in 
order to avoid high yawing moments from a possible wave impact 
or from landing with an inclined wing. Thus the location of 
the side float has wandered from the wing tip to the hull; now 
it is attached to the hull in the case of sponsons. It is interest- 
ing to cite here Dr. Dornier’s statement that the relative span of 
his sponsons decreases with increasing size of the whole boat. 
Design of Floats and Boats. The design of floats and boats is 
a specialized kind of ship design, with much more consideration 
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being given to lightness in weight, and strength is required to 
withstand landing impact at much higher speeds, whereas in 
building ships only the bending moments which result from 
the wave distribution are taken into consideration. There is, 
also, the twisting and bending influence of the tail forces in the 
case of a plane. Notwithstanding all this, we find the same con- 
structional features: either strong transverse frames with a few 
longitudinals or many through-going longitudinals with some 
frames, resembling the Isherwood system of the shipbuilder. 
There are also many intermediate possibilities, and they all have 
been tried by different designers. Strong transverse frames are 
represented, e.g., by Rohrbach’s hull construction (Fig. 8). 
Dornier employs transverse frames with fairly wide spacing 
inside the hull and through-going longitudinals outside (Figs. 
9and 10). Small longitudinals running through in narrow spacing 
are found on the “Consolidated Commodore,” small transverse 
frames being attached to them but not to the hull covering. 
There is also the “Short Calcutta’’ with transverse rings of sheet 
covering (their joints being at the same time riveted to the 
frames) and numerous longitudinals narrowly spaced and in- 
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terrupted at the frames (Fig. 11). The Blackburn boat, however, 
has many longitudinals running through, a number of strong 
frames being cut out for them and attached to the covering. 
The spacings of the stiffeners are rather characteristic—they are 
about 6 in. on British boats as against 1.5 to 2 ft. on German 
boats. This is to a certain extent also due to the derivation of 
the British metal design from wooden boats of the flexible type, 
and to the more complicated shape. The corresponding high 
number of rivets must obviously have an unfavorable influence on 
the production costs. 

As for the floats, the standard type of Heinkel’s is a wooden 
float with correspondingly flat walls, having ash frames and 
longitudinals and plywood covering (Fig. 12). Junkers, however, 
uses the reinforcing effect of his corrugated sheets also for the 
longitudinal stiffening of floats at the side walls (Fig. 13). An 
example of the use of wide spacing of stiffeners in the United 
States is the Edo float, which has fairly thick walls, a few longi- 
tudinals, and only the bulkheads as transverse members. 

We have seen that the longitudinals may be provided at the 
inside or at the outside of the hull, the latter arrangement avoid- 
ing crossing difficulties. Service experiences show, however, 
that outside longitudinals should be avoided on the bottoms of 
metal ships as they complicate beaching and are likely to be 
damaged, thereby causing corrosion. 

Engine Arrangement. The engine arrangement is normal for 


j 
| 
= 
| 


AERONAUTICAL ENGINEERING 


float seaplanes; one has only to see that the clearance of the pro- 
peller from the water line is preferably not less than 2 ft. As the 
hull cannot be considered for the installation of engines so long as 
these are directly coupled with the propellers, all boats have sepa- 
rate engine nacelles either under the wing or above, the position 
of the screw just ahead of the wing resulting in strong interference. 
The position under the wing, especially in use on biplanes (with 
reference to their upper wing), has the advantage that the 
influence of the parasite drag on the efficiency of the wing is 
small; but the propeller slipstream counteracts the circulation, 
whereas in the position above the wing it increases the circula- 
tion and the lift, but shows a very bad drag with idling propellers 
and affects the suction side of the wing unless the nacelles are 
carefully designed. The question of installation is less difficult 
on bigger ships as the propeller clearance from the water increases 
with the span. It is clear that the necessity of providing separate 
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Fig. 12 Hernxet Fioar (Woop) 
engine nacelles has furthered the adoption of the tandem ar- 
rangement for flying boats; its advantages—small drag, no 
yawing moments due to engine failure—and its disadvantages— 
loss of efficiency for quick-running airscrews, cooling difficulties 
with the present air-cooled engines—are widely known. There 
is of course the influence of the high line of thrust on the air 
stability, in so far as it makes it more difficult to obtain the right 
balance for both cruising and gliding flight conditions. 
Maneuvering on the water is more difficult and more impor- 
tant than on land, the importance being accentuated by the fact 
that seaplanes on the water are regarded as engine-driven ships 
subject to international navigation regulations. This point of 
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TABLE 2 VALUES OF BEAM LOAD II'/B 


W B 
Weight, Ib. “max.!>- Beam, ft. W/B W, 
113,000 15. 
41,890 6.8: 
33,100 11.14 
23,400 


Type of plane 
Rohrbach Romar 
Dornier DoR 
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Consolidated Commodore. 
Dornier Wal 

Supermarine Southampton 
Sikorsky S 38 

Curtiss H-16 

(N.A.C.A. Rep. 346) 
Latecoere 28 

Junkers G 24 W 

Junkers A 20 W......... 
TS-1 (Rep. 328)......... 


! Width of one float (2-float seaplanes). 
2 W/2B?. 
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view will often require the use of an enlarged rudder or ailerons, 
which mostly means increased control forces during flight. 

Beam Load. It is interesting to investigate the beam load, 
or the gross weight divided by the width of the hull, for the 
different types and sizes of seaplanes. Values for this are given 
in Table 2, as well as values of weight divided by the square oi 
the width. 

These values are plotted on two diagrams (Figs. 14 and 15), and 
attention is called to the comparatively low values of the H-16, 
Calcutta, and DoR, and the high values of the Romar and Rocco. 
Points of two-float planes are seen on the same curve in Fig. 14. 
The difference between float seaplanes and boats is only seen when 
considering the bottom loading calculated as W /2B? for the two 
floats. This value of the bottom load of course varies less for 
normal machines than that of the beam load, but any variation 
of the type is much more pronounced. The plotting of points 
for different conditions of gross weight is justified for rough com- 
parison as their alteration does affect but little the character of 
the curves, the points moving around along straight lines which 
radiate from zero. The second curve indicates why the take-off 
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of float seaplanes is normally worse than that of a boat, but it also 
shows that a narrow hull does obviously not affect the take-off 
possibility if adequately designed (compare Table 1 of take-offs). 
But of course the question of space for passengers and load is 
still more important from the economic point of view. 

It is justifiable not to consider floats and sponsons when mea- 
suring the width, as these devices either do not assist very much 
in the take-off, or have such incidence against the hull bottom 
that any wave impact will probably not meet both with the same 
force. Thus we can assume the impact pressure to have some 
relation to the curve of the “bottom load.’’ The actual values 
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measured by the N.A.C.A. (Reports 328 and 346) are about 10 
Ib. per sq. in. for the TS-1 and 14 lb. per sq. in. for the H-16, 
and the author imagines that bottom pressures on Rohrbach 
boats are not far from being as high as indicated by their propor- 
tional position on the diagram. 


SEAWORTHINESS 


The definition of seaworthiness deals with the maneuvera- 
bility of the seaplane on the water and the combination of 
flight and marine performances when taking off and landing. 
The seaworthiness is sufficient when no injuries or damage occur 
to those on board the plane or to the plane itself. Going into 
details, seaworthiness in general comprises behavior during: 
(1) mooring, (2) drifting, (3) towing, (4) taxying, (5) landing, 
and (6) taking off. 

There have been designers striving after the seaplane with 
“absolute” seaworthiness, but until now the seaworthiness ob- 
tained has always borne a certain relation to the weather condi- 
tions and the seaway encountered. It is hardly reasonable to re- 


quire that absolute seaworthiness which we are unable to obtain, 
even with considerable sacrifices of useful load. It should be 
borne in mind that storms often cause great damage on the big 
liners. 

From the standpoint of safety, adequate performance must be 
required for points (1) to (5), but it seems reasonable to except 
the take-off in a high seaway. Limiting thus the definition of 
seaworthiness does not affect the safety; the seaworthy plane is 
able to land in a high sea, is always maneuverable, and it rides 
out a storm and takes off again under better weather conditions 
when repairs have removed the cause of the forced landing. 
Even such early types as the NC-boats in 1919 and the old H-16 
of the above-mentioned report experienced no serious troubles 
when landing normally. 

When discussing seaworthiness, one should divide all sea- 
planes into two groups as the D.V.L. does for its strength re- 
quirements, namely, into planes for rivers and lakes, and planes 
for the high seas. The formation of a third group might be sug- 
gested for the coast and the Great Lakes, but presumably the 
short waves of the Great Lakes, e.g., are at least as dangerous 
as those ol the ocean. As all difficulties are more or less due to 
the seaway, the following paragraphs will deal especially with 
the ‘‘high-sea”’ group. 

Investigating details Nos. 1 to 6, we find that they are a func- 
tion of different seaplane characteristics: of the flight performance 
as far as landing and taking-off speed and time of the take-off 
are concerned; and of the water stability, size, and position of 
the wing for the remainder. 

The landing and the taking-off speed should be as low as 
possible, of course, as the wave impact increases with the square 
of the speed. But considerations of flight performances of the 
weight-strength ratio (especially of the wing), and of the in- 
fluence of a large wing on the water stability have led in the op- 
posite direction. The landplane has gone through the same 
development even without this third reason, so that it is not fair 
to blame the seaplane for it. 

The lateral water stability of a seaplane seems to resemble that 
of any floating body. This is true in the case of a calm, but with 
wind the stability of a seaplane can only be compared to that 
of a sailing vessel—and this only to a certain extent as the wing 
area cannot be reduced like the canvas of a sailing ship. This 
makes clear the danger of a large wing surface, corresponding to 
a small wing loading. It shows also why the initial stability 
expressed by the metacentric height is greater for an inherently 
stable seaplane than for a steamship, e.g., 15 ft. for the DoX. 
Apart from the size of the wing the heeling wind moment de- 
pends largely on the height of the former above the water line 
(this is often excessive for the upper wing of biplanes), on the 
projected area of the hull, and on the dihedral of the wing. For 
example, Rohrbach accepted the tapered wing in order to balance 
the influence of a pronounced dihedral. Incidentally seaplanes 
with a high wing loading do not tend to fly away from either 
beach or buoy in a 40- to 50-mile “breeze.” 

In discussing the marine qualities of the different types, « 
new factor must first be considered, namely, the size—this not 
from reasons of stability but merely because it gives a measure 
of the distance from the water line to the pilot. It is quite clear 
that a pilot sitting high and dry in a small-float seaplane is 
better able to view his surroundings than one sitting low in « 
small boat and more or less disturbed by spray. For the 
bigger sizes, however, the boat is obviously better; it should 
always be possible to build it lighter and with less drag. The 
average limit for both types according to experience is at about 
11,000 lb. gross weight or about 900 to 1000 hp. This is one o! 
the reasons why the lighter two-float seaplanes attained the first 
three places in the severe test of the German Seaplane Competi- 
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tion in 1926 (Von Gronau being the winner), and that helped to 
develop the flying boat as the heavy patrol plane of the U. 8S. 
Navy. 

Although as said before the high position of the upper wing of 
a biplane is rather unsatisfactory, the low position of the lower 
wing is still worse. The possible heeling angle of a ship with low 
wings is very small, and the wing tips are much exposed to the 
seaway. A construction cannot be considered as satisfactory 
when students are advised to cut off its fabric in case of distress, 
and in view of all this, the monoplane offers the best solution. 

The most acceptable take-off and landing qualities seem to 
have been obtained with the central-body seaplane, i.e., with 
the single-float seaplane and the central boat. The better maneu- 
vering qualities are of course associated with positive stability, 
that is, with the two-float system and with the central inherently 
stable boat. Side wind considerably endangers every seaplane 
with negative stability due to the increased angle of attack. 
One logical step has been to lower the wing-tip floats far enough 
to insure positive stability, as a hull that would itself give this 
stability would be too broad. Rohrbach, for example, did this 
and employed side floats instead of tip floats at the same time. 
But for high-sea service the low side float has not proved its 
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superiority. The stabilizing device of outstanding merit is still 
the Dornier sponson, as it insures a high degree of positive 
stability, centralizes the buoyancy and impact forces, does away 
with the danger of being torn away, which is always possible 
for floats, and avoids the large impact of a broad, inherently 
stable boat by the incidence of the sponson. We have seen be- 
fore that only the single-body plane combines good taking-off 
and maneuvering qualities, so that we understand now the 
success of the inherently stable sponson boat, as exemplified 
by the Dornier, Latecoere, and Supermarine. Planes of the 
“Wal” type have repeatedly been able to take off and land (of 
course) with considerable side wind or along a rather heavy swell, 
which ability is very important for all cases where wind, seaway, 
and swell cross each other. Take-offs of this kind are also men- 
tioned in Report No. 328, but this same report also shows the 
unsuitability of the wing-tip float for this maneuver, as it was 
damaged by waves causing a ground loop of the whole boat. 

Longitudinal water stability presents no difficulties whatever, 
as a certain length of the boat, e.g., is given by the position of 
the tail and as the length of floats is already partly determined 
by the required buoyancy. The necessity that the ship shall be 
stable with any two compartments flooded is of some importance, 
too, but it affects more the spacing of the bulkheads. 

The shape of the bottom has a distinct influence on the sea- 
worthiness, as it determines the wave impact, the ease of take-off, 
the smoothness of a landing, and the amount of spray water. It 
has often been stated that the flat bottom gives the shortest 


take-off on smooth waters, whereas keeling is more agreeable 
for seaway. A number of characteristic sections are shown in 
Fig. 17. Interesting is the application of longitudinal steps, 
the lowest part of the bottom being especially used for planing 
at high speed. The success of the flat-bottomed Wal is partly due 
to this longitudinal step which avoids contact of the whole 
bottom with the water at once and serves as a very efficient 
stiffener. The straight keeling of American boats compared 
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with the wave-binding Rohrbach bottom should be less efficient 
as regards the time of take-off and maximum tests, but no actual! 
figures are yet known. A combination of longitudinal steps 
with the Rohrbach shape is represented by the Edo floats. It 
is interesting to note that without excessive width of the hull the 
draft of the Dornier DoX is 3.4 ft. fully loaded as compared with 
2.7 ft. of the Supermarine Southampton, for example. Economic 
considerations suggest a shape of bottom lying between the flat 
one and the type with pronounced keeling, as illustrated by the 
main frame of a modern Dornier flying boat (Fig. 18). 


SERVICE QUESTIONS 


Embarking. There are a number of questions for flying com- 
panies which arise from peculiarities of the seaplane. Taking up 
embarking first, there are these possibilities: 

1 Entering the plane from the bow when it is lying on the 
beach or on an inclined runway with its front part. There is 
no question here of seaway as seaplane bases will always be 
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situated on sheltered water, but wind will often affect the taxying 
to and from such a place. 

2 A pier or a rigid bridge is unsatisfactory when the tide has 
to be considered, as it should be so low that the wing has sufficient 
clearance. 

3 The use of buoys is logical as in the case of yachts. How- 
ever, it makes a commuting boat necessary, but this will often 
be available as it is also required in the case of accidents. 

4 The installation of a raft either attached to an anchor or 
sliding up and down in guides is to be earnestly considered. It 
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special shape for al! non-flat bottoms, and this makes the maneu- 
ver rather difficult, say, with side winds. 

b Some manufacturers supply special auxiliary wheels for 
their ships so that they can taxi up the beach or slope with their 
own power after the gear has been applied by men with rubber 
suits. (Fig. 19, Rohrbach, and Fig. 20, Dornier beaching gears.) 

c Whereas these wheels remain at the ground base in the 
case of seaplanes, the amphibion incorporates them in an under 
carriage, thus eliminating beaching difficulties but sacrificing 
some pay load and speed. 

d If an adequate crane is available, hoisting of the seaplane 
is effected easily and quickly. This method is very suitable for 
airplane works, where a delay of the maneuver by unsuitable 
wind conditions is not of the utmost importance. 

e Floating docks were used in England during the war and 
there is one now at the central seaplane base of the German 
Lufthansa, but it is believed that the initial and maintenance 
costs are rather high. 

f An elevator scaffold or slip could be provided with a second 
car independent of the rails, so that it might be adjusted to 
every position of the seaplane due to variations of the wind 
direction. 

g A simple wooden slope lubricated with water is cheap and 
works perfectly with small machines having a strong keel. 

The question of maintenance is rather important, too. Cor- 
rosion is still the only serious handicap for the metal seaplane, 
but the author feels quite sure that there will be some efficient 
protection developed within the next few years. As a matter of 
fact, metal construction is imperative for the bigger ships 
the DoX would never have been built from wood. 
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may be accessible over a movable bridge and the seaplane will 
be able to go alongside under all wind conditions if the distance 
from the land is great enough. 

5 The easiest solution is of course given by the amphibion; 
the floating runway of the Air Ferries in San Francisco deserves to 
be especially noted. 

Beaching. It is the custom on European seaplane lines to leave 
the machines moored during the season and to take them out 
from the water only for repairs and overhauls. There are several 
methods: 


a The launching cradle or slip car is well known; it needs a 


REQUIREMENTS 


As the requirements of the different authorities for the approval 
of seaplanes for service naturally differ from those for landplanes, 
a brief glance at them may help to give some idea of the seaplane, 
the development of which they follow to a certain extent. Fur- 
ther details are given in an article by Mock and Pappel in the 
Aero Digest, September, 1930. 

First there are certain requirements for the flight performance. 
In its regulations now being modified, the Department of Com- 
merce requires a take-off within 1000ft. This is to hold for sea- 
planes and landplanes, but considering the higher water resistance 
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and friction of a seaplane when equivalent to a landplane in the 
air, it means a serious handicap to the former. So the Depart- 
ment does not actually insist on the regulation. If any require- 
ment of this kind is made, it should limit the time of take-off, as 
the run is not so easily measured on the water, and this limit 
should reasonably not be under 45 sec. (see Fig. 7). 

The D.V.L., the German Experimental Institute for Aero- 
nautics, has no requirements at all for the take-off of seaplanes, 
apart from seaworthiness requirements which are now being 
developed. They acknowledge that the natural limit of sea- 
planes prevents dangerous overloading, and that the size of the 
natural landing places does not require limitation of take-off, 
and they provide for strength by requiring higher load factors 
for higher landing speeds.’ 

The Department of Commerce wants a certain maneuverability 
in the air expressed by the radius of figure 8’s. The tendency 
toward equal treatment for landplanes and seaplanes is justified; 
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once in the air, a plane should be a plane. Certain minor diffi- 
culties for the seaplane arise only from special considerations for 
rudder and ailerons, as already mentioned, or from the influence 
of floats on the lateral air forces. The author believes that ser- 
vice experiences will also here lead to measuring the time for a 
circle or figure 8 instead of the radius, this time to be staggered 
for certain weight groups to take account of increasing inertia. 

A third requirement might be new for multi-engined seaplanes: 
‘he demand that they shall fly with full load with one engine out 
of commission. This regulation should be seriously discussed 
before enforcement. When asking any boat pilot about emer- 
gency landings, he will tell you that he feels more comfortable 
than in other planes as a normal seaplane route is composed of 
® natural series of ‘emergency fields” and as an emergency land- 
ing of a boat on land will never endanger the lives of those on 


* See reference to later regulations at end of paper. 
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board. All planes have to face a crash when forced down over 
woods or mountains. The merits of the flying boat in this di- 
rection have been proved, e.g., by the recent landing of a Com- 
modore on Cuba, by emergency landings as reported from 
amphibions with wheels up, by the take-off of Amundsen’s 
Dornier Wal from the polar ice (Fig. 22), and by the take-offs 
and landings of a ship of the same type from land covered only 
with a 2-in. layer of snow when searching for Eielson (Siberia, 
1930). Comparing thus the chances of a forced landing, it seems 
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to be reasonable to consider the differences by varying the require- 
ments for multi-engined flying boats and for such landplanes. 
The reason for the introduction of multi-engined airplanes 
was to make them more reliable and independent of engine 
failures. But it would be unreasonable to prevent sound develop- 
ment by barring with restrictions two-engined planes as well, 
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as one cannot forbid single-engined planes with 0 per cent re- 
serve in the case of engine failure. The complete exclusion of 
the two-engined seaplane might be a consequence of the regula- 
tion that they shall fly with one engine out of commission as 
its weight empty is al':ady greater than that of the two-engined 
landplane. Some American airplanes which are at present able 
to meet this requirement will not be able to do so later, for it is 
the fate of aircraft to gradually grow heavier and heavier. The 
author would suggest connecting such a requirement (if any) 
with a curve (Fig. 24) based on the possible failure of one-third 
of the engines for a three-engined and a six-engined plane, the ratio 
decreasing toward zero for the single-engined machine, and again 
decreasing for more engines as the probability of a failure of so 
large a number of engines at the same time is very remote. In 
the case of fractions the corresponding hp. and r.p.m. could be 
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determined from the propeller load curve of the motor in ques- 
tion. 

The different requirements for strength take up much more 
space in the regulations, but only a few outstanding details will 
be mentioned here. The D.V.L. has an empirical formula for 
the landing load factor. It depends on the gross weight, on the 
1.5th power of the landing speed, on the angle of keeling, and on 
the seaway, being 30 per cent higher for seaplanes which will 
withstand seaway No. 5 instead of No. 3. All important factors 
are thus combined. The Department of Commerce requires a 
higher load factor for floats and bracing, whereas the D.V.L. 
permits a lower one than for the remainder of the plane or for 
boats. The highest stresses are indeed in the float system, but 
the D.V.L. thinks that overstresses should first result in bending 
or deflecting that system without affecting the rest of the plane 
and the persons. 

Generally the D.V.L. derives its requirements from the land- 
ing impact. The Department of Commerce, however, has certain 
requirements referring to floating which are less severe. Buoy- 
ancy and floatability are insured by special regulations for the 
surplus displacement and for the stability with any two compart- 
ments flooded according to the D.V.L. wording, the Department 
aiming at the same.goal by requiring subdivision into five com- 
partments of approximately equal size. 

There have been no official requirements with respect to sea- 
worthiness until now (they are being developed by the D.V.L.), 
but there are a number of flying companies with certain regula- 
tions, e.g., the German Lufthansa. The corresponding tests 
comprise drifting, towing on all courses from 30 to 30 deg., 
taxying of figure 8’s, landing and taking off; all this with No. 2 
seaway at least and corresponding wind. Such or similar re- 
quirements should have the same importance as those for the 
life-saving devices on steam ships. No private flier should be 
prevented from drowning if he insists upon doing ‘so, but safety 
must be the first consideration for commercial flying over sea. 

[The new regulations of the Department of Commerce having 
become known after this paper was preprinted, the author added 
the following concerning landing speeds during the reading of 
the paper: It is understood that the Department intends to 
extend the limitation for landing speeds also to seaplanes. Some 
details mentioned in connection with the take-off will contribute 
to the view that landplanes and seaplanes should be treated in 
different ways, allowing higher landing speeds for seaplanes. 
The author points to the fact that such an interesting develop- 
ment as that of Rohrbach, which by no means resulted in “dan- 
gerous ships,”’ will be excluded by law. By the way, it is wondered 
how a great many of the modern and efficient American land- 
planes shall be able to comply with the regulations, as their 
wing loading indicates landing speeds of 65 to 75 m.p.h.] 


Discussion 


B. C. Boctron.* This most interesting paper covers many 
phases of a broad field. If one may venture a criticism it is that 
the author in touching on several subjects just gives enough to 
excite the reader’s interest without satisfying it. For a paper to 
have the most value to practicing engineers, it should go thor- 
oughly into the matters taken up. Owing to the wide divergence 
in design practice between this country and Germany and the 
merit of German flying boats, it is of great importance that 
designers in this country be acquainted with the methods and 
formulas used by German engineers in determining the various 
features of boat design. Because of Mr. Schuettel’s familiarity 
with these, it is to be hoped that in the near future he will con- 
tribute a paper or articles giving more detailed information. 

* Glenn L. Martin Company, Baltimore, Md. 
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It is a great pity that more basic test data are not available for 
foreign boats. This information is similar to wind-tunnel data 
on airfoils, and with it the relative merits of the various bottom 
shapes and lines shown in Fig. 17 could be determined as regards 
efficiency. The author’s opinion that the sharp V-bottom of the 
Rohrbach type is more efficient than the American design is 
questioned. 

Figs. 14 and 15, showing the beam and bottom loadings, are 
interesting and check with the writer's experience. However, 
it is believed that Captain Richardson’s formula for beam in 
terms of weight and loaded waterline length is more reliable. 
The Rohrbach boats check closely with this, although they fall 
far above the curve given for beam loading. Fig. 15 brings out 
very clearly the necessity for using a much higher unit loading in 
designing the bottom bracing of large boats than would be satis- 
factory for smaller ships. 

The author touches on a mooted question in discussing the 
spacing of bottom longitudinals and in pointing out the great 
difference in British or American and German practice. One at 
once wonders what gage of bottom plating will permit a stringer 
spacing of 1.5 to 2 ft. The question also arises of the effect on 
water resistance of the rather large external longitudinals 
employed by Dornier. 

The suggestion made by the author under the heading of 
seaworthiness, that boats be divided into two classes depending 
on the service for which they are designed, is an excellent one. 
Unquestionably flying boats designed for use on the ocean must 
be built considerably heavier than those for river or small-lake 
service. It is believed important enough to consider bringing to 
the attention of the Department of Commerce so that a differ- 
entiation in load factors may be made. 


H. C. Ricuarpson.‘ This paper is very interesting, particu- 
larly as the writer finds close agreement with most of the matter 
presented. He feels strongly that long overseas flights by land- 
planes is only inviting disaster and is not even reasonably safe. 
The effect of a dead engine in decreased power is not its only 
effect, as the drag of the dead engine becomes serious directly 
from the drag, and if the engine is not centrally placed involves 
increased drag of the steering controls, and the resultant reduc- 
tion in the optimum speed then becomes a very serious factor in 
headwinds. 

Seaplanes certainly have an advantage in the natural aero- 
dromes available all over the world and in inland lakes and rivers. 
The inherent hump resistance of floats places a limit on the over- 
loading, but does not necessarily involve an unsatisfactory design 
commercially. The length of run to the take-off and the time of 
take-off are relatively unimportant in a harbor, and if any wind is 
blowing it is always blowing down the runway for a seaplane. 
In fact, one large landplane specifically built to show high range 
found that the land-gear tractive effort was a serious factor in 
limiting the contemplated overload. 

Personally it is felt that the triple-float arrangement is superior 
to the sponson type and that the latter inhibits, to some degree, 
the employment of sharp V’s which are excellent shock absorbers 
in eliminating the punishment involved in the use of flat bottoms 
or fairly flat V-bottoms; and, contrary to the generally accepted 
notion, the writer believes that the intermediate-angle V-bottom 
does not require power in excess of that required for the flatter 
bottom types. 

For the larger sizes there is no question that the boat type will 
prevail due to its superior maneuverability and habitability and 
because twin floats of large size involve such serious wracking 
forces that the provision for adequate strength involves undesir- 
™ ‘ Director of Engineering, Allied Motor Industries, Inc., Chicago, 
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able weight. Even for the float type, the central float is superior 
to the twin float, and particularly with a single engine plane the 
central float offers protection to the propeller. 

The writer is particularly interested in Mr. Schuettel’s protest 
to the Department of Commerce ruling that a twin-engine plane 
must be capable of flying on one engine. This ruling makes the 
second power plant with all of its accessories, foundations, con- 
trols, ete., a surplus luxury which can ill afford to be carried in 
commercial types of planes, whereas the presence of the second 
engine really affords a very measurable improvement in safety in 
that it very importantly increases the gliding range, and it ap- 
pears to the writer that the minimum specified rate of descent 
with one engine out of commission would be a more reasonable 
requirement for twin-engine airplanes. 

Relative to the beam ratio, it is regretted that Mr. Schuettel 
does not include the length in his table, as the writer has found 
that, taking account of the waterline length and beam or the 
beam ratio, the beam required is a function of that ratio and the 
cube root of the weight, and that this applies to central-float, 
twin-float, and boat types covering planes from 1000 to 30,000 Ib. 
and for American, German, French, and Italian designs. As to 
the structure the bottom framing of the Isherwood type will, in 
the long run, prove to be most satisfactory. 

The writer is glad to see a paper of this type as he believes it is 
time that interest in seaplanes, particularly of the boat type, 
should be revived in this country. 


I. M. Lappon.’ The author’s statement that, in so far as 
aerodynamic efficiency is concerned, in the smaller sizes the sea- 
plane is inferior to the landplane of equal weight because of the 
drag of its float and bracing is not agreed with. The fact that 
the world’s high-speed record is held by a seaplane seems to be 
satisfactory evidence to the contrary. In the larger sizes flying 
boats have been constructed which, from the standpoint of pay 
load and performance, exceed comparable landplanes. As a 
concrete example, the Commodore, with two series-B Hornet 
engines, carries practically the same passenger load that the 
Fokker F-32 handles, though the latter ship requires four series-B 
Hornet engines. 

The flying boat has the inherent advantage that the hull pro- 
vides the landing and take-off medium and also functions as the 
passenger and cargo cabin. The width of the beam necessary 
for satisfactory take-off assures ample space for comfortable 
passenger accommodation, a feature which is frequently lacking 
in the normal land airplane. 

The writer does not agree that the maximum range of sea- 
planes is of the order of 2000 to 2500 miles as compared with 
5000 or 6000 miles for landplanes. No one to date has over- 
loaded a modern flying boat to the point where it is just barely 
able to take off under the most favorable conditions and deter- 
mined just how far it will cruise. The Commodore, loaded to 
23,000 Ib. gross, would have a cruising range of approximately 
4000 miles, which it is believed compares favorably with limiting 
conditions for the present-day landplane. This type of per- 
formance is not advocated, because it does not form the basis of a 
practicable every-day commercial operation. However, such a 
parallel should be drawn in the event that flying boats are to be 
judged on the basis of stunt-performing landplanes. 

On the question of constructional features, with particular 
reference to hull design, our system has been to use a minimum 
amount of athwartship bracing with the idea that every pound of 
material used in longitudinal bracing contributes to the overall 
strength of the hull, whereas athwartship bracing falls in the 
category of local stiffening, which should be reduced to the 


° Designer of the Consolidated Commodore, Consolidated Air- 
craft Corporation, Buffalo, N. Y. 
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minimum consistent with the necessary strength. The hull itself 
is analyzed in accordance with naval architectural methods, 
basing external loads on three criteria: 


1 Hogging condition with the crest of the wave amidships 

2 Sagging condition with the trough of the wave amidships 

3 Landing condition with the load concentrated on the 
bottom forward of the step. 


The thickness of plating, spacing of longitudinal stringers, 
and design of the floor-frame trusses and the keelsons are predi- 
cated on this analysis, and while the general assumptions covering 
external loads can be considered controversial, the structure as a 
whole has a uniformity of strength which assures reasonable 
elastic properties and minimum weight. 

In general, American flying boats carry a much higher per- 
centage of useful load than those built abroad, and in the writer’s 
opinion the reason for this is that the Continental designers 
build, first, a rugged, seaworthy hull and then attach thereto 
sufficient wing area and engine power to permit it to fly. In 
other words, the average Continental flying boat is primarily a 
boat and secondarily a flying machine. It is contended that this 
method of procedure is fundamentally incorrect, i.e., the flying 
boat should be primarily a flying machine and secondarily a sea- 
worthy boat. The high wing and power loading of foreign de- 
signs causes them to be sluggish flying machines, and the great 
length of run on take-off and high landing speed make it necessary 
to provide a tremendously strong and correspondingly heavy 
bottom. If the wing loading and power loading are kept at a 
reasonable figure, the flying boat will get into the air with a rela- 
tively short run in a heavy sea and not be required to take the 
beating which the more heavily loaded, lower-powered flying 
boat must undergo. A typical example of foreign flying-boat 
design consists of two four-engined airplanes which were pur- 
chased by an American operating concern each of which had an 
alleged passenger capacity of 30 persons. Our Department of 
Commerce would not license these aircraft to carry more than 
the crew and approximately three passengers. In the writer’s 
opinion European flying-boat development has been greatly 
overrated as compared with the home product, largely because, 
with the exception of the Commodore, practically all American 
flying-boat development has been for the Navy and has not re- 
ceived a commensurate amount of advertising and publicity. 

Reference seaworthiness, rough-water tests, and thousands of 
hours of satisfactory operation have proved that the low side 
float, i.e., one that provides positive lateral stability on the 
water, is at least the equal of the raised side float for heavy sea 
duty. Further, this float arrangement assures a degree of taxying 
control when on the step that is not provided with any other 
float arrangement. 

The reference diagrams in Fig. 17 show characteristic bottom 
shapes. The Commodore bottom does not conform to any of 
these, but is, in general, similar to that shown for British boats, 
with the exception of the keel being sharp instead of rounded. 
Also, the Commodore does not utilize sponsons, which are said to 
be typical for both American and British boats. 

The writer is in accord with the author’s statement that the 
monoplane is the desirable type for flying boats. It is believed 
that the high center of thrust location of the average flying boat is 
an advantage in so far as stability, power on and off, is concerned, 
experience indicating that the flying boat is better than the 
average land machine in this respect. 

Disagreement is taken with the author’s paragraph on relative 
engine-wing location. In multi-engined airplanes, where flight 
with one motor is a performance requisite, the location of the 
power plants above the wing has an exceedingly detrimental 
effect. The drag which occurs with an idling propeller is usually 
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of sufficient magnitude to actually prevent horizontal flight with 
one motor out. A recent series of tests conducted by the Na- 
tional Advisory Committee indicates that the engine location 
below the wing is preferable. 


G. A. Lusurc.* The writer finds the paper very interesting. 
It was, however, an article very much on the same order as one 
that he wrote for the A.S.M.E, last year on “Seaplane Design,” 
in that it was very general in its statements and contained com- 
paratively no new information of a technical nature upon which 
an engineering discussion could be based. 


AUTHOR’s CLOSURE 


Mr. Boulton is perfectly right in his criticism, in so far as it 
is impossible to crowd experiences on such a wide field into one 
paper. Besides this, the publication of data will, as long as 
there is competition, be subject to mutuality, and in this respect 
Dr. Dornier seems to have been one of the most liberal. 

The remark about spacing should be understood generally. 
The gages on European boats are not excessive, so that the 
difference seems to lie in a larger allowance for elastic deforma- 
tion on the unstiffened parts, combined with the use of less 
but stronger stiffeners. There is some initial water resistance 
for the Dornier type of sponsons; it disappears quickly, however, 
due to the rise on the step. Tank tests in this direction by 
Supermarine should not be generalized; Mr. Richardson is 
perfectly right when intimating the importance of considering 
the combined water work of hull bottom and sponson. 

The author cannot agree with some of Mr. Laddon’s state- 
ments. He feels that the development of speedy seaplanes was 
stimulated by the Schneider Cup, whereas no such stimulant 
existed for landplanes. The four-engined F-32 and the two- 
engined Commodore should not be mentioned so closely together 


6 Assistant Chief Engineer, Curtiss Aeroplane and Motor Com- 
pany, Garden City, N. Y. 
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as they belong in distinct, different classes, characterized by 
low power loading and high speed versus medium power loading 
and low speed. The seating capacity as such does not give a 
good picture if not quoted together with the corresponding range. 
A large cabin is of slight value to the operating company if the 
actual capacity must be considerably reduced for a longer run. 

The maximum range for seaplanes has indeed been increased 
by a Latecoere plane to about 3000 miles. It should, however, 
be kept in mind that this type of plane was extraordinarily 
light in weight and that its high stress-to-weight ratio was fatal 
to several pilots. With the indicated gross weight the Commo- 
dore should not cruise much farther than 2500 miles. The 
limit of overload has been determined for many flying boats, 
some data being given in Table 1. It is hoped that the range 
of 4000 miles will follow the introduction of Diesel engines. 

The author agrees with Mr. Laddon in rating the transverse 
stiffening as secondary. Any neglect of it, however, might lead 
to weakness in respect to torsional stresses. The generalization 
about European seaplanes is not justified, the principle that 
flying boats should be airplanes first and then boats is adhered 
to by most European designers. The four-engined boats re- 
ferred to had been ordered without any reference to American 
requirements, which partly did not exist at the time of their 
It should have been mentioned that their failure 
was mostly due to an engine type which, in geared condition, 
had been said to be satisfactory for the tandem arrangement, 
but which did not prove to be so, according to the author's 
information. 

The author regrets that he did not know Mr. Luberg’s paper 
at the time. The duplication of some statements may give the 
satisfaction of knowing that seaplanes are working just the same 
on the other side of the ocean as in this country. It is believed 
that the data concerning maximum tests and comparing land- 
plane and seaplane take-offs are valuable enough to have justified 
a paper for them. 
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Sheet-Metal Airplane Construction 


By PROF. DR. ING. HERBERT WAGNER,' DANZIG-LANGFUHR, PRUSSIA 


metal planes in Germany was made by the airplane 

branch of the Zeppelin Works at Lindau, later known 
as the “‘Dornier-Metallbauten.” This firm had the advantage 
of the experience of the Zeppelin Works in the use of the light- 
weight metal duralumin. Entirely new principles of con- 
struction were applied in Professor Junkers’ “Iron-Monoplane” 
(Eiseneindecker) built in 1915. Up to that year the covering 
of airplane wings served essentially the sole purpose of giving 
them a certain shape and of providing a surface for maintaining 
the supporting air pressure. The distribution of the stresses 
was assigned to a special supporting structure which also in- 


()* of the first successful attempts to manufacture all- 


Longitudinal 
&race 


Fie. 1 Box 
The lower part of the picture shows the side wall buckled due to shear S.) 


cluded the external wiring and struts. Junkers made the ex- 
ternal fairing of the wings of metal and, at the same time, com- 
bined it with the internal supporting structure so as to form a 
strong integral supporting body. 

Thus the increase of weight of the fairing as compared 
with a cloth covering was at least partially saved, in the internal 
structure. 

These principles prepared the way for the development of 
all-metal planes in Germany, and in the course of years various 
forms and types of such supporting fairings have been developed. 


' Department of Aeronautics, Technical University of Danzig. 

Presented at the Fourth National Aeronautic Meeting, Dayton, 
Ohio, May 19 to 22, 1930, of THe American Socrety oF MECHANI- 
CAL EnGingegrs. Paper read by J. Otto Scherer, Chief Engineer, 
Junkers Corporation of America. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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Inasmuch as the use of sheet-metal fairing for support is the out- 
standing constructional characteristic of such structures, it is 
the object of this paper to discuss the possibilities of building 
such sheet-metal walls. 

Fig. 1 shows a hollow fuselage consisting of spars and sheet- 
metal walls. These walls are stiffened by means of braces, made 
of rolled shapes and riveted to the walls. For convenience the 
transversely arranged braces will be called ‘‘cross braces’ and 
those running in a longitudinal direction “longitudinal braces.”’ 
Such a fuselage will be subjected to bending stresses by forces 
exerted by air pressure on the tail plane or by the tail skid in the 
course of landing. The side wall will therefore be subjected to 
the shear S, and the top and bottom walls, together with the 
spars, serve as tension and compression members. 

Consider first the strength of such a sheet-metal wall subjected 
to a shearing stress. With the shear S increasing, the sheet- 
metal wall finally breaks and buckles diagonally. This, like 


Fie. 2 FRAME oF A ROHRBACH LAND PLANE 
(The bottom beam is fitted with a web securely braced against shear. 


any other collapse or buckling, happens suddenly with the load 
increasing only slightly. 

In cooperation with Dr. Schmieden? the author has made cal- 
culations of this problem of strength, the results of which give 
the basis for the following considerations. 

When the walls buckle out the braces are bent, the load S 
depending on the bending strength of these braces. The nu- 
merical value of S may be calculated as follows: 


ds 


2 **Das Ausknicken versteifter Bleche unter Schubbeanspruchung,”’ 
by C. Schmieden, in the Zeitschrift fiir Flugtechnik und Motorlu/ft- 
schiffahrt, vol. 21 (1930), no. 3. A supplementary treatise by Dr. 
Schmieden and the author will soon be published in the same maga- 
zine. 
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In this formula £Z is the modulus of elasticity of the material; 
h is the height of the fuselage or beam, J, is the cross-sectional 
moment of inertia of a longitudinal brace, and dz is the distance 
between these braces. At a given external load S and for a 
certain height h of the beam, the moments of inertia of the 
bracing, therefore, have to be chusen so that 


dz 33E 


Assume an external shear S of 10,000 kg. (22,000 lb.), and 
using the above formula, the problem is to determine which type 
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For d/s = 50 the buckling stress of duralumin is about equal 
to the yield point (approximately 1500 kg. per sq. cm. = 21,330 
Ib. per sq. in. shearing stress) and consequently its increase 
is not worth considering even with smaller distances be- 
tween the bracing members. To get a light structure, i.e., to 
subject the sheet to the highest practically obtainable stress, the 
distance between the bracing members must not be made greater 
than 50 times the thickness of the sheet. 

If, now, the beam with a shear load of 10,000 kg. (22,000 Ib.) 
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Fie. 3 or Sipe WALL 


(In the lower left-hand corner the shearing stress r is given, under which plane sheets with a wall thickness s buckle, if the distance between the 
bracing members is d. The other illustrations show the most favorable forms of design of sheet-metal walls securely braced against shear, dependent 


on the value of h/-\/S. W indicates the ratio of the weight of the sheet wall (exclusive of the spars) to the weight of a sheet secure against shear (ex- 


clusive of the weight of the bracing), so that the figures after the decimal point give approximately the Saye eye weight of the bracing. 
weight of the sheet only is, at a given shear load, approximately the same for all heights o 


of construction may be used to best advantage with different 
beam heights. 

First, if this beam is to be constructed without bracing, how 
small must this height h be? Such a beam may be represented 
by the floor-beam of a Rohrbach land plane, as shown in Fig. 2. 
The value of the shearing stress r at which such an unbraced 
sheet collapses and buckles diagonally has been determined by 
theoretical calculations as well as by experiments. This value 
(see Fig. 3) depends on the ratio of the distance d between the 
bracing members to the thickness s of the metal sheet. For all 
values of d/s higher than about 50, r can be calculated from the 
following formula given by Southwell-Skan: 


The 
the beam.) 


has a total height of 22 cm. (8.66 in.) and a height of about 
15 cm. (5.9 in.) between the spars, then a desired shearing stress 
of 1500 kg. per sq. cm. (21,330 Ib. per sq. in.) will call for a thick- 
ness of about 3 mm. (0.118 in.) so that the sheet is sufficiently 
braced to resist buckling. For such beams, and of course for 
beams of smaller height as well, special bracing can be eliminated. 

Considering, however, a beam with a height of 33 cm. (approx. 
13 in.) with the same shearing stress of 1500 kg. per sq. cm. 
(21,330 lb. per sq. in.), the sheet need only be 2 mm. (0.079 in.) 
thick, while the distance between the bracing members must not 
exceed 110 mm. (3.95 in.) to give the sheet sufficient resistance. 
As the spars are already too far apart in this case, bracing must 
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be provided. If, for example, cross-braces are chosen, the mo- 
ment of inertia of these braces has to be determined from the 
formula previously given, in which the resistance to bending of 
the sheet proper, namely, the value s*/12, must be inserted for 


I,/ds. 
_ 
12 


If such cross-braces are chosen as are customarily used for air- 
planes, it will be found that they can be very light, their weight 
amounting to about 17 per cent of the weight of the metal sheet. 
Bracing the sheet also in a horizontal direction, most easily and 
simply accomplished by corrugations or by the use of corrugated 
sheet metal, would result in an additional reduction of the 
weight of these profiles. By these means the moment of inertia 
in horizontal direction is materially increased so that now the 
stiffness of the cross-braces may be decreased. Then the weight 
of the cross-braces amounts to only about 12 per cent of the 
weight of the metal sheet. 

At the given shear load of 10,000 kg. (22,000 lb.) the thickness s 
of the wall is decreasing more and more with increasing height of 
the beam. If no special longitudinal braces are provided the 
moment of inertia J, of the cross-braces would, according to the 
equation, have to increase disproportionately fast in order to 
provide sufficient resistance to buckling. For beams of such a 
height only corrugated sheet is used. Then the weight of the 
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(The ratio W of the weight of the sheet wall, without spars, to the weight 
of a sheet secure against shear, exclusive of the weight of the bracing, is 


plotted against the factor h/*~/S for various designs of sheet-metal beams 
(plane sheet metal securely braced against shear by cross-braces; corru- 
gated sheet with longitudinal corrugations and braced by cross-braces; 
tension-field-type beams with vertical cross-braces; tension-field-type 
beams with cross braces arranged at an angle of 120 deg. to the spars). 
In this sheet, which is secure against shear, the allowable shearing stress r 
is equal to 1500 kg. per sq. cm. (21,300 Ib. per sq. in.). See also Fig. 3.) 


cross-braces rises only slowly with increasing height of the 
beam, amounting to about 65 per cent of the weight of the metal 
sheet for a beam 100 cm. (39.37 in.) high, which should be 0.7 
mm. (0.0276 in.) thick.* 

These examples show how the design of beams with various 
heights may be determined when they are subjected to a shear of 
10,000 kg. (22,000 Ib.). These most favorable types of design 
also hold true for any other values of shear as long as the value 


* The weight of the sheet wall is, of course, also dependent on the 
kind of corrugations. In the case under consideration, corrugations 
having a depth of 15 mm. (0.59 in.) have been assumed. For the 
Same reason the curve for corrugated sheet in Fig. 4 is true only for 
certain dimensions customarily used for airplane design. The curve 
of the value W for tension members, however, is only slightly de- 
pendent on the cross-sectional form of the cross-braces. 
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h/ Vv Sis the same as in these examples. This can easily be under- 
stood from the law of similarity‘ as applied to the science of the 
strength of materials. 

In Fig. 4 W, the ratio of the weight of the sheet wall, exclusive 
of spars, to the weight of the sheet secure against shear, exclusive 
of bracing, is shown to rise with increasing value of h/*/'S. 

The values of h/VS, which are common in airplane design, 
vary between about 0.3 and 4 cm. kg.~’/*. For the side wall of a 
fuselage having a height of 200 cm. (78.74 in.} and which has to 
resist a shear of 3600 kg. (7920 Ib.) the value of h/~/‘S will be 3.3. 
As, for such high values of h/+/S, the added weight of the bracing 
would be quite considerable, the construction is modified by 
making some of the cross-braces especially stiff (see Fig. 5).° 
Such strong frames are also often necessarily employed for other 


Fic. 5 INTERIOR OF THE FUSELAGE OF A JUNKERS AIRPLANE, SHOW- 
ING THE STRONG FraMES, BETWEEN WHICH THE CORRUGATED SHEET 
Is STIFFENED BY BRACES 


purposes, as, for instance, in the passenger cabin for taking up the 
loads. 

The strength of such a construction can likewise easily be 
determined. (See Fig. 6.) According to well-known principles 
a shearing stress in a vertical direction is always accompanied 
by an exactly equal shearing stress in a horizontal direction. 
The sheet-metal wall between two strong frames, therefore, has 
to be considered as a beam with the height d, which has to trans- 


fer the horizontal shear (s *) from the bottom spar to the top 


spar; and the corrugated sheet with its bracing must be dimen- 
sioned accordingly. 

Thus far the resistance of braced sheet-metal walls to shearing 
forces has been considered. There follows now a discussion of 
the resistance to compression forces in the direction of the spars. 

Consider, for instance (Fig. 7), the top of a square fuselage 
subjected to the stress set up by an elevator reaction, which 
produces compression stresses in the upper sheet-metal wall and 
the upper spars. If the upper sheet-metal wall were not suffi- 
ciently braced it would buckle as indicated in Fig. 7. The pres- 
sure X, at which this occurs, may be comparatively easily calcu- 
lated as follows: 


‘ For details see Professor Wagner’s treatise, ‘‘Einige Bemerkungen 
tiber Knickstibe und Biegungstriger,” in the Zeitschrift far Flug- 
technik und Motorluftschiffahrt, vol. 19 (1928), no. 11. 

5 The illustrations of the Junkers designs have been taken from 
Langsdorff’s book “‘Fortschritte der Luftfahrt,”” by courtesy of H. 
Bechhold, Frankfurt am Main. 
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From this equation the relations of the weight of the material 
and the height and pressure, i.e., h/ JS/X may be derived; these 
relations being quite similar to those assumed when the effect 
of shear was studied. A brief discussion of the equation will 
suffice. The first half of the equation contains the moments 
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of inertia of both bracing mem- 
bers, both factors being of the 
same power. In the second half 
of the equation G7, is the re- 
sistance of a cross-brace to tor- 
sion. This half of the equation 
may be neglected if the cross- 
braces have so-called ‘open sec- 
tions” (see Fig. 7), which have 
little or no strength in torsion. 
Cross-braces, however, built up 
of closed (tube-shaped) profiles 
or which together with the cor- 
rugated sheet form a channel- 
like cross-section, as shown in 
Fig. 7, have considerable resis- 
tance to torsional stress. A nu- 
merical evaluation makes it ap- 
parent that the compression 
strength of the wall is thereby 
approximately doubled. At all 
events, closed profiles are to be 
preferred for corrugated sheet- 
metal structures. 

An examination of the equation furthermore shows that even 
when using comparatively heavy cross-braces and coarsely 
corrugated sheet the compression strain in the corrugated sheet 
metal lies, in most cases, well below the yield point (about 2600 
kg. per sq. cm. = 36,972 lb. per sq. in. for duralumin), which 
means that the material may not be used to its full advantage. 
These difficulties can be evaded by curving the surfaces as in 
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Fig. 8. Although numerical data on this type are not available 
it is certain that the resistance to compression forces is consider- 
ably increased. 

So far sheet-metal walls which are braced against forces of 
shear and compression have been discussed. The following 
discussion covers another type of design developed years ago 
by the author when he was with the Rohrbach Metallflugzeugbau 
and described in 1929.6 The present discussion is limited to the 
most essential points. 

Fig. 9 illustrates a sheet-metal wall, consisting of upper flange, 
lower flange, a thin sheeting, and cross-braces subjected to a 
shear S. At a very small load the thin sheet will buckle diago- 
nally. 

It has been shown that the sheet may be prevented from 
buckling by arranging cross-braces very close to each other. 
What will happen if the distance between the bracing members is 
so large that the sheet may buckle almost unhindered? 

After the first buckling the load may be considerably increased, 
for example, a hundred or thousand times, without collapsing the 
beam or rendering the surface excessively uneven. The wrinkles 
in the surface may attain a depth of perhaps 3 mm. (0.118 in.) 
and a width of perhaps 100 mm. (3.94 in.), thus representing only 
very slight corrugations. 

Fig. 10a shows a square sheet of very thin metal, which is 
assumed to be as thin as paper. This may be wrinkled (Fig. 10b) 
without applying much force, thereby somewhat diminishing the 
edge-to-edge distance a. Tensile stresses acting at the upper and 
lower ends of the sheet in the direction of the wrinkles (Fig. 10c) 
will not change the direction of these wrinkles, though their depth 
will be somewhat reduced by the lateral contraction. There is 
no force acting in the sheet perpendicularly to the direction of the 
wrinkles. The direction of the greatest elongation of the sheet is, 
for such conditions of stress, identical with the direction of the 
tensile strain, thus representing a single-axial strain. 


Brace of Closed Section 


FuseLAGE UNDER A STRAIN OF FLEXURE 


(The upper right-hand corner illustrates the buckling of the upper sheet-metal wall due to the shear S. The lower 
right-hand corner shows braces of open and closed sections.) 


Attention is called to a phenomenon of disturbance caused |)y 
the fact that the edges are not free, but are riveted to braces 
It will be noted from Fig. 11 that the edges themselves cannot 


‘Ueber ebene Blechwandtriger mit sehr diinnem Stegblec!,” 
by Herbert Wagner. Zeitschrift fiir Flugtechnik und Motorluftsc)\/- 
fahrt, vol. 20 (1929), nos. 8 to 11. See also the Jahrbuch der \\ is- 
senschaftlichen Gesellschaft fiir Luftfahrt, 1928, p. 113. 
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Fie. 8 INTERIOR OF THE FUSELAGE OF A JUNKERS AIRPLANE 


(The upper surface is curved, which increases the resistive strength against 
forces of compression. The braces can be clearly distinguished.) 


Upper Flange 


Sheet-Metal/ 
Web 


not change the direction of the greatest elongation of the sheet 
or the direction of the wrinkles, which remains 45 deg. This 
means that the diagonals are not running from I to II (see Fig. 
12d), but at an angle of 45 deg., their direction being, in the case 
of rigid rods, independent of the distance between the rods. 

Fig. 13 et seq. illustrate a few experiments with “‘tension- 
field-type”” beams made several years ago at the Rohrbach 
Works.? Fig. 13a shows a sheet-metal beam supported at the 
right end and carrying a load of shot-bags by means of levers. 
Upper flange, lower flange, and the thin sheet-metal wall can 
easily be recognized. The position of the cross-braces on the 
back of the beam is recognizable from the riveting. All dimen- 
sions of the experimental model are to scale. 

The tension wrinkles are distinctly visible and appear rather 
uniformly over the whole sheet. The shear in the beam in- 
creasing to the right, because of the load on the different rods, 
the wrinkles in the right part of the sheet are more strongly 
formed than those in the left one. The difference, however, ob- 
viously is not great. The load shown on this picture is far be- 
yond that at which the first buckling of the sheet occurred. 
This initial buckling could be caused by slightly pressing one of 
the levers by hand, i.e., by a shear of very few pounds. The 


Cross brace T ht 
Lower Flange n> 
A 
10-a 10-6 10-c 
Fig. 10 Conprrions orf STRAIN AND DEFORMATIONS IN A TENSION- Fig. 11 Distursine In- 


Fic. 9 Beam 


wrinkle. It can, however, easily be shown that this disturbance 
is of no importance to further considerations. 

A simple but important practical example may be illustrated 
by Fig. 12. Fig. 12a shows a frame formed by four rods which are 
to be pin-jointed to each other and are assumed to be perfectly 
rigid. A thin sheet is to take up the shear. Because of this 
shear S, shearing stresses r will become effective within the sheet 
metal. The direction of the main stresses is at an angle of 45 
deg. to the direction of these shearing stresses. The main stress 
o, sets up a tensile strain, its direction being identical with the 
direction of the greatest elongation of the sheet metal. The 
other main stress ¢; causes a compression strain. If the sheet is 
very thin it will soon buckle under the effect of the compression 
strain and wrinkle in the direction of the tensile strain, o, (Fig. 
126). With further increase of the shear S the tensile strain o; 
will rise rapidly until, at very high loads, it will take up nearly 
all the shear. Thereby the field has buckled uniformly. Such a 
field is called a “tension field.” 

The value of the tensile strain o; can easily be calculated as 
follows: 

2S 


The equation shows that the tensile strain is twice as great as 
would be the shearing strain, if the sheet would withstand shear. 

Adding (see Fig. 12c) another equally rigid rod to the four rods 
and pin-jointing the new one to the rods O and U naturally would 


Fie_p-Type Beam 


FLUENCE OF THE EpGEs 


wrinkles shown in this illustration do not represent permanent 
deformations. They disappeared entirely after the load had been 
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Fig. 12) Wits Ricip Rops at THE EpGes anp LOADED 

BY A SHEAR S 


7 On the occasion of a lecture delivered in Danzig, Dr. Rohrbach 
permitted the author to publish the pictures of these tests. 
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removed. Permanent deformations ap- 
pear only when the tensile strain in the 
sheet has nearly reached the yield point. 
This is hardly influenced by the local 
transverse strains which are caused by 
the formation of the wrinkles. 

Fig. 13b shows the beam from the 
back, under an appreciably higher load. 
The tension field, indicated by the 
wrinkles, stands out very distinctly. 
The angle between the spars and the di- 
rection of the wrinkles, which, as stated, 
is 45 deg. in the case of perfectly rigid 
rods, is in this case somewhat smaller 
on account of the flexibility of the cross- 
braces. It is about 40 to 42 deg., which 
is in accordance with the calculation. 

At the load applied in Fig. 136 the 
yield point of the sheet has already been 
somewhat exceeded. It is of great im- 
portance to the simplicity of calculation 
that the conditions of the stress in the 
sheet and the braces are not essentially 
changed even when the yield point in 
the web has been exceeded. On the 


Fie.13 A Beam UnpER Loap 
(The break occurs after buckling of the cross braces.) 


contrary, the assumption of 
negligibly small transverse 
strength of the sheet now proves 
to be even more true than be- 
fore. 

In Fig. 13cthe beam is shown 
after the break of the vertical 
rods, the allowable load on 
which was being determined by 
this experiment. Fig. 14 shows 
a similar sheet-metal beam 
carrying a single load on one 
end. The break occurred when 
the web tore. Such a tension- 
field-type beam may be com- 
pared with a framework having 
cross-braces placed in the same 
direction and diagonals at the 
same angle of 40 deg. as that of 


Fie. 14 A Tension Fretp Unpmr Loap 
(The break occurs when the web tears.) 


the tensile strains in the web of the beam 
(see Fig. 15). If, for the diagonals in a 
framework, straps are used of such a 
width that two adjacent ones just touch 
each other, and provided that they are 
of the same thickness as the sheet of 
the beam, these straps will be stressed 
to the same extent as the sheet. 

In a tension-field-type beam the spar 
of each field between two cross-braces 
(see Fig. 16) is bent toward the sheet 
metal by the tensile strains in the web 
acting at the spars. The cross-braces 
which support both spars against these 
forces are subjected to compression loads 
which tend to cause buckling. Any of 
these stresses can be calculated very 
easily. The results of such calculations 
are, in accordance with the results of the 
tests, the following: 

If the distance between the cross- 
braces is chosen within reasonable limits, 
such as being equal to about '/, to '/; 
of the height of the beam (i.e., the length 
of the cross-braces), the bending mo- 


ments in the spar caused by 
the pull of the sheet have 
practically no effect upon the 
strength of thespars. On the 
contrary, the resistance of the 
spars to breaking strain is very 
high because of the compara- 
tively close arrangement of 
the cross-braces which support 
the spars. 

Furthermore, the deflection 
of the spars between two cross- 
braces on account of this pull 
of the sheet is so small that 
the spars may be assumed to 
be rigid. If great deflections 
of the spars were to occur the 
tensile strains in the web would 
become unequal and the direc- 
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tions of the wrinkles and tensile stresses respectively would no 
longer be parallel. In accordance with the calculation, such 
things, however, do not happen. Yet should this happen to a 
certain degree, due to the weakness of the spars, this problem 
could be checked comparatively easily by calculation, at least 
as far as this is of practical importance. 

This unexpectedly high stiffness and resistance of the spars 
to bending forces is an essential fact. Thus, for instance, as the 
author subsequently heard, a Mr. Rode, in referring to delibera- 
tions of American engineers, called attention, in the Austrian 
magazine, Der Eisenbau, in 1917, to the observation that a web, 
after buckling, could still transmit forces by resisting tension. 
But, as Mr. Rode fears the insufficient transverse strength of the 
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COMPARING A TENSION-FIELD-Type Beam WiTH a FRAME- 
woRK Beam 


Fie. 15 
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Fie. 16 Spars anp Cross-Braces oF A TENSION-FIELD-TyPE 
Beam UNpDER STRAIN 
(The strained sheet complicates buckling of the cross-braces.) 


spars, he consequently does not conclude that such a design can 
actually be carried out to advantage. 

It has been shown that the cross-braces are under compression 
strains. (See Fig. 16.) They must, therefore, be stiffened to 
prevent buckling. However, this stiffness can be comparatively 
small since the strained sheet metal holds them in place. For 
when a cross-brace buckles and moves out of the plane of the 
sheet metal it must also move the sheet to which it is riveted. 
Thereby the tension lines of the sheet suffer a displacement at 
the cross-brace with the result that the reaction of the stress lines 
against the cross-brace exert a force which is opposed to the 
buckling force. This essentially increases the resistance of the 
cross-braces to buckling stresses. This resistance has been cal- 
culated by the author. Depending on the distance between the 
cross-braces, it is about 4 to 7 times as great as Euler’s buckling 
load for unsupported columns. 

The cross-braces may also be arranged at an angle to the spars 
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(see Fig. 17), in which case, under certain conditions, the member 
may be built lighter. Arranging the cross-braces at an angle of 
120 deg. to the spars will have the least weight. The total 
weight of the web plus the cross-braces is thereby decreased by 
15 per cent as compared with a sheet-metal wall having cross- 
braces arranged perpendicularly to the spars. However, this 
advantage can be used to the full only when the external shear S, 
acts essentially in one direction only. For this beam with 
diagonal cross-braces is considerably less resistant to the shear S, 
in the opposite direction. The shear S, in the direction shown 
must not exceed a value equal to about '/; of the shear S). 

In Fig. 4 a curve has been plotted which represents the weight 
required for such tension members. It will be noticed that 


Deg. 


Ss, 
ts: 
a 
4 
deg. 
Fie. 17 Errect or Reversine Loap 

(The direction of the wrinkles [tensile strains] is changed if the external 
load S is reversed. 


The direction of the wrinkles approxi mately bisects the 
angle between the spars and the cross-braces, a = .) 


beams of great height and comparatively small shear, i.e., with 
high values of h/+/S, are essentially lighter, for example, than 
corrugated sheet metal amply stiffened against buckling. Since 
these high values of h/ VS are frequently encountered in air- 
plane design these tension-field-type beams are particularly 
suitable for airplane design. 

Fig. 18 shows a frame of a Rohrbach seaplane, whose bottom 
beam has been designed as a tension-field-type beam. Figs. 
19 and 20 show the hull, the walls of which represent tension- 
field-type beams. 

The weight requirements for sheet-metal beams (Fig. 21), 
which must resist, in particular, longitudinal forces in addition 
to the shearing forces, will now be discussed. 

In a fuselage made up of sheet-metal walls which are braced to 
resist buckling not only the spars but also the corrugated sheet- 
metal sides resist longitudinal forces. It should be observed 
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that as the spars used at the edges of the fuselage are directly 
restrained against buckling in both directions, they can resist a 
much higher compression stress than can the sheet-metal wall 
which is held against buckling only by comparatively easily 
bending beams, namely the cross-braces. Naturally the per- 


Fig. 18 FRAME OF A ROHRBACH SEAPLANE 


missible compression strain depends on the weaker member of 
the structure. Thus, on the one hand, the force in the spars of 
this type of construction decreases because the sheet metal takes 
up part of this force, and on the other hand, the cross-section of 
the spars has to be made comparatively large for this smaller 
force, if the sheet is to be prevented from buckling out and sus- 


Fic. 19 or A RonRBACH SEAPLANE 
(The surface walls are designed as tension-field-type beams.) 


taining greater and permanent deformations before the calculated 
breaking load is reached. 

In the tension-field-type beam the sheet metal buckles under 
a very small compression load and therefore does not resist com- 
pression loads to any appreciable extent. But as this buckling 
of the thin sheet metal takes place without appreciable strain 
and no permanent deformations remain after removing the load, 
the spars may be loaded as highly as warranted by the fact that 
they are supported by the adjacent walls of the fuselage. Though 


they must resist all of the longitudinal force in the tension-field- 
type beam they may, nevertheless, under certain conditions, be 
lighter than the spars of the sheet-metal beam which is securely 
braced against shear and compression. 

Consider now the stresses in a wing of the Junkers type such 
as is shown in Fig. 22. The corrugated sheet metal, the corru- 
gations of which are in the direction of flight, is fastened to 
strong spars that resist the bending moment. The torsional 
moment appearing during a vertical dive puts the corrugated 
sheet under a shear load. The sheet, therefore, has to be braced 
between the spars by longitudinal braces. These braces, run- 
ning parallel to the spars, can be noticed in Fig. 22. How do 
these longitudinal braces behave under compression forces when 
the wing is bent? 

The longitudinal braces are held by the corrugated sheet 
metal against buckling out of the plane of the sheet wall and, the 
cross-sectional area of the longitudinal braces and consequently 


Fic. 20 INTERIOR OF THE HULL oF A RoHRBACH “‘ROoMAR” 


their compression load being very small, the corrugated sheet 
metal is such an effective support that the permissible compres- 
sion strain in the longitudinal braces is hardly lower than that 
in the spars. This can easily be proved with the help of the 
equation previously given for the compression forces in such 
sheet-metal walls. 

We have thus arrived at a result quite similar to that obtained 
for the tension-field-type beam, i.e., the sheet-metal wall serves 
only to resist the shearing forces. The spars resist nearly all the 
longitudinal forces, but, on the other hand, may be loaded as 
highly as conforms to their being well supported in two planes. 

Fig. 23 shows a Junkers wing which has the spars spaced so 
closely that the corrugated sheet need no longer be stiffened 
by special cross-braces. 

It has been shown that sheet-metal beams may either be fitted 
with sheet metal which is securely braced against shear or be 
designed as tension-field-type beams. A warning should be 
issued against the middle course. If a web is made with corru- 
gations, as shown in Fig. 24, and if the distance between these 
corrugations is made larger than would conform to the optimum 
strength of the plain, smooth part of the sheet between the 
corrugations against shear, then this part of the sheet will buckle 
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and exert tensile forces on the corrugations. This stretches out 
the corrugations, and ugly bumps or protrusions will remain in 
the sheet when the load is removed. Even in the case where 
special diagonal bracing is used to resist the shearing forces, the 
distance between the corrugations must be chosen cautiously. 

Thus far the structural weights of different sheet metal con- 
structions have been com- 
pared with each other. 
There remains the compari- 
son between the weight of 
these constructions and that 
of fabric-covered structures. 
This comparison will give 
different results, depending 
on the size of the airplane. 
Since the external forces 
exerted by the air on the 
plane and, consequently, the 
shearing stresses in the 
sheet-metal beams are rising 
at least with the square of 
the lineal dimension, the 
thickness of the sheet re- 
quired for taking up the 
shear increases at least in 
direct proportion (linear) to 
the size of the plane. 


Fic. 21 Sueet-Metat BEAMS AND 
CURELY Bracep AGAINST SHEAR 
AND COMPRESSION AND UNDER A 
Loap OF COMPRESSION Forces Act- 
ING IN DIRECTION OF THE SPARS 


INTERIOR OF THE WING OF THE “BREMEN” (JUNKERS W 33) 
(Note the longitudinal bracing running parallel to the spars.) 


Fig. 22 


For small airplanes the required thickness of the sheet is so 
small that the sheets must be made thicker than this calculation 
would demand in order to make them secure against accidental 
local stresses. Moreover, sheets less than 0.3 mm. (0.0118 in.) 
thick are difficult to manufacture in sufficiently large sizes and 
such a sheet-metal construction will, under these conditions, of 
course, be heavier than a small fabric-covered plane. It should 
be added that for small and medium-size airplanes, corrugated 
sheet metal appears to be preferable to smooth sheet metal be- 
cause it has a higher resistance to local stress and because very 
thin plane sheets are easily deformed in riveting. 

However, for larger airplanes the strength in shear is the de- 
ciding factor as far as the thickness of the sheet metal is con- 
cerned. Such fully utilized sheet beams are, at all events, 
lighter than a framework, if they are, for example, built as 
tension-field-type beams. For heavily loaded, very large planes, 
therefore, the metal-covered type may be the most favorable 
solution in so far as weight is concerned. However, those parts 
of the wing's, even of large planes, which are under little strain, 
particularly in the neighborhood of the trailing edge, may be 
covered with fabric, as it has been done, for example, on the 
huge Dornier seaplanes “Superwal” and “DoX.” 
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Fabric-covered airplanes have been compared in this paper 
with metal-covered ones only with regard to their respective 
weights. The other advantages and disadvantages are so well 
known that only brief mention is necessary. 

Metal-covered planes require a greater amount of work in the 
design room and the shop and are a little more difficult to repair. 
The construction of the wings of very small planes is particularly 
difficult. 

Metal-covered wings have a greater air resistance than those 


Fic. 23. JuNKERS WING 


(The spars are arranged so closely that the corrugated sheet is secure against 
shear even without special bracing.) 


covered with fabric. 
This holds true not 
only for corrugated- 
sheet-metal but also 
for smooth-sheet- 
metal covering, as 
this deforms under 
the strain of the 
air pressure and 
because the fric- 
tional resistance is 
increased on ac- 
count of the rivets 
and especially brac- 
ing placed on the 
outside. Theadvan- 
tages of metal-cov- 
ered airplanes are 
their durability and 
lower fire hazard. 
Very large all-metal 
airplanes are lighter 
than fabric-covered 
ones. The use of fig, 24 
wood for pontoons 
as compared with 
the use of metal has 
the disadvantage of 
water-logging and 
thereby increasing the gross weight. 

An attempt has been made in this short paper to survey the 
most important problems of strength encountered in the design of 
metal-covered airplanes. The discussion has been restricted to 
plane sheet-walls, because the problems of strength of curved 
sheet-walls have not yet been settled entirely. 


Beam Wits Lonai- 
TUDINAL CORRUGATION 


(If the distance between the corrugations in a 
plane sheet is too great the sheet will buckle be- 
tween the corrugations and exert tensile stress on 
the corrugations in a manner similar to the tension 
field. These are thereby stretched out.) 
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Discussion 


Cot. V. E. Cuiarx.8 The paper is most interesting and 
valuable at this time because of the rapidly increasing use of 
duralumin and “Alclad” monocoque construction in this country. 

It is believed that there is at present more need for experi- 
mental data on the sheer strength of thin plate girders and rein- 
forced shells than on any other phase of airplane structure. 
In a way the use of the term “sheer” is an unfortunate habit 
among engineers as it tends to obscure the fact that shear in 
the web of a beam is a combination of diagonal tensile and com- 
pressive forces acting at right-angles to each other. A thin 
web without vertical stiffeners is buckled in compression at a 
comparatively small stress. 

In the case of a girder employing vertical stiffeners refitted 
to a thin web, the compressive stresses must be confined largely 
to the stiffeners and the chords, since the web is effective only 
for tensile stresses. There is no sharp division between the case 
where the web will support the compressive component and 
where it will not. The allowable compressive stress in the web 
is gradually reduced as the d/s ratio is increased. (d = mini- 
mum spacing of reinforcing members.) The addition of verti- 

cal stiffeners to a thin web not only provides additional com- 
pression-resisting cross-sectional area, but also undoubtedly 
increases the ability of the web to support diagonal compression. 

Credit is due Dr. Wagner for inviting attention to the fact 
that the shear strength of thin webs is a function, not only of 
the spacing of stiffeners, but of their compressive strength as well. 

There is an important difference between the plate girder 
and the side wall of a stiffened monocoque shell of curved cross- 
section. The shear strength of the former is reduced by the 
bending inward of the chord members, while the continuity of 
the latter avoids this marginal effect. The flat-sided fuselage 
with square corners is comparable to the plate girder, but is 
of little interest because of its poor aerodynamic qualities, awk- 
ward appearance, and tendency toward “drum-head” vibration. 

It is very difficult to obtain experimental results applicable 
to fuselage or float construction without testing a complete 
monocoque shell. Tests demand the provision of a plate girder 
simulating continuity and avoiding the usual marginal effect. 

The Southwell-Skan formula given by the author is applicable 
to beam webs without vertical stiffeners where the web must 
support diagonal compressive loads. The fact needs empha- 
sizing that it is not applicable to panels bounded on all sides 
by stiff margins or to continuous skin stiffened by frames and 
stringers. 

Testing and development work in metal monocoque construc- 
tion is well under way in this country, but the application to 
design has so far been wholly empirical. A few of the com- 
plexities of the problem are: 


(1) Strength of curved skin in compression due to bending 
(2) Strength of curved skin in diagonal tension due to 
shear 
(3) Design of longitudinal stiffeners to withstand inward 
component of tension in skin 
(4) Strength of main bulkheads 
(5) Loads on and strength of curved frames. 


The writer would like to put a few questions regarding de- 
tails and uses of the formula presented by the author that do 
not seem clear. 

In the formula giving the shear force S required to buckle 
walls, 7, and d, are not explained. Is the assumption correct 
that J, is the moment of inertia of the section of the longitudinal 
reinforcements, dz the distance between them, and J, the moment 
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of inertia of the transverse reinforcements, and d, the distance 
between them? If this is true, how would the value of J,/d, 
be calculated in the tail portion of a monocoque fuselage where 
there are no longitudinal reinforcements and the skin is corru- 
gated? Could each corrugation be treated as a reinforcement 
and d, be the pitch of the corrugations? It is interesting to 
note that, should this formula be applied to smooth shell struc- 
tures, the maximum shear load is governed entirely by the 
properties and location of the reinforcements and is independent 
of the skin thickness. It would have been interestimg had the 
author explained how this formula could be applied to the tail 
section of a monocoque fuselage when a smooth skin and a large 
number of equal size longitudinal reinforcements are used. 

The article does not state whether the constants in the for- 
mulas are calculated for the metric or English system of measure- 
ment. 

The subject of allowable shear stress in a thin reinforced 
sheet is very interesting at the present time. It is regretted 
that Dr. Wagner did not present the actual test data or explain 
the deviation of the Southwell-Skan formula. Using the English 
system of units in this formula, it is found that for values of 
d/s = 50, where d = diameter of tube and s = wall thickness, 
it gives values comparable with those we use. For values in 
tubes with d/s less than 50, it gives values proportionally higher 
than those now recommended in this country. For values in 
thin web beams and monocoque shells with cross-bracing, where 
d/s = 100 to 350, it gives values far below those based upon our 
test data. It is believed that in reinforced smooth skin struc- 
tures d/s is seldom less than 100. 

A study of the formulas used for computing the properties 
of the reinforcements to prevent the buckling of the web is very 
interesting. It is understood that J./dz = the moment of 
inertia of a transverse section of a longitudinally corrugated web 
of width d, divided by the width or the height, as in a wing 
spar. 

Apparently the deeper the corrugations, the greater will be the 
shear load capacity of the web. It is regretted that the author 
did not give this optimum depth for the best strength-weight 
ratio—the depth governed by the sheet thickness and d,. It 
would be interesting to know if the same formula may be used 
for the so-called “wandering web” used sometimes in wing spar 
webs where the corrugations are large in proportion to the sheet 
thickness and lie normal to the plane of horizontal shear. If 
it is applicable, then d, must be the pitch of the corrugations 
and J, the moment of inertia of a cross-section of a complete 
corrugation, about its neutral axis. 

The author’s formula giving the allowable compressive load 
presents a very interesting question—whether the sectional 
properties and spacing of the longitudinal and transverse rein- 
forcements have an equal effect in calculating the allowable 
compressive load. It appears that the material in the longitudi- 
nal reinforcements, if any, has a dual purpose—that of prevent- 
ing the skin from buckling and that of carrying some of the 
compressive load directly while the transverse reinforcements 
simply prevent the skin and longitudinals from buckling and 
do not carry any of the compressive load which is acting nor- 
mal to the transverse members. The same formula contains 
another very interesting factor—that of the effect of the tor- 
sional strength of a transverse reinforcement. Is it correct 
to calculate 7, as the torsional moment that the section of the 
transverse member will carry at the ultimate or yield point and 
G as the torsional modulus of elasticity? It is not clear in the 
paper how this strength affects the allowable compressive load 
normal to the reinforcement. It is noted that the author did 
not compare the diaphragm or bulkhead type of transverse 
reinforcement with the ring type. In the design of a bulkhead 
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is J, calculated for a section from the center to the outer fiber 
at a point in question? 

In applying this formula to a monocoque fuselage covered 
with corrugated sheet and not employing any longitudinal rein- 
forcements, is it correct to calculate J, as the moment of inertia 
of a cross-section through one corrugation of the skin and d, 
as pitch of corrugation? Again, it is interesting to note that in 
applying this formula to a smooth-skin monocoque structure 
the thickness of the skin does not enter into the calculations 
for the maximum compressive load when J, and J; apply to the 
transverse and longitudinal reinforcements, respectively. 

The writer agrees with Dr. Wagner that the radius of curva- 
ture has an important influence on the allowable compressive 
stress in the region of small radii. 

It has been our experience that the effect of the radius of curva- 
ture on the allowable compressive stress in a smooth metal 
monocoque shell cannot be plotted as a linear function. From 
test data available it appears that the effect of an increase in 
the radius of curvature is practically negligible when the radius 
of curvature is greater than 1300 times the skin thickness, while 
the reduction of the radius of curvature from 300¢ to 200¢ in- 
creases the allowable compressive stress about 9 per cent, where 
t = sheet thickness, and for smaller radii the rate of increase is 
greater. 

It has been found that failure in compression in metal mono- 
coque structures results in an inward buckling of the skin and 
reinforcements. This is apparently due to the eccentric load- 
ing of the reinforcements. 

The author has made detailed refererce to square-section 
bodies where four main longerons are used to carry the princi- 
pal stresses. It would have been interesting had he treated a 
round or elliptical section with a number of longitudinal rein- 
forcements all having the same section. In such structures 
there are regions of the skin that lie between the regions sup- 
porting maximum shear and those supporting maximum com- 
pression that are subjected to both shearing and compressive 
forces. It is believed that in these regions a careful study 
should be made to select the proper amount of skin or shell rein- 
forcement. 

It is interesting to note that the author gives an angle of 120 
deg. between the longitudinal and transverse reinforcements 
as the best angle to take shear in one direction. Since in the 
opposite direction we require in the case of wing spars about 
one-half the main strength and this angle reduces the strength 
to one-third, this rule might not be applicable to wing-spar 
design. 

The author’s reference to “tension field type” beams ap- 
parently applies to all reinforced thin sheets where d/s is large 
and the sheet wrinkles under a light shear load which is actually 
carried by tension lines. The author states that beams built 
as the “tension field type” are “lighter than a framework.” 
This might open a discussion for those who are fostering the 
truss type of construction for very deep units. It is assumed 
that the author means “truss” when he uses the word “frame- 
work,” 

It would have been interesting had the author given a general 
idea regarding the amount of reduction in performance when 
corrugated covering is used on fuselages. The increase in drag 
may be partly due to the angle existing between the line of air 
flow and the axis of the corrugation. 
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Colonel Clark’s discussion of the paper brings up a number 
of interesting points. The writer is sorry that he cannot answer 
the questions as to the derivation of the formulas, etc., but 
believes such should be answered by Dr. Wagner himself. 

Dr. Wagner, it appears, has rather slighted two important 
forms of all-metal construction, forms which are steadily in- 
creasing in popularity in this country, while making a case for 
the ‘‘tension field’? beam, with which he has had extensive ex- 
perience and which has given very good results. 

With regard to the increased drag caused by the wrinkles 
appearing in the “tension fields’ of Dr. Wagner's beams, it 
might be pointed out that about two years ago the D.V.L. 
published the results of rather extensive full-scale tests conducted 
to determine the effect of skin smoothness on drag. 

These tests showed that an absolutely smooth surface gave a 
considerably lower drag. However, as soon as this surface was 
marred, if even only to the extent necessitated by countersunk 
rivet heads, the drag increased to a “normal” figure, which 
varied but little for all the usual types of covering. 

By “usual types of covering” are meant a fabric covering, 
as normally applied and finished, a plywood covering with its 
ever-present small unevennesses, a smooth metal skin with 
either countersunk or round-head rivets, and the corrugated 
Dural skin. The “tension field” construction would probably 
present surfaces about the same as a normal plywood wing 
covering. 

With regard to the corrugated-skin construction, it may be 
of interest to mention that the Junkers Works use two depths 
of corrugation, depending on whether the structural stresses 
carried by the skin are relatively high or low. On such parts 
as the fuselage and the portions of the wing near the fuselage, 
the corrugations have a depth equal to '/; the pitch, while on 
the outer parts of the wing, etc., the depth of the corrugations 
is only '/; pitch. 

The metal monocoque fuselage employing a corrugated skin 
is usually strong enough to carry all the flying loads, even though 
no longitudinals are incorporated. Experience, however, has 
shown that it is desirable to run a rather stiff longitudinal along 
the* bottom center of fuselages of oval section or along the lower 
corners of those of rectangular section. Such longitudinals 
are of considerable value in protecting the fuselage against dam- 
age incident to accidental mishandling on the ground. 

In conclusion may one take the liberty to remark that, though 
designers in this country are, on the whole, inclined toward 
types of all-metal construction in which the skin is designed 
to carry the compression as well as the tension components of 
the shear stresses, Dr. Wagner’s type of construction is well 
worth consideration and well applicable to good advantage on 
a number of types built in the United States today. 

The “tension field’ construction could nicely be applied to 
almost all jobs which make use of a rectangular welded steel- 
tube fuselage with fabric covering. The fabric, with its dope, 
weighs just about as much as a thin Dural sheet, but does not 
contribute anything to the strength of the structure. The 
Dural sheet, on the other hand, can safely be included in the 
structure, making possible a reduction in the weight of the 
trussing without any sacrifice of strength. 

® Chief Engineer, Junkers Corporation of America, New York, 
N. Y. Jun. A.S.M.E. 
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The Stresses in Rotating Disks 


By THOS. H. FROST,! CAMBRIDGE, MASS., anv K. F. WHITCOMB,? WORCESTER, MASS. 


This paper comprises the results of a photoelastic in- 
vestigation, sponsored by The Norton Company, of the 
stresses in rotating disks. The classical theory of Chree 
with a few additions is presented, and the results of 
the experimental determinations are compared with the 
theory as well as actual breakages of vitrified wheels. 


HE object of the investigations described in the present 

article has been to determine, by photoelastic experimenta- 

tion, the stress distribution in rotating disks of constant 
external but varying internal diameter, and to compare the 
results obtained with the existing classical theory and actual 
practice. 

The practical consideration which suggested the work was the 
modern demand for higher grinding-wheel speed as an effective 
means of increasing production. Since engineers are not agreed 
on relative speeds, with equal safety, as wheel dimensions are 
varied, it was felt that a more complete understanding of stresses 
and their causes would be of great value in the design of wheels as 
well as in the specification of higher, but safe, operating speeds. 


THEORY OF STRESSES IN RotatinG Disks 


In order to obtain some idea as to what stresses exist in a 
rotating disk, the solution on rotating isotropic disks by Chree* 
is given in the Appendix. This solution, based on the theory 
of elasticity, is most generally accepted as being the correct 
one. A few additions to Chree’s paper, such as diagrams showing 
the stress forces and the strains, have been made. 

The theoretical stress equations, as derived by Chree, giving 
the relationships between stress, speed, mass, and dimensions 
are as follows: 


w? 
8 r? 
-_ 2 


Where: 
rr = radial stress at any point distant r feet from the center 
of the disk, in pounds per square foot 


tangential stress at any point distant r feet from the 
center of the disk, in pounds per square foot 

» = angular velocity of disk in radians per second 

p = mass per unit volume of disk 

» = Poisson’s ratio, assumed equal to 0.27 here 


ll 


' Assistant Professor, Department of Physics, Massachusetts In- 
stitute of Technology. Mr. Frost was graduated from The Citadel 
in 1914. After the War he attended M.I.T., receiving the degree of 
Master of Science in 1922. Since graduation, he has been on the 
staff of the Institute. 

* Research Laboratory, The Norton Company. Mr. Whitcomb 
was graduated from the University of Wisconsin in 1918. After 
the war he spent two years with the Western Electric Co. and 
later was for a year and a half engaged in graduate work at the 
University of Chicago and Northwestern University. Since 1927 


he has been doing research work on the mechanics of ceramic 
materials, 

* Proc. Camb. Phil. Soc., 1891, pp. 201-215. 

Contributed by the Applied Mechanics Division and presented 
at the Semi-Annual Meeting, Detroit, Mich., June 9 to 12, 1930, 
of American Society or MecHANICAL ENGINEERS. 


a = radius of disk in feet 


a’ = radius of central hole of disk in feet. 


These equations were used in obtaining the theoretical values 
of stress presented later in this paper. 


Tue PHOTOELASTIC MetTHop 


Photoelasticity has been explained in detail in various journals, 
hence it is felt that a very brief résumé will suffice to make clear 
the method of experimentation used in the present investigation. 

It is well known from the theory of elasticity that at any 
point in a stressed body there exist three orthogonal planes 
across which the traction is purely normal. These normal 
tractions are known as the principal stresses, and when they 
can be determined both in magnitude and direction, the elastic 
state is completely defined. When one of these stresses is zero, 
we have a two-dimensional stress problem, and it is in such cases 
that the photoelastic method is used to determine the direc- 
tion and magnitude of the principal stresses. A model of the 
structure which it is wished to examine is made of some trans- 
parent material, usually some form of celluloid, and placed in a 
beam of polarized light. When the model is stressed it becomes 
temporarily double-refracting, and upon analysis of the light 
the image of the model is seen to be highly colored. These 
colors are a measure of the difference of the two principal stresses 
at any point, and this difference can be measured with a high 
degree of accuracy by introducing a compensating device in 
such a way that the color effect can be destroyed. The direc- 
tions of the principal stresses can be also determined by a simple 
manipulation of the plane of polarization of the light. 


Tue Apparatus Usep 


The set-up of the apparatus as used for the determination of 
the stresses in rotating disks was necessarily different from that 
conventionally used for the examination of statically loaded 
specimens. A photograph of the arrangement as used in these 
experiments is shown in Fig. 1. 

In order to secure an intermittent source of light which would 
give a stroboscopic effect, two electrodes connected to a high- 
tension transformer set were employed. These electrodes are 
contained in the box 2 and are connected in series with a bake- 
lite disk 1 stripped with copper. Two copper-wire brushes 
properly placed made contact at a certain time during each 
revolution of the shaft with the ends of the copper strip on the 
Bakelite disk, thus completing the circuit to the electrodes and 
forcing a spark inside the box at the same position of the disk 
during each revolution of the shaft. By controlling the input 
to the high-tension transformer the synchronization of spark 
and disk could be easily controlled. 

The light from the box 2 was polarized by the Nicol prism 
3 and passed through the rotating celluloid disk 4 in a parallel 
beam. The compensating device for measuring the magnitudes 
of the principal stresses is shown at 5, and the analyzing Nicol 
prism at 6. A potential of 70,000 volts was found to be sufficient 
to allow easy optical observations. 

The design of the disk used, as well as the device employed 
for fitting it to the shaft, is shown in Fig. 2. The original 
celluloid disk had an external diameter of 20 in. and an internal 
diameter of 6 in., two drive-pin holes '/; in. X °/s in. being placed 
180 deg. apart. As the experiment progressed the internal 
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diameter of the disk was changed successively to 9 in. and 
11.29 in., this last diameter being the largest that could be used 
with the holding device as originally designed. 

The holding device itself was of simple construction, consist- 
ing of a duralumin disk */s; in. thick with two shoulders on one 
side. The larger of these shoulders received the celluloid disk 
which was to be examined, and this shoulder was made '/,, in. 
thicker than the sheet celluloid used for the models to insure 
against any friction across the surface of the disk. The smaller 


Fic. 1 Set-Up 


Drili ana Counter-_. 
sink for Screw 


Fie. 2 Design or Disk AND oF Device Empvoyep For Fittine I? 
TO THE SHAFT 


shoulder received a duralumin disk which served as a guard on 
the outside of the rotating model. The duralumin disks and 
the model were secured together by the drive pins mentioned 
above. These pins had a shoulder '/, in. in diameter between 
the two metal disks to prevent the celluloid from being squeezed 
by the holding device in assembling. 

In order to observe the stresses in that part of the model 


covered by the holding device, four slots were cut through the 
duralumin disks at 90 deg. apart and at 45 deg. from the drive 
pins. 

Fig. 3 shows the model and holding device demounted. The 
spacer disk in the foreground is one of those used as a bushing 
between the disks having inside diameters greater than 6 in. 
and the shoulder of the holding device which received the 6-in. 
disk directly. It can be seen from the photographs that the 
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drive-pin holes in the duralumin disks have been placed with 
open space on all possible sides in order to permit direct photo- 
elastic observation of the stresses 
around the pins when the disk was 
in motion. 

Fig. 4 illustrates the apparatus 
used for rotating the disks. The 
model to be examined and the 
synchronizing apparatus are shown 
on opposite ends of a 1-in. shaft 
supported by three ball bearings. 
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A 10-hp. d.c. motor furnished the motive power, and by introduc- 
ing resistances in the armature and field circuits, any desired speed 
could be obtained. 


EXPERIMENTATION 


The apparatus being arranged as shown in Fig. 1, the model 
was rotated to the desired speed, all measurements of r.p.m. 
being taken on a Hassler tachometer, which was frequently 
checked during the runs. The operator placed himself in such 
a position that he could observe the model directly through the 
analyzing Nicol, and at the same time manipulate the com- 
pensator. The high tension being applied to the electrodes and 
synchronized by an assistant, the image as seen through the 
apparatus appeared still and continuous, so that the observa- 
tions of stress magnitude could be made at leisure. By moving 
the photoelastic equipment bodily outward, any desired radius 
could be completely explored. 

The measurement of stress magnitude at any point on a 
radius gives the difference of the principal stresses unless it be 
at the inside or outside periphery, both of which are of course 
free. The separation of these values of difference of principal 
stress into the two existing stresses is usually accomplished by 
means of Filon’s equations.‘ In the case of the rotating disk, 
however, it became necessary to consider the body forces which 
are not taken care of in the above-mentioned equations, and 
also to use the equation of equilibrium given in polar coordinates. 
An adaptation of the Filon method to care for such cases is 
given below. 

ADAPTATION OF Fiton’s Metuop 


In order to obtain the principal stresses, Filon developed a 
method based upon equations given by A. Mesnager for the 
space rates of change of the principal stresses, taken along the 
lines of principal stress. In this problem, due to the symmetry 
of the figure the directions of the principal stresses are along 
radii and along concentric circles. Filon’s method proceeds as 
follows: 

If we denote by S,, S; arcs taken along the lines of principal 
stress corresponding to stresses P, Q, respectively (Fig. 5), 
dS, being obtained from dS,, by a counterclockwise rotation 
of 90 deg., and if p:, p: are the radii of curvature of the two 
lines of principal stress, being measured positive when the tan- 
gents to the curves rotate counterclockwise as the arcs S,, in- 
crease, we have the equations 


oS; 
OS2 pr 


These expressions are nothing more than the equations of 
equilibrium at one corner of a curved elementary rectangle. If 
we integrate them and proceed along the corresponding line 
of principal stress, we obtain 


Q=Q— f* (P—QaSs/o 


We see that the integrands of these equations contain the 
differences of the two principal stresses which we obtain by 
photoelasticity. 

In our particular problem the equation of equilibrium of an 
element taken from the disk takes on a somewhat different 
form. Let us consider this equation of equilibrium [2] in the 
Appendix, namely, 

* Engineering, October 19, 1923. 
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+ + wpr = 0....... .. [2] 


Chree has found as shown in the Appondix that, with thin disks, 


the shear stress rz = 0. Therefore Equation [2] takes the follow- 
ing form: 


dr r 


Equation [3], the second equation of equilibrium given in 


the Appendix, becomes zero since Chree found that rz and 22 
were equal to zero. 
Integrating Equation [2a] gives 


‘r= 
r 


— z 2 
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dr +K 
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where K is a constant of integration of such a value that at the 
free surface a value of rr = 0 is obtained. 
It will be seen from this equation that it contains a term 


(ye — rr) in the integrand which is the difference between the 
tangential and the radial stresses at any point that is being 
considered. But this corresponds to what we obtain by 
photoelasticity. 

Thus if we substitute these values of (g¢ — rr) in this equa- 
tion for given values of r and also obtain w*pr* for the same 


(ge — rr) — w'or® 


values of r and finally take the area under the 


—rcurve by multiplying 


— mm) — 


4 (ge: — rr) — 


by dr, which will be taken as unity, we shall obtain the radial 
stress at the point considered—see Fig. 6. 

By adding the values obtained above by integration to the 
photoelastic value obtained for the particular point considered 
we obtain the tangential stress for the point considered. This 
method was followed in determining the tangential- and radial- 
stress-distribution curves from the photoelastic values obtained 
in tests of disks with different-sized holes, as is shown under 
Results. 

In a general problem we should not have a straight line along 
which to integrate as we have in this case with the radial stresses. 
In such cases this adaptation of Filon’s method would be in- 
applicable. 


REsvULTs 
In Fig. 7 are shown the results of two runs at 3400 and 3700 
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r.p.m. for a disk having an internal diameter of 6 in. The values 
plotted are those obtained by photoelastic analysis, viz., the 
difference between the tangential and radial stress at any point. 
The separation of these values into the separate values of the 
principal stresses has been accomplished by the adaptation of 
Filon’s method explained above. 

In Fig. 8 the experimental results given in the preceding 
figure are shown after the separate values of the radial and 
tangential stresses have been determined by the aid of the 
adaptation of Filon’s method. Also the theoretical values for 
the same conditions have been calculated and are shown plotted 
in the same figure. 

It is interesting to note that the difference between theory 
and experiment at the slower speed is approximately 20 per 
cent at the inside edge of the disk. This is the maximum varia- 


Fie. 7 


tion found in the series of experiments when considering the 
edges of the holes. At the higher speed the theoretical and 
experimental curves lie much closer together. The agreement 
between theory and experiment for the radial stresses is very 
good, but the magnitude of these stresses is small as compared 
to the tangential ones. 

In Fig. 9 the experimental] results of runs at approximately 
the same speeds on disks having inside diameters of 9 and 11.29 
in. are given. The separate values of the radial and tangential 
stresses are given in Figs. 10 and 11, respectively. In the case 
of the disk of 9 in. inside diameter the agreement between 
theory and experiment is very close for the tangential stresses; 
the experimental values, however, are somewhat lower than the 
theoretical ones. In the case of the disk of larger inside di- 
ameter it is interesting to note that for the first time the experi- 
mental values at the inside edge of the disk are higher than the 
calculated ones. 

Brief runs were made on a disk having very small internal 
diameters. In Fig. 12 the difference between the radial and 


tangential stresses as experimentally determined is shown in 
comparison with the theory. The agreement between theory 
and experiment is so close that only the theoretical separate 
values are shown graphically. The curves of difference of 
stresses are radically different in shape from those taken on 
disks of large internal diameter. The downward slope of these 


curves from the outer periphery to the center of the radius, as 
well as the very abrupt increase in stress as the inner edge of 
the disk is approached, is very clearly reflected in the separate 
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theoretical curves for the tangential and radial stresses. At 
the middle of the radius the difference in stress is very small, 
but the actual values of the radial stresses are larger than those 
found in the disks having larger internal diameters. It is also 
of interest that at certain points the absolute values of the radial 
stresses are very close to those of the tangential stresses. 

In Fig. 13 the results of the tests on a disk having an internal 
diameter of 0.25 in. are shown. These curves are very similar 
in shape to those of the preceding figure. However, the maxi- 
mum radial stresses in this case are higher than those in Fig. 12, 
and approach more closely the values of the tangential stresses. 
The maximum stress in the disk as determined experimentally 
is considerably lower than in the case of the disk of 1.09 in. 
internal diameter. 

In order to determine the effect of varying speeds on the 
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maximum tangential stresses, runs were made on the disks having 
internal diameters of 6, 9, and 11.29 in., the results being shown 
graphically in Fig. 14. The curves show very clearly the effect 
of hole size at given speeds. It is also interesting to see that the 
stress at the edge of the hole varies approximately as the square 
of the rotational speed. ° 
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In order to compare the results of these experiments with 
those on actual grinding wheels, a series of wheels having out- 
side diameters of 20 in. and varying inside diameters were made 
and rotated until rupture occurred, the breaking speed being 
noted in each case. The results of these tests are shown graphi- 
cally in Fig. 15, where the hole diameter is plotted against the 


00 
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that the two curves are very nearly parallel, which indicates 
that the photoelastic experiments approximate very closely the 
elastic behavior of the actual wheels used for this comparison. 
The curve which results from theoretical calculations is also 
shown in the same figure, and it will be noticed that it crosses 
both of the experimental curves. The discrepancy, however, 
is not so great as would appear at first 
glance since the scale of ordinates is unusually 


large. 


It was felt of course that the structure of 


the actual wheels would greatly influence the 


shape of the curve obtained in Fig. 15. 


The first structure employed was designated 


as “Structure A.” A second structure of 


wheel, designated as “Structure B,”’ was then 
chosen, and the experiments outlined above 


were repeated with this new material, the 


results being shown in Fig. 16 in comparison 


with the theory. It is evident from a con- 


sideration of Figs. 15 and 16 that the break- 


ing speeds for actual wheels are controlled 


between limits by the structure employed, 


and that for the materials used in these in- 


vestigations one of these limits is the theory 


and the other is the photoelastic analysis. 


Summary or Resvutts 


Photoelastic experiments on rotating disks 
having a common external diameter of 20 in. 
and varying internal diameters have, in com- 
parison with the theory of Chree as well as 
actual wheel breakages, given the following 
results: 

a The maximum stress in a rotating disk 


is a tangential tension at the edge of the 


central hole. 


b This maximum stress is proportional to 


the square of the rotational speed, within the 


limits of experimental error. 


c Increasing the diameter of the central 


hole results in an increase in the maximum 


stress 


d The discrepancy between theory and 


experiment when considering the edges of the 


holes of rotating disks ranges from zero to 


approximately 20 per cent in the case of a 
disk with a 6-in. hole rotating at 3400 r.p.m., 


where the photoelastic results are lower than 


the theoretical results. 
e By controlling the structure of grinding 


wheels the curve of breaking speed against 


hole size can be varied to accord with either 


the photoelastic results or the theoretical cal- 


culations. 


Fig. 14 
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Fig. 15 


speed in surface feet per minute necessary to cause the actual 
wheel to rupture. Since the structure of the wheels was identical, 
it was assumed that the breaking stress would be very nearly 
the same in all cases. The celluloid disks used for the photo- 
elastic experiments were then rotated successively until the 
maximum tangential stress at the edge of the hole rose to an 
arbitrarily chosen value of 1172 lb. per sq. in. The curve of 
speed necessary to produce this magnitude of stress plotted 
against hole diameter is shown*also in Fig. 15. It can be seen 


CoNCLUSION 


Taking all data into consideration it is felt 
that a reasonable and usable agreement between the theory of 
elasticity, actual grinding wheel breakage, and photoelastic ex- 
periments has been pointed out. 


Appendix 


HREE’S solution, with several additions, giving the deriva- 
tion of the stress equations in a rotating disk, follows. 
The term “disk” is here restricted to mean a thin plate, of 
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which a section parallel to the faces is bounded by two con- 
centric circles, The disk is assumed to be of uniform density p and 
of an isotropic material, for which m is the bulk modulus and n 
the modulus of rigidity—see Thomson and Tait’s “Natural 
Philosophy,” Part II. 

Take the axis of the disk for the axis of Z with the origin 0 
in the central plane or plane bisecting the thickness of the disk, 
and let the disk rotate with a uniform angular velocity w. 

The internal-stress equations of equilibrium for an element 
of this disk are derived as follows: 

Fig. 17 shows the distribution of the stress forces on an element 
enclosed between two cylindrical surfaces of radius r and r + dr, 
two planes through the axis at angles ¢ and ¢ + dy, and two 
transverse planes distance dz from each other in general. This 
element has been removed from the interior of the rotating disk. 

We may suppose the disk at rest, acted on by a centrifugal 
force w*pr per unit of volume = R. The other body forces in 
the ¢ and z directions are equal to zero. 


Speed, Surface Feel per 


Fig. 16 


The moment equations about the axes through the middle 
point of the element give the usual result 


= zr, and 


Resolving along r, we find for rr: 
~ on 
(= + . ir) (r + dr) dgdz + w*pr X rdgdrdz — rrrdgdz 


Disregarding infinitesimals of the second degree, we obtain: 
~ 


Orr 
rrdrdgdz + = dr X rdgdz + w*pr*dgdrdz 
r 


For the stresses gy, which act inward at an angle of '/.d¢ 


to the middle radius, we have: 
x 
ove 
¢ 


dg deg 
= for a small angle. 
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Again disregarding infinitesimals of the second degree, we 
have 
—pedrdedy 
The shear stresses give 


oz 


The body force w*pr X rdgdrdz has been given above. — 
Adding the above forces and dividing by rdrdgdz, we obtain 
the first of the three equations of equilibrium: 


Zz 
Fia. 17 
Me hs 
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which reduces to 

drr dre der / , 
+ r+ + w*pr [1] 


Due to the symmetry of the disk the shear yr = 0; therefore 
we have 


rr Orr ¢¢ Orr 
+ — — + /r +— = 0 
r or r Oz 
— 72 
~ { 
= - | | | 
= 
Wein 
4 


dr dn 
dr +t dz 
for the first equation of equilibrium. 
The other two stress equations may be obtained by resolving 
the forces along the tangent and along the Z-axis, respectively. 
They are as follows: 


dge dgz dre re 
— + — + — 4+ 3a 
rdg dz dr r 
dz dr r 


Due to the symmetry of the disk and the loading, the shear 
gr = 0, as mentioned above, and for the same reason the shear 


d 
gz = 0. Therefore [3a] reduces to mod = 0, and [3b] reduces 
to 
drz dee 
— +—+ —=0.............. 3 
dr r dz 


The equations giving the relations between the strains and 
the displacements are derived as follows: 

Let u, v, and w be the components of the displacements, 
where w is the component parallel to the Z-axis and v the com- 
ponent normal to a plane through the Z-axis or tangential com- 
ponent and u the radial component. 

. Fig. 18 shows the deformation in the r-direction only. The 


eV, 


a 


dz 


| 
| - 
A > dr 
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ou du 
increment — dr is denoted by u,’, — dg by uy’, — dz by u.’. 
r oz 
All four edges have the same extension u in the r-direction. 


The outside edges of the element all have the extension u + = dr. 
r 
1 Ou Ou 
Thus the strain e- = oy dr/dr = = , rdg becomes now (r + u)d¢, 


and therefore strain «, = ——- = 


In this case we have e. = 0. 
The right angle in the rg-plane is changed by the amount 
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1 Ou 


du ou 
‘re e/(r + e/rde 


Omitting udg as it is small compared with rdg, we have in the 


rz-plane 
ou 


1s = 
oz 


ou 
— dz/dz = 
oz 
In the ¢z-plane yz, = 0 since no change can occur in u or r 
and remain in this plane. 
Let us now consider the deformations in a tangential direction. 
Fig. 19 shows the deformation in the ¢-direction only. The 


In| 


Fie. 20 


ov du dv 
increment — dr is denoted by v,’, — dg by vg’, and — dz 
or oz 


by vz’. 
Upon undergoing deformation, A goes to A; and B to B,, 


and A,B’ is parallel to AB; therefore tan B’A,B, = = dr/dr = 


But yr, is the angle between A,B, and the radius A» A; 


produced to B”, or in other words, the angle B,A,B”. Therefore 
ov 
since the angle between B’A,; and B’A, is 
r r 
equal to 


There can be no ¢ strain since v is at right angles to r. 
Therefore «- = 0. 


Ov 
The extension in the ¢-direction will be v + ao dg; thus 
¢ 


ov 
strain = dg/rdg = 


ez, the strain in the Z-direction, = 0 since Z is perpendicular 
to v-deformation. 

In the RZ-plane y,z2 = 0 since no change can occur in V or 
¢ and remain in this plane. 


ov 


Let us now consider the deformations in the Z-direction only. 
The 


ov 
In the gZ-plane y,z = 7 dz/dz = 


Fig. 20 shows the deformations in the Z-direction only. 
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ow 
* increment — dr is denoted by wr’, i‘ dg by w,’, and o" dz 


by w,’. 
There can be no « or eg strain since w is at right angles 
to gand r. Therefore «- = 0, and eg =,0; y-~ = 0 since it is 


perpendicular to vw, ande = = 
oz oz 


— 
In the ZR plane = dr/dr = 


ow ow 1 

In the ¢Z plane y,z = = dg/rdg = = 
oy Tr 

ou 

By addition we obtain «, total = : 


r 


ov 1 
total = + and 


ow 
€z total 
oz 


also by addition 


ou 1 ov 

r r 

ov 4 ow 1 i 

— + — -, an 
Oz r 
Ou ou 
= Oz or 


From symmetry the shear strains y,, and y,z are zero; thus 
Ou ow 


all we have left for shear strain is y-z = — + >’ also 
ov 
.@ for tangential strain 
r 
ou ow 


oz 
6 = dilatation = + + 


_ du, u dw (1) 


dr r dz 


The stress equations in terms of the strains and modulus of 
rigidity and bulk modulus are: 


(m—n) + 2n parallel to 02 


d 
Normal rr = (m—n)i+2n along r 
Stresses dr 


u > 
ee = (m— n) 6 + 2n > perpendicular to 
OZ and tor 


du dw 


Shearing Stress: 7 + in plane 2 


As mentioned when deriving the stress equations of equilibrium, 


the shear stresses w and om for this problem are equal to zero. 
Let 21 denote the thickness of the disk, a the outer radius, 
and a’ that of its inner cylindrical surface or edge. Then as- 


suming the disk is exposed to no surface forces, the solution 
should satisfy the following surface conditions: 


(4) 
Over the flat faces,z = + — 
Over the edges, r = a andr = a’ rs ' (6] 
lpr = 0 ..... [7] 


Substituting for the stresses their expressions in terms of the 
strains and using [1], [2], and [3] become, respectively: 


m r = — w’pr?... [8] 


By making use of Equations [8], [9], and [1], differential 
equations were obtained which when integrated gave the fol- 
lowing solutions for 4, w, and u: 


6 = A + C(z? — — + n) 


n 


(42*r — r’) 
r 


n m+n 


where all the constants are independent. 

By making use of Equations [4] to [7] and equations for 
stresses and strains, Chree determined values for the constants 
a, C, and ¢, and then proved that the surface conditions [4], 
[5], and [6] were satisfied. The only surface condition left is 
(7), but this he could not exactly satisfy, unless m = n, by 
means of the present solution. For, substituting the above 
values of the arbitrary constants, he obtained from the expres- 


sion for rr in terms of the strains 


7 
1T, = — n)A — 2na~? D — 


_ (m — n) (3m — n) 
4m(m + n) 


and 
=a’ { = a similar expression, replacing a by a’). . . [12] 


It is obvious he could not make these stresses vanish for all 
values of z. 

If then, according to Chree, the thickness 21 of the disk be of 
the same order of magnitude as the radius a, this failure renders 
the present method inapplicable; but when 1/a is small it is 
easy to obtain a solution which according to Saint-Venant and 
other eminent authorities must be very approximately exact 
except in the immediate neighborhood of the edges. 

The principle this solution is based on is that of statically 
equivalent systems of loading. According to this principle, 
when a surface of an elastic solid has a small dimension—such 
as the thickness of a thin disk—all systems of surface forces 
which in their distribution along the small dimension are stati- 
cally equivalent produce, except in the immediate neighbor- 
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hood of their points of application, practically identical strains 
and stresses. We may thus for practical purposes replace any 
system of surface forces over the small dimension by any stati- 
cally equivalent system. Chree proceeded with the following 
method of solution, which he believed was in accordance with 
the view that would have been taken by Saint-Venant: 

A and D were determined from the equations 


rT, =a dz =0Q.... 
—1 


This still left normal stresses of the order of the square of the 
thickness over the edges, but the forces along each generator 
of an edge form a system in statical equilibrium. 

For the annular disk he found from [13] and [14] 


7m—n + + m—n 
A = — w%(a a 
8m (3m — n) aa 6m(m + n) _ | 
> .. 
7m—n | 
} 
32mn 


Also he determined C and £é explicitly, and found @ in terms 
of A. Thus all the constants of the solution were determined. 

The physical results attainable from the solution he rendered 
more practically serviceable by replacing the m and n of this 
work by Young’s modulus £ and Poisson’s ratio 7. To express 
the values obtained above for the arbitrary constants in terms 
of E and 7 he used the following relations: 


E/(1 + ») 
E/(1 — 2m) (1 + 


n 


m 


Substituting the expressions found for the arbitrary con- 
stants in terms of E and 7 in [10], he found for the strains in 
an annular disk 


2 om 
$= + n)(a? + a”) — Al + nat 
4E 
wp n(l — 2n) (1 +4), 
(1? — [17] 
2 
(3 + + a’) — 201 + 
[18] 
2 29/2 
8E r 
wp 
(1 + ») + + ar (1? — 324) .... [19] 
From these strains he found for the stresses: 
~ 2 27/2 
= —— (3 +4) fo 
8 r? 
wn 
— [20] 


According to the principle of statically equivalent surface 
forces, this solution does not strictly apply for values of r that 
differ from a or from a’ by quantities which do not exceed 
several multiples of 1. In other words, it may possibly give 
values for the strains and stresses over the edges differing from 
the true values by terms of the order 1%. Thus in determining 
the greatest values of the stresses, which occur at or near the 
inner edge in an annular disk, we are not warranted in retain- 
ing terms of this order of small quantities. Chree proposed in 
determining these quantities to neglect terms of 1? and 2’. 
This has been done when determining the stresses given on the 
curve sheets of this paper. The following equations were thus 
used: 


2 2q/2 


r? 


eg =rrt 


wp j a’a"? 

— 1 — »)r*? 3 ——;7....(2% 
a \' + (3 + ») [23] 
H. E. Jenks in 1919 derived stress equations which agree with 

those by Chree for rotating disks. Simplified forms of the one 

for tangential tension at the edge of the hole were published 

in Grits and Grinds, June, 1923. 


Discussion 


H. W. Wacner.’ There are some individuals connected with 
the grinding industry who are not in full agreement with all the 
predictions made by the classical theory. One idea encountered 
was that if two wheels of different diameters are operated at the 
same surface velocity, the smaller one running at the higher r.p.m. 
would be stressed higher than the larger one. Another was that 
maximum stress is at the periphery of the wheel rather than at 
the edge of the hole. There were also conflicting ideas on the 
effect of hole diameter upon stresses and breaking speed. 

Existence of contradictory conceptions was considered suffi- 
cient reason for experimental verification by the photoelastic 
method. It is gratifying to note by the “Summary of Results” 
that photoelasticity as well as actual wheel breakages show, 
in so far as comparisons can be made, the same trends as does 
Chree’s equation. Thus we have a more firmly established basis 
on which to work for more economical and safer use of grinding 
wheels and other rotating members. 


A. M. Waut.' The writer was rather surprised to find that 
there was a 20 per cent discrepancy in some cases between the 
results for rotating disks as given by the theory of elasticity and 
the results given by the photoelastic method. It would seem 
that it should be possible to obtain a closer agreement. The 
writer would like to suggest that a slight curvature of the stress- 
strain diagram of celluloid may possibly be responsible for part 
of the discrepancy. 

It will be noted that the test results for grinding wheels having 
relatively small holes indicated that the computed breaking 
stresses were higher than in the case of wheels having relatively 
large holes. In the writer’s opinion, this may be due to a slight 
curvature of the stress-strain diagram of the material itself. 
If the material obeys Hooke’s law exactly, as assumed in elastic 
theory, then the computed breaking stress as given in Fig. 15 
would be the true stress at failure; however, if the stress-strain 
curve of the material has a slight curvature, then the computed 
stresses at failure would be higher than the true stresses. Where 


5 Research Laboratories, Norton Company, Worcester, Mass. 
Mem. A.S.M.E. 

6 Research Engineer, Westinghouse Research Laboratories, East 
Pittsburgh, Pa. 


Jun. A.S.M.E. 
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the hole is relatively large, this effect will not occur to any great _It seems to the writer that the test results thus indicated that the 
extent, and in such cases there should be better agreement be- grinding-wheel material does have a curved stress-strain char- 
tween the breaking stress as computed and as obtained from test. _ acteristic. 
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Vibrations of Railway Bridges 


By J. N. GOODIER,' ANN ARBOR, MICH. 


The paper contains a discussion of the nature of the 
approximately resonant vibrations of bridges due to the 
pulsating forces generated by unbalanced drivers, the 
influence of the motion of the train, and possible action 
of the springs; a group of proposed approximate formulas 
for predicting the natural frequencies of bridges, whether 
unloaded or supporting trains; a description of the 
methods of measuring natural frequencies; a list of the 
sources of damping; a theoretical demonstration of the 
effects of a small amount of distributed damping in 
restraining the forced vibration, and an appendix in 
which the frequency formulas are derived. 


RESONANT VIBRATIONS 


T IS POSSIBLE for resonant vibrations to occur in a railway 
I bridge through the coincidence of the frequency of the 
pulsating forces set up by the balance weights of the driving 
wheels, with the natural fundamental ‘period of vertical oscilla- 
tion of the whole structure, bridge and train together. It is 
unfortunate that this should happen within the range of prac- 
ticable locomotive speeds, but such is the fact, and on account 
of its practical importance the subject has received much atten- 
tion in recent years. In some cases another type of oscillation, 
which may be termed “quasi-torsional,” occurs in which the 
two main girders do not oscillate in phase, and a section of the 
bridge is subject to a periodic shearing action. This is due to 
the vibrating forces being eccentrically applied, as must be the 
case for double-track bridges loaded on one track only. The 
shortest bridges—say, of 40 ft. span or less—do not vibrate in 
resonance, being so light and stiff that their natural frequencies 
are too high to be approached in any practicable running speed; 
and even for the longer bridges where the natural frequencies 
are attained in ordinary running, the resonance is never of a 
straightforward cumulative character—as it would be if the 
frequency of the pulsating forces could coincide exactly for a 
time with the natural frequency of the structure—for the train 
is moving over the bridge during the building-up of the oscilla- 
tion, and thus continuously modifying the mass distribution, 
and with it the natural frequency of the vibrating system. Pro- 
vided, therefore, that the train maintains a constant speed, exact 
resonance cannot be more than instantaneous. But in spite of 
this there may be such a close approach to resonance during the 
passage of the train that serious vibration does ensue. 


1 University of Michigan. Mr. Goodier was educated in Eng- 
land at Downing College, Cambridge University, where he studied 
mathematics and mechanical sciences. He took the degree of B.A. 
through the Mechanical Sciences Tripos, with the Rex Moir Prize 
for general distinction and the Ricardo Prize for thermodynamics. 
For two years he worked as a research student under Prof. C. E. 
Inglis, F.R.S., on problems of elasticity, and applied mechanics, 
Stress distributions, bridge vibrations, and the phenomenon of rail 
corrugation, and together with H. S. Sayles, B.A., was awarded the 
John Steddy Winbolt Prize of Cambridge University for a disserta- 
tion on “Some Problems of Plane Stress.’”’ He was elected a Com- 
monwealth Fellow in 1929. He then went to Ann Arbor to con- 
tinue work under the supervision of Professor Timoshenko. 

Contributed by the Applied Mechanics Division and presented 
at the Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Tur 
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This variation of natural frequency is clearly greater in bridges 
of moderate size, whose mass is not so great that the mass of the 
locomotive is negligible in comparison. However, the smallest 
bridge on which resonance can occur is precisely the one which 
is subject to the most intense vibrating forces, for its natural 
frequency will be so high as to correspond to the highest speed 
of the locomotive. 

The bigger bridges have the lower natural frequencies, and 
consequently resonance will occur at lower locomotive speeds, 
and so at smaller pulsating forces, requiring a longer time of 
action to build up vibrations of serious magnitude. But, in 
fact, they are allowed this longer time of action under conditions 
appropriate for resonance, since the mass of the bridge is so 
much greater than the mass of the locomotive that the motion 
of the latter cannot disturb very much the agreement between 
the frequencies of the structure and the pulsating forces, and 
also because the speed is less and the bridge is longer. 

In bridges of medium length the critical conditions are reached 
at speeds such as those attained by express locomotives, and in 
longer spans, by freight trains and slow passenger trains. 

It may sometimes happen that the oscillations are so violent 
that the springs of the locomotive begin to act. Before this 
occurs the locomotive moves up and down solidly with the bridge, 
and the structure has one fundamental natural frequency at 
which there may be resonance. When the accelerations in the 
vibration become sufficiently high, the friction resisting spring 
movement is insufficient to communicate the acclerations to the 
spring-borne mass, and the latter no longer vibrates solidly 
with the bridge. The action of the springs introduces an addi- 
tional degree of freedom, and the original fundamental natural 
frequency is replaced by two natural frequencies, both of which 
may fall within the practicable speed range. Fig. 1? shows a 
typical amplitude-frequency diagram for a bridge of a span of 
the order of 200 ft. The solid-line curve corresponds to locked 
springs, and the broken-line curve shows the effect of spring 
movement. The lowering of the original resonance peak in the 
latter case is due to the additional damping caused by spring 
friction. Fig. 2 is a typical amplitude-frequency diagram for a 
bridge of 120 ft. span. Here there is no intermediate range of 
frequencies for which the springs are locked. 

The existence of two points of critical acceleration as the 
frequency changes is to be expected from the fact that the 
maximum acceleration in simple harmonic motion is propor- 
tional to the square of the frequency multiplied by the amplitude. 
As the frequency comes near to synchronism with the natural 
frequency of the structure, the amplitude grows until this product 
reaches the critical value, and the first resonance peak with 
spring movement is attained. After this, as the frequency rises 
the amplitude decreases, but later, since it is the square of the 
frequency which is involved, the acceleration again rises to the 
critical value. 


FoRMULAS FOR NATURAL FREQUENCIES 


It is of course important that there should be some means of 
predicting the natural frequencies of bridges, whether loaded or 
not, and whether spring movement occurs or not. 


? Figs. 1 to 6, with accompanying formulas, are reproduced by 
courtesy of Prof. C. E. Inglis, F.R.S., from his paper “Oscillations 
in a Bridge Caused by the Passage of a Locomotive,” in Proc. Roy. 
Soc. (London), vol. 118, series A, 1928. 
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For girders, or bridges in which mass and rigidity are uni- 
formly distributed, we may apply the simple beam formula: 


(natural frequency)? = n? = ——.......... {1] 


m being the mass per unit length, | the span, and E/ having the 
usual significance. 
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Another simple formula of somewhat less restricted applica- 
tion, not requiring an estimate of E/, is 


where F is the central deflection per unit central load, and ms 
is the total mass, assumed uniformly distributed. The result 
of applying this to three bridges for which data were available, 
together with the observed frequencies for comparison, are 
given below. The values of F were taken from actual deflec- 
tion records, but they are characteristics easily obtained for any 
projected design. 


Mass F Calculated Observed 

Span in ft. in tons tons per ft. frequency frequency 
169 325 3690 4.23 4.00 
210 626 5160 3.78 3.70 
263 460 2340 2.85 2.86 


Three examples are hardly sufficient to test the validity of the 
formula, but actual measurements of bridge frequencies do not 
appear to be very numerous. 

The corresponding formula for a bridge whose mass cannot 
be regarded as uniformly distributed is 


When the mass of the locomotive is taken into account as a 
concentrated mass m, at a distance a from one end, 


2x? E + 2m, sin? 4 


for a bridge of uniform mass distribution, and otherwise 


gF 


4x? m sin’ dz + m, sin? 
0 l l 


The corresponding formulas when there are several loads on the 
bridge, or when it is desired to take into account individually 
the axle loads of the locomotive, say, m; at a distance a, from 
the end of the bridge, m, at a distance a, m, at a distance a,, 
etc., are 


[5] 


= 


F 
n? = < 
a, 
[ms + 2 m, sin? 
and 
F 
= (7] 


4x? m sin? — dz + = m, sin? = 
l 


The indications of formula [4] for the same three bridges 
loaded at the middle with a locomotive weighing 108 tons and 
having a wheelbase of 44 ft. 7'/, in., together with the measured 
frequencies, are as follows: 


to 


Calculated..... 3.15 
Observed. . 3.10 


.38 


The ratio (loaded frequency)/(unloaded frequency) under the 
conditions of formulas [2] and [4] appears as 


Unloaded frequency me + 2m sin* 


This formula was obtained by C. E. Inglis, F.R.S., by a method 
different from that given in the Appendix. 

The two natural frequencies which replace the above funda- 
mental frequencies when the locomotive springs are in action 
are n; and m, n,? and n,? being the roots of the quadratic in n°, 


2 
E + 2m | —n? E + 2n,? sin? + =0 
ms 


mB 


where m) = non-spring-borne mass of the locomotive 
mit = total mass of the locomotive 
no = fundamental natural frequency of the unloaded 


bridge 
nm, = frequency of the spring mass of the locomotive on 
its springs, the non-spring-borne mass being fixed 
me = mass of the bridge, as before 
a = distance of the locomotive from one end. 


For a single-track bridge with the following characteristics: 
span = 120 ft., ma = 200 tons, no = 6, and a locomotive with 
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4x? m sin? — dx 
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the characteristics mg = 20 tons, mz = 70 tons, n, = 3, situated 
at the middle of the bridge, the quadratic becomes 


1.2n* — 42.6n? + 324 = 0 


and the two frequencies obtained by solving this are 3.32 and 
4.94. 

The frequency if the locomotive springs remained locked 
would be 4.60, so that the two above frequencies lie on either 
side of this. For the lower frequency the spring mass is in phase 
with the bridge, and for the higher frequency it is in antiphgse, 
its effect being the same as a reduction of bridge mass. 


MEASUREMENT OF NATURAL FREQUENCIES 


Two methods are available. The first is to use a recording 
defiectometer to make a diagram of the vibration after the 
bridge has been disturbed by the passage of the locomotive. 
The frequency of the residual oscillations can then be counted 
on the diagram. The second is the method of the “bridge 
oscillator.” This is a machine capable of vibrating the bridge 
without altering appreciably its natural frequency. In the 
experiments of the British Bridge Stress Committee, it took the 
form of a truck upon which were mounted two wheels geared 
together to rotate in opposite directions. Heavy masses are 
bolted eccentrically to the wheels. When rotated by an elec- 
tric motor these provide vertical pulsating forces on the bridge 
similar to those due to the balance weights of locomotives, except 
that in the case of the oscillator they remain in a fixed position. 
Arrangements are provided to regulate the speed and to measure 
the power supplied to the motor, the latter for investigating the 
damping. The oscillator is run at varying speeds, and the 
natural frequency of the bridge and oscillator together is located 
by means of the resonance peak on the amplitude-frequency 
diagram. 

DamPING 

In bridges where it is possible for resonance to be approxi- 
mately attained, damping of various kinds is responsible for 
restricting the amplitudes of vibration to safe limits. The sources 
of damping may be enumerated as 


Lack of perfect elasticity in the structure 

Track ballast 

Friction at the end bearings 

Lack of rigidity in the abutments and consequent com- 

munication of energy to the ground 

5 Friction of oscillating springs of locomotive and other 
units 

6 Trains. 


ON 


The relative importance of the first four appears to be still un- 
certain. The report of the British Bridge Stress Committee 
described the fifth as perhaps the most important of all the 
single sources of damping. This of course has reference to the 
British railways. 

The damping effect of a train following a locomotive is appre- 
ciable, but except on the longer spans the locomotive approaches 
the middle of the bridge and a large oscillation is built up before 
the train is sufficiently far on the bridge to have any consider- 
able damping effect. Its influence in such cases is mainly on 
the residual oscillations, particularly when the train is drawn by 
two coupled locomotives. 

The undamped oscillations produced by a concentrated pul- 
sating force P sin 2xnt moving at uniform speed along a girder 
are given approximately by 


*See R. Bernhard and W. Spith, ‘‘Rein dynamische Verfahren 
zur Untersuchung der Beanspruchungen von Bauwerken,” ‘Der 
Stahlbau,” 1929, Heft 6. 
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D cos 2x(N — n)t — cos 2rnot 


cos 2r(N + n)t —cos2rnot | . 
1 N + n\? l 
No 
where y is the deflection at a point distant z from one end, n = 
v/2l, v is the speed, 1 the span, no the natural frequency of the 


girder, and D the central deflection due to a statical force P 
at the center. In addition to this there is an oscillation due to 


the movement of the gravity load of the locomotive. This is 
approximately defined by 
3 mot v Ornet 
= sin — — — sin 2rnot |sin — 
i 
Seconds and % ths. 
0.25 
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Fig. 3 Undamped Synchronous Oscillation 
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Fig. 5 Damped Synchronous Oscillation, Including Effect of Locomotive 
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Fig. 6 Observed Oscillation 


Fies. 3-6 oF MipporInt oF BrinGe TRAVERSED BY A 
LocoMOTIVE 


(Span of bridge, 262.5 ft.; total mass, 480 tons; unloaded frequency, 2.88 

oscillations per sec. Locomotive generates a pulsating force of 0.576 ton 

at l rev. per sec.; driving wee on ~ in circumference; total weight, 
107.65 tons. 


where 6 is the central deflection due to the gravity load stationary 
at the center. This latter component is small and at worst 
can only contribute about 10 per cent of the whole vibration. 
Fig. 3 shows the oscillation given by these formulas for the 
midpoint of a bridge of span 262.5 ft., total mass 460 tons, and 
unloaded frequency 2.88 oscillations per second, traversed by a 
locomotive generating a pulsating force of 0.576 ton at one 
revolution per second, with driving wheels 14.0625 ft. in cir- 
cumference, and a total weight of 107.65 tons. The central 
deflection produced by the locomotive standing at the middle of 
the bridge is 0.55 in. The natural frequency of bridge and loco- 
motive together is then 2.4, and the engine speed is 2.4 r.p.s., 
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about 23 m.p.h. The oscillation is building up as long as the 
locomotive is on the bridge, and finally the maximum deflection 
exceeds the crawl deflection by 75 per cent. The “crawl de- 
flection” is the deflection due to the locomotive moving slowly 
over the bridge, being thus equivalent to a static load in various 
positions. 

The effect of damping can be taken into account in such calcu- 
lations if it is assumed to be equivalent to a distribution of force 
along the bridge proportional at any point to the velocity. 
For analytical convenience it may be represented as a force per 


unit length 4rnom <4, where m is the mass per unit length and 


n, a damping coefficient. Then the forced oscillation becomes 


_ cos {27(N — n)t—¢!} 
No No 
cos {2r(N + n)t — y} 
No no 
where 
n, (N — n) n, (N + n) 


The complete oscillation is obtained by superimposing a free 
oscillation of the approximate form 


: _ 
y = [4 sin + B cos 2rnol]} sin —, 
e 


with A and B adjusted to make the total displacement and 
velocity zero when the locomotive comes upon the bridge. 
There is also the small oscillation set up by the movement of the 
gravity load. 

A value n, = 0.075 causes the free oscillations to die out in a 
geometric progression with the common ratio 0.82. With this 
amount of damping the theoretical oscillation in Fig. 3 is modi- 
fied to that shown in Fig. 4. 

No account is taken in these formulas of the influence of the 
locomotive mass in destroying perfect resonance. The intro- 
duction of this, which causes much increased complication in 
the analysis, gives an oscillation represented in Fig. 5. 

Fig. 6 is the oscillation actually observed. 


Appendix No. 1 


FREQUENCY FORMULAS 


HE curve of the elastic line of the bridge at any instant 
during vibration may be expressed, whatever its form, by a 

Fourier series of the type 


y = A; sin — 


2 
+ Assin +... 


where y is the deflection at a distance z from one end. 


Usually it will be sufficient to take the first harmonic and 
thereby assume that the curve of deflection is a sine curve. This 
is the fact for a uniform unloaded beam with hinged ends. The 
deflection at any point on the bridge will be simple harmonic in 
time. We may therefore write 


y = sin — sin 


and n will then be the frequency of vibration, the quantity we 
wish to evaluate; 6 will be the amplitude of the middle of the 
bridge. 

The maximum velocity of a point at a distance z from one end 
will be 


2rné sin = 


occurring when the bridge is passing through its equilibrium 
configuration. The whole of the energy of vibration at that 
instant is kinetic. For the whole bridge it will be 


—— | 2xné sin — 
02 9 


In addition to this we have contributions from loads on the 
bridge. Suppose these are m, at a distance a, from the end, 
Me at a2, and so on. 

The maximum velocity of m, is 


wa; 
2rné sin 
and its kinetic energy then is 


1 2 
E 


The kinetic energy for all the loads will thus be 


g 


[m sin? = + m sint 


m, sin? — 
g > l 


The total energy of the whole vibrating system, expressed as 
maximum kinetic energy, is accordingly 


1 
m sin? — dz + m, ——. . 11] 
g 0 g l 


When the bridge has swung to an extreme position in the vi- 
bration, its velocity anywhere is momentarily zero, and all the 
energy of vibration is stored as strain energy. We require to 
estimate the energy in this form. 

Suppose a central force P is required to produce the central 
deflection 5. The deflection curve would of course not be 
exactly the same as the deflection curve in a vibration, but the 
difference is not very serious. The strain energy of the bridge 
in static deflection will be } Ps. Taking this as an estimate 
of the maximum strain energy in vibration—that is, the total] 
energy of vibration—we may equate it to [11], or 


252 
fm siot + m, sin? 
2 g 0 
so that 
gF 
7 
0 


or 


n? = 


where F = P/6, the central force required for unit central de- 
flection. 

This is formula [7], the most general of the formulas quoted 
in the paper. 


Formulas [2] to [6] are particular cases of it 


= 
FZ 
if 
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and are very simply derived. For the uniform bridge the first 
term in the denominator is 


1 
ton sint = = ml = mp 


and for the unloaded bridge the second term in the denominator 
vanishes. 

Sprung Locomotive. It may be shown that the oscillation 
caused in a uniform beam by a concentrated force P, which 
may be varying with time, at a distance a from one end of the 
bridge is approximately defined by the differential equation 


neglecting damping, which has only a very small effect upon 
frequencies. 
Consider the system represented in Fig. 7, a mass mp rigidly 


| 
Fie. 7 


attached to the beam, with a mass m, attached to it by springs, 
both masses being at a distance a from one end of the bridge. 
Let h be the deflection of the beam under m, and m, at any 
instant t, and z the deflection of m, from the position of equi- 
librium. If uw is the spring constant, the compressive force of 
the’spring is then u(z —h). If P is the force between m, and 
the bridge, 
d*h 


= u(z—h)—P 
and 
d*h 
P= 


This is the variable force on the bridge at a distance a from the 
end, so that Equation [12] gives 


Oty oy 2 d*h 7a 
[13] 
For the motion of m, we have 


These equations are satisfied by oscillations of the same fre- 
quency, of the form 


y = Asin = sin 2nne, z = Bsin 2rnt 


Then 
ra 
h =Asin T sin 2rnt 
and nis the natural frequency we wish to evaluate. 


Substituting these expressions for y, z, and Ah in Equations 
{13} and [14] we obtain 


Qu ra 

l 


and 


Au sin = Blu—4x%nm,] 


Then, by elimination of the ratio A/B, 


2 2 
16x*| 1 + — sin? — |—n? 4e*| 1 + sin? — 
mes l ms, me l 


where mg = mil, the total mass of the bridge. _If n, is the natural 
frequency of the spring mass m, on its springs, and np that of 
the unloaded beam, 


= and 


Using these, the equation becomes 


+ mn? = 0 


where m_ = m + m,, the total mass of the locomotive. This 
is Equation [9] of the paper, and is a quadratic in n*, determining 
the natural frequencies for the system. 
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Discussion 


J. B. Hunuey.* The author has introduced some interesting 
formulas as to the frequency of loaded and unloaded spans, and 
has discussed in the body of the paper and has developed in the 
appendix a formula relating to the effect on the oscillation due to 
the sprung weight of the locomotive. In the tests carried on by 
the Bridge Stress Committee, this was found to be quite an im- 
portant factor in computing impact effects on spans of medium 
length, which are very common on American railroads. 

Unfortunately, in the impact tests made by the American Rail- 
way Engineering Association in 1910 or 1911, no attempt was 
made to segregate the different factors affecting impact, one of 
which was the resonance of the sprung weight of the locomotive 
or cars, nor was any attempt made to select or classify spans in 
reference to their stiffness and mass, nor were the loadings or 
spans selected in such a way as to have some fixed or known ratio 
of load to capacity of span. 

Just as soon as conditions will permit, it is hoped that further 
tests will be made, taking into account and if possible segregating 
the effects of the various factors producing impact, and the effect 
of a spring-borne load of American locomotives should be given 
some study. It would seem that this might also apply to train 
loads. While it is true that we have no hammer blow resulting 


« Engineer, Bridges and Structures, Cleveland, Cincinnati, Chi- 
cago & St. Louis Railway, Cincinnati, Ohio. 


4 EI r* + y 0 
— sin? — —-— = 
m mB l m, mit 
dty dy ra, xz 
EI — + m— = — sin— sin —........ [12 
oz ot? l l l [12] 
— = 
. . ra . . xa 
1 + — sin? — | —n?] + 1 + — sin? — 
mr l mB l 
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from counterbalance weights on car wheels, many of these car 
wheels have flat spots, and with the trend toward heavy cars, it 
frequently happens that the train load produces a greater static 
effect on the structure than the engine handling the train, and it 
is not difficult to imagine a train running at such a speed over a 
bridge that the rough wheels would produce synchronism be- 
tween the sprung weight of the car and the loaded frequency of 
the span, and with long trains, such as are operated in this coun- 
try, we might have resonance continued and oscillations amplified 
to a greater extent than with the passage of the locomotive alone, 
which at the worst can produce but 4« few impulses on the 
span. 

The paper emphasizes and clarifies some of the points discussed 
in the report of the Bridge Stress Committee and should suggest 
to American engineers lines of research and study to enable them 
to determine, with some degree of accuracy, the impact-producing 
effects of American equipment. Our present impact formulas 
are at the best but a crude approximation, fit only for the design 
of new structures, and they are altogether unsuitable for de- 
termining the capacity of existing structures under any given 
loading. 


B. S. Carn.6 The paper has rather a theoretical appearance, 
but the author could hardly show in so small a space that it is 
actually based on tests and that every detail of the theory 
accurately represents the facts. Until a few years ago the theory 
of bridge impact was not in this happy state, and the “impact 
allowance” generally used was based on facts not properly under- 
stood and was really no more than a big factor of ignorance. 
This old impact allowance is today a part of the railroad engineer- 
ing standards of this country. Papers like the present one are 
valuable in showing that most of the impact effect follows definite 
laws and that, with the help of the theory, we can interpret tests 
so that no factor of ignorance need remain in our results. Bridge 
tests today are much easier to carry out and more reliable 
than they were a year or two ago. We have available simple, 
accurate stress recorders, operating electrically and giving as 
many simultaneous records of stress in different members as 
may be required. 

These tests have value in another connection. The paper 
shows that the principal source of bridge impact is the unbalance 
of steam-locomotive driving wheels. With an electric train the 
impact is very small. There are today in this country several 
programs of main-line railroad electrification announced or al- 
ready under way. It is most important to realize that electrifica- 
tion will reduce many bridge restrictions both on weight and par- 
ticularly on speed. It must also be realized that there can be 
made some simple tests which will show exactly the capacity of old 
bridges for modern trains, and facilities at present available 
can be used to the greatest possible extent, employing “facts” 
instead of “factors.” 


8S. TrwosHenxo.! The problem of dynamical deflections of 
bridges has always interested engineers since the beginning of 
railway-bridge construction. The general feeling was that under 
the action of a load moving with a high velocity larger deflections 
and larger stresses are produced than if the same load is acting 
statically. A theoretical solution for a bridge of uniform cross- 
section and subjected to the action of a constant vertical load 
moving with a constant velocity v shows that there is an increase 
in the deflection due to the velocity of motion. If 5¢ and 4, are 
dynamical and statical maximum deflections, 7 the period of the 
fundamental type of natural vibration of the bridge, and 7; = 


5 General Electric Company, Erie, Pa. 
* Professor of Mechanical Engineering, University of Michigan, 
Ann Arbor, Mich. Mem. A.S.M.E. 


2l/v = twice the time it takes the force to pass over the bridge, 
then 


For usual conditions 7/7; is small, and from Equation [15] 
it can be concluded that a smoothly running load does not pro- 
duce a substantial increase in deflection. 

Much more important is the action on a bridge of a pulsating 
force produced by unbalanced weights of a moving locomotive. 
If this force is in resonance with the natural vibration of the 
bridge and if damping is neglected, the amplitude of vibration 
produced under these conditions is: 


5 = by —.. [16] 


In this equation 7 and 7, have the same meaning as before, and 
59 is the statical deflection which is produced if the maximum 
value of the pulsating force is applied at the middle span of the 
bridge. 

he deflection given by Equation [16] may be a considerable 
one, especially for a comparatively small bridge whose frequency 
of natural vibration approaches the largest practical value for 
the number of revolutions per second of the drivers of a locomo- 
tive. Taking, for instance, the maximum number of revolutions 
per second of drivers as 6, it is found that pulsating forces have 
the largest effect on bridges with spans around 100 ft. 

From the foregoing equations it is seen that the dynamical 
effect of a moving load depends on the frequency of natural vibra- 
tion of the bridge. One can predict the magnitude of vibration 
only if the frequency of natural vibration of the bridge is known. 
The author gives several approximate formulas for calculating 
this frequency. 

In the derivation of these formulas the deflection curve of the 
vibrating bridge is taken as a sine curve in calculating the kinetic 
energy of the bridge, and the deflection curve produced by a load 
at the middle is taken in calculating the strain energy. Although 
the formulas given are in satisfactory agreement with experi- 
ments, it seems more logical in this case to use the well-known 
Rayleigh method and take as a basis of calculation the actual 


deflection curve of the bridge. If ys, ys... . are the de- 
flections at the points 1,2,3..... along the span of the bridge, 
and @,, Qa. .2- are the portions of the weight corresponding 


to these points, the frequency n of the fundamental type of vibra- 
tion is given by the equation: 


at 9 + Qey2 + Quays + ....) 
Qiys? + Qays? + Quays? 


This equation is used very often in calculating the frequencies 
of the natural lateral vibration of shafts and long rotors of modern 
turbo-generators. 

The writer would like to mention a misprint in the line follow- 
ing Equation [2] for calculating frequency. F is the force neces- 
sary to produce unit deflection and not the deflection produced by 
unit force, as stated in the paper. It should be mentioned, also, 
that the notations m and mz in Equations [2] to [9] are weights. 
In the appendix, in the derivation of Equation [13], the same no- 
tations are used for masses. 

Equation [16] gives an exaggerated value for the effect of the 
pulsating load. The actual amplitude of vibration set up by an 
unbalanced locomotive is much smaller. This is due to damping 
of various kinds and to the effect of the moving masses which may 
change considerably the initial frequency of the natural vibration 


i. = 3, 
T, 
enum 
‘ 
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of the bridge. The effect of damping and the effect of moving R. Exseraian.* The paper contains two distinct and valuable 
masses are discussed in the paper by the author. contributions to the subject of vibration of bridges. First, by a 

It is shown that, assuming damping to be a force distributed direct application of the energy principle, together with repre- 
along the length of the bridge proportional at each cross-section sentation of deflections by a trigonometric series, a simple pro- 
to the velocity of the vibratory motion, a comparatively simple _ cedure is outlined for the determination of the natural frequency 
solution can be obtained for the damped vibration produced by a of a bridge with distributed concentrated masses, and, second, 


pulsating force. consideration is given to the additional degree of freedom due to 
In this manner a much better agreement with experiment is the spring suspension of the locomotive. 
obtained than that given by Equation [2]. While the simplified assumption regarding the locomotive as a 


In discussing the effect of moving masses on the frequency of concentrated mass with an equivalent single-spring suspension 
natural vibration, the author considers the case of a sprung 
locomotive and shows that, by introducing springs between the 
mass of the locomotive and the bridge, two types of vibration 
are possible instead of the one fundamental type of vibration of 
the bridge. Equations for calculating the two corresponding 
frequencies are also given by the author. The diagram in Fig. 1, 
illustrating the results obtained, does not seem very satisfactory. 
It does not show that the frequency of the lower type of vibration 
is smaller than that for locked springs. The writer also would 
like to mention that Equation [9] for calculating the two fre- 
quencies does not coincide with the equation derived in the 
appendix. 

The effect of moving loads on the cumulative effect of a pul- 
sating force is only illustrated by Fig. 5, without giving any dis- 
cussion of this important question. 

The problem of torsional vibration and lateral vibration of 
bridges, although of great practical importance, is left without 
discussion in the paper. It is only mentioned that such vibration 
may occur in double-track bridges. However, torsional and 
lateral vibration may occur also in single-track bridges under the 
action of unbalanced weights and variable tractive efforts. 

In connection with the development of a more rational formula 
for impact effect on bridges a considerable amount of experimental 
and theoretical work has been done in England, Germany, and 
Russia. There is no doubt that this kind of work must be de- 
veloped in this country also, and it is desirable that the author 
continue his investigations on bridge vibration. The study of 
lateral vibrations and a comparative study of the vibration pro- 
duced by steam engines and by electric locomotives are es- 
pecially interesting at this time. It is important also to develop 
experimental work on the vibration of bridges to check the results 
of theoretical investigations. 


Fig. 8 APPARATUS ON Mopet or Mr. Hope Sus- 
PENSION BRIDGE 


Georce E. Beaas.?_ It would be interesting to know whether 
the author is of the opinion that the vibration period of a bridge 
can be predicted from the measured vibration period of a loaded 
model of the bridge. In the accompanying picture, Fig. 8, is 
shown a steel model of the Mt. Hope Suspension Bridge. If 


4 
it be assumed that this model is a true scalar reduction of the 1 ae ' | 

larger structure in the ratio n to unity, and, further, if it be as- h,+ T Lh 
sumed that the weights shown suspended from this model are t 


such that the unit stresses and unit strains in the model are equal 

to the corresponding dead-load unit stresses and strains in the 9 Srrine Suspension or Four-Waeet Venicte, WITH 
full-sized structure, then the problem is to determine what power Faowr axe Ruan Seuwe Surront 

of the reduction factor n should be applied to the measured is the first logical step in attacking the problem, the writer be- 
natural period of vertical vibration of the loaded model in order lieves a better approximation is needed due to the peculiar 
to predict correctly the corresponding period of vertical vibration suspension and considerable spread of a modern locomotive over 


of the actual bridge. moderate-length spans. 
The deformations and stresses in the Mt. Hope bridge have 
been quantitatively checked by this model, by employing very I—ELEMENTARY Spring SusPENSION 
simple conversion formulas, and one can reasonably expect that Let us first consider the very simple case of an elementary 


there must be a simple relationship between the measured period —_gpring suspension, i.e., of a four-wheel vehicle with a front and 


of this model and the corresponding period of the large suspension _year spring support, as shown in Fig. 9. The vehicle chassis has 


bridge. two degrees of freedom, viz., an angular motion represented by 


_ ’ Professor of Civil Engineering, Princeton University, Princeton, § Consultant, Engineering Department, E. I. du Pont de Nemours 
N. J. & Co., Wilmington, Del. Mem. A.S.M.E. 
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the coordinate ¢,, and-the vertical translation component of the 
c. of g., Zr. 


Let 1, and J, = the respective distances from center of gravity 
to the rear and front spring supports 
hi, and ho, = the respective deflections of the bridge under 
the rear and front wheels 
a, and a; = the position of the wheels from the left abut- 
ment 
M, m, and m, = the respective masses of the vehicle chassis and 
the rear and front wheels 
uw, and wu, = the respective spring constants. 


The compressions of the rear and front springs are 
Zr + and Z,—k— he 
so that the potential energy of the spring system is: 


1 1 
V= 2 m(Z, + hir)? + 2 — lar — 


The work of the applied forces on the total vehicle, which in- 
cludes the work of the reactions of the wheel supports, is: 


6W = MgiZ, — Pirdhir — Pordhor + migdhir + 


The kinetic energy of the vehicle is 
1 . . . 1 
T= 5 + kor?) + 5 + 


where k, is the radius of gyration of the chassis about its center of 


gravity. We have, then, 
MZ, + Mg=u(Z, + lidy hir) po(Z, 
— he) + Mg 
re OV 
Mk,’ or ui(Z, + lir + u2(Z, ld, hor), 
= — dh +mg—P, = + lide — ir) + mg — Pr 
Ir 
oV 
mh: = — dh, + mg — Pz = w2(Z, — lade — hor) + mag — Px 
2 


It is preferable to separate the equilibrium values from the 
oscillations about the equilibrium positions. We note that: 


Z, = Zo + Z, br = bo + >, hir = hor + ho, and Aer = ho: + he 
and the equilibrium conditions 
Mg = ui(Zo + ldo — hor) + u2(Zo — lado — hoz), 

— wil(Zo + ldo — hol + — — = 


so that 
wi(Zo + Lido — hoi) = Mg and = — lato — hn) = 


Therefore, the oscillations about their equilibrium positions are 
given by 
MZ = — + — hi) — — — hn) 


Mk,*¢ = —w(Z + lo —hdh + hb — hah 


+t + (a0 +m) Pe 


mihi 


l 
= — — he) + (a : + me) g9— Pr 
The dynamic loadings on the bridge due to the oscillations of 
the vehicle are therefore 
P, = uy(Z + lio hi) mihi; P, lip he) 


If we assume the deflection curve of the bridge from its equi- 
librium position of the form 


= 4G = sin 
L 
Oty rt wr, aud rr 
— Gen 4 sin — sin 
or! L L 


also 
y = @sin L and y = @sin — 


The kinetic energy of the bridge is 


1 l mL ° 
T =- mydr = - mé? sin? — dr = — @? 
2 Jo 2 Jo L 4 


and the potential energy is 


2 L 
El EI EI xr‘ 
V — = —— in? — dr = 


The work of the applied forces is 


+ = + Pody2 = sin + Pz sin 60 


Assuming @ as a generalized coordinate according to Rayleigh 
and Timoshenko, we obtain, from the Lagrangian equations, 


way was 
9 P, sin L + Py, sin 


ot? 


4 


m Oy + EI sin + sin se) sin 


which is the form of equation used by the author. 
The system of equations for solution are 


MZ = —w(Z + he — hi) — — — . [19] 


Mk,*$ = + he—hidh + — — hale. . [20] 


To solve, we let 


y = A sin = sin wt Z=Bsinw, = Csin wl 


— 
: 
Multiplying through by L sin L we obtain 


h, = A sin — sin wl, hk, = A sin Tt sin wt 
4 4 


hence 


| m sin? — + int — 2 
= 7 
L l L me w 
5 2 a - 2 
E + L (. sin? + wu, sin? A 


+ 2 sin in B 
L L Me Sl L 


ay 


2 ra 
+ 2 (it sin C=0 


4 


. way . way 
+ sin A + (Mw? — — B 


+ (u2 wilh) C =0 


. wa, . war 
(. sin 2 sin A + (ole = B 


(uili + wale — Mkz*w*) C = 0 
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Fie. 10 Severat AxLe Loaprines, INpIvipvaL Serine Sup- 
PORTS PER AXLE 


The system has three degrees of freedom, with three possible 
natural frequencies. 

To obtain these frequencies, we equate the determinants of the 
coefficients of A, B, and C in the above equations to zero. 


II—MULTIPLE-AXLE SPRING SUSPENSION 


In the more complicated case with distributed axles and indi- 
vidual spring supports per axle supporting the locomotive chassis, 
we may proceed in a similar manner. The degrees of freedom 
and natural frequencies, however, remain the same. The space- 
phase relations, multiplied by the corresponding spring constants 
and multiplied by spring constants with distances from the loco- 
motive chassis, can all be added vectorially. The inertia com- 
ponents of the dead-axle loads involve the sum of the squares of 
the space-phase relations multiplied by the masses of the dead- 
axle loads. 

In the case of several axle loadings, with individual spring sup- 
ports per axle, Fig. 10, let A,, A2, As, and A, be the static compres- 
sion of the springs, so that 4; Aj, u2 Ae, etc., are the equilibrium 
values of the spring loads. Therefore we have 


Ay + wade + wads + = Mg 


mil, Ay + pal, — pols Ag — = 0 


We may regard the static compressions of the form 


A, Zo + lido, etc.; A; = Zo ete, 


Then 
Ay = etc. 
where 


A= Mi + we + us + B = wl + Mal, — — pals 
C= mal)? + Maly? + ual? 


Assume, now, z, ¢, /i, he, etc., as the displacements from the 
equilibrium position. The potential energy of the spring sus- 
pension is 


1 
v= + — + + — ha)? + lxp h;)? 


+ palz — — | + milz + le —hi) Ar + + — he) Ar 


+ — — hz) As + lap — hs) 


The total kinetic energy of the vehicle referred to the equi- 
librium position is 


1 . . . . . 
T = + + + meh? + + mie | 


The work of the applied forces on the total vehicle is 


Mgéz + (mg — + (mg — Ps’ + (mag — Ps’ 
+ (mg — 


where the P’s, i.e., the wheel reactions on the bridge, have the 
equilibrium value Py and the dynamic component P. 
That is, 


P,’ = (mA: + mg) + Pi, =P’ = (u2de + mg) + Po, ete. 


The equations of motion of the vehicle reduce to 


Mz =— mlz + — hy) — + — he) — — lap — he) 


— (2 — — ha)... [21] 
= — + he — hdh — + — hadle 
+ — lap — + wal2 — le — hay. . . . [22] 
mihi = + le — hi) — Pr..... [23] 
mahe = + lp — he) — Po... 
mahs = us(z — lap — ha) — [25] 
= — — hs) 26 


Now considering the bridge proper, the potential energy is 


L 2 L 
1 
V=- — } dz ——d 
and since 
2 Oe .... = dz? dz? 
o*y 


where EJ 4 is the static bending moment, the equation for the 


+ 
Ig 
4 
h h h is 
dz 


dty 


Substituting values of P;, P:, ete., from Equations [23] to 


[26] in Equation [27], and letting y = A sin 7 sin wt, 


h, = A sin 


ho = A sin — sin wl; hs; = A sin : sin wl; hy = A sin Tt sin wi 


z = B sin wt; ¢ = C sin wi 


We have, on substituting in Equations [21], [22], and [27], the 
three equations in terms of the amplitudes A, B, and C. Equat- 
ing the determinant of their coefficients to zero, we obtain the 
frequencies. 


JII—EQvuILATERAL SPRING SUSPENSION 


_ However, in the majority of locomotives, the spring suspension 
is equalized in an equivalent front and rear system, Fig. 11. If 
l. and ly are the distances from the center of gravity of the 
equilization to the center of gravity of the chassis, we may 
roughly approximate the situation by expressing the potential 
energy of the spring system by 


V = 


1 1 
ur(Z + — he)? + 5 — by — hy)? 


_ hs 


Fie. 11 Spring SusPpENSION EQUALIZED IN AN EQUIVALENT FRONT 
AND REAR SysTeM 


and 
Lum we = t+ we 


Zum +k = ws + 
The equations of motion then become (approximately) 
Mz = — [2 + 16 —0.5( + —usle — —0.5(hs 


Mk,?¢ = —uslz + — 0.5 (hi + he) 
— [z le 0.5(h, + ha) 


mh; = 0.5u-[z + — 0.5(y + ha)] — Pi, ete. 


= 
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Actually the analysis becomes much more complicated. Con 
sider the rear equalization of Fig. 11, shown in detail in Fig. 12. 
The angling of the equalizer beams introduces an additional 
degree of freedom @. If we neglect the angular inertia of the 
equalizer rigging, we then can eliminate @ by the very condition 
of equalization. 
The compressions of springs 1 and 2, are (Fig. 12) 


1 
+ la — ad) + (2 + —h, 


=2 + 0.5(l, + ln — 0.546 —h, 


E + lo + b0) + (z + — hz 


role 


=z + 0.5(l, + In) + 0.500 — hy 


But we have the condition due to equalization, i.e., 


Cb) 


Fig. 12 Rear EQvuALIZATION oF Fia. 11 SHown 1n 


+ 0.5(l, + — 0.500 — nf = 


+ 0.5(- + In)o + 0.560 — b 


so that @ can be expressed in terms of z and ¢. 


Likewise the compressions of springs 3 and 4 for the front 
equalization are 


(z — le + cq) — hs 
with the condition, 
us(z — ly + €q — hs) = wale — lee — dq — hy) 


from which q can be expressed in terms of z and ¢. 
The potential energy has the form, 


and (z — ly — dq) — hh 


V= + Bid — — Exh)? + + Bod — yah2 — 


+ 5 (ase — Bsp — yshs — Esha)? + — Bap — — 


where 
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5 vibration of the bridge becomes, as before, 
o*y 
™ 
: 
bell 
| 
| 
| 
where 
he =—— h, = 
2 2 
tr 
; 
| 
| 
a 
| 
h, 


mya? 


= l — 
Dua? + mab?) 


1 — 
usc? + pad? usc? + pd? 


pac? + + jug? 
pac? + pal? + pal? 
ud? uscd 
pac? + pl?” ge? + 


The kinetic energy from the equilibrium position is, 
T = 1/[Mz* + Mk,%4? + + maha? + + 
and the work of the reaction of the bridge is 


—(P,bh, + + + 


The equations of motion reduce to, 


Mz = —u(az + 8 — — — + Bd 
— he — — — Bap — vals — 
— py — Bah — — [28] 
Mk,*¢ = + Bd — yihi — — + Bod 
— — + us(asz — — — Esha) Bs 


where 


P, = + Bid — — 
+ p2(arz + Bop — — & — 


+ Bid — — 


Ps = — Bap — ysha — 
+ — Bab — — dhs 
= ps(asz — — — 
+ — Bed — — — dy 
Alternately, we note 
6 = and 
The potential energy has the form 


ba 


P; 
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L + 


9 


lL. + be 
= wel z+ ¢+>—h b and 


— ly + cg — hs) ¢ = — — dq — ha) 


we have 
oV aé 
oV 


— — =ps(z—l 
oh, ual + cq 3) 


Proceeding in a similar manner for the other coordinates and 
then substituting for @ and g, we obtain the equations of motion 
in the following more simplified form: 


Mz = — + — — 
+ — Yale — Edi) — wa — Bap — yahs — Esha) 
— palauz — Bap — — Eqhs)...... [31] 


L + In 
2 


Mk,*$ = — + Bid — — Erhe) 


— + — — bhi) + — 


and 

mo, 2 (Pisin rosin) in 
where now 


Py = + — — — 

Py = + Bap — y2h: — — maha 
Ps = — Bap — yshs — tsha) — 
Pe = — Bed — — Saha) — 


y = Asin — sin ut, 


L z = B sin at, 


@ = C sin wi 


hy = A sin sin wt, hy = A sin sin 


he = A sin — in wt, hy = A sin sin wt 


On substituting we obtain three equations in terms of the 
amplitudes A, B, and C. Equating the determinant of their co- 
efficients to zero, we obtain the frequency equation. 
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oq 

+ ps(z — — dq — hy)d oh, 

But since 

+k 0 

and 

Ei — = P,; an — P, sin — + P; sin — 
AG 2 L* 3 L 
ie 

+ P,sin Jan—........[@ 

§ 

— he} + usle— + 09 — ha)* + pale — — dq — ha)? 
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In the actual case of an extended equalization the problem is 
more complicated, but the system still reduces to one of three de- 
grees of freedom. 

The friction of a spring equalization is usually considerable, 
and from a practical aspect, due to this large damping, ordi- 
narily the secondary oscillation of the spring system of the loco- 
motive can often be neglected. If, however, the spring system is 
considered, the two additional degrees of freedom should be con- 
sidered. 

On the whole the author must be congratulated for an inter- 
esting method of attack on a very complicated subject. The 
object of the discussion is possibly an additional feature, rather 
than any criticism on this very ably presented paper. 


AvuTHor’s CLOSURE 


It is encouraging to find that this necessarily brief outline 
of what is now an extensive subject should stimulate so much 
valuable discussion. It was not the author’s intention to in- 
clude anything which has not yet been substantiated by direct 
measurement, and it was for this reason that he omitted any- 
thing more than a mention of the torsional and lateral vibrations 
to which Dr. Timoshenko refers, important though they un- 
‘doubtedly are. The author is not aware of any practical in- 
vestigations of such vibrations, and without experimental 
guidance theory would be apt to become too speculative. 

Professor Inglis’ analysis of the very intractable problem of 
determining the vibrations of a heavy uniform beam carrying 
a moving mass together with a pulsating force, is such, that 
although it has yielded some results of striking accuracy, it 
cannot be conveniently summarized. The author would refer 
those interested in this matter to paper No. 4 of the Bibliography. 

The author's thanks are due to Mr. Erksergian for extending 
the rudimentary calculation for the sprung locomotive to more 
realistic cases. It seems very desirable that the effects of fric- 
tion in the spring mountings should be considered, but the 
author has not found any measurements of this quantity for 
American locomotives or cars. In the locomotives used by the 
Bridge Stress Committee, it was of the order of eight tons. 

The question Mr. Beggs raises does not admit of a simple 
answer. The effect of the cable makes the vibrations of a 
suspension bridge more complicated than those of a simple 
girder with which we have been concerned in the paper itself. 

The modes of vibration fall into two classes. In the first 
we have an antinode at the middle as in the fundamental and 
“odd” modes of a simple beam. The cable is stretched and its 
tension consequently increased in the vibration, and this pre- 
vents the motion from being simple harmonic. Only when this 
increase in tension is negligible in comparison with the equili- 
brium tension do we have an approach to simple harmonic 
motion. 

In the modes of the second class there is a node at the middle. 

In the first of these modes, for example, consisting of two loops, 
one half of the cable is moving upward and contracting while 
the other is moving downward and extending. The total 
stretch is zero to the first order in the small quantity deflection 
divided by span. There is consequently no appreciable altera- 
tion of cable tension and a simple harmonic vibration is possible. 
A closely approximate investigation of this class is easily made. 
The author finds that the frequency for the rth mode, r being 
the (even) number of loops in the deflection curve, is given by 


n being the frequency, EI referring to the girder, | the span, 
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H the horizontal component of the (constant) cable tension, 
me the mass per unit length of the girder, and mc the mass 
per unit length of the cable. 

This formula will hold also, as an approximation, for the other 
class of vibrations, the extensional modes, for which r is odd, 
provided the amplitude is small, since we may then neglect the 
variation in tension. 

It follows that the ratio of frequencies of the rth mode of 
two bridges characterized by subscripts 1 and 2 is 


n? 7 mar + Mer [35] 
E.l, + H, in 


We have now to consider the relative magnitudes of the quan- 
tities involved for two geometrically similar bridges, the linear 
dimensions of one being |,/l, times those of the other, and the 
stresses being the same. 

Taking the curve of the cable as a parabola, its equation is 
expressible in the form 


x? 
where a is a linear dimension. The load per unit length sus- 
tained in this configuration is H i. that is, —. The total 
2a 
load per unit length applied to the girder is then 
H 
meg — — 
2a 


producing a maximum bending stress 


where d is half the depth of the girder. If this stress is to be 


the same in both bridges we must have 
. [36] 


the material being the same in each girder. On account of the 


geometrical similarity, 


so that we require, for [36] 
+ H, 
me 
H, 
meg + — 
2a, 


Since the stress is the same in both cables, the total tensions 
are in the ratio of the squares of the linear dimensions, i.e., 


l? H, Hy 
theref: — /—=- 


In view of this it is sufficient, to satisfy [38], to make 


mai _h 


ma 4b 


that is, the loadings per unit length of the girders are in the 
ratio of the linear dimensions. 


| 1 H d 
EI 
( 
| | | | 
4 r2 
n? = [84] 
+ me) 
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I, Ty H, H, 
we 6B 
we have from [35] 
Mar + Meco 
ma + mc 
and since 
me, L? ma, 


me. 1?’ ma 


this is not a function of l,/lL, only. It can be written as 


me + mo 


and is seen to depend on the ratio of @ible mass to girder mass. 
The latter term signifies, of course, all the mass which moves 
with the girder, excluding tie rods and cable. 

The whole subject of suspension-bridge vibrations, however, 
calls for a more exacting investigation than can be included in 
this brief discussion, and the author hopes to present further 
considerations in a future paper. 

Equation [9] of the paper, to which Dr. Timoshenko has 
called attention, is incorrectly copied. The form given in the 
Appendix is correct. The ‘“‘m-symbols’’ may be taken as either 
masses or weights since they occur only in ratios. The quadratic 
at the top of page 15, first column, should be 


1.2n‘ — 51.3n? + 324 = 0 


and the two frequencies obtained from this are 3.28 and 5.66. 


Since | 
l; 
& 


. 
: 

3 
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a 
‘ 
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Plastic 


Among the locally varying distributions of stress with 
partial yielding, that of a twisted bar is treated, for which 
the transition from a state of equilibrium with purely 
elastic deformations to one with plastic deformations was 
investigated. An analogy described on an earlier occasion 
was utilized to determine by an experimental method the 
distribution of stress in the twisted bar. This distribution 
of stress was compared with the position of the thin layers 
of slip observed in the etched cross-sections of twisted 
steel bars. 


N RECENT years it has repeatedly 

been noted by engineers and mathe- 

maticians that the same means by 
which cases of the equilibrium of the in- 
ternal forces in continuously distributed 
elastic masses have been treated in the 
past, might to a certain extent also be ap- 
plied with success in the analysis of cases 
concerning the beginning of plastic flow 
in solids. It was possible by methods 
similar to those used in the theory of 
elasticity to treat cases in which the in- 
ternal forces or stresses in certain portions of material bodies 
reach the limits at which permanent deformations of considerable 
amount start to develop, while in other portions of these bodies 
the deformations still remain small and purely elastic. Although, 
due to the beginning of plastic flow, the internal forces in such 
cases cannot be considered as being in a state of true equilibrium, 
the disturbances in this latter in the case of slow changes of 
shape may be regarded as slight and negligible. 

Among the locally varying distributions of stress with partial 
yielding, one in which the equilibrium of the internal forces 
might be looked upon as only slightly disturbed and in which 
it was possible to follow more precisely the transition from a 
state of equilibrium with purely elastic deformations into one with 
gradually increasing permanent deformations, is that of a twisted 
cylindrical or prismatical bar of constant cross-section subjected 
to a slowly increasing torque acting about its axis. Since the 
methods used to determine the distribution of stresses in a bar 
twisted above the yield point utilize more visual and experi- 
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An Experimental Determination of the Stress Distribution in a Bar Which Has Been 
Twisted to the Limit of Plasticity 


By A. NADAI,! EAST PITTSBURGH, PA. 


Torsion 


mental rather than analytical means and are analogous to those 
used in the elastic-torsion problem, they may be of interest to 
engineers. 

There are, however, reasons to believe that from a descrip- 
tion of the transition from the elastic into the plastic state in a 
special case such as that of a twisted bar, valuable information 
regarding the yielding process in ductile metals under more com- 
plicated states of stress may be obtained. 

A peculiar and, from the point of view of mechanics, very 

interesting phenomenon accompanying the transition from the 
elastic to the plastic state in mild steel—or, more precisely, in a 
metal or substance having a sharply defined elastic and well- 
defined plastic range—is the formation of thin plastic layers 
in which the metal apparently has been deformed more than in 
the immediate neighborhood thereof. The intersections of 
these thin layers with the surface of a structural member or a 
test piece frequently form regular lines known to engineers as 
“Liiders lines’’ or as “slip lines.”” These thin layers, where they 
intersect the surface of well-polished test specimens, appear 
as fine, dull strips, often of a very regular shape, and may easily 
be observed. They can also be made easily visible by etching 
in the cross-sections. These thin layers of plastically deformed 
metal, or inner surfaces of slip, have a close connection with 
the fields of stress under which they were produced. They 
may therefore serve to check the assumptions.on which the 
computation of the stresses in the plastic state were based. 
They also make possible the verification not only of the inten- 
sity of the stress, but of the geometrical distribution of the di- 
rections of principal stress in the plastic state for cases for which 
these stresses and their directions were predicted. In other 
cases, where this is not possible, they may serve to determine 
the position of the principal-stress directions (of the trajectories 
of principal stress). It was found, further, that the process of 
fracture is related in certain cases to the presence of these thin 
layers, in which the iron apparently is more severely distorted 
and the grain structure weakened than in the surrounding por- 
tions of material. 

As has already been pointed out,? among the ordinary methods 
for testing the mechanical properties of the ductile metals, the 
torsion test of a cylindrical bar with a circular cross-section has 
an advantage over the ordinary tensile test in that it allows 
the determination of the maximum breaking stress. From a 
torsion test with a round bar it is possible to determine the true 
stress which will cause fracture of the material in pure shear; 
this, however, cannot be said of an ordinary tensile test, because 
the actual distribution of the stresses across the surface of rup- 
ture in the necked portion of the tensile-test bar at the moment 
of rupture is not known. To determine the breaking stress 
by means of a torsion test, it is necessary to observe the torque 
M as it changes with the angular twist @ per unit of length of 
the twisted cylinder, and to compute from the observed moment- 
twist diagram or curve M = F (@) the stress-strain diagram in 
pure shear. This leads to a yield stress s, which in low-tem- 
perature tests gradually increases with the unit shearing defor- 
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mation to the breaking point, thus showing what is known 
as “work hardening” of the metal. 

So far it has not been possible to compute the distribution 
of the stresses in twisted bars of other than circular cross-section if 
the bar is stressed above the plastic limit and the effect of work 
hardening is considered. There exists, however, a case in which 
it is possible to determine the distribution of stresses in twisted 
bars of other than circular cross-section after the yield point 
has been reached. This is the case for mild steel or metals 
having a torsion diagram similar to that shown in Fig. 1. 


Pure SHEAR IN MILD STEEL 


If a torsion test is made with a round bar of mild steel, the 
initial portion of the moment-twist diagram [M = F(@)] which 
is recorded by means of exact torsion instruments has a shape 
like that in Fig. 1. The torque M first increases linearly with 
the angle of twist @to a point A. The line then gradually bends 
in to a curve AB, after which the moment M remains for a while 
(BC) nearly constant (M = M,), and then finally starts again 
to increase (CD). Sometimes with very mild steels (having a 
sharply defined yield stress in pure tension), the torque M may 
even drop for a while after reaching B, and then start again to 


D 


| 


xK 


Unit Shear 


Stress 


° 


Angle of Twist @ 
Fic. 1 Moment-Twist Diacram Fic. 2 Srress-STrain Diacram 


For Mitp Steet [MV = F (6)] IN Pure SHEAR 


increase. The following discussion will be limited to the deforma- 
tions of twisted steel bars which correspond to the portion ABC 
(Fig. 1) of the torque-twist diagram M = F (@) of a bar of circu- 
lar cross-section. In other words, it will be assumed that the 
deformations are limited to such amounts as correspond to the 
twist @ for points such as B or C in Fig. 1. The shape of this 
latter diagram indicates that for mild steel the corresponding 
stress-strain diagram s = f (vy) for pure shear (s is the shearing 
stress which produces a unit shearing deformation +, as a first 
approximation and for not too large deformations may be con- 
sidered as consisting of two separate straight lines, one steeply 
inclined and one horizontal, as shown in Fig. 2. 

If y < vo, i.e., in the elastic range the shearing stress accord- 
ing to Hooke’s law is proportional to the unit shear, 


where G is the modulus of rigidity of the bar; and if y > vo, 
i.e., in the plastic range the shearing stress s remains constant, 


The constant k is the yield stress of the bar in pure shear and 
evidently the unit shear yo is equaleto k/G. 

Since all elements of a bar subjected to pure torsion are stressed 
in the same manner and the only stress in them is pure shear, 
it will be possible under these assumptions to predict to a cer- 
tain extent the distribution of stresses in a twisted bar having 
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an arbitrary shape of cross-section as the stresses gradually 
tend to approach the yield stress k in pure shear. It can there- 
fore be assumed that where the resultant shearing stress s in a 
bar is smaller than the yield stress k in pure shear (s < k), stress 
and strain are proportional according to Equation [1], and the 
equations hold, which are valid for elastic torsion, and that 
where yielding occurs in the bar, the resultant shearing stress 
s = k remains constant regardless of further increases of the 
shearing deformations. It will furthermore be assumed that 
the three components of the displacement of an arbitrary point 
within the bar with respect to certain fixed and immovable 
axes remain small quantities compared to the dimensions of the 
cross-section. If the permanent unit shears do not exceed more 
than perhaps 20 to 40 times the value of yp = k/G, it will be per- 
missible to use the simplifications which have been introduced 
above. 


Evastic TorsIon 


The Elastic-Stress Function for Torsion. Let us first refer 
briefly to the case of the elastic torsion of a bar with a constant 
cross-section as treated by St. Venant. Let the z-axis coincide 
with the (unknown) axis of twist of the bar and the z- and y- 
axes be chosen in the plane of 
one of the cross-sections of the 
bar. Also let 

6 = angle of twist per 
unit of length 

G = modulus of rigidity 
of the bar 

8, 8y = components of shear- 

ing stress acting 
at the point z, y,z, 
in the plane z = 
const. and par- 


allel, respectivel 
Fie. 3. AND  P.astic to th d 
Areas IN CrosS-SECTION OF A © the z- and y- 
axes. 


Twistep Bar 
8= V8.2 + sy? = re 
sultant shearing stress acting in the same plane and 

at the same point. 


The elastic-torsion problem of a bar with a: cross-sectional 
area A with simply connected boundary lines requires that the 
two components of the shearing stress s, and s, satisfy the equa- 
tions: 


Os, 4 0%, (3) 
or oy . e 
or, 
——— = — 2660 = const....... [4] 
oy ox 


with the condition at the boundary: 


where y = f(x) designates the equation of the boundary curve 
of the cross-sectional area A. The condition of equilibrium of 
a small element of the bar is expressed by Equation [3]. Equa- 
tion [4] is a consequence of Hooke’s law and the subsequent 
rotation of cross-sections through an angle proportional to z. 
Equation [5] expresses the fact that the resultant shearing stress 
8 along the boundary line y = f(z) must be tangent to this line 
at every point. 

To solve the three equations, a function F (x, y) can be intro- 
duced. Equation [3] is satisfied if 


| 
= 
B 
: 
8 Gy |! | .. [5] 
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and Equation [4] if the function F satisfies the equation 


oF oF 


Fies. 4-6 Sanp Hears Propucep Over RECTANGLES 


while the condition [5] is equivalent to 


from which it is seen that on the boundary curve y = f (z) 


F = const. (= 0)............. 


Equations [7] and [8] contain the “membrane analogy” of 
Prandtl. The function F satisfying [7] and [8] for a given 
boundary curve y = f(x) may be called the elastic stress function 
of the cross-section. If a thin, perfectly flexible skin or membrane, 
which has been stretched in its plane by a uniform tension ¢ per 
unit of length and acting in all directions, is considered as at- 
tached to the boundary curve y = f(z) of the cross-section for 
which the torsion problem is to be solved and loaded by a lateral 
pressure p, this membrane will be slightly deflected out of its 


Fies. 7-9 Sanp Heaps Over TRIANGLES 


plane. The deflections w of such a thin skin must satisfy the 
equation 
ow dw 
=e —— = Aw 
ox? oy? 
with the boundary condition w = 0 along the curve y = f (2). 
A comparison of Equations [7] and [9] and of the correspond- 
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ing boundary conditions shows that they are identical in form. 
The curved surface w (x, y) into which this membrane is dis- 
torted is an image of the elastic stress function F (zx, y) of the 
cross-sectional area which determines the torsional stresses. 
The curved surface representing the elastic stress function 


Sanp Heap Over PENTAGON 


Fie. 10 


Fie. 11 Sanp Heap Over HexaGon 


F (zx, y) may therefore also be called the “stress bulge’ of the 
cross-sectional area A. According to Prandtl’s membrane anal- 
ogy, the following statements hold: (1) The absolute value 
of the resultant shearing stress s at any point z, y of the cross- 
section of a twisted bar is equal to the gradient (to the greatest 
slope) of the elastic stress function F (z, y) or of the stress bulge 
of the cross-section, because the resultant shearing stress s is 


oF \2 
V 822 + = + {10} 
or oy 


(2) The resultant shearing stress s is tangent to the contour 
lines of the stress function F (z, y). The contour lines of F (z, y) 
are the stress lines of the cross-sectional area of an elastically 
twisted bar. (3) The torque M is equal to twice the volumetric 
content of the stress function F over the cross-sectional area, or 


Fiags. 12 anp 13. Sanp Heaps Over AND WITH 
SMALL CrrcuLaR NotTcu 


M = of F (z, y) dz dy.......... {11} 


As the absolute values of the ordinates of the elastic-stress func- 
tion F, according to Equation [7], are proportional to the angle 
of twist @ of the bar, Equation [11] determines the torsional 
rigidity of the cross-sectional area. 


Puiastic Torsion 


The Plastic Stress Function for Torsion. If the torque M 
by which the bar is twisted is gradually increased, the ordi- 
nates of the elastic stress function F (z, y) and consequently 
the slopes of this surface, which latter determine the shearing 
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stresses s, will also increase. There will exist a certain twisting 
moment M, at which the greatest shearing stress sax in the cross- 
section of the bar will just become equal to the yield stress k 
of the metal in pure shear: 


The first yielding in the bar will occur under this torque Mo. 
If the twisting moment M is further increased, so that M > Mo, 
the yielding will spread out. As the maximum shearing stress 
under pure elastic torsion will occur mostly at one point of the 
boundary line of the cross-sectional area (or in more than one 
* point on this line), if M > Mo, yielding will spread out, starting 
from this or these points. For torques M greater than M,, we 
must therefore distinguish between certain “plastic’’ areas Aj, 
A», ...in the cross-section (see shaded portion of Fig. 3) where 


Fics. 14 ann 15 Sanp Heaps Over Areas Bounpep By Two 
CrrevuLar Arcs 


the shearing stresses s will reach the yield stress k and in which 
plastic flow will start to develop and an elastic portion A», where 
8 < k and the material of the bar will be stressed only elastically. 

In the plastic areas A,, Ay, ....the components s, and sy, 
of the shearing stress s must obviously satisfy the two equations 


Os, 
Or oy 


{13] 


and 
8,* + = = k* = const........... {14} 


The first of these is the condition of equilibrium. The second 
expresses the fact that the resultant shearing stress s now reaches 
the limiting or yield stress k. 

Using again 


Fics. 16 ann 17) Sanp Heap Over 


Fie. 18 Sanp Heap Over AreEA BounpED By Two CrrRcuLaR 
Arcs AND Two SrraiGut LInges 


[13] is satisfied, and from [14] is seen that now the function F 
must satisfy the equation: 
F \’ or \’ 
= — = k* = const........... {16} 
or oy 


This new function F will be called the plastic stress function of 
the cross-sectional area. As obviously in the areas A, Ay, ..... 
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Figs. 19-23 


Fig. 20 


Fig. 23 
Woopgen or Puiastic Stress Funcrion ror Torsion FoR Various 
Cross-SzcTions 


the resultant shearing stress s = k = 
const. and this latter is also determined 
by the greatest slopes of the surface F (z, 
y), it is seen that the surface F must now 
within A,, Ao, ... have a constant slope. 
Hence the plastic stress function F (z, 
y) is determined by one or the c her of the 
two surfaces of constant slope, w. .ch can be 
erected over the boundary line on both sides 
of the cross-sectional area of the twisted bar. 
The shape of this surface is easily found by 
sprinkling a fine powder on a piece of card- 
board held in a horizontal position and 
having the same shape as the cross-sec- 
tional area. Using sufficient powder, the 
sloping surface or a “heap”’ will cover the 
area, and will be an image of the plastic 
stress function F of the cross-section. 

The slopes of the plastic stress function 
for a given boundary curve y = f (z), can 
easily be constructed geometrically or rep- 
resented by means of their contour lines. 
Obviously, these lines must be a set of 
curves equidistant from the boundary 
curve y = f (xz). If, for example, the 
boundary line is a circle, the contour lines 
of F will be concentric circles; if in a 
certain part it is a straight line, the con- 
tour lines in the neighborhood will be 
straight lines parallel thereto. If the 
boundary curve consists only of circular 
arcs and of straight portions, the plastic 
stress function F (z, y) will consist only 
of straight circular cones and of inclined 
planes. Several examples of such cross- 
sections will be referred to later on. 


Tue GRADUAL TRANSITION INTO THE 
Puiastic STATE 


Sandheap Analogy. The question now 
arises as to what portions of the surfaces 
of constant slope represent the plastic 
regions when the torque increases further, 
and also how may the boundary lines of 
the plastic areas A;, Az, ....(see Fig. 3) 
be determined or found, corresponding to 
a given torque M > My. The answer to 
these questions is given by the following 
experimental representation of the stress 
distribution in a twisted bar after the yield 
point has been passed. 

On a horizontally placed piece of card- 
board having the geometrical shape of the 
cross-section, sand is heaped so as to form 
a sloping surface under gravity over the 
section. From this heap, a negative or 
“hollow”? may be made, or a flat roof of 
constant slope may be erected above the 
boundary of the section. If the plane base 
of this flat roof is closed with a thin 
membrane stretched in its plane and this 
latter is loaded by pressure, when the pres- 
sure reaches a certain value, certain 
parts of the membrane will touch the 
sloping surface of the roof erected above 
the section. 
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The free parts of the membrane and those resting on the 
sloping surface together form the stress surface or the “stress 
bulge” for a plastically deformed bar in torsion. At those por- 
tions of the membrane touching the sloping surface, the metal 
yields, while at those corresponding to the free parts of the 
membrane, the metal remains elastic. 

The following rules stated for the elastic torsion still hold true: 
After the yield point has been reached the resulting shearing 
stress at an arbitrary point z, y of the cross-section is the gradient 
of the stress surface F (z, y); the twisting moment M of the 
bar is equal to twice the volume M = 2f° { F(z, y)dxdy enclosed 
by this surface; the contour lines F (z, y) = const. of the com- 
plete elastic and plastic stress surface are the stress lines of the 
cross-section of the plastically twisted bar. 


Suare or Puastic Stress Funcrion Propucep spy Sanp HEaps 


From the preceding is seen that for a given cross-section, 
the distribution of stress in a twisted bar at the moment of first 
yielding will be found by using the shape of the stretched mem- 
brane when it first touches the flat roof as the elastic stress 
function of torsion. However, if the torque is further increased 
beyond its value Mo corresponding to first yielding, the thin 
skin will partially cover the flat roof. In this case the stress 
function will be represented by the shape of the free part of the 
membrane, together with the parts of the roof covered by it. 
There will exist a certain torque Mmax under the action of which 
the flat roof will be completely covered by the membrane. Under 
this torque the twisted bar will yield completely. The stress 
lines for complete yielding are exactly the contour lines of the 
flat roof or of the surface of constant slope erected above the 
boundary line of the cross-sectional area of the twisted bar. 

The shape of this latter surface for a given cross-section can 
be produced by the sloping surfaces of a sand heap having the 
cross-sectional area as a base. Figs. 4 to 18 are photographs 
of such heaps of a loose powder which were obtained above 
brass plates of different shape.* 

The shape of these surfaces of constant slope can be seen more 
exactly on the sets of wooden models shown in Figs. 19 to 23. 
These models were prepared from two different kinds of wood. 
A dark and a light-colored wood were glued together in alternate 
layers of constant thickness, and the models cut out from blocks 
thus formed. In this way the contour lines of the surfaces of 
constant slope can be obtained automatically. Thus a projec- 
tion of these contour lines on the base of the wooden models 
furnishes at once the picture of the stress lines for the case of 
complete yielding of a twisted bar, or of the plastic-stress func- 
tion for torsion corresponding to the given cross-section. 


APPARATUS FOR THE EXPERIMENTAL DETERMINATION OF STRESS 
DIsTRIBUTION IN Torsion UNDER PARTIAL YIELDING 


The sand-heap analogy permits, by means of a special appara- 
tus, the study of how plastic flow will penetrate into » twisted 
prismatical or cylindrical bar of steel. In this apparatus the 
shape of the stress function is experimentally determined with 
the help of a thin rubber sheet uniformly stretched in its plane 
and then loaded by lateral pressure.‘ 


* The author is greatly indebted to Mr. H. Friedman, of Boston, 
for having carefully prepared and photographed these sand heaps 
and also for having carried out tests with two special pieces of ap- 
paratus, and which served to demonstrate the stress distribution in 
twisted bars. 

‘For the case of elastic torsion, Prandtl’s membrane analogy 
was first applied experimentally by Anthes, who photographed the 
picture of a rectangular network of lines which was reflected by a 
Soap film produced over a hole in a metal sheet. Another method 
also utilizing soap films was worked out by A. A. Griffith and G. F. 
Taylor, who measured the deflections of such films by an electric- 
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The apparatus (Figs. 24, 25, and 26) consists of an aluminum 
disk A about 12 in. in diameter, upon which a very uniformly 
stretched thin rubber sheet C is fastened by means of an alumi- 
num ring B and screws. The rubber sheet is partly supported 
on one side by a flat surface on the aluminum disk, but a central 
circular portion of the rubber membrane is completely free. 
The membrane covers a depression in the aluminum disk in 
which space, by means of a tire pump, pressure can be applied. 
(See Figs. 24 and 25.) A second exchangeable disk D fitting snugly 
in the ring B contains the flat roof E. Several such exchange- 
able disks with different surfaces of constant slope were made. 
One was of glass, thus permitting observation of the movement 
of the rubber membrane. In other cases accurately machined 
brass plates were used. After the disk (with either the glass or 
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Figs. 24 anp 25 APPARATUS FOR EXPERIMENTAL DEMONSTRATION 
or Stress DistrisuTIon In Piastic TorsIon 


metal roof) was fastened on the aluminum disk, pressure was 
applied below the rubber membrane and the latter allowed to 
bulge out until finally it partly or almost entirely covered the 
flat solid surfaces of the roof. 

To make visible the boundaries of the plastic parts in a cross- 


contact method (Proc. Ist Int. Congress of Applied Mechanics, 
Delft, 1924, p. 39). A very handy apparatus serving for the same 
purpose and consisting of a uniformly stretched rubber sheet, over 
which a difference of pressure could be produced by evacuating the 
air on one side of the membrane, was demonstrated to the writer 
by Professor Enger Urbana at the University of [Illinois in 1928. 
The means used in this latter apparatus were adapted somewhat 
in the one described above and constructed at the suggestion of the 
writer by H. Friedman at the Research Laboratories of the West- 
inghouse Electric & Mfg. Company in East Pittsburgh, Pa. Another 
experimental method for determining the distribution of stress in 
elastic torsion has been proposed by A. Piccard and W. Tohner 
utilizing a meniscus of a fluid. (Compare “‘Stodola Festschrift,” 
J. Springer, Berlin, 1929.) 
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Fic. 26 Apparatus FOR EXPERIMENTAL DEMONSTRATION OF STRESS 
DISTRIBUTION IN PLastTic TORSION 


Fig. 30 


Fig. 31 
Fics. 27-31 DrveLopMENT oF REGIONS IN A ‘Twisted BAR OF SQUARE CROSS-SECTION PropucED BY MEMBRANE 
(The white areas are those stressed above the yield stress.) 
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section of a twisted bar (see following paragraph), the rubber 
membrane was covered with fine white powder and the roof 
with a thin film of oil. After pressure was applied to the ap- 
paratus and the rubber sheet forced against the faces of the flat 
roof, the powder adhered to those portions where the rubber 
membrane touched the roof, thus making visible the plastic 
parts of the cross-section which appeared white in the photo- 
graph taken of the hollow side of the roof after it had been re- 
moved. Fig. 26 at the right side shows one of the exchangeable 
disks filled with a flat four-sided pyramid of glass plates. A 
series of tests showing the gradual extension of the plastic regions 
in a twisted bar with different cross-sections (square, rectangular, 
trapezoidal section with rounded edges) are illustrated in Figs. 
27-43. 

(a) Square. In Figs. 27-31 it will be seen that the white 
areas are first formed in the middle of the sides of the square, 
where the shearing stress first reaches the yield point. With 
increasing twist or torque these white areas representing the 
portions which become plastic in the cross-section extend in- 
ward, finally leaving only a narrow, black cross (Fig. 31); this 
shows that the elastic portion in the cross-section is reduced 
until it practically consists of two narrow strips crossing at right 
angles and coinciding with the diagonals of the square, these 
diagonals being the projections of the corresponding four 
edges of the four-sided pyramid, which in this case is the plas- 
tic stress function of the cross-section. 

(b) Rectangular Section (ratio of sides 2:1). Figs. 32-37 
show how the plastic area increases with increasing torque. 
Yielding first starts in the center of the long sides, but soon after 
two further plastic areas begin to develop along the short sides. 
In the last two photographs only a narrow region along the five 
edges of the roof remains black. 

(c) The mode of penetration of the plastic regions for a twisted 
bar whose cross-section consists only of straight lines and circu- 
lar ares is shown in Figs. 38-43. Compare also Figs. 18 and 21, 
which show the corresponding sand heaps and surfaces of con- 
stant slope. 

(d) Torque for Complete Yielding. In any of the preceding 
cases it is easy to compute the torque Mas. under which the 
bar will yield completely. 

On the assumption that deformations are independent of yield 
stresses, it follows from this schematic representation that the 
values of the twisting moment M approach asymptotically with 
the increasing angle @ a value Mmax, which latter is given by 
twice the value of the space enclosed by the plastic stress surface. 

The condition where all parts of a twisted bar yield may be 
designated as the completely plastic state. 

For example, taking a bar with a circular cross-section of 
radius r, the plastic-stress surface is a circular cone having the 
equation 


F =k (r —a) 


In this, k is the yield stress for pure shear. For r = 0, F = 

-ka, and the cone has a height h = ka and a volume V = 
ra*h/3. According to our analogy, the twisting moment act- 
ing on the bar is equal to twice the volume of the cone, or 


For a bar having a cross-section of the shape of an equilateral 
triangle, the plastic-stress surface is a three-sided pyramid. 
Each side has a slope equal to dF/dn = k, since the shearing 
stress is equal to the slope of the stress surface. Therefore 
the pyramid has the height h = ka/2+/3. The area of the 
24/3 J/3. Figs. 32-37 DrveELOPMENT OF PLASTIC REGIONS IN A TwISTED 

se 1s a? 3/4, its volume V = a*h/4*/3, and the twisting Bar or RECTANGULAR Cross-SECTION 
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Fics. 38-43. DeveLopMeNT oF Piastic REGIONS IN A TwIsTED Bar Havinc Its Cross-Section BounpDED BY Two CIRCULAR 
Arcs AND Two Srraicut LINgEs 


= 
. 


moment when the bar is completely plastic is equal to twice the 
volume or 


Fic. 44 Stress Lines Arounp SEMIctIRCULAR GROOVE IN STRAIGHT 
SxHapep AREA REPRESENTS PLastic REGION 


Fic. 45 MemMBRANE AND 


Fie. 46 Puiastic AREA NEAR Notcu 


For a bar with a rectangular cross-section having the sides 
a and 6 (a less than b), the moment in the completely plastic 
state is 
ka*(b — a) 
— 


M max 
6 


Errecr or SMALL Houes or Grooves IN A Reaion SusBsEcTED 
TO Pure SHEAR 


(a) Longitudinal Groove With Semicircular Cross-Section. For 
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the case of a cylindrical bar in torsion, having a small longi- 
tudinal groove of semicircular cross-section, qualitative esti- 
mates of the mode of yielding may easily be made. We shall 
first assume that the radius a of the groove is small in comparison 
with the diameter d of the bar. It is then permissible to replace 
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Figs. 47 anp 48 APPARATUS FOR EXPERIMENTAL DEMONSTRATION 
or How SprEADS From A CyLiInprRIcAL HoLe 
(A, base; B, bed frame; C, micarta cone; D, rubber membrane.) 


Fig. 49 APPARATUS FOR THE EXPERIMENTAL DEMONSTRATION OF 
SPREADING OF PLastic REGION From a CYLINDRICAL HOLE or Notcu 


the boundary circle by the tangent. The disturbances in the 
shape of the stress lines may be determined under the assump- 
tion that at a considerable distance from the groove a constant 
shearing stress acts. 

If a perfectly elastic material having a straight edge with a 
small semicircular groove is subjected to pure shear acting in 
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a direction parallel to the straight edge (Fig. 44), the stress 
lines in the neighborhood of the groove may be determined 
easily by means of the potential theory or also with the help 
of the membrane analogy. At considerable distances from the 
groove the stress lines will be parallel to the straight parts of the 


Fie. 50 Front View or Firat Cone. Waite Area Is Puastic 
Region Descrisep IN TEXT 


edge; in the neighborhood of the groove, however, they will 
follow the semicircle. 

One has only to conceive of a thin membrane attached along 
an edge ABCDE of the body, this membrane being stretched 
in a plane inclined to 
the plane of the cross- 
section (Fig. 44). The 
slope of the inclined 
plane is a measure of 
the amount of shearing 
stress (the value of 
s) in the undisturbed 
part of the stress field 
at a considerable dis- 
tance from the groove. 
The contour lines of 
the stretched mem- 
brane are the stress 
lines of the region subjected to pure shear. Evidently these 
lines are closest together in the neighborhood of the point C 
(Fig. 44) at the edge of a groove, and at a considerable dis- 
tance from it they become more and more nearly parallel to the 
edge. The shearing stress s which exists at a given point P is 
equal to the slope of the stress surface F.5 


Fie. 55 Position oF Lines RELATIVE 
To Puastic-StrREss SURFACE 


5 By means of the potential theory the shape of the elastic stress 
surface F may easily be determined in the polar coordinates r and a: 


2 
P= cosa (~—r) 
Tr 


By forming the derivatives of this surface the maximum shearing 
stress is found to occur at the edge of the groove at C, where r = a 
a = 0, and s = 2c, and is twice as large as the shearing stress s = 
c at a great distance from the groove. Since for great values of z 


= 


F = —cr, the shearing stress there is s = — er 


The figure 


Figs. 51-54 SpreapinG or Piastic REGION From A CYLINDRICAL 


Fic. 56 Position or Layers Cross-Secrion oF TwIsTED 
Bar RELATIVE TO Contour LINES oF PLASTIC SURFACE 


of the contour lines in this case is exactly the same as that of the 
well-known streamlines of a fluid flowing along a straight wall on 
which the half of a long circular cylinder has been fastened (Fig. 44). 


ate 

. 

f 

& 
4 
2 of 
bos 

= 

4 
>) 


As the inclination of the plane of the 
thin membrane is increased, all shearing 
stresses are increased until finally the 
stress at the point C reaches the yield 
point k. Then the membrane must be 
inclined in a plane F = kz/2 with re- 
spect to the plane of the cross-section. 
In order to determine the limits of the 
plastic area as the inclination of the 
plane of the thin membrane is further 
increased, we must think of a sloping surface in the form of a 
cone with radius r = a, erected as shown in Fig. 45, the cone 
being pointed downward. If the slope of the membrane at C 
(Fig. 44) becomes larger than k/2, certain neighboring parts of 
the membrane will lie upon the cone. These parts lying on the 


hic. 57 Ercuinc or Cross-Section or a Twistep Bar 
cone (the corresponding area is shaded in Fig. 44) represent the 
plastic area of the cross-section. 

At the suggestion of the author, E. Trefftz* has determined 
mathematically the shape of the membrane for this case. 

From the standpoint of an experimental comparison, the 
limiting case (not considered by Trefftz) of what shape the flow 
areas assume if the shearing stress s = c approaches the value 
of the yield stress s = k for pure shear is of a special interest. 
The writer found’ that in the case of a small semicircular groove, 
plastic flow penetrates into the stressed material with the in- 
creasing shearing stress along a narrow strip the width of 
which finally approaches a finite value b = 4a/z. 

Thus in a body stressed by pure shear and having a well- 
defined yield stress in shear or tension, a thin plastic layer starts 
at a semicircular notch of diameter d. When at greater dis- 
tances from the notch the shearing stress approaches the yield 
stress of the material for pure shear, this plastic area extends 
to infinity and has a width 2/x times the diameter d of the 
notch. (Fig. 46.) 

The plastic stress function is in this case a circular cone 


F = k (a (r >a) 


These considerations lead to a somewhat paradoxical con- 
clusion; for, according to what has been stated previously, 
the presence of a small longitudinal groove on the surface of a 
material strained by pure shear is sufficient to cause the small 


* Uber die Spannungsverteilung in tordierten Stiiben bei teil- 
weiser Uberschreitung der Fliessgrenze. Zeit. Ang. Math. Mech., 
vol. 5 (1925), p. 64. In this a second noteworthy case is treated, 
namely, the origin of the first flow area at the inner reentrant edge 
of a twisted steel angle iron. 

’ Proce. 2nd Int. Congress for Applied Mechanics, Ziirich, 1926. 
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Fig. 61 
Ercuines oF Cross-Sections oF Twistep Bars 


Figs. 58-61 


plastic area at the edge of the groove to extend deeply into the 
material, if the shearing stress at this edge is increased to the 
yield point. Moreover from this it follows that it is not possible, 
by increasing the shearing stress, to produce plastic deformation 
elsewhere than in the narrow flow area. The apparent dis- 
crepancy between this conclusion and actual test results which 
would show that it is possible to raise the stresses higher than 
the yield point is easily explained in recalling one of the idealizing 
assumptions, on which it was based; namely, that the yield 
stress should be considered as independent of deformation. On 
the other hand, the above conclusions have been confirmed by 
many observations on the development of the thin flow layers 
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and flow figures in those plastic materials which begin to flow 
under a constant or a decreasing stress. 

(b) Cylindrical Hole. In the neighborhood of a small cylin- 
drical hole of diameter d in a region stressed by pure shear, 
two narrow flow areas of width 2d/x develop in an analogous 
way as described under (a) if the shearing stress is gradually 


Fig. 62 


Fig. 63 


Fig. 64 
Fies. 62-64 Fry Ercutnes or Cross-Sections 
or TwIsTep Bars 


increased to the yield point. The stress distribution in the 
neighborhood of a cylindrical hole in a plate of infinite exten- 
sion, which is subjected to pure shear, corresponds completely 
with that of the above-mentioned case of a cylindrical groove; 
the two cases are mathematically the same. 

From these considerations, it must be concluded that in a 
plastic material, which begins to flow under approximately con- 


stant stress, from all those places where the stresses were con- 
centrated in the elastic state, narrow plastic regions will radiate 
and the plastic deformation will be localized to thin layers of a 
comparatively small thickness, along which it will spread in- 
ward into the stressed material. 

(c) Mechanical Apparatus for Demonstrating Spreading of 


Fig. 65 Fig. 68 


Fig. 66 Fig. 69 


Fig. 67 Fig. 70 
Fics. 65-70 Ercaines or Cross-SecTions oF TwiIstep Bars 


Plastic Flow Starting at a Small Notch or Hole. The preceding 
conclusions can be confirmed by means of a mechanical apparatus 
(Figs. 47-49) consisting of a sheet of rubber uniformly stretched 
in its plane on a rectangular frame of metal, which may be tilted 
about one of its sides. Above the rubber membrane, a flat 
truncated semi-cone with a semicircular cross-section, machined 
from a block of black micarta, is rigidly fastened by means of 


4 
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the screws shown in Fig. 47 to the flat stationary plate of the 
frame in the manner indicated in Figs. 47 and 49. The 
flat cone of black micarta required for the model test is also 
shown at the left of Fig. 49 and in a front view in Fig. 50. The 
rubber membrane was covered with a white powder and the 
cone with a thin coating of oil. Then the frame with the rubber 
membrane was tilted through a certain angle. Where the 
micarta and rubber surfaces came in contact, the white powder 
adhered to the black micarta. The white areas thus obtained 
on the surface of the cone could be photographed and illustrate 
the shape of the plastic region (of the shaded area in Fig. 44) 
as it spreads inward from the edge of the semicircular notch 
or groove, as the slope of the tubber sheet is gradually in- 
creased.® 

The spreading of the plastic region from the edge of a semi- 
circular notch as the shearing stress s increases is shown in the 
set of photographs (Figs. 50 and 51-54) taken by Mr. Fried- 
man. The angles of inclination of the plane of the rubber sheet 
are proportional to the shearing stress in the undisturbed parts 
of the body subjected to pure shear. 


Sup Layers Twistep Street Bars 


(a) Flow Layers. Torsion Tests With Iron Bars. The po- 
sition of the slip layers in the plastically deformed parts of a 
twisted bar may be predicted with the help of the plastic stress 
surface. For a soft metal such as wrought iron, the slip layers 
coincide approximately with the surfaces of maximum shear or 
of maximum shearing displacements. These slip layers are 
therefore approximately perpendicular to each other. At an 
arbitrary point inside a twisted bar one surface of maximum 
shearing stress coincides continuously with the plane of the 
cross-section. The other surface of maximum shear is parallel 
to the axis of the bar. The traces of the second system of slip 
layers must remain perpendicular to the cross-section. 

After the yield point has been passed in a twisted iron bar, 
very regular layers or markings may actually be shown to exist. 
In these the iron is apparently deformed more than in the neigh- 
boring layers. These layers may subsequently be made 
visible in the cross-section of the bar by means of Fry’s etching 
method. In such etched sections the flow layers appear as 
dark strips and lines. A series of such etchings on soft-iron 
bars, using Fry’s method, are shown in Figs. 57-70: In Fig. 
57 for circular cross-sections, in Figs. 58 to 61 for rectangular 
cross-sections, in Fig. 62 for triangular cross-sections, and in 
Figs. 63-64 for two other cross-sections. In the etched cross- 
sections the traces of one system of slip layers are indicated. 
Traces of the second system of slip layers could only be noted 
in exceptional cases. 

In a twisted iron bar, the flow layers appear uniformly when 
the twisting moment reaches values corresponding to those along 
the horizontal portion BC of the moment curve M = f (6), | 
Fig. 1. 

The first flow layers occur at such values of the twist- 
ing moment at which the outermost part of the cross-section 
has already been plastically deformed and the moment curve 
begins to bend over into the horizontal branch. With increas- 
ing twist new layers form beside the old ones, while the latter 
become longer and thicker. The flow layers appear in the 
etched cross-sections of the photographs as wedge-shaped areas, 


5 E. G. Coker in his valuable paper, “‘Elasticity and Plasticity” 
(Thomas Hawsley lecture, Proc. Inst. Mech. Eng., vol. 1, 1926), 
has published some photographs which show the shape of the plastic 
Stress function by means of sand heaps in a similar case; namely, 
for a twisted shaft having one or more keyways. 

* The author is much indebted to Dr. W. Bader, who has carried 
out these tests—see his Doctor thesis, 1927, Univ. of Géttingen. 
See also Zeit. V.DJ., No. 10, p. 317, 1927. 
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the apexes of the wedges pointing toward the less-stressed parts 
of the cross-section (Fig. 57). 

As a rule, it may be concluded that the black flow lines in 
the cross-sections run mainly perpendicular to the stress lines 
(the projections of the contour lines of the plastic stress surface). 
Moreover these flow lines always remain perpendicular to the 
edge of the cross-section. Thus they run in the direction of 
the projections of the lines along which water will run off the 
flat roof erected above the cross-section and representing the 
plastic-stress surface (Figs. 55, 56). With the more severe def- 
ormations, the black strips finally cover the whole cross-sec- 
tion. In the extreme right etching of the square cross-section 
of Fig. 58, for example, which corresponds to the most severely 
twisted bar, the elastic areas may only be recognized as bright 
areas along the diagonals of the square. In other words, the 
four ridges of the stress surface F, which is here a four-sided 
pyramid, are projected on these diagonals. 

(b) Bars With Longitudinal Grooves. In Figs. 65-70 are shown 
etchings of twisted bars having longitudinal grooves of different 
shapes and dimensions, obtained by W. Bader. On the flow 
figures found on the cross-sections of a cylindrical bar with a 
small semi-circular groove, Fig. 65, it will be noticed that three 
wide flow layers extend from the groove. 

Construction of the contour lines of the plastic-stress surface 
for complete yielding is in these cases much facilitated by the 
condition that the surfaces in question consist entirely of either 
planes or straight circular cones. Therefore the intersections 
of the surfaces of constant slope which correspond to the edge 
of the cross-section can be obtained easily by constructing the 
mutual intersections of these planes and circular cones. In the 
photographs of the wooden models, the contour lines may be 
seen. 

According to the assumptions made, in the completely plastic 
condition the elastic area in the cross-section must shrink until 
it coincides with the ridges (more exactly the projections of the 
ridges upon the cross-sectional area) of the plastic-stress surface 
of the sand heap which may be conceived to be erected over the 
cross-section. It will be seen by comparison of the etchings with 
the corresponding contour figures that the middle lines of the 
white, jagged, ridge areas in the photographs of the etchings agree 
quite well with the curves of the ridges of the plastic-stress surface 
shown in the photographs of the wooden models or the corre- 
sponding sand heaps. 
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Addendum 


Since the paper was presented, three wire models mounted 
on micarta plates have been prepared from surfaces of constant 
slope of elliptical cross-sections. These surfaces can easily be 
represented by wire models since the curve in which the surface 
of constant slope of an ellipse intersects the vertical plane of 
symmetry erected above the base ellipse and containing the 
major axis, is itself an ellipse. Furthermore, if the generatrices 
of the surface of constant slope are so chosen that they start 
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in points along the base ellipse which are situated on a set of 
equally spaced lines perpendicular to the major axis of the ellipse, 
the generatrices will intersect the vertical symmetry plane in a 
set of points, which are in their horizontal projection also equi- 
distant from each other. Figs. 71-73 showing three such wire 
models of surfaces of constant slope erected above ellipses having 
ratios of major axis to minor axis of 1:2, 1:4, 2:3 were con- 
structed in this way. Fig. 74 shows a wire frame on which 


Fia. 71 


Fig. 72 


brass disks of various shapes can be attached and covered by 
sand for demonstrating sand heaps. 


Discussion 


E. G. Coxer.” The author has explained the subject matter 
so lucidly that there seems little to criticize, but there is one 
matter which appears to call for some further explanation in 
the last section dealing with slip layers in twisted steel bars. 


10 Professor of Civil and Mechanical Engineering, University of 
London, University College, London, England. M.Inst.C.E. 


Referring to the right-hand photograph of Fig. 58, there are 
faint traces of a square band of light inside and bordering the 
contour of this specimen, and similarly there are more marked 
indications of light-colored bands bordering the longer sides of 
the sections shown in the photographs, Fig. 59 and 61. These 
ultimately join up with the feathery diagonals connecting the 
central ridges with the angular points of the sections. It would 
be of interest if the author would describe in some detail the 
meaning to be attached to these bands running parallel to the 
contours and near to them. The author is to be congratulated 
on a paper of such scientific interest and importance. 


= 


Fie. 73 


Fig. 74 


G. M. Earon.'' The mathematician to whom a complicated 
equation conveys a physical picture may consider it almost 
childish and at least of small practical value to resort to models 
as the author did in the research which preceded his paper. 
But to the average mechanical engineer he offers a new tool. 
He enables us to start developing in our minds a qualitative 
sense of plastic actions, which we cannot achieve from equa- 
tions. 

If we can sharpen this new sense finely enough to warn us 
when we are working in a dangerous range, then we shall know 
when to call for the assistance of the specialist in plastic phe- 
nomena. 

The writer sincerely hopes that the author will continue to 
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work along this line and give us periodic reports similar in form 
to the present paper, because we can put this kind of information 
to work promptly. 

This paper is an illustration of one way that applied mechanics 
ean be “sold’’ to industry. 


Guieason H. MacCuttoven.'? The paper is so excellent 
and valuable that the writer hesitates to raise a question on 
even one relatively minor point. 

In considering the effect of a small longitudinal groove of 
semicircular cross-section in a twisted cylindrical bar, the author 
states in the third paragraph below Fig. 57 that the plastic 
area extends to infinity in a direction perpendicular to the longi- 
tudinal axis and has a width of 2/x times the diameter d of the 
notch. From this it follows, so he says, that it is not possible, 
by increasing the shearing stress, to produce plastic deformation 
elsewhere than in the narrow flow area. As we interpret this 
statement, it means that in an overstrained cylindrical bar with 
a small semicircular keyway, the plastic area never extends 
outside of the radial region of width 2d/x mentioned above. 
The author admits a seeming paradox here. 

How to reconcile this view with the picture of the plastic 
area that would be obtained by the orthodox method, namely, 
the membrane stretched over the hole with an opening like that 
of the shaft and inflated until it touches the “roof” of the plastic 
stress function as per Fig. 13, is a puzzle to the writer. The 
smaller the hole, the more nearly this membrane (in the so-called 
orthodox method) touches the roof in equal width zones all 
the way round the circumference, however large it may be. 

To be sure, the author’s arguments at a first reading seem 
convincing. While they may hold for the initial appearance 
of the plastic area, the writer wonders if they do really hold at 
the greater distances from the notch. He would add here that 
he is not questioning the dimension 2d/x obtained in the tilted- 
sheet analogy. 

It would seem that perhaps the roof which the author im- 
plicitly used in the tilted-sheet method is not the same as would 
be used with the circle. In this latter or orthodox method, 
the roof consists of a circular cone (no matter how large the 
radius) and an inverted cone. In the tilted-sheet analogy the 
circular cone has been transformed into an inclined plane, but 
the inverted cone remains an inverted cone of the same size. 

The point the writer wishes to emphasize is this: Should not 
this inverted cone have been transformed into some other surface 
by the same transformation which carried the upright cone over 
into the oblique plane? It is agreed that at the edge the con- 
ditions of the problem are the same in the two methods, but as 
one penetrates into the shaft, he begins to doubt if they are. 
In facet, the center of the round bar or the vertex of the upright 
cone has been changed from a point to a line equal in length to 
the cireumference, yet the inverted cone has not been changed. 
The distortion is akin to that on a map made according to 
Mercator’s projection: the map of Canada undergoes a dis- 
tortion; can we leave that of Greenland unchanged? 

The radial lines in the etched bar of Fig. 65 appear to bear 
out the author’s conclusion if we fail to note that the plastic 
area is not confined to lines radiating from the keyway. Thus 
the writer still wonders if the above views may not explain 
away the paradox. 


M. F. Sayre.'* The author is to be congratulated on the 
success with which he has shown the results both of the “‘Sand- 
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heap” ‘method and of the “slip-layer’’ method in his illustra- 
tions. 

There are only two possible additions which the writer might 
make to the discussion. One is to emphasize the point that the 
“sand-heap”’ results are essentially limited to mild steel and that 
they will not apply rigorously to non-ferrous metals, for which 
no yield point can be found, nor will they apply to the full 
extent to the high-strength, heat-treated or cold-worked ma- 
terials which are commonly used for springs. The same basic 
idea, of course, applies to plastic flow in these cases, but due to 
the absence of a sharply defined yield point, the solution is not 
quite as simple. 

The present paper does not include a discussion of the residual 
stresses in the bar as a result of previous plastic flow. This, 
it is believed, the author has treated in a previous paper. The 
experimental work carried on under the Research Committee 
for Mechanical Springs has brought out rather clearly that in 
many cases one effect of plastic flow is to change the modulus 
of elasticity of the material under future loadings. This change 
in modulus may be great enough to have a relatively large 
quantitative effect upon the magnitude of the residual stresses. 


C. R. Sopersera.'* The general problem of “strength’’ of 
engineering structures involves problems in elasticity for the 
determination of deformations and stresses, and problems con- 
nected with the failure of our materials for determining the effects 
of these stresses. It is only fairly recently that some one has 
had the courage to ask questions concerning the plastic behavior 
of our materials as well. The writer believes that the incentive 
for studies in plasticity actually came from the geologists, and 
the direct returns have possibly been greater in that science than 
in engineering. Restricting ourselves to engineering, however, 
the general problem of strength will include elasticity, plasticity, 
and failure. The last heading is somewhat unsatisfactory; 
the German word Anstrengung is more to the point, but un- 
fortunately there is no equivalent of this word in the English 
language. It is a regrettable fact that, among engineers, the 
problem of strength is frequently approached as a problem in 
elasticity. When the stresses are known the problem is con- 
sidered as solved, while in reality the most difficult part of the 
problem lies in determining the ultimate effects of the stresses. 

The work of the author and others in clearing up many difficult 
problems of plasticity is of great value in this connection, be- 
cause the most important of our engineering materials are 
ductile materials having a stress-strain diagram which very 
closely resembles that of Fig. 2 of the paper. The ultimate 
outcome of these studies still remains hidden; there are very 
few positive results which can be shown to have a definite cash 
value in engineering practice. A disappointment is inevitable, 
therefore, if the present paper is approached with the object of 
obtaining ready-made and simple solutions for predicting the 
failure of ductile materials under torsion. The writer does not 
by any means consider it necessary to justify every bit of our 
brain work by the practical value of the results obtained, but 
industry is not always of the same opinion. The only thing 
that he can add to the author’s interesting paper, therefore, 
is a plea for further efforts along the path that he and his collabo- 
rators have started. 


S. TimosHenko." The paper gives a derivation of Prandtl’s 
well-known analogy as well as the application of this analogy 
in studying plastic torsion. The illustrations and photographs 
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give a very clear picture of the distribution of plastic flow in 
twisted bars. The example of a small groove is especially 
interesting. 

Referring to the apparatus for experimental investigation 
of stress distribution, a further development is very desirable 
to show us with what accuracy the magnitude of stresses can 
be obtained from such experiments. From the experiments 
made at the University of Michigan by Prof. L. H. Donnell, 
the writer knows that it is necessary to give to the rubber mem- 
brane a very large uniform initial stretching, which is very 
difficult to do accurately. Another point which must be kept 
in mind is the necessity of keeping the slope of the surface of 
the loaded membrane very small. Only for such a surface 
does the analogy between membrane and torsion problems 
hold. 

If a sufficient accuracy for the rubber-membrane method can 
be established by further experimenting, this will be an important 
result which can be utilized in solving our torsional problems. 


AUTHOR’S CLOSURE 


The author appreciates very much the further points that 
have been brought out by the discussion, and will endeavor to 


. answer the various questions raised and to reply to the interest- 


ing remarks expressed in connection with the matter treated 
in the paper. 

Prof. E. G. Coker’s valuable observations refer to certain 
bright bands in the etched cross-sections of twisted steel bars. 
In some of the etchings these light-colored bands run in a parallel 
direction with the boundaries of the cross-sectional areas. Ac- 
cording to what was said in the paper, such bands should not 
be expected to appear. The undisturbed “‘fluidal structure’’ 
or the changes in the structure of the twisted steel bars due to 
plastic flow, as they were made visible in the etchings of the 
cross-sections by using Fry’s method, consist, in the case of 
torsion, of narrow dark strips, which were described in the 
paper and made visible in many of the etched sections by Dr. 
Bader. These were found to progress in a direction perpen- 
dicular to the boundary line of the cross-sectional areas. 

When comparing some of the other etchings (Figs. 57 to 70), 
however, it will perhaps be noticed that in these figures more or 
less pronounced differences in the density of color within the 
darkened areas can be well recognized. The tendency of this 
darkening effect can especially be seen in the first and third 
figures (from the left) of the four etched sections of the bar with 
a square cross-section shown in Fig. 58. In these etchings, in 
the center of the figure, a square appears which is darker than 
the surrounding parts. It was shown by former tests that this 


_ darkening within a square area could be detected in many rolled 


bars of both square and circular cross-section. This darkening 
is due to a non-uniformity of the structure of the steel ingot 
from which the bars were rolled. In general, the inner portions 
of cast ingots contain all the impurities (segregations) due to 
the more rapid solidification of the outermost layers of the ingots, 
and to the further concentration of the impurities in the inner 
core. These segregations are well known to the rolling-mill 
engineer since they can still be detected by suitable methods 
after a bar has undergone considerable amount of reduction 
in cross-section by rolling. 

That this explanation is correct is further checked by the two 
etchings in Fig. 62. These are the etched sections of a twisted 
bar having an equilateral triangle as its cross-section. These 
bars were machined from a bar with a square cross-section (the 
same bar as that of the specimens shown in Fig. 58). Parts of 


1¢Cf., for example, some etchings of the sections of rolled bars 
obtained from steel ingots in Oberhoffer’s book, ‘‘Das technische 
Eisen,”’ 2nd Ed., 1925, J. Springer, Berlin. (Fig. 412 on p. 416.) 


the dark square can be seen in the triangular areas of the etchings 
in Fig. 62, leaving an outer portion brighter, while the fluidal 
structure, consisting of the dark streaks, runs in these cross- 
sections perpendicular to the edges, as it should be. In the 
bars with a flat rectangle as cross-section, the core, later appear- 
ing dark, was further deformed by the rolling process into the 
central longitudinal areas, the border lines of which were the 
faint traces of a white band running parallel to the long edges 
of the rectangular cross-sections. 

Coming now to Professor MacCullough’s remarks, the question 
which he raises and wishes to answer in arriving at conclusions 
different from those drawn by the author in the paper, seems 
to be more a geometrical than a mechanical one and might per- 
haps, if repeated in a slightly different form than it was stated, 
be expressed as follows: Given are two circles in a plane, a 
large one of radius R and a small one of radius a, intersecting 
each other at right angles (Fig. 75). A thin membrane uni- 


Fia. 


formly stretched in its plane is considered to be fastened to 
the periphery ABCDA of the figure bounded by the two ares 
of circles, and loaded by lateral pressure p until it is slightly 
disturbed. The inclination of this very flat membrane with 
respect to the plane of reference along the periphery of the 
figure ABCD under a given lateral pressure p is to be known. 
The membrane along the greater part of the periphery of the 
large circle CDA will obviously have about the same inclination; 
this latter will, however, decrease toward the corners A and (, 
where it will vanish. Along the circumference of the smaller 
circle ABC the membrane will be inclined steeper than along 
ADC. If now while the radius of the smaller circle a is kept 
constant, the radius of the larger circle is increased gradually, 
while at the same time the average inclination of the membrane 
along the larger circle and the stresses which hold the membran: 
stretched are kept constant, obviously the pressure p must gradu- 
ally be decreased in order to maintain above the larger span 
the same slopes along the circumference ADC. If R tends to 
become larger and larger compared to a, the lateral pressure / 
will tend to gradually become zero. The membrane will no 
longer need to be loaded by lateral pressure, but only through 
the stresses which hold it stretched. The parts of the circle 
ADC near the corners A and C will become straight lines, when 
R/a increases indefinitely. If we confine the further discussion 
only to the portion of the membrane in the neighborhood of the 
circle ABC, considering, for example, only distances r from the 
center C:, which are still small if compared with R but large 
when compared with a (say, e.g., r = 20a, while R = 100r), the 
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membrane can be fastened along a ‘‘plane’’ or a “rectangular 
frame” instead of along the circle with “infinite radius R.” 
This frame would consist of four straight lines and contain the 
semicircular indentation ABC on one side, as indicated in Fig. 45 
or as realized by the rubber model, Fig. 49. 

Similar reasoning must now also apply to the shape of the 
limiting roofs or to that of the two cones by means of which the 
lateral deformation of the free membrane above ABCDA is 
to be restricted. For the finite figure ABCDA there are two 
equal straight circular cones of the same angle of inclination 
to be constructed above the two circles, one with its apex above 
the plane and the large circle ADC, and the other one, “‘in- 
verted,’ above the are ABC. The are ABC is not changed 
when R is increased. Hence the inverted cone does not change. 
The radius R of the base of the other cone is, however, gradually 
increased. This means that its axis is displaced toward the 
left of Fig. 75, its apex C, finally moving toward an infinitely 
distant point on the line BC,, while B still is kept stationary. 
The region of this cone, in which one will finally be interested, 
thus more and more closely approaches a certain plane con- 
taining the straight lines CC’ and AA’ and still having the same 
inclination as both former cones. It can easily be seen that 
the inverted cone erected above the small circle ABC inter- 
sects the cone erected above the large circle ABC in an ellipse 
(the line of intersection of both cones degenerates in the special 
case considered here into an ellipse). In the case where R = 
«, while a = constant, the ellipse obviously becomes a parabola, 
because a plane which is parallel to one generatrix of a circular 
cone intersects this cone in a parabola. 

The author does not agree with one of the conclusions arrived 
at by Professor MacCullough, namely, that the smaller the semi- 
cirele ABC, the more nearly the membrane would touch the 
conical roof, consisting also of the larger of both cones along a 
zone of equal width all around the entire circumference (of the 
larger circle ADC). If one conceives of an inverted cone being 
erected above the semicircle ABC together with the plane 
containing AA’ and CC’, and inclined by the same angle as 
the cone, both will intersect in the parabola just mentioned. 
If he now considers a membrane pressed for a moment against 
the concave side of a roof which would consist of these two 
intersecting surfaces, he sees at once that such a membrane, 
if, permitted again to deflect freely, could never cover the regions 
near the parabola and the two corners A and C, The membrane 
will touch only the inverted cone along the line BC,, but not the 
straight or plane portions of the roof—at least not at finite 
distances from tbe semicircular indentation ABC. Employ- 
ing metaphor to explain these things in a simpler manner, 
Professor MacCullough asks whether, considering the distor- 
tions on a map of Canada made according to Mercator’s 
projection, we can leave those of Greenland unchanged. Might 
not the question be answered in this manner? “To get a picture 
of the surroundings of Toronto or Quebec with sufficient ac- 
curacy, can we not leave Greenland out altogether since it is 
too far distant from the part which we are at this moment in- 
terested in mapping?” 

The author agrees with Professor Sayre that the analogies 
used to visualize the stress distributions of bars are limited to 
those materials which have a stress-strain curve like that in 
Fig. 2. This was clearly stated when enumerating the re- 
Strictions under which the conclusions were arrived at. 

‘ith reference to the question of residual stresses in a bar 
Which has been twisted above the plastic limit and then un- 
loaded, the author would point out the possibility of getting— 
at least under certain restricting assumptions—also a first 
picture of those stresses. All that would be necessary would 
be to subtract trom the “plastic-stress function,” as it was 
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represented for the case of complete yielding (by the slope of 
the sand heaps), the ideal “‘elastic-stress function’”’ corresponding 
to the same cross-section and having the same volume as the 
first one. The differences of the ordinates of the functions 
would represent the stress function for the residual stresses. 
However, how far this could be utilized for spring steel is not 
clear, on account of the considerably different shape of the 
stress-strain curve of such steels as compared with that of Fig. 2. 

Mr. Soderberg points to certain important problems in which 
mechanical engineers are directly and immediately interested 
in receiving answers. It must indeed be admitted that imme- 
diate applications of torsion cases where plastic flow enters 
are not often encountered, at least not in machine design. How- 
ever, the questions raised by Professor Sayre would seem to 
indicate that some further useful applications of methods, 
similar to those treated here could be found in springs, where, 
for example, torsion is often carried to very high stresses and 
where a deviation from Hooke’s law is apparent. On the 
other hand, knowing about certain cases in which certain im- 
portant quantities can be more exactly predicted or determined 
by model tests or by other mechanical means, may perhaps 
aid in predicting what must be expected in more complicated 
cases. 

The matter of failure brought up by Mr. Soderberg might 
also perhaps be looked upon from a similar point of view. As 
far as plastic deformations would precede the final breaking of 
a member subjected to high stresses—and a more exact discussion 
of the conditions of rupture would be considered as constituting 
the main part of the problem—the author thinks that a future 
analysis of such more or less complicated phenomena might 
sometime be approached by trying to describe more exactly 
what processes combine in the act of failure. A discussion of 
the question of rupture of ductile metals, for example, would 
then lead automatically to a description of what occurs first 
during the small plastic deformations and then later during 
the large ones which precede the rupture. Thus one would 
be led to considerations similar to those treated in the paper 
in the case of torsion. In other cases, however, where, for 
example, fatigue enters, ductility might not be of such im- 
portance inasmuch as the change of the actual distribution of 
stresses while fracture was proceeding might, to a certain extent 
perhaps, be determined from the theory of elasticity. 

The case of the small hole in a material subjected to pure 
shear treated in the paper might, for example, throw light on 
a number of phenomena observed in mild steel, which heretofore 
have been thought to be caused by what might perhaps be 
termed more metallurgical than mechanical reasons. The 
conditions under which the Liiders lines (the narrow layers of 
plastically deformed material) appear in mild steel were formerly 
thought to depend on metallurgical reasons; however, the 
author has endeavored to show that the formation of these 
well-known lines can be explained by considering mainly me- 
chanical reasons: namely, a well-defined yield stress and a 
local stress concentration combined with a slight instability of 
the plastic equilibrium. 

Referring to certain difficulties encountered if numerical 
values of the quantities used in the paper were to be obtained 
by using similar apparatus, as those mentioned here, the author 
has pointed out on a former occasion that some of these diffi- 
culties mentioned by Prof. Timoshenko might be overcome. 
To obtain, for example, a membrane of rubber with a uniform 
stress in all directions, it is advisable to hold it stretched above 
a circular disk or ring by means of a large number of screws 
spaced at equal distances along the circumference of a circle. 
If the holes in the membrane are bored along a circle having a 
diameter that is considerably smaller than the circle on which 
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the centers of the screws are situated, a uniform stretch will re- are made to coincide with the centers of the screw holes in the 
sult, if, by stretching the membrane, the holes in the membrane _ disk. 
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Flow of Gases at a Rate Exceeding the 
Acoustic Velocity 


By O. G. TIETJENS,' EAST PITTSBURGH, PA. 


This paper deals with the flow of gases at high velocities, 
that is, at velocities exceeding the velocity of sound in the 
gas under the existing conditions of temperature and pres- 
sure. The discussion starts with the development of the 
fundamental equations of flow and shows why the acoustic 
velocity assumes such critical importance. In particular, 
the flow of gas through a De Laval nozzle is considered, 
the natural assumption of adiabatic flow being made. 
The so-called compression shock is discussed and the 
conditions under which these shocks occur, their connec- 
tion with the acoustic velocity, and their effect on the flow 
through the nozzle, are pointed out. 

I havior completely as soon as their velocities exceed the 

acoustic velocity. This happens in several cases. Not 
only does the velocity of flow in steam and gas turbines almost 
always exceed the acoustic velocity, but in internal-combustion 
engines, especially in the flow through the valves and into the 
cylinders, this condition also exists. In addition, the behavior 
of gases in explosions has to be mentioned in this connection. 
Here the velocities are usually extremely high, in some cases 
twenty times the acoustic velocity, and even higher. Also many 
phenomena in the extensive field of ballistics come under this 
classification. 

The theoretical treatment of flow at velocities far below 
the acoustic velocity is widely known, especially the application 
of the Bernoulli equation and the equations of the potential 
theory. However, this cannot be said of the theoretical treat- 
ment of high-velocity flow. The statement that the acoustic 
velocity connotes a sort of limit velocity is often loosely adopted 
without a clear idea as to just why the acoustic velocity plays 
this role. 

It is hoped, therefore, that this paper may contribute to 
broadening the knowledge of this interesting and important 
part of aerodynamics. In this field Dr. L. Prandtl at the Univer- 
sity of Goettingen has been one of the outstanding contributors 
and on his lectures there much of this discussion is based. 
To make its perusal easier, references to other papers or text- 
books, which might somewhat shorten the text, are intentionally 
omitted. Instead, it is attempted to develop from the very 
beginning the fundamental formulas with the simplest use of 
mathematics possible, and in particular to apply these formulas 
to the flow through a nozzle as an example. 


T IS well known that gases and steam change their be- 


I—RELATION BETWEEN PRESSURE AND VELOCITY 


We start with the fundamental law of mechanics: namely, 
that the product of the mass of a particle times its acceleration 
is equal to the sum of the forces acting on the particle. Applying 
this fundamental law to an infinitesimal gas particle having the 
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shape shown in Fig. 1 we have, using the notation given in that 
figure, 


where p = v/g is the density, i.e., the mass per unit volume. 
Since the motion of the particles of a fluid takes place along 

certain streamlines, it is possible to express the velocity w of 

the particle at any instant as a function of the time ¢ and the 


distance s measured along its particular streamline, or w 


f(s, t). We can write for the total differential 
ow ow 
dw = — ds — 


Fie. 1 


and therefore for the longitudinal acceleration of the particle, 


dw ow ds ow 
ds dtl 
or, since ds/dt = w, 
dw ow dw 


Although for some problems which deal with high-velocity flow 
of gases, for example, the flow of gas through engine valves, 
the change of velocity with time is essential and may not be 
neglected, still for most problems we can make the assumption 
that the flow is steady, i.e., that 
the velocity is the same at any 
point throughout the period of 
flow but of course generally 
varies from point to point. 
Such kind of flow we have, for 
instance, in the nozzles of steam 
and gas turbines. Neglecting 
dw/dt, therefore, we have 


P; 


Regarding the forces sum- 
mated in the right-hand member 
of [1], it should be stated that 
the force of gravity acting on each particle is eliminated by the 
aerostatic lift.* 

With respect to the forces due to the internal friction or vis- 
cosity of gases, we know that they are generally very small 
compared with the inertia forces in the left-hand member of [1]. 
Therefore in most cases it is permissible to neglect the friction 
forces altogether. Consequently the pressure difference, or, 


? However, in cases of flow where the force of gravity causes 
differences in density due to large differences in altitude (meteor- 
ology), it has to be taken into account. 


dw 
dt 
dw ow 
dt os 
“ae 
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more exactly, the pressure gradient, remains as the only force 
in the right-hand member of [1]. However, as the pressure 
gradient generally has almost the same direction as the velocity— 
meaning by this that in surfaces perpendicular to the cylinder 
axis the pressure is constant—the pressure forces acting on the 
wall of the cylinder can be neglected. The only remaining 
forces, therefore, are the pressure forces on the two bases on the 
cylinder. 
Thus we have for [1] 


ow op 
1F ds = pdF — —ds}d 
X w pd (> +2) F 


or 


Integrating this expression along a streamline from point 1 
to point 2, 


In those cases where the pressure differences from 1 to 2 (and 
therefore also the velocity differences) are small enough to permit 
neglecting the change in density due to them, we have, with 
p= constant, the well-known Bernoulli equation for incompres- 
sible fluids: 


— w,? _ 
2 p 


or with p = y/g and p = yh, 


W? — w,? _ h 
=h— he 


29 

In this paper, however, we are interested in high-velocity flow 
of gases, where the changes in density due to pressure differences 
cannot be neglected. In order to integrate [3] it is therefore 
necessary to make a particular assumption regarding the manner 
in which density depends on pressure. The flow of gases in all 
cases considered in this paper being at very high velocities, 
we can assume that all changes of state of the gas are adiabatic, 
or 


where k = c,/c» depends on the kind of gas, and to a certain 
extent on its pressure and other conditions. For dry air and 
normal pressure, k = 1.405. 

Substituting p = y/g = 1/2g in [3], 


vdp 
29 
and since 
= 
or 
v = x 
Pr 1/k 
we have 
1 
— w,? d 
2g pl/k 


k—-1 

— w,? k 
= 1—{—)* |....... 5 
29 (2) | 


Equation [5] gives the relation between velocity and pressure 
along a streamline for a gas in the same way that Bernoulli’s 
equation describes the motion of an incompressible fluid. In 
this connection, however, it must be borne in mind that Ber- 
noulli’s equation applies not only to incompressible fluids but 
also to gases when their compressibilities can be neglected. 

As the specific volume »; generally cannot be measured very 
easily, it is advisable to introduce the temperature 7, (deg. 
fahr. abs.), using the relation 


ra = RT, 
where for dry air R = 53.34 per deg. fahr. (p, in lb. per sq. ft. 
and v, in cu. ft. per lb.); thus 


E can (2) | (6) 
29 k—1 —r 

Considering, for instance, the flow of air through a nozzle into a 
vessel in which a lower pressure p, exists (see Fig. 2), we can 
calculate the velocity for each pressure p, in the vessel. Since 
the initial velocity of flow is zero, we have w, = 0 and hence, 
for the velocity which corresponds to the pressure p. in the vessel, 


29k 
= Pits k | 


For ~» = 0, i.e., for flow into a perfect vacuum, the maximum 
velocity will be 


2gk 
Wimax = 
k—1 


Assuming, for instance, a temperature 7, = 523 deg. abs. equal 
to about 63 deg. fahr., k = 1.405, and R = 53.34, the maximum 
velocity will be 2500 ft. per sec. 

In order to obtain a higher velocity, it would be necessary 
to start with air of a higher temperature. According to [7], 
the velocity of a gas is the same whether the gas expands from a 
pressure of five atmospheres to one atmosphere or from one 
atmosphere -to one-fifth of an atmosphere, assuming the same 
initial temperatures in both cases. Fig. 3 shows graphically 
the relation between velocity and pressure ratio for an initial 
temperature of 7’, = 523 deg. abs., etc., and k = 1.405. 


RT, 


Il—ImporTANcE or Acoustic VELOCITY 


In order to give a clear idea of the fundamental importance of 
acoustic velocity to the flow of gases at high velocities, let us 
consider the weight per second (W) flowing through the nozzle 
shown in Fig. 2. From considerations of continuity we see that 
the weight per second has to be the same for each cross-section A 
of this nozzle. Thus 


Assume that the pressure p,; may be constant (atmospheric 
pressure) and that the pressure p can be changed. The product 
wy as a function of the pressure ratio p/p, can be easily obtained 
from Fig. 3 by multiplying together the two curves 


1/k 
Pi Pr 


(adiabatic condition). The curve in Fig. 4 has been obtained 
in this way and we see from it that the value wy is zero for p = ” 
and for p = p;. This is due to the fact that for p = 0 (absolute 
vacuum) the specific weight y is zero and that for p = p (no 
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pressure difference) the velocity w is zero. Consequently 
wy has a maximum value for a certain intermediate value of 
p/p. This value can be easily determined by multiplying 
[7] by the specific weight y = 1/v and then obtaining the deriva- 
tive of this expression with respect to p/p,. Equating this 
derivative to zero gives the value of p/p, for which wy is a maxi- 


mum. Thus 
k—1 


= Pr, 
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According to the [9a ],wy is a maximum (p/p.)?/* — (p/p) 


is 8 maximum, and so it is sufficient to put the derivative of 
this expression equal to zero, or 


=0 
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Performing this differentiation and solving the equation for 
p/p, we get 


\ 
( yA = 0.528 for, k = 1.405 
k+1 


For this pressure ratio the product wy, and therefore, according 
to [8], also W/A (i.e., the weight of gas per unit of cross-sectional 
area), becomes a maximum. 

Considering now especially the flow in the smallest cross- 
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section A’ of the nozzle, let us gradually decrease the pressure 
p in the vessel (noted in Fig. 2 as p,). According to Equation 
[9] and to Fig. 4, the weight of gas flowing per second through the 
nozzle, i.e., W A’wy, will increase until the pressure p is 
equal to 0.528p,._ If, however, we decrease the pressure p in the 
vessel still further, getting thus pressure ratios smaller than 
0.528, the flow of gas per second cannot decrease as indicated 
by [9] and Fig. 4, but will maintain a constant value corre- 
sponding to the maximum value of wy. This implies that the 
velocity in the cross-section A’ cannot exceed a certain critical 
value which corresponds to the pressure ratio p/p, = 0.528. 
For if the velocity in A’ could exceed this critical value, the 
pressure at A’ would have to be less than 0.528 p,. This would 
mean that at some cross-section A” reached before A’ and 
larger or at least equal to A’, the pressure 0.528 p, itself would 
be established. Since for this critical pressure wy is a maximum, 
this would imply that more fluid passes through section A’ 
than through A’, which is impossible. 

_ We can now easily demonstrate that this critical velocity 
is exactly the acoustic velocity. The pressure p; being kept 
constant, wy depends only on p, and as the critical velocity 
occurs for the maximum of wy we have to write the derivative 


of wy with respect to p and put this expression equal to zero: 


w or 
dp 
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or, since y = pg, dv dp 


e—t+v 
dp dw dp dp 


dp ow But 


P,*=P2 
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~ 
= 


Finally, substituting this expression for dp/dp in [10] and making 
use of [11], 


or 


It is thus seen that the velocity of a gas flowing through a nozzle 
as in Fig. 2 cannot exceed the acoustic velocity corresponding 
to the conditions of the gas (temperature) in the smallest cross- 
section of the nozzle. 


IIJ—Discuarce TurovuGcu Nozz_es 


Considering a gas at atmospheric pressure p, flowing from the 
outside through a nozzle into a vessel in which a lower pressure 
exists (Fig. 2), we found that the quantity of air flowing per 
second through the nozzle increases with decreasing p, until 
the pressure p2 = 0.528p, is reached. For further decrease of 
the pressure p2 the quantity of air discharged per second remains 
constant, the pressure at the throat of the nozzle remains at 
the critical value, 0.528 p,, and the velocity corresponds exactly 
to the acoustic velocity. Thus we see that a further decrease 
of the pressure p, below the critical pressure does not influence 
the flow in the nozzle at all. However, due to the fact that in 
; this case a pressure drop exists between the discharge opening 

Fie. 5 and the interior of the vessel, the gas after leaving the nozzle 

: will be accelerated above the acoustic velocity. This is possible 

The first term can be rewritten as since the gas jet now has more room for expansion and can leave 
/ the nozzle in diverging streamlines. 

Considering now the flow of gas discharging from a vesse! 

op © of high pressure (p.) into the atmosphere (p,), the formulas 

dp previously given will hold in case we take account of the fact 

that the higher pressure is denoted by p, and is generally variable, 

while the lower pressure is denoted by p, and is considered 

dp p as constant (atmospheric pressure). Therefore, for example, 

dp dp in [7] we must write p:/p: instead of p:/p. Increase of the 

SS pressure p in the vessel corresponds to an increase of the velocity 

-dv until the critical pressure ratio p:/p, = 1/0.528 = 1.895 is 

? reached and the acoustic velocity in the smallest cross-section 

by virtue of the relations of the nozzle is obtained. Up to this critical pressure ratio 

the pressure at the discharge opening of the nozzle is equal to 

we 1 a 74; With further increase of the pressure in the vessel, however, 

the pressure and therefore also the specific weight at the dis- 


and this can be reduced to the form 


For the second term of [10], we have, according to [2], adit 
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charge opening will increase proportionally to p,. Due to this 
fact we have in the case of a pressure p; > 1.895p, an increase 
of the weight of gas proportional to the increase of p,. In Fig. 5 
it is shown in what manner the pressure in the discharge opening 
and the weight per second per square foot depends on the pressure 
ratio. Here p/p, < 1 means flow from the atmosphere into a 
vessel of lower pressure, and p,/p, > 1 means flow from a vessel 
in which a higher pressure exists into the atmosphere. 


IV—F Low Turovuau a De Lavat Nozze 


(a) Flow Without Loss of Mechanical Energy. Let us now 
investigate the flow in detail within the nozzle itself, assuming 
at first, as was done earlier, that the flow is without any losses 
due to friction or other causes. As an example, we shall con- 
sider the flow through a so-called De Laval nozzle as shown 
in Fig. 6(a). 

It is desired to determine the pressure at different points 
along the nozzle or in the z direction as in Fig. 6. As the weight 
of gas W flowing per second through the nozzle must be the same 
for each cross-section A of the nozzle for reasons of continuity, 
we can, for a given W and for a given nozzle shape, consider the 
ratio W/A as a known function of z. Fig. 6(6) shows this 
‘function for the nozzle shape of Fig. 6(a) and for three values of 
W. On the other hand, the ratio W/A can be determined 
by using Equation [9a] or from Fig. 4 or Fig. 6(c). Making 
use of the two figures, 6(b) and 6(c), the variation of pressure 
along the nozzle can easily be determined for a certain value of 
W, i.e., a certain curve W/A in Fig. 6(b). It is only necessary 
to determine in Fig. 6(b) for different points of the z-axis the 
corresponding W/A and then to obtain from Fig. 6(c) the 
p/p, value, corresponding thereto. Fig. 6(d) has been con- 
structed in this way, and shows the variation of pressure along 
the nozzle for three different weights per second, corresponding 
to three different pressures p, inside the vessel. 

The upper W/A curve in Fig. 6(6) gives at the same time 
the curve of the maximum weight per second flowing through 
the nozzle since the maximum of W/A = wy has been reached 
at the smallest cross-section. This corresponds to a certain 
pressure p; at the discharge opening of the nozzle. For this 
pressure py; in the vessel we have the critical pressure in the 
smallest cross-section, and therefore the acoustic velocity. 
Nearer the discharge opening the velocity decreases with in- 
creasing pressure. In order to obtain in the nozzle a velocity 
higher than the acoustic velocity it is necessary to have a much 
lower pressure in the vessel. How low this pressure has to be in 
order to enable the gas to expand sufficiently depends on the 
shape of the nozzle. For the nozzle shown in Fig. 6(a) we see 
in 6(d) that a very low pressure pr is necessary to fulfil this 
condition. For a nozzle diverging less than that in 6(a), the 
pressure would not need to be as low as pr. For a nozzle of 
given shape, therefore, there is but one pressure at the dis- 
charge opening that will allow the gas to expand with a velocity 
above the acoustic velocity. Of course, this holds only as long 
as the assumption that the process can be considered adiabatic 
obtains, and that there are no losses due to friction or other 
causes. The question now naturally arises as to what does 
happen if the pressure in the vessel lies between p; and prr. 
In this case flow without losses is impossible, and only a flow in 
which part of the mechanical energy is converted into heat can 
be obtained. 

(6) Flow Through Nozzles With Compression Shocks. Experi- 
ments made by Stodola and by Buechner show that where 
the pressure in the vessel is between p; and pr1, the gas flowing 
through the smallest cross-section at first expands at a velocity 
above the acoustic velocity, and then, at some point in the 
diverging part of the nozzle, is suddenly compressed, suffering 
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a considerable loss in velocity. The loss of kinetic energy 
occasioned by this sudden compression is much larger than the 
gain in pressure energy, indicating that part of the kinetic 
energy has been converted into heat energy. 


v 


Fie. 6 


Without going into the details of these so-called compression 
shocks now, we shall merely state that this strange behavior 
of gas flowing with velocities exceeding the acoustic velocity 
is indicated qualitatively in Fig. 7. The velocity decreases 
abruptly® to a lower value, while 
the pressure increase is also 
abrupt and like a shock. As 
mentioned before, the pressure 
increase is smaller than it would 
be under reversible adiabatic 
conditions, i.e., smaller than the 
value given by Equation (3). 
This difference in pressure energy 
is just that part of the mechani- 
cal energy which is converted after the shock into heat energy. 

Having constructed in Fig. 6(d) the curve of pressure variation 
along the nozzle, taking into account that according to [3] 
the mechanical energy, i.e., the sum of kinetic energy and 
pressure energy, has to be constant, we have now to construct 
the curves corresponding to pressures in the vessel between 
pr and pr for which the total energy, including the heat energy, 
is constant. In Fig. 8 the heavy line is the course of pressure 
variation for adiabatic expansion for the given shape of the nozzle. 
The three dotted lines are curves of constant total energy for 
three different pressures at the discharge opening. (The formu- 
las by which those curves can be calculated will be given later.) 
Calculating now for each point of the expansion curve—but only 


Fie. 7 


* Taking into account the conduction of heat, L. Prandtl has 
shown that this change of velocity and pressure takes place along a 
length of about '/+s,000 in. 
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for the diverging part of the nozzle—the pressure increase 
caused by a compression shock and then connecting the resulting 
points of increased pressure by a dash-and-dot line as in Fig. 8, 
we obtain a curve which intersects the curves of total energy. 
The pressure variation along the nozzle for a pressure p in the 
vessel proceeds now as follows: Up to the smallest cross- 
section the gas expands adiabatically, reaching the critical 
pressure and the acoustic velocity. The pressure then follows 
further the adiabatic-expansion curve according to the increase 
of the velocity above the acoustic velocity. At the cross- 
section A» the pressure p’ increases suddenly to the value p’, 
involving a considerable decrease of velocity below the acoustic 
velocity; finally the pressure increases slowly from p” to po 
along the curve of constant total energy. The fact that this 


Fic. 8 


sort of flow is always accompanied by an appreciable loss of 
mechanical energy makes it clear that Equation [3], which is 
based on the constancy of the mechanical energy, cannot be 
adequate. 

In order to obtain an equation which holds also for those 
cases where portions of the mechanical energy are converted 
into heat, it is necessary to relate Equation [2] with the heat 
equation applied to a gas particle moving along a streamline. 
If u represents the internal energy per pound of the gas and dq 
the heat supplied, both measured in mechanical units, then 


dq = du + pdv 
Or, if we assume that no heat is supplied from outside, 
du + pdv = 0 


If we now substitute vg in [2] for 1/p, 
dw + vdp =0 
g 
Thus 
du + pdv + vdp + = dw = 0 
or 
w? ) 
du + d(pv) +d— 
29 


which, integrated along a streamline from 1 to 2, gives 


UW? 2 


= + — (U2 + prov2) 


Assuming the behavior of a permanent gas and considering that 


: and 
u =—— pv u 


we have 
w,? k 


2g = k (pits Pos) {14] 


Eliminating v; and ry, through the continuity equation: namely, 


U2 
—=+A4 2— 
v2 


29k A, A; 


By means of this relation and the assumption of constant entropy 
for each curve, it is possible to construct the dotted curves of 
Fig. 8. 

Compression shocks can only occur if the velocity is higher 
than the acoustic velocity and the decreased velocity after 
the shock is always lower than the acoustic velocity. A re- 
markable deduction from these considerations is the fact that 
the product of the velocities before and after the shock is equal 
to the square of the acoustic velocity. Denoting the velocity 
and the pressure before the shock by w’ and p’, respectively, 
and after the shock by w” and p”, we may say first of all that 
the time rate of change of momentum must be equal to the forces 
acting from outside on the system, and thus that 


W =A; 


we obtain 


~ 


(w’ — = — p')A 


Aw’ Aw’ 
and then —— according to 
v 


Substituting for W first 


vy” 
the continuity equation 
W=A— =A— 


we obtain 


Now making use of [14], we have, in case the flow starts with 
zero velocity (w; ='0), 
( 
2q k—1 2 


and 


w"? 
= —— (pn, — p*r") 


29 k—1 


or, subtracting one equation from the other, 


1 1 k—1 fw" 
v” 2gk v” v’ 


We may now use the continuity equation in the form 


since the areas before and after shock are sensibly equal, and get 
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Also by means of [15] we may eliminate p” — p’ and drop the 


1 1 
common factor (2 — — } as follows: 
v v 
+ k—1 
= 
9 k 29 


or simply 


= 2g 


Returning to Equation [7], substituting therein the critical 


pressure ratio yA for the ratio P and then simplifying, 


Pr 
it is easily seen that the right-hand member of this last expression 
is the square of the acoustic velocity. Thus 


= 


Considered from a purely mathematical standpoint, the above 
expression includes the possibility of an expansion shock as well 
as a compression shock. Such an expansion shock, however, 
would involve a decrease of entropy instead of an increase, and 
so would be physically impossible. 


Discussion 


J. M. Sprrzcuass.4 The author presents a vivid demonstra- 
tion of the following interesting facts about the so-called critical 
velocity of gases: 

First, that the critical, or highest obtainable, velocity of a 
gas at the smallest section of a nozzle is the same as the velocity 
of sound through the medium at that section. 

Second, that for true adiabatic expansion this critical velocity 
is reached at a corresponding critical-pressure ratio of 


2 
k + 1 


which is equal to 0.528 for K = 1.405. 

Third, that both the critical pressure and the acoustic velocity 
at the smallest cross-section of a nozzle are maintained the same 
irrespective of any further pressure reduction on the divergent 
side of the nozzle. 

Fourth, that the critical velocity can be exceeded only on the 
divergent side of the nozzle if the pressure p, is reduced much 
below the above critical pressure. 

Fifth, that the maximum mass rate of flow per unit area is 
reached at the critical velocity of the gas, and this rate is main- 
tained irrespective of the pressure or velocity changes on the 
divergent side of the nozzle. 

Sixth, that an increase of the initial pressure p, after the critical 
limit is reached increases the critical pressure in the smallest 
section, maintaining the same ratio of p,/p,, and while the critical 
velocity is still the same as the acoustic velocity, yet the increased 
density gives a larger rate of mass flow in proportion to the in- 
crease of p, or of p:, which increases in the same ratio. 

The analysis given in the paper is based upon the usual as- 
sumption of adiabatic expansion of the gas and the friction 
losses neglected. It should be emphasized that Figs. 3 and 4, 
which are extremely illuminating, are in fact solutions of Equa- 
tion [7] for the range from zero drop to zero pressure. The 
part that may actually be obtained in a nozzle is only the first 
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half up to the critical point of maximum flow. As the author 
shows in Fig. 6, it requires a drop of pressure much below the 
critical pressure in the nozzle before velocities are increased 
over the acoustic velocity of the fluid. 

The writer would like to ask the author to give an explanation 
of how in any case velocities are obtained as high as twenty times 
the acoustic velocity of the fluid. 

Water-gas manufacturers have for a long time used nozzles 
above the critical flow for the supply of steam to gas generators, 
determining the quantity of flow by the so-called Napier’s rule, 
W = pA/70. 

Some eighteen years ago the writer had a chance to check 
this rule at one of the large gas stations in Chicago. There a 
6-in. live-steam pipe carrying a pressure of 150 lb. supplied the 
steam to two gas generators. Each generator had a nozzle 
of the same diameter in the corresponding branch from the main 
line. An impact tube was inserted in the main line to indicate 
the flow of the high-pressure steam in the pipe. Running with 
two gas generators, one at a time, the differential on the impact 
tube was 20 per cent higher on one of the machines than on the 
other. This repeated itself invariably. The nozzles were care- 
fully checked; the lines appeared to be approximately the same, 
except that one was about ten or fifteen feet farther away than 
the other, but this did not explain the difference in the flow. 
Could the author tell us what his experience has been in du- 
plicating the maximum flow at practical applications of nozzles? 

It is of interest to apply the author’s analysis to the case of 
the square-edged-orifice plate. In that case, of cou se, there 
is no apparent reason for a critical, or limiting, velocity either at 
the section of the orifice or at the vena contracta because there is 
no rigid continuity between any of the sections. That is, in the 
case of the square-edged orifice, the exit velocity may assume 
a value determined by an expression similar to Equation [7], 
or at least a value proportional to it. 

Following the demonstration of Figs. 3 and 4, there should 
be a similar set of curves for the actual rate of flow through 
the orifice, because the velocity is free to increase with the drop 

of pressure, and the density is free to decrease with the final 
pressure, and to approach zero as a limit when p, approaches zero. 

From the experiences that have been published on the sub- 
ject, the opposite is shown to be the case. John L. Hodgson,‘ for 
instance, has shown actual test data on orifice plates down to the 
value of p/p; = 0.10, where the mass rate of flow actually in- 
creased with the drop of pressure and by extension the curve 
indicates a maximum rate of flow at p, = 0. 

The pertinent question is how can there be a definite mass flow 
with a condition of zero density of the fluid. On the other hand, 
it is just as hard to conceive of a definite maximum velocity of 
the fluid at a zero rate of mass flow. Mr. Hodgson’s experiments 
leave no doubt that the mass flow was not diminished at the lower 
pressure limit. We must conclude, therefore, that after the 
critical velocity, the density in the streamline is not wholly 
dependent on the pressure in the space surrounding the fluid 
stream. This should be equally as true for shaped nozzles as it 
is for square-edged orifices. In other words, Equation {7 | 
does not seem to apply after the critical velocity is reached in the 
nozzle. 


H.S. Bean.* This paper is a timely contribution to the litera- 
ture on fluid flows. As the author has indicated, most engineers 
have but a hazy idea of the physical relations involved in gas 
flows at high velocities. It is a subject that might well be given 


5 “The Laws of Similarity for Orifice and Nozzle Flows.’’ Trans. 
A.S.M.E., vol. 51 (1929), paper no. FSP-51-42-103. 
* Physicist, Bureau of Standards, Washington, D. C. Mem. 
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much more attention by many of our engineering schools. The 
importance of gas flows at velocities in the region of the acoustic 
velocity is not limited to problems of turbine and engine design 
and ballistics, but also extends to the field of gas measurement. 
In this work the so-called “critical-flow orifice’ is being used 
both as a limiting demand meter and as a reference meter. The 
subject has also to be considered in some cases in the design of air- 
foils. 

The phenomenon of gas flows at high velocities through nozzles, 
either expanding or non-expanding nozzles, is by no means so 
simple as would appear from the author’s analysis. However, the 
several assumptions which were made are necessary for making a 
simple analysis of the flow. It would be very difficult, if not im- 
possible, to construct equations to represent the actual flow 
conditions, for they are so complicated that it is doubtful if any 
one knows exactly what does take place. A view of a jet of gas 
issuing from a nozzle at a velocity greater than the acoustic 
velocity will show various bands across the jet. These bands 
probably indicate regions of relatively higher or lower density. 

It is common practice to assume that the static pressure is 
constant over any right section of a gas stream flowing along a 
closed channel such as a pipe or nozzle. Recent experiments 
_ by Dr. Prandtl and others have shown that this is not the case. 
To be sure, the variations are generally small and may be neg- 
lected in most engineering computations. 

In the paper p has been used to represent density expressed 
in absolute units, while y is used to represent density expressed 
in engineering units, often called “specific weight.” To some 
readers it might have been clearer to have used one system of 
units throughout, and thus to have used but one of these sym- 
bols. Also, in section III it might have been clearer to some if 
7. were taken as always representing the pressure at‘the first or 
upstream section, and p; as representing the pressure at the second 
or downstream section. 


J. M. Naran.’? The author has clarified the important 
distinction between the critical rate of mass flow per unit area 
W/A, and of linear velocity, w. The former is the one which 
reaches its maximum value in the minimum cross-section of the 
flow streamlines, i.e., in the vena contracta of the streamlines. 
The latter, on the other hand, merely reaches in the vena con- 
tracta the “critical’”’ value of “acoustic velocity,” which is not 
at all its maximum value, since the velocity increases beyond the 
minimum area or vena contracta point, i.e., beyond the throat of 
the nozzle described, if the pressure beyond this point is less than 
52.8 per cent of the initial pressure ahead of the nozzle. The 
only reason why the mass flow per unit area, W/A, does not in- 
crease beyond the nozzle throat from its maximum value at the 
throat or vena contracta, even though the gas velocity w increases 
above “acoustic velocity,” is that the rate of decrease in gas 
density y is faster than the rate of increase in gas velocity w. 
This is very aptly brought out by the two curves of Fig. 3, from 
which one can see why the product of the two, i.e., wy, upon which 
W/A, the mass flow per unit area, depends, actually decreases 
beyond the vena contracta, in spite of increase of the gas velocity 
beyond acoustic velocity; i.e., beyond the vena contracta, W/A 
decreases, but the increase in area A keeps W constant. 

The effect of temperature changes when the gas velocity ex- 
ceeds ‘“‘acoustic velocity,”’ as evidenced by the so-called compres- 
sion shocks, with resulting decrease of the gas velocity from w; 
(which is more than the acoustic velocity, c) to w, (which is less 
than c), with c being the geometric mean between w, and w,, 
is very interesting, and should be of value in the design of the 
outlet end of nozzles, in such a way that the outlet pressure is 
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not too low, and yet the velocity beyond the nozzle throat is 
above acoustic velocity, if the latter is desirable. 

Considering the value of the points brought out by the author 
it would help to popularize the subject if the mathematical de- 
velopment of the basic equations were more concise and less 
laborious. 

For example, the relation between the change in the kinetic 
and the change in the potential energy of a gas is as well known 
as the more basic relation between force and acceleration, and 
half of the first two pages could be saved by starting with the 
sufficiently basic relation, 


(1 


with the remark that this relation omits the negligible factor 
of gravity, important only in meteorology, and the effect of fric- 
tion. 

Similarly, the demonstration made by the author from the 
bottom of page 3 to the lower part of page 4, that the velocity in 
the vena contracta (for the case when p/p; is equal to or less than 
0.528) is equal to the acoustic velocity c at the pressure and tem- 
perature of the gas in the vena contracta, could be simplified as 
follows: 

The velocity in the vena contracta may be calculated from the 
author’s Equation [7] by noting that the pressure ratio for the 
case under consideration is, as shown at the top of page 3, 


( 2 ) 
in Equation [7] becomes | —— ]}; 


so that the term (2) 
k+1 


giving, 


2gk 
= ft. 
per sec.) 


On the other hand, the acoustic velocity at the pressure p 
and the temperature 7’ in the vena contracta is 


c= = Vkpg = VkgRT......[3) 
p 


To express this in terms of the initial gas temperature 7), we 
note from the gas laws that 


po = RT, 


from which we may write, 


RT -2(2) -(2)(2) 
RT, Piri Pi \P Pr Pi 


pti = RT,, and = pw,* 
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8 Compare with the value of the maximum velocity, possibly, 
20k _ RT, (tt. 
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Wmax Which as shown by the author is wmax = 


per sec.), or + : = 2.437 times greater than the “critical ve- 


k 
locity.” Thus, for 7; = 523 deg. abs. (63 deg. fahr.), wmax = 2500 
ft. per sec. while w = 2500/2.437 = 0.410 X 2500 = 1025 ft. per sec. 
only. 
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But for the case under consideration, 


k 
\k+1 


Therefore Equation [4] may be simplified to 


RT = RT, (2) = RT, (-2.) ibe [4a] 
k+1 


and Equation [3] for acoustic velocity in the vena contracta be- 
comes 


= VkgRT = 


which, when compared with Equation [2] for the gas velocity w 
through the vena contracta, shows it to be equal to the acoustic 
velocity c through the nozzle throat; i.e., 


At this point it is interesting to note the simplified equation 
for the flow rate through the vena contracta in pounds per second, 
k 


2 
when the pressure ratio p/p; is equal to or less than (, " :) 


= 0.528. Thus, we have from Equation (2], remembering the 
adiabatic equation pe* = pw;*, the basic gas law py, = RT; 


1 
and the relation y = -, 
1 
| 29k 2gk p\* 
W = Ai =A —— RT, | - =A na 
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(Ib. per sec.)..... . [6] 
where W = air-flow rate, lb. per sec. 
A = vena contracta area, sq. ft. 
~P, = initial air pressure, lb. per sq. ft. abs., and 
T; = initial air temperature, deg. fahr. abs. 


1 
( 2 ) 
= 0.5318 
For a gas whose specific gravity is S, since the gas law becomes 


pwiS = RT, (where R = 53.34), R/S should be substituted for 
R into the Equation [6], which then becomes 


0.5318 A 
VST, 


A research program is now being carried on under the writer's 
supervision in the laboratories of one of his clients, which is to 
determine how the effect of friction modifies the last equation, 
and results so far secured promise to form the basis of valuable 
progress in the field of the flow of fluids. The results of these 
tests will, in due time, be published by the writer. 

In Equation [1], it is confusing to use the symbol F in the 
right-hand member of the equation to represent force, and in the 
left-hand member to represent cross-sectional area. 


AvuTHor’s CLOSURE 


In order to answer the question by Mr. Spitzglass relative 
to the possibility of velocities as high as twenty times the acoustic, 


APPLIED MECHANICS 


APM-53-4 


the author would like to refer to occurrences such as detonation. 

It has been shown by different authors’ that the velocities of the 
propagation of the pressure wave as well as the velocities of the 
gases themselves may enormously exceed the acoustic velocity. 
In the case of detonation of oxy-hydrogen gas, velocities up to 
8600 ft. per sec. can be obtained, while in the case of trinitrotoluol, 
velocities as high as 18,500 ft. per sec. may occur for such cases. 
The pressure differences and changes of temperature are so 
large that some of the assumptions, on which the calculations 
given in the paper are based, no longer hold true; so that the 
formulas given there do not hold. 

To explain why the differential on the impact tube could be 
20 per cent higher on one of the machines than on the other, as 
observed by Mr. Spitzglass, it would be necessary to have more 
details, especially with regard to the shape of the pipe lines and 
the velocities of the steam. 

Concerning the application of the formula developed in the 
paper to flow through a square-edged orifice, the author does not 
agree with Mr. Spitzglass that there should in this case be no 
critical or limiting velocity either at the section of the orifice or 
at the vena contracta. First of all, there is only a vena contracta 
when the pressure ratio is larger than the critical ratio, the ve- 
locity thus being smaller than the acoustic velocity. For pres- 
sure ratios smaller than the critical, there is no vena contracta at 
all. In this case, the pressure decreases from atmospheric pres- 
sure, 7:1, toa value given by p’ = 0.528 p, in the section of the ori- 
fice, with a corresponding increase of the velocity up to the acous- 
tic velocity. In proceeding outward from this section, a further 
decrease of the pressure takes place down to a value p2, accom- 
panied by a corresponding increase of the velocity beyond the 
acoustic velocity, and forming thereby a diverging flow. The 
fact that the flow is diverging indicates that the pressure in this 
diverging part is not the same as that in the surrounding gas. 
It should always be kept in mind that to pass a certain quantity 
of gas per unit time the smallest area is required if the gas is 
flowing at the acoustic velocity, while a larger area is required to 
pass the same quantity of gas at a velocity exceeding the acoustic 
velocity. 

The author agrees with Mr. Bean that the phenomenon of 
flow of gases exceeding the acoustic velocity is not so simple as 
would appear from the analysis given in this paper, should the 
reader assume that our knowledge about this kind of flow is 
exhausted by that which is given therein. The author only 
wished to draw the attention of a larger audience to this interest- 
ing and important part of aerodynamics, avoiding any higher 
mathematics. Mr. Bean says that it would be very difficult, if 

not impossible, to construct equations to represent the actual 
flow conditions. His statement is not quite correct, because 
these equations have been known for a long time: 


ou du du du op du du 


42 re) 2,2, 
Oz? 3" dz \dz oy oz /, 


and two analogous equations for the y and z components. 

However, the integration of this system of differential equa- 
tions, including the fulfilling of the boundary conditions, is very 
difficult, if not hopeless. Neglecting the viscosity, as is done in 
the paper, is in many cases justified. The further assumption 
made in the paper that the flow can be considered as a one-di- 
mensional phenomenon cannot always be maintained. 


® Berthelot, Comptes Rendus, vol. 93 (1881), p. 18. Chapman, 
Phil. Mag., vol. 47 (1899), p. 90. Becker, R., Zeit. f. techn. Phys., 
vol. 3 (1922), p. 152, 249; vol. 8 (1922), p. 321. Ridenberg, R., 
Artillerist. Monatsh. (1916), p. 237. 
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If we are interested in details of che flow in nozzles, for instance, 
in the pressure distribution over a cross-section, or in details of 
compression shocks and pressure waves occurring in air jets at 
velocities above acoustic velocities, we have to consider the flow 
as three-dimensional or sometimes as two-dimensional. In the 
latter case, Prandtl and Steichen succeeded in solving the corre- 
sponding differential equations by introducing Legendre trans- 
formations. 

In this way Prandtl was able to explain and calculate in detail 
the standing pressure waves that occur in high-velocity air jets. 
These standing pressure waves, which are described by Mr. 
Bean as various bands across the jet, are regions of relatively 
higher or lower density as he supposes, and therefore can easily 
be made visible by the so-called Schlieren method. 

With respect to the static pressure in pipes, it may be stated 
that this pressure is constant over the cross-section, provided the 
latter is constant in the direction of flow, but that the static pres- 
sure is not constant over the cross-section in diverging or converg- 
ing pipes. 

Referring to the possibility of shortening the paper somewhat 
by starting with Equation [3] instead of [1] as suggested by Mr. 
Naiman, the author is of the opinion that by starting with [1] 
- the development becomes clearer for those who are not very 
familiar with the subject and who need to know why the various 
assumptions have to be made. This is particularly necessary 
since the formulas given later hold only if the velocity can be con- 
sidered as a function of the coordinates only of the time (sta- 
tionary flow). 

The author also does not agree that the way in which Mr. 
Naiman develops the relation that the maximum velocity in the 


smallest cross-section is equal to the acoustic velocity, represents 
a simplification, but rather that it is another way of deriving the 
same formula. It always depends on what we assume as being 
known. If we assume, for instance, that the relation dp/dp = c? 
can be considered as well known," the desired relation can be 
deduced directly from Equation [10] in connection with Equa- 
tion [11], thus using only three equations. Mr. Naiman de- 
velops an Equation [6] or [6a] for the rate of flow through a 
nozzle when the pressure ratio is equal to or less than the critical 
ratio. This expression is only a particular case of the author’s 
Equation [9a], which holds for all pressure ratios and hence also 
for the critical ratio. In order to show this, by substituting in 
k 


2 k-1 
Equation [9a] — = | ——— and considering that 
Pr k+ 1 


k+1 2 


——-~, we obtain directly 
k+1 k+1 


VT, k+1 R\k+1 


which is the same equation as Equation [62] given by Mr. Nai- 
man. Substituting the values for g, R, and k, we have 


10 This equation simply says that any changes of density caused 
by changes of pressure are propagated with the acoustic velocity. 
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On Problems in the Theory of Fluid-Film 
Lubrication, With an Experimental 


Analytical treatment of problems in perfect film lubri- 
cation is in general very difficult; solutions have thus far 
been obtained only in a few relatively simple cases. The 
paper describes methods by which fairly accurate solu- 
tions of any stated cases may be obtained experimentally, 
through the analogy between electrical potential and 
current flow in a conductor and pressure and volume flow 
in the lubricating film. Electrical measurements are 
made upon enlarged models of the lubricating films, the 
models being bodies of conducting fluid contained in 
wooden boxes having forms determined by theory. Pres- 
sures at points in a film having been deduced from the 
electrical data, graphical or other means of integration 
are used to determine the total load, the friction, and the 
quantities of oil flow at the edges of the film. The method 
is not limited as regards the shape of the film or variation 
of viscosity within the film. Solutions are given for a 
number of cases of plane bearing surfaces and journal 
bearings, showing close agreement with analytical solu- 
tions in cases where the latter have been obtained. 


I—INTRODUCTORY 


ATHEMATICALLY exact application of the theory 
M of lubrication to practical cases is not generally feasible. 
Even in the simplest cases it involves difficult mathe- 
matical procedure, as well as much tedious work in numerical 
reduction. Until the work of Michell,(3)? on rectangular plane 
surfaces, no solution had been made that included the important 
feature of flow transverse to the rubbing motion. Recently, 
Boswall(4) has obtained approximate solutions for fitted partial 
journal bearings and for the sector-shaped surfaces of pivoted- 
block thrust bearings. But in order to avoid excessive mathe- 
matical difficulties, all the few solutions thus far obtained have 
been more or less restricted in the character of assumptions of 
film forms and of variation in temperature and viscosity of lubri- 
cant; factors that among others are not accurately known or 
determinable under working conditions in practice. Rigorous 
mathematical solutions, taking into account all the known 
physical actions involved, are as yet not obtainable; and even 
if such were obtained, they would necessarily be based upon 
certain ideal conditions, such as mechanical accuracy of the 
bearing surfaces, and freedom from distortion by pressure, heat, 
or wear. 
On the other hand, the numerous direct experiments on bear- 
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in; s that have been conducted in the past have not led to general 


formulas for engineering use. Hersey(5) has shown, by dimen- 


sional reasoning, the algebraic relations that would enter into such 
formulas, but the necessary numerical coefficients, to be derived 
from experiments, are still wanting. Probably the main reason 
for this lack lies in the uncertainties as to the form and tempera- 
tures of the oil film in experimental bearings, leading to discordant 
results; differences of fit or finish cause great discrepancies. 
Experience indicates that extended, systematic, and carefully 
conducted experiments would be required in order to permit of 
general formulation with approximate accuracy; and even such 
experiments would require to be conducted in the light of physical 
theory. In the absence of such experiments, the fundamentally 
sound existing theory, omitting no major factor, and covering 
conditions that may be closely approximated in practice, is in 
itself a valuable guide to practice; and it would be still more 
valuable if more readily available. The object of the present 
paper is to present a method of extending the application of 
theory to bearing problems, by means of experimental solutions 
of stated cases, with sufficient accuracy for engineering purposes, 
and covering cases that have not heretofore yielded to mathe- 
matical treatment. 

The approximate and partly experimental methods now to be 
described are not limited as regards form of bearing surfaces, or 
other assumptions such as viscosity variation; and relatively 
little mathematical work is involved, and that of a simple kind. 
As compared with the method of direct experiment upon bearings, 
the present method has the advantage of exact treatment of the 
film dimensions, and of permitting separate determinations of 
the effects due to separate actions, such as the effects of shear, 
of centrifugal action, and of boundary pressures. If the solu- 
tions obtained fail to fairly represent actual cases, it is only by 
reason of inexact or incomplete statement of the problems, not 
because of limitations of the method. 


II—GENERAL DESCRIPTION OF THE EXPERIMENTAL 
METHOD 


The method, described in brief, consists primarily in direct 
experiment upon large-scale electrically conducting models, each 
so designed that the space relations of current and voltage are 
very nearly the same as those of volume flow and pressure in 
lubricating films of arbitrarily assumed form and viscosity 
variation. The observations of current and voltage are readily 
interpreted in terms of volume flow and pressure; then by 
means of graphical or other approximate methods of integration, 
it is easy to determine the total pressure or load, its position 
and direction, the frictional resistance, and the volume and dis- 
tribution of the oil flow. The scale of the electrical model is 
made large in the direction of thickness of the oil film, but not 
correspondingly large, if enlarged at all, in the other dimensions. 

It is possible to draw various physical analogies to the con- 
ditions of flow and of stress in the lubricating film. Perry (8) 
remarks that viscous flow, the flow of heat or of electricity in a 
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conductor, stress and strain in an elastic solid, and other physical 
problems, are all correlated through the “equation of con- 
tinuity.”” Heaviside (9) draws an analogy between viscous flow 
and the flow of electric current in a conductor. Michell (3) has 
applied the elastic analogy experimentally to the study of 
lubricating films between plane surfaces; but it does not appear 
that any of the other possible analogies have been utilized for 
experimental work in this field. The electric-current analogy 
offers the greatest possibilities, because of simplicity of the 
special apparatus, ease of control, and readiness of reasonably 
accurate measurements. 


Fie. 1 Typrcat Form or ARRANGEMENT OF Test Mope., WITH 
DIAGRAM OF THE ELECTRICAL INSTRUMENTS AND WIRING 


The general arrangement of the model consists of a body of 
fluid of low electrical conductivity, with free upper surface, 
contained in a wooden box having the same plan as the developed 
bearing surface, to any desired scale; the varying depth of the 
bath is determined by a wooden form fastened in the box, its 
contours being determined according to the reasoning given in 
Section III. Metal plates inserted at the sides provide means 
for establishing potentials corresponding to pressure conditions 
at the edges of the bearing film. Metal-rod electrodes, inserted 
vertically to the full depth of the bath at chosen points, furnish 
means for supplying current, corresponding to volume flow in 
the oil film, and for measuring voltage, corresponding to pressure 
in the oi] film. Details of some of the constructions will be 
described later. 

The experimental procedure, according to the conditions of the 
problem, consists either in supplying measured current succes- 
sively at the centers of small divisional areas of the bath, or of 
measured voltage at the side plates or of sectional parts thereof, 
and observing the voltage thereby produced at other points of 


the bath. The sum of the observed values of voltage at a given 
vertical in the bath due to all of the separate currents or voltages 
supplied, when reduced by the method described in Section III, 
gives the desired value of the pressure in the oil film at the 
corresponding point. 

Fig. 1 shows a typical form of arrangement of test model, 
with a diagram of the electrical instruments and wiring. 

The box and the form are most conveniently made of well- 
seasoned wood, which has been found serviceable if well coated 
with an asphalt paint or with a solution of celluloid in acetone. 
Several other coatings were tried, but none but those mentioned 
were found to be waterproof. The top edge of the box, made to 
a plane and set level, forms a datum from which to gage the 
depth of the bath, measured vertically from the bottom form 
to the free surface. The projected area is plotted to the desired 
divisional areas; the wood cover has drilled holes in which close- 
fitting copper tubes are inserted, for locating and guiding the 
rod electrodes, at the centers of the divisional areas for the 
current electrode, and at the corners of the divisional areas for 
the voltage electrode. 

For several reasons, aqueous solutions appear to be the best 
substances available for the electrical models. As Kohlrausch (6) 
has pointed out, fluids are the only homogeneous conductors, all 
solids such as metals being more or less non-homogeneous; and 
aqueous solutions have true ohmic resistivity, which may readily 
be varied through a wide range by the use of more or less dissolved 
chemical. Their specific conductivities are low in all cases; 
and this is a requisite in the models, in order to permit of the 
necessary definite control of boundary potentials by means of 
metal-plate electrodes. 

In some of the experiments relating to plane bearing surfaces, 
the test bath, constituting the model of the lubricating film, was 
a solution of pure cupric sulphate in distilled water, with a 
resistivity of about 50 ohm-inch. Copper was used for the 
side plates and the current and voltage electrodes; and direct 
current was used, supplied by one or two commercial dry cells. 
The use of direct current, instead of alternating current as used 
by Kohlrausch, (6) was due to the relatively great sensitiveness of 
direct-current instruments, and particularly because there ap- 
pears to be no quick-reading a.c. voltmeter serviceable for very 
low ranges (0.002 to 0.005 volt). 

The use of direct current in connection with an electrolytic 
bath for the model has some disadvantages, in that the contact 
of the electrolyte with the electrodes induces small and variable 
potentials and currents, independently of the action of the 
external batteries; and with continued use of the battery cur- 
ents there are surface changes at the electrodes (polarization), 
causing surface resistances and counterpotentials that markedly 
affect the observations. These difficulties are minimized by 
using a salt of the electrode metal to provide the desired con- 
ductivity in the bath; by using a battery current that is barely 
large enough to make the contact currents of minor importance; 
by keeping the current flowing only long enough to read the 
instruments; and by reversing the current for alternate readings 
of potential at a given point, so that the errors nearly balance 
out in the summation. A highly important help in reducing 
the errors consists in frequent withdrawal of the copper parts 
from the bath and scouring them with emery cloth to remove 
the dark-colored deposits due to the electrolytic action. A 
current of the order of one-fourth ampere per square inch of the 
current electrode has been found suitable; excessive current 
causes undue local heating of the bath, with consequent loca! 
changes of resistance, which are undesirable, since all calculations 
are based upon uniform resistivity in the bath. With these pre- 
cautions, check tests for the value of the pressure at a given point 
generally agree within about 1 per cent. 
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A more accurate and less troublesome arrangement was used 
in later experiments. As compared with the direct-current 
method described above, the changes consisted in the use of 
alternating current,(6) chromium-plated copper electrodes, and 
higher resistivity of bath. 

The current was taken from the city supply, 110 volts, 60 
cycles, and was controlled as required by wound rheostats. 

The bath was a dilute solution of potassium dichromate in 
distilled water, having a resistivity of at least 500 ohm-inch, and 
in some cases much higher. By thus increasing the resistivity 
it was possible to raise the minimum measured voltages in the 
bath to about 0.050—0.060 volt, thus bringing the voltage mea- 
surements within the range of available a.c. voltmeters. 

The chromium plating of the electrodes greatly reduced the 
attention required for keeping the surfaces clean. As received 
from the plating works, the chromium surfaces had been buffed, 
and apparently had a very thin coating of the stearic acid or 
other substance used with the abrasive for charging the buffing 
wheels, so that the bath solution would not wet the chromium, 
nor would cleaning by ordinary methods secure the necessary 
wetting. This difficulty was overcome by scouring the surfaces 
with fine washed emery moistened with a portion of the bath 
solution, applied with a pad of surgical cotton. This secured 
immediate and thorough wetting, and the surfaces so cleaned 
remained in constant condition throughout long series of tests, 
without evidence of plating, of oxidation, or of polarization. 
This condition is necessary for accurate results in the experi- 
mental work, since surface resistances at the electrodes would 
result in false indications of voltage at all points in the bath. 

The resistivity of the bath solution was determined by direct 
measurements, using a prism of the fluid of about 6 sq. in. sec- 
tion, contained in a wood box about 24 in. long, with movable 
plate electrodes, and using the same electrical instruments that 
were used for the model tests. Resistivities were determined 
over the range of expected room temperatures, thus obtaining 
data for corrections for temperature changes that might occur 
during tests. 

Referring to Fig. 1, it will be observed that the potentials were 
taken by a null method; if the current required to operate the 
voltmeter were taken from the bath, the distribution of current 
and of potential in the bath would thereby be altered and thus 
the true potential would not be read. 

The electrical problems involved are closely akin to those of 
measuring the conductivity of electrolytes. On this subject 
there is an extensive literature in physical and chemical journals; 
with very few exceptions, the methods described involve the use 
of alternating current, and the principles and precautions neces- 
sary for precise results are applicable to the present experimental 
work. 


III—THEORY OF THE EXPERIMENTAL METHOD: 
PRESSURES DUE TO RELATIVE MOTION OF 
BEARING SURFACES 


The differential equation established by Reynolds (1), and 
now generally used as a basic expression, is 


a4 {,,4p d dp dh 


in which 


Us — U, is the relative tangential velocity of the surfaces 
V, is the relative normal velocity of the surfaces 

z is parallel to U, and U, 

2 is at right-angles to z and parallel to both surfaces 

h is the film thickness 
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p is the pressure, above atmospheric or other uniform ambient 
pressure, and 
u is the coefficient of viscosity, assumed constant by Reynolds. 


This equation, derived from the fundamental expressions for 
stress in a viscous fluid (identical with those for an elastic solid), 
may be written, by dividing by 12x, 


d dp d h3 dp Ui dh 

—| — — —{— —]} = —— — + 

In this form, the physical meaning of the terms is as follows: 


Considering as an “element” a volume of the film of unit dimen- 
sions in z and z, and of height A (the film thickness), the expres- 


3d 
sion (= i) may readily be shown (2) to be the component 


of volume of lubricant, per unit time, flowing in the z-direction 
past the section of unit length in z and of height h, due to the 


pressure gradient 2 The derivative of this quantity with re- 


spect to z, that is, the first term of [2], is the difference of the 
flow past the opposite faces of the element; it is the net volume 
flowing out from (or into) the element in the z-direction; and 
this is true whether u be constant or variable, while [1] is true 
only if u is constant. A precisely similar reasoning applies to 
the second term of [2]; this term expresses the net component 
rate of volume flow out from (or into) the element in the z- 
direction. The third term of [2] is the net volume per unit time 
flowing into (or out from) the element in the z-direction, as 
determined by a uniform rate of shear over the film thickness h, 
due to the relative motion of the bearing surfaces in the z-direc- 
tion, without reference to pressure. The fourth term is the 
volume-displacement rate due to the relative component of 
motion normal to the nearly parallel bearing surfaces, also 
without reference to pressure. . 

Thus Equation [2] states, in symbols, with reference to a 
single elementary volume of the film, the equality of the inflow 
to the outflow; an equality that can exist only if the lubricant 
is continuous and incompressible, as assumed by Reynolds (1) in 
deriving Equation [1]. 

It appears also that if there be any other action than those 
considered above, by which a volume displacement for the 
element may be determined independently of pressure effecta, 
a corresponding temm may be inserted on the right in [2]; for 
example, expansion of the fluid by heat, or displacement of 
volume by centrifugal action. Further, it is important to note 
that because of the linear relation of pressure and viscous flow, 
in any solution or integration of [2] with the object of finding 
an expression for p at any point in terms of the known or 
assumed volume displacements on the right, it is permissible to 
find the separate values of p for the separate terms on the right, 
and the algebraic sum of such values is that due to all the 
terms on the right, whether the latter be considered together or 
separately. This is analogous to the addition or superposition 
of stresses and of strains in the theory of elasticity, the latter 
theory and that of lubrication being based upon the same funda- 
mental equations. And further, if any or all of the terms on the 
right be considered as operative at a single element at 2,,y, 
producing there a pressure p,, then at any other point 2,1 
there will be a pressure p2, less than p,;, and depending for its 
value upon the ways in which the flow from 2;,y; is distributed 
throughout the film. And if further the terms on the right be 
operative simultaneously at all the elements, the total pressure 
at s point 22,y2 is the algebraic sum of all the pressures p; due to 
all the elementary volume supplies taken separately. This 
latter principle is the basis of the present experimental method. 
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For present purposes, the basic differential equation for the 
oil film may be written, from [2], 


a (i dr) 
dz \o dz dz 


in which yo is the viscosity at a base point, and ¢ a non-dimen- 
sional function of z and z such that the viscosity at any point 
is given by guo, and q represents any or all of the terms on the 
right in [2]. The solution of [3] for p requires that h, ¢, and q¢ 
shall be determinable from the data of the problem, for all parts 
of the surface, whether or not they can be expressed as con- 
tinuous functions of the film dimensions and the surface motions; 
and the boundary values of p are also required data. 

In order to establish working equations for the experimental 
method, we have first to consider that just as viscous flow is 
proportional to the pressure gradient and inversely as the vis- 
cosity, so is current flow proportional to the potential gradient 
and inversely as the resistivity (Ohm’s law). There is, however, 
this difference: that the viscous flow is proportional to the third 
power of the film thickness, while the current flow is proportional 
to the first power only. Thus following the reasoning that has 
been applied to Equation [2], as applying equally to the elec- 
trical conditions, we may at once write the electrical equation 
analogous to [2], giving the differential relation of current and 
potential in the model, 


dz \r dt) dz \r dz 


in which H is the variable depth of the bath, r is the uniform 
resistivity, E the potential, i the current supplied per unit area. 
Like Equation [2], this is an equation of continuity; it is the 
symbolized statement of the equality of the inflow and the out- 
flow of current, with reference to a single elementary volume of 
the bath, of unit-area base and of height H. The reason for the 
expression J/a is that in the experiment it is not generally prac- 
ticable to deal directly with unit areas; the whole area is divided 
into an arbitrary number of (preferably equal) areas a, and a 
current J is supplied at the center of each of these areas succes- 
sively; thus instead of i we may write ]/a, the mean intensity 
of current for the divisional area, as giving an approximation 
which is closer as the areas a are smaller and therefore more 
numerous. Practically, it is desirable to make the number of 
divisions as small as may be, since for each point where the 
pressure is to be determined, observations must be taken for 
each of the divisional areas; but supplying a current 7 at a 
point within the area a is not the exact equivalent of the theo- 
retical distributed current i over the same area, and the dis- 
crepancy is in general greater as a is greater. Thus a com- 
promise is required, for which rules have not been laid down; 
but it may be said that in general a very large number of divisions 
is not required; in some cases a small number, such as eight to 
twelve, may suffice. 

Comparing [3] and [4], it is evident that if we were to make, 


I 
numerically, H = — and = 12u0q at all points, then a com- 
¢ a 


plete experimental solution of [4] for the numerical value of E 
at any point would give also the numerical value of p at the 
same point; assuming, of course, that the values of E and p 
are made the same at all points around the edges. But in the 
experimental work it is desirable to make H a relatively large 
dimension, say, of the order of one inch; h may be of the order 


10-* inch, hence h? is of the order 10~* inch; ¢ may be of the 
3 


h 
order unity. Thus we may write H = K — where K is a con- 


stant of the order 10.9 
have 


Introducing this factor K in [3], we 


dp d dp 
tv) + (« [5] 


Now referring to [4], if we supply any measured current J, at 
a single small divisional part having an area aq at 2,,y,, and 
measure the potential AF,, thereby produced at a point 22,y, 
the relationship may be indicated as 


AE, = 
a) 


in which y is an undetermined function of 2;,21,22,71. Con- 
sidering [5] in the same way and for the same points, the same 
value of ¥ will apply; hence we may write 


Ap. = 12 Kuony 
whence, by elimination of y, 


Ap2 > 12 Kyo AE, = 

dir 
Thus considering the whole bearing surface, we may write for 
the pressure at any point, dropping the subscripts for generality, 


AE 
p = =(Ap) = 12 Kuo q ) [6] 
Ir 
or, replacing K by its value = ‘ 
AE Heqa 
Pp Ho (2 ) (7] 


Equations [6] and [7] are the general expressions for the experi- 
mental determination of the pressure, in so far as it is produced 
by the relative motion of the bearing surfaces. If there are, in 
addition, external actions producing non-uniform pressures in 
the film, these are most conveniently treated separately, as 
shown in the following section. In the application of [6] and 
[7] it is necessary to bear in mind that all the variables on the 
right relate to the points where the current is supplied, except 
AE, which relates to the points where p is to be determined. 


IV—NON-UNIFORM BOUNDARY PRESSURES 


If a part of the boundary of the film is at a known pressure 
po due to external conditions, the remainder of the boundary 
being at zero pressure, there results a non-uniform pressure 
field in the film, the pressure Ap at any point depending upon the 
form and dimensions of the film, but directly proportional to po. 
For the experimental determination of the pressure, the electrical! 
model, proportioned as in III, may be provided with a metal 
plate at the wall, covering the corresponding part of the boundary 
of the bath, and kept at a potential 2», while the remainder of 
the boundary is held at zero potential; this produces a potentia! 
field in the bath exactly similar to the pressure field in the film, 
and the potential AZ at any point is directly proportional to F). 
We may then write for the pressure at any point, 


AE 


If the pressure po varies from point to point at the edges of 
the film, the resulting pressure at a point in the film may be 
found approximately by dividing the wall plate into parts, each 
representing a part of the film boundary having a mean local 
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Dealing with these parts successively as described 


pressure Po. 
above, the pressure p at a point in the film is, approximately, 


~ (ap) = 2 (4 py) 
P EB. Po 


It will be noted that the value of the resistivity of the bath is 
not involved; the only requisite is that the resistivity be uniform 
throughout the bath, as in all cases. 

The voltages Z, and AF may be measured separately by the 
use of voltmeters; but since only their ratio is involved, a sim- 
pler and more accurate method is to measure their ratios directly 
by means of a Wheatstone bridge, thus dispensing with all 
absolute electrical measurements. 


V—INDIRECT METHOD 


In cases in which A and yw are assumed to be functions of z 
only, independent of 7, a solution for the “infinitely wide’’ bearing 
may first be made, resulting in pz = f(z). This may be done 
by calculation in the simpler cases, and in any case either by 


x 


U 
00! 
A 002 


b=32 4 = 


Fie. 2 


graphics or by the experimental method of III. Having this 
solution, the pressures for any finite width may be found by the 
aid of IV with much less work than by the direct application 
of III, as follows: Referring to Fig. 3, if the model be treated 
by the method of ITI for the case of infinite width, the pressure 
p: = (z) exists along the non-conducting side BB as well as 
elsewhere; if for finite width, the pressure along BB is kept at 
zero by a conducting plate. We may therefore write in a case 
of finite width, for any point z, z, 


in which pg = pressure with side leakage at BB 
P: = pressure without side leakage at BB 
Ps = pressure due to pressures po = pz = f(z) along 
the side BB, acting alone. 


The pressures p, may be found by method IV with a mini- 
mum of time and labor. Thus in the case of the model of Fig. 3, 
five divisions of the side plate at BB were found fairly sufficient; 
this required but five observations for each point where the 
pressure is to be found; while when the method III was applied 
directly there were 32 observations of voltage and 32 of current 
for each pressure determination. Obviously the saving by the 
indirect method is greater as the width of the bearing in the 
2-direction increases, and as the number of divisions of BB 
diminishes. 

The sole objection to this indirect method is that for narrow 
bearings, and for points near the boundary in any case, the 
value of py is small compared with p,, and thus a small experi- 
mental error in p, involves a larger proportionate error in pg. 
Nevertheless experience indicates that owing to the superior 
accuracy of the bridge method of IV, this indirect method is 
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preferable, as regards both simplicity and accuracy, for the cases 
where it is applicable. 


VI—PLANE SURFACES: RECTANGULAR SLIDE BLOCK, OF 

INFINITE WIDTH AT RIGHT ANGLES TO THE RECTI- 

LINEAR MOTION; CONSTANT VISCOSITY; STEADY 

CONDITIONS 

This hypothetical case was chosen primarily as furnishing a 
first critical test of the experimental method, since the pressures 
can be calculated independently and exactly. 

Fig. 2 shows the assumed dimensions of the bearing block and 
the oil film, and Fig. 3 the arrangement of the model. The 
constant K was chosen as 5 X 10%; thus the depth of the bath 
varies from (0.002)? X 5 X 108 = 4 in. at the inlet end, to 
(0.001)? * 5 & 108 = 0.5 in. at the outlet end. The metal 
plates at these ends, connected by wire, serve to determine zero 


Ini © | 


uw 
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potential, corresponding to zero pressure; the potentials mea- 
sured in the bath are differences (+ or —) from the metal-plate 
potential, just as the pressures in the oil film are differences 
above or below the external pressure. The bottom form and 
the sides, being non-conductors, prevent any transverse flow of 
current. Thus the model represents a section of the oil film in 
the hypothetical case of infinite width at right angles to the 
motion. 

Applying the method III, the following values are to be sub- 
stituted in Equation [6] or [7], as required; U being the relative 
velocity U» — U; of Equations [1] and [2]: 

5 X 108 

49.5 ohm-inch at 50 deg. fahr. with corrections for vary- 
ing temperature 

U dh U 

2 dz 32,000 

=1 

= 2in. X 2in. = 4 sq. in. 
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Equation [6] thus becomes 
p = 7.5 X 105 = (#7) [8] 
Equation [7] becomes 
6u0U AE Ha 


Either [8] or [9] may be used for the numerical] calculation. 


AE 
There are 32 terms ry for the pressure summation at each 
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point. Fig. 4 shows the results of a test, made with alternating 
current. The circled points show the experimental values of 
p/C and the full curve the theoretical values; the latter being 
given by the expression, derived by integrating [3] with omis- 
sion of the second term, 


G@—e) 6—=z)/. 6uU 
pie = | = | in c [10] 


It will be noted that the experimental results agree very closely 
with the theory. The pressures shown in Fig. 4 for this simple 
case relate only to a bearing block of the particular dimensions 
a = 16 in., b = 32 in. For any other dimensions with the 
same general assumptions, the pressures could be calculated 
from Equation [10]; but in this case, as in others to follow, the 
specific experimental results are readily convertible to apply to 
geometrically similar bearings, by means of dimensional reason- 


ing.(5) Thus in Equation [9], the factors in j are independent 


Ha. 
of the size of the bearing; the group —- is of zero dimensions; 


AE 
but the group a is of dimension L~'. Hence in a bearing of 
the size a = 16n in., the pressures at similarly located points 


1 
would be a th of those found by the experiment described. 


VII—PLANE SURFACES; RECTILINEAR MOTION; SQUARE 
SLIDE BLOCK; LEAKAGE AT RIGHT-ANGLES TO THE 
MOTION; CONSTANT VISCOSITY; STEADY 
CONDITIONS 


This case was chosen as a further test of the applicability of 
the electrical method, comparison being made with the theoretical 
results obtained by Michell.(3) As in the preceding case, the 
conditions are hypothetical, such cases not existing in practice. 

The dimensions of the model are shown in Fig. 3. The ar- 
rangement differs from that of VI only by the addition of a zero- 
potential conducting plate at BB, corresponding to the condition 
of leakage along that side of the oil film. The model thus 
represents one-half of the oil film, either side of the median plane. 

The numerical data are the same as in VI, and Equations [8] 
and [9] and deductions therefrom also apply; the only differ- 


AE 
ences lie in the values = and there are, as in the preceding 
r 


case, 4 X 8 = 32 such terms in the summation for the pressure 
at each point; and for the 28 chosen points, a total of 896 ob- 
servations each of current and of voltage. 
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Fig. 5 shows the comparison, the circled points being the test 
results by method III, obtained with alternating current; and 
the full curves, graphical interpolations from the results of 
Michell’s calculations. 

In this case, the experimental values average 2.2 per cent 
higher than the pressures calculated by Michell; thus the agree- 
ment of the experiment with the mathematical results is less 
exact than in VI and in all other cases tested in which no side 
leakage is involved. 

Fig. 5(a) shows a further test for this case by the indirect 
method V. The mean error in this case is 0.9 per cent in excess 
of Michell’s results. A repeat test by method V confirmed the 
circled points so closely that the differences could not be shown 
on the diagram. 


VIII—PIVOTED-BLOCK THRUST BEARINGS; SECTOR- 
SHAPED SURFACES; SIDE LEAKAGE; VARIABLE 
VISCOSITY 


Fig. 6 shows the assumed form and dimensions of the pivoted 
block. The “axis of tilt” is the line of intersection of the ex- 
tended plane of the block with the surface of the rotating collar, 
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and the particular choice of this axis is such as to make the oil 
film geometrically similar along arcs at all radii (a condition not 
necessarily the best in practice) and the variable thickness at 
the leading edge twice that at corresponding points at the trailing 
edge. 

The viscosity is assumed to be uniform along any radial line, 
but varying uniformly with the angular position of the radius, 
so that at the trailing edge it is one-half that at the leading edge. 
This assumption is largely arbitrary, in view of the highly com- 
plex nature of the conditions of heat equilibrium in the film, 
and of the meagerness of existing physical data on the subject; 
yet for conditions of high speed and pressure it is probably closer 
to the truth than would be, for example, an assumption of con- 
stant viscosity. 

The data for the specific case, partly shown in Fig. 6, and the 
substitutions for changing Equations [6] and [7] to polar co- 
ordinates are as follows: 


K = 5 X 108 
c = dihedral angle between the bearing surfaces 
h = epsin@ 


= cos 6 
dz 


a = bpAé (values of p being taken at the middle of the widths 
b) 


% +001 


75% 


— 
ROTAT/on, 


Fic. 6 


= angular velocity of collar, radians per second 
= angular velocity of collar, revolutions per minute 


, N 
U = linear speed of collar at any radius = wp = =o 


ze 


q = —— = — Noccosé 
Equation [6] thus becomes 


p = = woNeb can | | [10] 
5 Ir 


Equation [7] becomes 


x AE He cos @ 

Figs. 7 and 8 show the pressure distribution obtained by tests 
with direct current, for the block of Fig. 6, and the film of maxi- 
mum thickness 0.002 in., with N = 100 revolutions per minute 
and ue = 3.4 X 10-¢ (inch, Ib., sec.) corresponding to about 
150 seconds Saybolt. 

For extending these experimental values of p to cases of larger 


or smaller blocks, geometrically similar to the experimental 
block, it may be noted that in Equation [11] the dimensions 
of the product weN are the same as those of p; namely, ML~'7'-, 
and the remaining factors reduce to zero dimensions. Hence 
for the same N, ue, and c the pressure at any point is independent 
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of the size of the block; but for a given circumferential speed, 
the pressure is inversely as the size. 

The friction torque is determined for the numerical example 
given above, by means of Reynolds’ equation for the shear stress 
at the collar surface, z bejng in the direction of the motion. 
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: dp dp P This force is balanced by the difference of the radial com- 
The values dz pdd are found graphically at the selected ponents of the shear forces on the upper and lower faces of the 


points, from the pressure curves plotted from the experimental 
data, and the values of »U/h for the same points are readily 
calculated; then by approximate integration the mean pressure 
is found to be 352 lb. per sq. in. The friction torque is 508 
in-lb., and the power loss 0.805 hp. The torque is equivalent 
to a friction force of 36.6 lb. acting at the mean radius of the 
block, corresponding to a mean coefficient of friction of 0.000908. 
This coefficient agrees closely with the formula f = 0.00009 
*~/ r.p.m. derived from tests on large bearings of this form, for 
the same mean pressure and approximately the same viscosity 
of the oil at the entrance edge of the film. 

The volumes of oil entering and leaving the film, for the same 
numerical example, were also determined by the aid of the curves 
of pressure distribution. 

The volume of oil flowing per unit time and per unit length of 
radial edge, is given by 


and for the circular edges, the volume lost is determined by the 
rate per unit length and per unit time. 


It was found by graphical integration that the volume of oil 
entering at the leading edge is approximately 0.98 cu. in. per 
sec.; of which approximately 27 per cent is lost along the outer 
arc, 7 per cent at the inner arc, and 66 per cent flows out at the 
trailing edge. 

If all the heat generated were absorbed by the oil, then assum- 
ing a specific gravity of 0.91 and a specific heat of 0.45, the mean 
temperature rise of the oil would be 21.9 deg. cent. Assuming 
further that the leakage oil is heated, on the average, by one 
half the maximum rise, the temperature rise of the oil at the 
trailing edge is 26.5 deg. cent. The original assumption as to the 
viscosity change implies a temperature rise of about 17.5 deg 
to 19.5 deg. cent.; thus the assumed viscosity change implies 
that about one-fourth of the heat is conducted away through the 
metal, and the remaining three-fourths is taken up directly by 
the oil supply. 


IX—THE PRESSURE EFFECT DUE TO CENTRIFUGAL 
ACTION IN THE OIL FILM 


This was determined for the sector-shaped bearing block 
described above. The question is of minor interest only; but 
in view of frequent suggestions that at high speeds centrifugal 
effects must be considerable in bearings of this kind, it is perhaps 
desirable to show the relative importance of such effects. 

For this purpose, it is first necessary to derive by analysis the 
appropriate expression for q for use in Equation [6] or [7]; 
all other factors, including the electrical test data, remain the 
same as for the Equations [10] and [11]. 

In accordance with the usual conception, it is assumed that 
the angular velocity of a lamina of thickness dy, ut a height y 


above the stationary surface, is i w being the angular velocity 


of the collar, and h the thickness of the film. The density of 
the oil being m, each such lamina, of volume pdp - dédy is subject 
to a “centrifugal force’’ of the value 


element. Applying the established laws of laminar flow, it is 
readily shown by integration that the volume flowing across a 
section A - pdé in unit time is 


Hence the difference of flow past two such sections at an interval 


of dp is 
mw? dé hip? 
40 Ho 


Substituting for h its value cp sin 6, differentiating, and dividing 
by pdp - dé to reduce to terms of unit area of bearing surface, we 


have the desired value 
q = 


8 nop Sue 


Thus Equations [6] and [7] become, by substitution for q, 


The negative sign is used for the reason that the value of q is 
essentially negative, the flow increasing with the radius; thus 
the effect is to reduce any pressures otherwise generated in the 
film. 

For the special case in hand, expressing the value of w in terms 
of revolutions per minute and with a = bp Aé, [15] becomes 


AE 


The pressure distribution thus found by direct current tests is 
shown in Fig. 9. It is seen that the effect is very small, the 
maximum negative pressure being but 0.11 Ib. per sq. in., as 
compared with the maximum of 900 Ib. per sq. in. due to tan- 
gential shear. At the assumed speed, 100 r.p.m., the ratio is 
about 1/8000; the ratio would vary directly as the speed, the 
value of c being held constant; but even at the very high speed 
of 1000 r.p.m., the ratio would be but 1/800. Thus for al! 
practical purposes, the centrifugal effect is negligible. 


X—EFFECTS OF MOMENTUM OF OIL AT FILM 
ENTRANCE 


If the channel through which oil is supplied to the leading 
edge of the pressure film is of large section compared with the 
film thickness, the oil adjacent to the moving surface has sub- 
stantially the same speed as that surface, throughout a layer 
that is of fairly large thickness compared to the thickness of the 
film. Hence the oil enters the film at a pressure approximately 
the same as that at center of a jet of velocity U directed against 
a fixed plate; and if the bearing block is square-edged, the entry 
pressure may be assumed to have approximately the value 
established by experiments with jets directed normally against 
fixed plates, po = mU?/2. 

The volume that actually enters the film is small compared 
to the total jet volume, and its mean velocity of entrance is re- 
duced in general to less than one-half of the jet velocity. Hence 


the entry pressure is presumably not greatly affected by the 
flow into the film. In practice, however, the edge of the bearing 
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block is at least slightly rounded or beveled; and it appears 
that this should cause the entrance pressure to exceed the above 
value. Only direct experiment could determine the true en- 
trance pressure; and for want of such tests, the pressure is taken 
as mU*/2 for present purposes. 

The pressure so calculated is not important in the case of 
moderate speed; but in recent practice, particularly in pivoted- 
block thrust bearings, the speed in some cases exceeds 200 ft. 
per sec. At this speed, with oil of specific gravity 0.9, the 
calculated entry pressure is 242 lb. per sq. in.; this obviously 
has an appreciable influence upon the pressure distribution in 
the film, since in high-speed bearings the mean pressure rarely 
exceeds 500 Ib. per sq. in. 

In case the oil is supplied under pressure, the electrical method 
may be used for determining the combined effects of supply 
pressure and jet pressure, by treating their sum as the initial 
pressure at the leading edge; or the effects of each upon the film 
pressure may be determined separately, as may be desired. 

For the determination of the film pressures due to any assumed 
entry pressure, the general Equations [6] and [7] do not apply 
directly, since the values of g at the several divisional areas, due 
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to the entry pressure, are not determinable in advance. The 
case is treated on the basis of boundary pressures only. 

The simplest case is that in which the entry pressure is uniform 
along the leading edge, as in journal bearings. The electrical 
analogue is established according to the principles of IV, by 
keeping the plate electrode at the leading edge of the bath at a 
potential Z» above the nominal zero potential of the other edge 
plates; the potential E is then observed at any desired point 
«, y, in the bath. Then po being the assumed jet pressure, and 
p the resulting pressure at 2, y. 


E E 
=p— =1. 10-? D?N*m —........ 17 
P= = 1.87 X [17] 


In the case of non-uniform pressure along the leading edge, 
as exemplified by the jet pressure in thrust bearings, the elec- 
trical arrangement is provided according to method IV, by 
substituting for the single plate electrode at the leading edge 
& number of narrow vertical strips, slightly separated from each 
other and from the side plates. In the test, a voltage Ey is 
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applied to one of the strips, the remaining strips and plate 
electrodes being kept at the nominal zero potential. The voltage 
AE is then observed at a point z,y of the bath. The calculated 
or assumed mean pressure for the position of the strip being po, 
and Ap the resulting pressure in the film at z,y, 


AE 
= 
i 


All the separate strips being treated similarly, the pressure total 
at the point z,y is, approximately, 


(Ap) 
=> ») = po — 
Pp I Po Eo 
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mU? 
On the assumption that po = “—% and with p the mean dis- 
tance of a strip from the center of rotation, it follows that 


AE p? AE p? 
= z = 5.4 10-*N2m > vie 


Fig. 10 shows the results of this method as applied to the thrust 
bearing (Fig. 6) with N = 100, for which the pressures produced 
by shear are shown in Figs. 7 and 8. In this case four voltage 
strips separated '/, in. were provided at the leading edge, and 
direct current was used. A combined pressure diagram could 
be drawn by direct addition of the shear pressure and the in- 
ertia pressure, for a given film form and rotative speed; but this 
would require a separate combined diagram for each rotative 
speed, since the inertia pressure varies as the square of the 
speed, while the shear pressure varies as the first power if the 
film thickness is held constant, or is constant if the total load is 
constant. 


XI—JOURNAL BEARINGS: CYLINDRICAL SURFACES, 
AXES PARALLEL. METHOD III 


Fig. 11 shows the geometrical notation. 


a = radius of journal 

a +. = radius of bearing 
7» = radial clearance 

¢ = eccentricity factor 
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cn = distance between the axis of the journal and that 
of the bearing 

= angle measured from line of centers, in direction of U 
= angle of inclination of journal load 


= linear velocity of journal surface = .y 


= revolutions per minute 
ade 
distance parallel to axes, from middle of width 
pressure in film at any point 8, z 
mean value of p in Z-direction at any value of 6 
= mean load per unit width of bearing surface 
= (1 + ccos 6) = film thickness 
ne sin 


a 
= length of bearing surface in the direction of the motion 
width of bearing surface at right angle to the motion. 
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For substitution in Equation [6] or [7] the value of g for journal 
bearings thus becomes: 


Udh 
Equation [6] becomes: 
p= Nuone = (4% sin 
5 Tr 
and [7] becomes: 
AE Hea 
Nune (2 sn) [20] 


If the values of sin @ are taken at the centers of the areas a, 
Equations [19] and [20] are nearly exact if these areas are 
relatively small; but more precisely, the value of sin @ for each 
area a should be the mean value; the further, the current should 
be supplied, not at the center of the area, but at the “center of 
gravity” of the values of sin @ within the area. These latter 
considerations may be taken into account when the areas a are 
relatively large, ande particularly for any area having a large 
variation of sin @. Thus if the areas are rectangles of sides 
Az and Az, and the variation of A in the distance Az is Ah, the 
exact value of ga in [6] is: 


U dh U 


Thus [6] becomes, as the most suitable form for use, 
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p = —KNaw sna:) [21] 
5 r 

As regards the location of the current electrode within an area 
a = Ar.Az: since g varies as dh/dz, the best experimental 
approach to the theoretical distribution of ¢ is obtained by plac- 
ing the current electrode at the “center of gravity” of the vari- 
able g for the the given area. This center is in the middle of 
the width Az, and its position in the z-direction may readily 
be estimated from a curve y = dh/dz. Or passing to the analytic 
form, if Az = 2; — %, then the z-location is given, by the usual 
method for centers of gravity, 


xa 
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For example, if Az extends from @ = 0 to @ = r/4, 


«/4 
of @ sin 
0 
z= «/4 
sin 6dé@ 
0 


«/4 
o| sin 6 — 6 cos 6 
= = 0.518a = 0.66 Az 


Thus in this case the current electrode is advanced by 0.16 Az 
in the direction of decreasing h, beyond the center of figure of 
the divisional area under consideration. For an area in which 
Az extends from 6 = 2/4 to @ = 2/2, the corresponding cor- 
rection is much smaller, being but 0.0267Az. The quantity 


s= w/2 pdz 
8, which as defined above represents f[ —— at any 
z=0 


w/2 

chosen value of @, affords a convenient simple basis for com- 
paring visually the load capacities of bearings of a given 
length | with varying widths w as in Figs. 12 and 15. Further, 
the curves of 8 plotted against z or 6, may be used as if 6 were 
actually a uniform pressure over the width w, in all calculations 
for the total load and its direction; for the friction; and for the 
quantities of oil entering and leaving the film. This is, however, 
true only with h independent of z, as determined by the assumed 
condition of parallel axes. 


= 
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XII—180-DEG. JOURNAL BEARING. METHOD III 


Referring to Fig. 12, the dimensions of the models were made 
to conform to the following bearing data: 


a = 3.82 in. (24 in. circumference) 
7 = 0.001 a = 0.00382 in. 
ec = 0.4 


The viscosity » was assumed constant. 

The test results using alternating current, for five ratios 
1/w are shown in Fig 12, the circled points being the experi- 
mental values of 8/uN. For the case of //w = 0 (infinitely 
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wide bearing) the curve shows the theoretical values of 8/uN, 
calculated from the equations of Harrison,(10) identical with those 
of Sommerfeld(7); the experimental results are seen to be very 
close to the theoretical values. For the remaining values of 
l/w, the curves are drawn through the experimental points, no 
theoretical check being available. The curves are drawn with 
reference to the developed bearing surface. 

Fig. 13 shows the experimental values of the pressure p at 
various values of z and of @, for the case 1/w = 1. Similarly, 
Fig. 14 shows how p varies with z and with @ for the case 1/w = 4. 
The latter case being a relatively narrow bearing, these trans- 
verse pressure curves are very nearly parabolas; this conforms 
to the hydrodynamical theory, as may readily be shown by 
making dp/dx = 0 in Equation [1] and integrating the remain- 
ing terms. 

Fig. 16 shows how the load R is related to the values of l/w, 
the value of R for the case of no side leakage being taken as 
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unity. The value of R in each case is found by the usual method 
of resolving the value of 8 (Fig. 12) with reference to two ar- 
bitrary axes, and recombining; the same process yields the 
direction angle ¢ of the load line. (Figs. 12 and 17.) 

Fig. 18 shows the variation of the friction coefficient (tan- 
gential resistance at journal surface + load) with variation of 


l/w. 
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XIII—120-DEG. BEARING. METHOD III 


Fig. 15 shows the assumed arrangement of bearing and jour- 
nal; the data are otherwise the same as for the 180-deg. bearing. 
Thus the oil film considered is a part of the same film treated 
in section XII; it extends from @ = 45° to @ = 165°. The ex- 
perimental treatment is similar to that described for the 180-deg. 
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bearing. In Fig. 15, the curve for 1/w = 0 is derived from the 
graphical work of Howarth; (11) the circled experimental points 
show close agreement with the graphical solution. For the 
remaining values of 1/w, the curves are drawn through the 
experimental values. Fig. 16, 17, and 18 show further derived 
results, in connection with those for the 180-deg. bearing. 


XIV—CONCLUDING REMARKS 

The results of the tests of the method indicate a degree of 
accuracy sufficient for engineering purposes; the experimental 
results agree very nearly with the theoretical values in all cases 
where the latter are available, the greatest discrepancy being 
those shown in Fig. 5 and 5(a) where the test results average 
respectively, 2.2 per cent and 0.9 per cent higher than the values 
calculated by Michell. 

It is probable that a greater degree of precision could be at- 
tained by the use of alternating current of high frequency, such 
as 1000 cycles per second, as used by Kohlrausch(6), and with a 
vibration galvanometer or a telephone receiver as a null in- 
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dicator. In the tests described, pointer galvanometers were 
used, for simplicity and convenience. The direct-current gal- 
vanometer has no objectionable features; but the dynamometer- 
type alternating-current galvanometer, as is well known, is 
subject to errors due to inductance and capacitance in the 
circuits, and these must either be eliminated or adjusted to 
balance each other so that the currents in the galvanometer 
coil and field will be in phase. Capacitance did not appear to 
be an important factor in the tests, and it was found that in- 
ductance was negligible if only non-inductively wound volt- 
meters and ammeters were used, as well as in the indirect method 
where these instruments were not required. 

All the experimental work described has been carried out by 
Mr. S. J. Needs, including the making of the special apparatus, 
taking observations, reduction of data, and preparation of the 
diagrams. 
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Discussion 


A. G. M. 
solving lubrication problems will be welcomed by all workers in 
the field, and the fullness of the explanations which he has given 
of its details will be gratefully appreciated. 

The correspondence between the results of the experimental 
and theoretical methods in the cases which the author has pub- 
lished is gratifying, and it is therefore to be hoped that extended 
use will be made of the experimental method for the investiga- 
tion of similar problems not amenable to theoretical treatment. 
By this means comparisons might be made, for instance, be- 
tween the merits of thrust-bearing pads with various positions 
of the axis of tilt, and between journal bearings with wholly 
converging and with partially diverging films. 

As the author points out, the experimental (as is also indeed 
the mathematical) method is based on the principle of additive 
volume displacements. The limitations of the principle, how- 
ever, require to be recognized; for instance, in cases where the 
momentum of the fluid becomes of importance. For this reason 
it may be suggested that the momentum of the entering fluid is 
not adequately represented in the case treated in section X of 
the paper, by the mere addition of an entry pressure to the viscous 
equations of flow, but that it involves a change in the pattern of 
flow throughout the film, making it essentially three-dimensional ; 
in other words, that the kinetic energy is possibly not so much 
transformed into pressure energy in the film as directly into in- 
tensified laminar motion and heat. 


The author's experimental method of 


Apotpn A. Mo.ine.‘ With the present-day trend toward 
larger and higher-speed machines, the designer is confronted with 
many difficult problems, and one of the foremost is the bearings. 
He is searching continuously for methods to predict the operation 
of a bearing. The author has contributed a very interesting 
paper on this subject. There are many items, however, which 
cannot be considered by the author’s method and which affect 
the bearing operation materially, such as changes in viscosity, 
thermal distortion of the bearing shell, probable misalignment, 
and finish of the bearing and journal surfaces. 

It would be interesting to know the author’s opinion as to the 
minimum oil-film thickness for slow-speed and for high-speed 
cylindrical bearings; also what he considers a good value for 
bearing clearance based on the bearing diameter. 

Referring to Fig. 18, it would appear that a ratio of bearing 
length to bearing diameter of about unity would result in the 
lowest friction coefficient. No doubt, for safe operation, a slow- 
speed bearing should have a higher ratio of bearing length to 
diameter than a high-speed bearing, as the end leakage is greater 
on a short bearing than on a long bearing, which necessarily re- 
sults in a thinner oil film. What does the author consider as the 
minimum ratio of bearing length to diameter? 


Canton, Mass. 
4 Power Engineering Department, Westinghouse Elec. & Mig. 
Co., East Pittsburgh, Pa. 
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H. A. S. Howarrnu.® The art of making fluid-film bearings 
has been very long in its development. It started no doubt 
when the first hot box occurred in the wheeled war chariot of 
some prehistoric king. Clay or fat may have been applied to 
The bearing parts were surely of wood. 

It has taken uncountable centuries to carry the art down to us, 
through the adoption of metal axles and bearings and the use of 
animal oils as lubricants until the high-speed machine age was 
reached. 

It is not so long ago that Morin’s friction coefficients were the 
sole dependence of machine designers. He would turn in his 
grave if he should hear of the low coefficients we encounter today. 


cure the trouble. 


Fluid-film bearings, with no metallic contact, were scarcely 
dreamed of until discovered accidentally by Tower in 1883. 
Physicist Reynolds was so intrigued by Tower’s discovery that he 
set out to bring physical theory to bear upon the problem. In 
1886 Reynolds presented to the small world about him the hydro- 
dynamical analysis of bearing lubrication. 

Reynolds’ work was abstruse and few were interested. Be- 
cause modern publicity did not come to its rescue it lay for half 
a generation buried in the Philosophical Transactions. 

In the meantime Mr. Kingsbury, before graduation from Cor- 
nell in 1889, had acquired from Professor Thurston an interest 
in bearings that has followed him to this day. Mr. Kingsbury’s 
most important early published work was that describing his 
experiments on the air-lubricated journal bearing, in the course 
of which he was led to several of the conclusions which Reynolds 
had reached by analytical mathematics. 

Before the publication of his experiments Mr. Kingsbury 
learned of Reynolds’ analysis and proceeded to study it thor- 
oughly. He must have been gratified to see how closely each 
confirmed the other. 

Thus fortified by his experimental and mathematical knowledge 
of the art, Mr. Kingsbury in 1898 made the first construction 
and tests of the thrust bearing that is now known by his name. 
But it was his other work in experimental engineering that led to 
his giving up his teaching of applied mechanics at Worcester in 1901 
to devote his time to engineering for the Westinghouse companies, 

Once embarked in the business world Mr. Kingsbury stayed 
therein, and since 1914 he has been concerned solely with the 
development of his thrust-bearing business. His interest in 
bearing problems has continued keen, and it was but natural that 
he should have been selected as chairman of the Lubrication Re- 
search Committee of this Society. 

Recognizing the importance of the mathematical analysis of 
Reynolds, Mr. Kingsbury has continually urged engineers to 
master it. This has led to the further development of the art 
by others. But no amount of urging will give others the mental 
capacity to clear away the intricate problems which Reynolds 
himself had left unsolved. 

Although much valuable work has been done by others since 
Reynolds’ time, it has remained for Mr. Kingsbury himself to 
add the finishing touches to the analytical study of the lubricating 
film. He has now, figuratively speaking, placed the capitals 
on the columns, so that construction may now proceed upon a 
temple dedicated to fluid-film bearings. 


L. J. Braprorp.6 The author has outlined an experimental 
method for determining the pressures existing in the oil film of 
& bearing and of evaluating the effect of each of the various factors 
which contribute to this pressure. He has shown that the values 
obtained by this method agree remarkably well with the theoreti- 
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cal values obtained by applying the equations of Reynolds and 
Michell to the cases dealt with. 
step that should be taken before this method can be accepted 


There is, however, one other 
with complete confidence. The agreement between the pres- 
sures actually developed in the oil film of a bearing and those 
predicted by the application of the hydrodynamic theory should 
be demonstrated. 

Some years ago Mr. Kingsbury designed and built a machine 
for investigating the film pressures in a journal bearing 2!'/2 in. 
in diameter and 5 in. long. The essential parts of this machine 
were a cylindrical sleeve bearing without grooves, lubricated by 
oil supplied under pressure of 9 or 10 lb. per sq. in. supplied to 
one end of the bearing. Holes were drilled through the shell of 
this bearing and connected to pressure gages, thus permitting the 
pressure in the oil film at the point where the holes entered the 
bearing to be determined. By rotating the bearing, traverses 
covering the entire 360 deg. could be made. 

Mr. Kingsbury generously loaned this machine to the Pennsyl- 
vania State College, and work with it has been going forward for 
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the last two years. Fig. 19 shows a typical curve of pressure 
found at the center of the bearing, together with a theoretical 
eurve plotted from Harrison's equation, using the theoretical 
eccentricity. It will be noted that the positive pressure begins 
on the “on” side at right angles to the direction of the load, and 
in this case extends for about 140 deg. in the direction of rota- 
tion, then drops to a negative pressure of a maximum of about 4 
or 5 in. of mercury, then after about 10 deg. rises to a value of 
about atmospheric, and continues at that value for the remainder 
of the circumference. 

The pressure distribution actually found differs considerably 
from that predicted by the theory. This can be ascribed to four 
causes: 

1 Zero absolute pressure is approximately 15 lb. per sq. in. 
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below atmospheric, and therefore the very low pressures called 
for by theory are impossible of attainment. 

2 The oil is supplied at one end only, and is therefore non- 
symmetrical with respect to the bearing. 

3 There is considerable in-leakage of air at the outlet end of 
the bearing in the region of negative pressures. 

4 Oil carries a considerable quantity of air, both in solution 
and in suspension. This air is liberated at pressures below at- 
mospheric and serves to break the vacuum that would otherwise 
be formed. This is shown by the pressure’s attaining a negative 
value of 4 or 5 in. of mercury and then rising to about atmospheric 
after an interval of only about 10 deg. 

All of these factors interrupt the continuity of the oil film, 
which is a condition essential to the theory. 

An effort was made to stop the in-leakage of air by sealing 
the end of the bearing with a stuffing box so that the space be- 
tween the journal and bearing would be submerged in oil. Ob- 
servations made after this was done showed that the eccentricity 
was decreased about 10 per cent, the line of centers moved in the 
direction of rotation about 12 deg., the negative pressure’s was 
raised to about 15 in. of mercury, and the angle over which the 
pressure was positive was increased. All of these changes are 
such as to bring the experimental curve into closer agreement with 
the theoretical. 

The bearing has been redesigned with a view to profiting by 
the experience we have gained. In the new bearing oil will be 
supplied under pressure to a groove at each end of the bearing. 
This will be equivalent to running the bearing in an atmosphere 
equal in pressure to that carried in the grooves. We hope with 
this arrangement to be able to develop the negative loop, which 
is at present impossible, and thus bring the experimental curve 
much more nearly in agreement with that predicted by theory. 


L. A. Terry.? The paper makes available for the first time 
an electrical analogy suitable for experimental studies of problems 
of considerable mathematical complexity. The generality of the 
method, since it is equally applicable to other branches of applied 
physics, as the author has suggested, makes it of considerable 
value to individuals not directly interested in lubrication. Thus 
it will be recalled that the problem of torsion of a shaft of cir- 
cular cross-section and variable radius can be reduced to an elec- 
trical problem of finding the current and potential distribution in 
a strip of variable thickness much in the same manner as in the 
lubrication problem. 

There are a number of points relative to the technique of ap- 
plication of the described experimental method which are of in- 
terest. The pressure at any point 2, z, is obtained experimentally 
from the summation of pressure due to point (or, more accurately, 
small-volume) sources at chosen places in the model bath, with 
current corresponding to the volume flow in the oil film. It is 
therefore necessary to take a very large number of readings to 
obtain the pressure distribution for any model. It appears that 
a much more convenient method would be to cause currents to 
flow at all points at once in such a way as to fulfil the conditions 
of the right-hand side of Equation [5], and thereby permit a 
single set of observations to suffice for the complete determina- 
tion of the pressure. The currents could be properly adjusted 
by having a large amount of resistance external to the bath so 
that any changes in the bath potential at various points during the 
adjustment of the proper current values would not appreciably 
affect the flow from an electrode. It would be appreciated if 
the author would indicate any additional complications this 
might involve. 

Usually one desires to know the total load which can be car- 
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ried Ly a bearing and the friction torque or loss. Therefore a 
very useful addition to the model would be apparatus which 
would make possible the direct observation of these two quanti- 
ties. 

The principle of superposition has been used freely throughout 
the paper, and the separate effects of the pressures due to cen- 
trifugal action and momentum have been discussed and shown 
to be, by themselves, negligible. In general, superposition must 
be used with a good deal of caution due to non-linear character- 
istics of the complete differential equation. In Section X of the 
paper, attention has been given to the effects of momentum of 
the fluid as a whole at a chamfer, in which case the method of 
superposition seems justifiable. However if the effect of the 
inertia forces inside the film itself at the chamfer is to be con- 
sidered, then pressure variations in the y direction must be in- 
cluded in Equation [5], and it is also no longer linear. Likewise 
the complete equations defining the motion when variable vis- 
cosity is considered are non-linear. By considering these effects 
in a much different manner from that of the present paper, H. 
Brillié* has shown that the resulting forces are indeed far from 
negligible. 

One of the most fundamental requirements for the study of 
lubrication by experimental models is the necessity of knowing 
the dimensions of the oil film. The bearing surfaces bounding 
the film are quite accurately known, within limits of course of 
manufacturing tolerances. But usually if the relative position 
of the surfaces is determined analytically, then one has, in 
more or less convenient form, the additional data required for 
obtaining the pressure. The relative position can be obtained 
from the experimental method of solution by trial and error, but 
may involve a large amount of experimentation. This appears 
to be a very serious limitation on the general applicability of the 
developed method of solution. 

It is to be noted that the author has compared the results ob- 
tained from the experimental method with values calculated on 
the basis of the classical theory, and therefore not necessarily 
those obtained in actual bearings. The agreement shown in the 
paper between the two is noteworthy. 


Rosert O. Boswauu.® The author’s electrical method of deal- 
ing with fluid-film lubrication problems is of particular interest 
in view of the complicated mathematical and arithmetical proc- 
esses required to obtain even approximate solutions when the 
effect of side leakage, viscosity changes, and other relevant phe- 
nomena are taken into account. 

That the method is capable of giving accurate results is obvi- 
ous from the close comparison it gives the Michell’s data, but 
the writer regrets that the position adopted for the axis of tilt 
in the case of the sector-shaped pads does not enable a direct 
comparison to be drawn between the results obtained by the 
electrical method and those obtained by mathematical processes 
and given in his book. 

The author’s apparatus should be of special use in connection 
with journal bearings which do not readily lend themselves to 
mathematical treatment on account of additional complications 
resulting from surface curvature. 

In Fig. 12, which refers to pressure conditions for a bearing 
subtending an arc of 180 deg., the line of centers is shown in a 
horizontal position, and the direction of the resultant film pres- 
sure obviously points to the necessity of eccentric loading. It 
would be interesting to know how decrease in viscosity would 
affect the pressure conditions and whether such a bearing could 
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be centrally loaded, i.e., whether the effect of reasonable changes 
in the viscosity would enable the line of action of the resultant 
film pressure to pass through the geometrical center of the brass. 
There is another point—how does the line of centers get into the 
horizontal position shown? 

When the journal is at rest, the line of centers will be coincident 
with the line of action of the load, and it is presumed that as 
the journal commences to rotate and the speed increases, the 
line of centers will swing round until it assumes a position such 
as that indicated in Fig. 12. 

This point is mentioned as the writer has always experienced 
difficulty in obtaining perfect film conditions with journal bear- 
ings having arcs exceeding about 120 deg., and he has been under 
the impression that this difficulty can be attributed to the fact 
that in the early stages of the motion, when the line of centers 
will only have swung round through a small angle, a relatively 
large extent of film at the outlet end will be divergent. This leads 
to the production of negative pressures which reduce the effective 
length of the film and interfere with the proper motion of the 
line of centers. 

With an are of 120 deg. this divergence will not be so extensive, 
and the formation of negative pressures is not likely to have 
such a serious effect. 

With the apparatus described it should be possible not only 
to determine the motion of the journal center for both central 
and eccentric loading conditions, but also to ascertain the extent 
of the negative pressures produced at each stage of the motion. 
It might be assumed that the viscosity was halved as the lubri- 
cant passed between the surfaces, and it would be necessary, of 
course, to use, say, three eccentricity positions for each position 
of the line of centers, and then interpolate to obtain the same 
position for the resultant film pressure in each case. 

It must be borne in mind that the apparatus will presumably 
indicate negative pressures in excess of those actually possible 
in practice and that there such conditions are indicated the con- 
tinuity of the film may be expected to break down. 

The momentum effect discussed in section X may possibly be 
of importance as the author suggests, but it would be interesting 
to know why this should be regarded as a jet effect since at first 
sight it would appear to be rather a question of viscous flow 
along a channel with the bearing block as an obstruction and 
the film opening as a narrow orifice. 

In conclusion, the writer would like to take this opportunity of 
congratulating the author for a very valuable and interesting 
paper which should do much to stimulate interest in this impor- 
tant and difficult branch of engineering science. 


M. Srong.'° The subject of this paper is one of considerable 
interest to the engineering profession, and possibly of particular 
interest to the writer. This latter is because of his active engage- 
ment in the application and operation of the author’s bearings 
and because the type of solution that he has resorted to duplicates 
the solution of a parallel problem" that the writer has worked 
with in the past—the torsion of prismatical bars. 

The present high-pressure thrust bearing had its origin in 
America and Europe practically simultaneously—by the 
author here and by Mr. Michell abroad. Whereas the author 
came upon the idea from a physical or experimental point of view 
(the writer thinks this is true), Michell arrived at the same con- 
clusion from an entirely mathematical approach. By solving the 
flow and pressure distribution over a rectangular plate, under 
certain idealized, simple boundary assumptions, Michell came 

‘© Mechanical Engineer, Westinghouse Elec. & Mfg. Co., East 
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“The General Torsion Problem, Solution by Electric Flow 
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accurately upon the idea of a pivoted surface that is allowed to 
assume the position of least friction. 

However, as the bearing has been finally evolved, Michell’s 
solution is not accurate enough to determine pressure, tempera- 
ture, and flow distributions, although it did point the way quite 
definitely to the ideal type of bearing. The indefinite conditions 
of viscosity and temperature, side leakage, influx and efflux of 
oil, segmental shape of the present bearing shoe, and the like are 
obstacles in the way of a purely analytical solution. However, 
as far as the purely mathematical difficulties are concerned, the 
author’s solution can be said to be satisfactory, but there still 
remains the indefiniteness of certain boundary conditions which 
vitiate his solution as well as the purely mathematical one. 
However, with certain assumed conditions, the author, Mr. 
Kingsbury, is able to obtain solutions that present insurmount- 
able mathematical difficulties. 

Even analytically, it was shown by Michell that the ideal 
location of the pivot was at the center of pressure of the bearing 
segment as determined for its optimum position (see Fig. 8, 
for instance). However, due to practical considerations, which 
mainly revolve about the hydrodynamical conditions at the 
leading edge, and are influenced very much by the form of the 
bevel or rounding of the edge, the center of pressure may actually 
be located behind the symmetry axis of the segment, instead of 
ahead. (This is shown in Figs. 8 and 10.) So that, practically, 
one does not know exactly where to place the pivot, i.e., from 
the analysis alone. However, for purposes of using a segment 
in bearings that may operate in either direction, we have always 
located the pivot on the symmetry axis, practically at the center 
of gravity of the plate. Tests that have been made here and in 
Europe do not reveal any change of bearing efficiency by such a 
change; in fact, it is quite conceivable that such a position is 
better than the theoretical one for many conditions of opera- 
tion. 

One of the most important problems that still remains unsatis- 
factory in the operation of these thrust bearings concerns the 
prediction of bearing temperatures. This involves an accurate 
knowledge of how and where the heat is generated over the 
bearing surface, the effect of equalization of temperature through 
heat conduction in the shoe itself, and dissipation of heat through 
the coolers, by conduction, etc. At present, the Westinghouse 
Company is conducting a series of experiments on several field 
installations of such thrust bearings for large waterwheel genera- 
tors, and also in the testing department, with the solution of this 
problem in view. The best idea of heat generation must follow 
from such a solution as Mr. Kingsbury has carried out. 

Concerning the solution itself, when the hydrodynamic dif- 
ferential equation: 


d dp d dp Us — dh 


is analyzed physically for a given position of the pressure plate, 
we obtain a modified Poisson’s partial differential equation with 
a variable right-hand number: 


where 
¢(z,z) = scalar potential function 
fi(z,z) = variable-flow resistance 
f2x(z,z) = strength of sources or sinks. 


The left-hand side of the equation is really the divergence of 
the flow. The right-hand side represents the density distribu- 
tion of sources or sinks of the flow medium. 


* 
(4%) + 2 (4%) = (24) 
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Electrically this means that flow takes place in a two-dimen- 
sional plate of geometrical contour similar to the bearing seg- 
ment, and with variable conductivity, obtained by varying the 
thickness of the plate. The right-hand side of the equation 
represents the current density supplied or taken away from the 
plate. The next important conditions to impose are the boundary 
conditions, where electric potential is the analogue of pressure. 
The problem is simple where the function ¢ is zero, but in the case 
of the effects of oil at the entrance, the boundary pressure must 
be assumed before the problem becomes soluble. 

This same type of problem has been treated in exactly the same 
way as the author has done, in the previously-referred-to article. 
For the case of torsion, the general equation can be written: 


ou? oy? 

In the same sense, the left-hand side is the divergence, and 

—2cG is the flow-intensity distribution. The boundary conditions 

are P = constant. This equation can be solved directly, in the 

same manner as Mr. Kingsbury has done, but there always is 

the necessity of having to supply current at distinct points, 

which leads to inaccuracy. Equation [25] was thus transferred 
to an equation of this type: 


af, 2% 
2 (4 + 2 (5 [26] 


This allows a solution of the problem without the necessity of 
supplying current as Mr. Kingsbury has done. This presents a 
much simpler and experimentally more desirable procedure. 
As far as the experimental procedure is concerned, the writer 
agrees that the electric flow through an electrolyte method 
(using a.c., however) is probably the easiest and most ac- 
curate. A very comprehensive treatment, however, is given 
of practically all such methods known, by B. Hague,'? which 
article should be consulted by any one interested in carrying out 
such solutions. 


AvuTuHor’s CLOSURE 


The suggestion is made by Mr. Michell and by Mr. Terry that 
there may be appreciable pressure and flow effects from accelera- 
tions within the film. We have at this time neither an adequate 
theoretical treatment of this question nor any direct experi- 
mental data; but approximate calculations indicate that even 
at the highest speeds occurring in practice, the pressure effects 
due to accelerations within the film are negligible for practical 
purposes. The only case thus far solved is that of radial accelera- 
tion in thrust bearings, for which an approximate treatment is 
given in Section IX. The results there given may be reduced to 
the following formula, applicable to films of any size geometrically 
similar to Fig. 6, independent of the film thickness and of the 
viscosity: 


—p = 1.64 X 10~‘v? (approx.) 


in which —p is the mean centrifugal pressure in pounds per 
square inch, and » is the rim speed in feet per second. Taking v 
as 200 ft. per sec., —p is 6.6 lb. per sq. in. The mean working 
pressure for such a bearing would be about 500 lb. per sq. in.; 
thus it would be affected but 1.3 per cent by the centrifugal 
action in this case of very great speed. All other internal ac- 
celerations appear to be of relatively less effect, as far as can be 
estimated by approximate calculation. It therefore seems that 
a fair approximation is obtained by taking the internal pressure 


12 B. Hague, ‘Experimental Methods of Determining the Dis- 
tribution of Electric and Magnetic Fields,” Electrician, Feb., 1929. 


and by the presence of solid particles in the oil. 


effects of local boundary pressures as directly additive, as was 
done in Section X. 

Mr. Moline refers to the vexatious facts that viscosity changes 
with temperature, and bearing parts are distorted by heat and by 
pressure. The methods given in the paper are nevertheless 
applicable, requiring only that the models be made to conform 
to any assumed conditions, however bad they may be; the main 
difficulty lies in the infinite variety of conditions, both bad and 


A categorical statement regarding permissible film thicknesses 
is not possible. Bearings under test, with great unit pressure 
and very high speed, may operate satisfactorily with a film 
thickness which no reasonable estimate would make as great as 
10-‘ in.; but this is far removed from the limitations imposed by 
the wear that occurs when starting and stopping under load, 
The current 
practice of basing bearing areas and loads upon unit pressures is 
the readiest method of recognizing these latter limitations. 
In thrust-bearing practice approximate calculations from loads, 
speeds, and friction indicate minimum film thicknesses ranging 
from 0.0008 in. to 0.002 in., the smaller value being for low 
speed and high pressure, the larger value for very high speed and 
moderate pressure. There is very little exact information on 
film thicknesses in journal bearings in practice, and on film forms 
and friction losses from which the thickness might be deduced by 
calculation. 

Theoretical considerations of journal bearings, including side 
leakage, indicate that if the width of the bearing be fixed at 
any value not exceeding one and one-half diameters, the bearing- 
arc length should be approximately equal to the width, for a 
minimum of power loss by friction; but if the are length be 
fixed there is no limit for the increase of the width except that 
imposed by distortion of the bearing parts by heat and pressure, 
however this distortion may be assumed to necessitate increasing 
the minimum film thickness. 

Professor Bradford’s diagram shows an effective film of only 
140 deg. in the complete bearing; this is similar to the condition 
described by Mr. Boswall as regards the incidence of zero or 
negative pressures, and other experimenters have found like 
results. Professor Bradford’s further experimental results will 
be awaited with interest; but the Harrison curve could be ap- 
proximated experimentally only by absolutely tight sealing of 
the sides of the film, with an oil supply at not less than atmos- 
pheric pressure at the minimum-pressure point. 

Negative pressures depend in large part upon the side leakage 
and the eccentricity ratio. If the minimum film thickness is 
small compared with the radial clearance, the effective film 
occupies but a small angle, and the pressure falls to zero at a 
short distance beyond the point of nearest approach. The 
conditions shown in Fig. 12 do require unsymmetrical loading, 
as noted by Mr. Boswall; for an assumed uniform viscosity, 
the load line cuts the brass about 16 deg. beyond the center, if 
the width of the bearing is great; reducing the width increases 
this divergence, as shown in Fig. 17; but on the other hand, 
increase of temperature of the oil as it passes through has the 
opposite effect. Practically nothing is known as to temperature 
range in the film; one cannot be assured that the film temperature 
is given by the temperature of the metal near the surface. The 
load would be nearly central in Fig. 12 if we could, for example, 
assume that the viscosity varied as the cube of the film thickness, 
but this would imply a viscosity change of 12.6 to 1 in the film, 
which is far beyond credibility. The conditions in Fig. 12 are 
substantially those required for a minimum coefficient of friction 
with a given minimum film thickness; if the load be made central, 
the minimum film thickness being the same, the load must be 
reduced about 10 per cent, while at the same time the power 
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loss increases about 12 per cent, and negative pressure is prob- pressure area extends. This may account in principle for the 
able near the off-end of the brass. If with central load the facts noted by Mr. Boswall, it being inferred that he was working 
minimum film thickness be still further reduced, the negative with central loads. 
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Stresses in Retaining and Centering Rings 


In this paper the authors deal theoretically with the 
distribution of stresses throughout the system of parts 
enclosing the rotor coil ends of a turbine generator. 

This system of parts consists of a disk of uniform cross- 
section, a cylinder, and a part of the shaft. These parts 
are fastened together by means of fairly heavy shrink fits 
and therefore, in the development of formulas for the 
stresses, the effect of this shrinkage, as well as that of 
rotation, must be considered. 

Since these parts must remain integral for the design 


for Turbine-Generator Rotors 


By R. PATTERSON! ano D. H. HARMS? 


considered, the importance of being able to predetermine 
the speeds at which the various parts may become free is ap- 
parent. Therefore formulas were developed for these speeds 
subject to the boundary conditions which were set up. 

An example is given for which the distribution of stresses 
for two cases is plotted. These two cases are, respectively, 
for the generator at standstill and at operating speed. 

A summary of the significant results is given at the 
beginning, and a discussion of the main points of interest 
at the close of the paper. 


are constantly confronted with the 
demand for increased output and 
consequently larger units. This increase 
in size necessarily calls for a more com- 
plete analysis of the mechanical problems 
involved. A great deal of progress has 
been made in this direction, but a num- 
ber of features still remain under discus- 
sion. One of these, for which the authors 
will endeavor to develop a solution in the 
present paper, is that of the distribution 
of stresses in the rings enclosing the rotor- 
coil ends and that portion of the shaft 
beneath the centering ring. In addition to the stresses, it is 
also important to be able to predetermine the speeds at which 
the various members of the system become loose from each 
other. 

There are several designs for holding in place the rotor-coil 
ends of turbine generators, each of which has its advocates and 
all of which apparently perform satisfactorily. It is not the 
authors’ intention to discuss in the present paper the merits of the 
various designs, the only one which they analyze being shown in 
Fig..1. 

The rings referred to are the centering ring and the retain- 


of turbine generators 


R. Patrerson 
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an apprentice draftsman in 1916. Enlisting in the United States 
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ployed in the drafting section of the turbine-engineering department; 
at present is in charge of mechanical calculation pertaining to tur- 
bine-generator design. 

? Mr. Harms was born in Aachen, Germany, Dec. 29, 1897. 
After serving in the German Navy during the World War he was 
graduated, receiving an E.E. degree from an institute of technology 
in 1921. He entered the testing department of the General Electric 
Co., Dee. 1, 1925. From Sept. 26, 1927, to May 31, 1930, he was 
employed in the turbine-generator engineering department, after 
which he left the General Electric Co. to return to Germany. He 
was employed by the Bergmann Co. in Germany and at present is 
working in Russia. 
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ing ring. The centering ring is shrunk 
on the shaft beyond the rotor coils and 
provides a fit for one end of the retain- 
ing ring, which in turn must carry the 
centrifugal force of the coil ends when the 
generator is in operation. 

In order to obtain a practical solution 
for this problem the retaining and center- 
ing rings and that portion of the shaft 
which encloses the coil ends must be con- 
sidered as a system of parts dependent 
upon each other rather than as individual 
parts. Since these parts are fastened to- 
gether by shrinkage, the solution must 
have regard to the combination of stresses due to shrinkage 
and rotation. 

Centrifugal forces of the order of 12,000,000 Ib. are common 
values for the retaining-ring and coil ends. These tremendous 
forces alone, not considering the heavy shrink fits, necessitate 
high working stresses, and therefore, in order to be assured of 
adequate factors of safety for known materials, we must know 
more accurately than ever the stress distribution. 

The authors believe, without wishing to raise any controversy, 
that this is the first time a complete analysis of the problem as 
set forth has been published, and also that it is one of consider- 
able practical importance to the designers of turbine generators. 


D. H. Harms 


SumMARY OF SIGNIFICANT RESULTS 


Referring to Fig. 1, the tangential stress in the retaining ring 
has its maximum value at the fit between the retaining and 
centering rings. 

A change in the thickness of the centering ring does not ma- 
terially alter this stress. 

It is also apparent from the graphs given later that the fatigue 
range is small. 

The bending stress in the retaining ring reaches an appreciable 
value at zero speed, while the shearing stresses are very small. 

With a heavy shrink fit the retaining ring at zero speed may 
contract to a smaller diameter for approximately one-half its 
length from the free end than it had in the unstressed state. 

The tangential stress in the centering ring is a maximum at 
the fit between the centering ring and shaft, and this maximum 
occurs at the operating speed. 

The predominating stresses are tangential, with the exception, 
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perhaps, of the radial compression stress in the centering ring, 
due to shrinkage alone. 

The stresses in the shaft at its joint with the centering ring 
are small, at the operating speed, but the tangential stress at 
the bore for zero speed may reach an appreciable value. 

The following assumptions will be made in order to avoid 
complications in the solution: : 


1 The retaining and centering rings are of uniform cross- 
section 

2 The centrifugal force due to the coil ends is uniformly 
distributed over the retaining ring in the axial as well 
as in the peripheral direction 

3 The length of the shaft has no effect upon the deforma- 
tion due to shrinkage 

4 The axial stresses in the centering ring and the radial 
stresses in the retaining ring are negligible 

5 No force can be transmitted between the parts of the 
coils resting in the rotor slots and those lying under- 
neath the retaining ring. 


Considering first the shaft and centering ring, let u be the 


“Retaining Ring 


Centerin 
RING 
> 


2 


radial displacement of a point r distant from the center, so that 
r becomes r + u. 
The radial elongation is then 


The radial displacement u is to be considered positive if the 
original radius is increased. We shall furthermore call all forces 
positive which tend to increase the original radius. 


The relation between stress and strain from the theory of 
elasticity can be written as follows: 


and 


where o, and o; are the radial and tangential stresses, respec- 
tively, 1/m is Poisson's ratio, and E denotes the modulus of 
elasticity. 

Since all the force shown in Fig. 2 (b) must be in equilibrium, 
we can write the following equation: 


where 

b, = (cr + dor)(r + [6] 

and 

(2xrN)? 
df = rdgdr [9] 


In Equation [9] y represents the weight of the material per 
unit volume, g is the intensity of the earth’s field, and N the 
number of revolutions per minute. 

Substituting Equations [6]—[9] in Equation [5] and remember- 
ing that drdy is negligible (being a differential of the second 
order), we obtain: 


drdg = oddrdg..... 


odrdg + doprdg + r? 


From [3] and [4] we obtain directly: 


mE 


and 


Substituting the values for «, and « from Equations [1] and 
[2] in [11] and [12] gives: 


mE du su 
or = +4) [13] 
and 
mE u du 
(m +?) [14] 


Differentiating Equation [13], 
mE d% rdu— udr 
do, = — 1) + 


(m* — 1) 
36009 mE 


then, by substituting Equations [13], [14], and [15] in [10], the 
following differential equation is obtained: 


Calling 


dtu du 


4 1 1 
1 
Z| 
Fie. 1 
0,.+ LG,» | 
3 [15] 
| 


the solution of which is 


and 
B. 
uw = Ar + —— q- 
r 8 
In the equations that follow, the subscript 1 will always refer 
to the shaft, 2 to the centering ring, and 3 to the retaining ring. 
We shall now investigate the stresses in the retaining ring, a 
cross-section of which is shown in Fig. 3. Since the difference 


Sp Set AS 


between the outer and inner radius of this ring is small, we can 
consider it as a thin ring. 

Considering the forces on a ring element Ar;dgdz, we have at 
the distance z a shearing force S, and at the distance z + dz 
the shearing force S, + dS,. These forces act in the radial 
direction. In the tangential direction there is a force of o:3 Adr 
acting on both surfaces. The resultant of these two forces is 
Aowdgdr acting in the radial direction. Calling the centrifugal 
force per unit volume due to the ring and its coil load P, we have 
one more radial force, which is PAr;dgdz. P is approximately 
given by the following relation: 


(We + We) (We+ We) 
36007; Lag 1800 


where W, = total weight of the retaining ring, lb. 
W. = total weight of the coil load, Ib. 
L_ = length of the retaining ring, inches 
4S = thickness of the retaining ring, inches 
N- = revolutions per minute 
= gravitation constant, inch sec.~? 


P . [20] 


Since all the forces on the ring element must be in equilibrium 
against translational motion, the following equation holds: 


S — Sz + PArsdedz — Adgdz = 0 eee (21] 


Another condition of equilibrium is that the moments on the 
ring element must vanish. Referring to Fig. 3 and calling 
counterclockwise moments positive, we obtain, by taking 
moments about point z, 


dx)? dz)? 
dz M(2+az) — Me + P Arde 


This equation gives the elongation in terms of the radius, and 
calling u, and u, the elongations of the shaft and centering 
ring, respectively, we have 
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to 


Differentiating [24] and substituting it in [22] gives 


Parse —caddy............. [25] 


d?] 


We may now express the value of = by the following 


equation: 


E 
It is necessary to use seers instead of E because no lateral 


m? 
extension or contraction of the ring element under consideration 
is possible. The value of / for the ring element becomes 


We can also express o4; in Equation [25] in terms of the elonga- 
tion us: 


Substituting Equations [26], [27], and [28] in [25], we ob- 
tain the differential equation of the retaining ring in the following 
form: 


1— — 
A*r;? A*r;? m? 


dug (:—3) ( 
— uso... . [29] 


where uso represents the elongation the retaining ring would 
have if it were rotating freely at N revolutions per minute. 
The actual value of this elongation is: 


The solution of Equation [29] is: 


us = 6, cos Ax cosh Ar + f: sin Az sinh Ar 
+ 6; cos Ax sinh Ar + 6, sin Ax cosh Ar + Uso beeee (31] 


\ is determined from the equation: 


Bi, Be, Bs, and #, are constants of integration to be determined 
from the boundary conditions. That [31] is a correct solution 
of [29] may easily be verified by carrying out the differentia- 
tions indicated in [29]. 

Bounpary ConpiTIONS 

Thus far we have derived the differential equations for the 
extensions of the shaft, centering-ring and retaining-ring radii. 
We shall now consider the boundary conditions which have to 
be imposed upon these equations in order to determine the 


Neglecting differentials of a higher order, [23] may be reduced 
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constants. Altogether we must have eight conditions, since 
there are eight constants to be evaluated. 

Consider first the boundary conditions of the retaining ring. 
It is necessary that the moment as well as the shear force must 
vanish at z = L. This condition gives the two equations: 


d®us 
=L) = L) 


Another condition is that the bending moment at z = 0 has 
to vanish. In actual practice this is not true since the finite 
width of the centering ring causes a small moment at this point. 
With our assumptions, however, we may write 


A fourth condition to be fulfilled is that the reaction at the 
end of the retaining ring has to be equal to the radial pressure 
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on the outer periphery of the centering ring. The reaction of a 
retaining-ring segment of the peripheral length rsd¢ is: 


Sean = 
12 (: 


Since we have defined a shearing force as positive if acting 
upward, and a radial stress as negative when compressive, we 
must have: 


dus 


S; = dn ir3dg 
(x=0) (r=rs) 


(13) 
[37] 


By equating [35] with [36], 


Ea? 
(x =0) (r =rs) 


The fifth condition is that the algebraic sum of the extensions 
of the retaining ring and centering ring at the junction have to 
be equal to the shrink allowance. The same is true for the 
centering ring and shaft, giving us the sixth condition. Calling 
the allowances based on the radii 6, and 6,, respectively, we get 
the following equations: 


(z=0) 


and 


(ry =re) (7 12) 


The seventh condition is that the radial stresses of the cen- 
tering ring and shaft have to be equal to each other at r = ro. 
Expressing this by an equation, 


or. = 
(r 


As the last condition we can state that the radial stress at 
the bore of the shaft has to vanish. Hence 


We have thus stated the eight conditions which are necessary 
and sufficient for determining the eight constants of integration. 

Differentiating [31] twice as indicated by [33], we immediately 
find that 8. = 0. Likewise carrying out the triple differentia- 
tion as also indicated in [33] and [37], we obtain the following 
equations: 


8, tan AL tanh AL + 8, tan AL — 6, tanh AL = 0.. . [42] 
8; [tanh AL + tan AL] + 8; [tan AL tanh AL + 1] 


+ 8, [tan AL tanh AL — 1] = 0............ [43] 
and 
— on 6t (: +) 
m? 


Treating these equations simultaneously we obtain: 


sinh 2AL — sin 2AL [45] 
2 — [eos 2AL + cosh 2AL] | © 


Bi = on E(an)? 
m) [ sinh? AL 
and 
w(:—4) 
= Lsin® AL — sinh? =| 
Now call 
6t | sinh 2AL — sin 2AL | 
m( | 2 — [cos 2AL + cosh 2AL] 
or 


m( Ad)3 


sinh 2A\L — sin 2AL 


2 — [cos 2\L + cosh 2AL] 

Equation [48] is plotted on Fig. 4, and we find that for large 

values of (AL) the trigonometric functions and the constant 

value 2 may be neglected as compared with the hyperbolic 

functions, giving 

m( And) 


pi — (for AL >°2.2)..... [48a] 


For small values we may develop all the functions contained 
in the foregoing expression into a series, and by neglecting the 
higher powers obtain the following: 


m( An)? 


3 
(for AL < 1.5) 


| 
(r =r) 
0 
| 
4 


Also call 


6t sinh? AL 
m(Ad)* | sin? AL — sinh? AL 


m( Ad) sinh? AL 
61 


or 


This equation is plotted on Fig. 5, and we find for large and small 
values of AL, respectively, the following values: 


m( 
6t 


ps = — 1 (for AL > 2.2) 


1.5 
6t (AL)? 


pa (for AL < 1.5) 


Likewise call 


6t sin? AL 
m(Ad)* | sin? AL — sinh?AL | ™* 


m( Ad) sin? AL 
6t sin? AL — sinh? AL 


or 


Equation [50] is plotted on Fig. 6, and we find for large and 
small values of \L, respectively, the following values: 


m( Ad)* 
6t 


ps = 0 (for AL > 2.2) 


m( Ad)* 1.5 
6t (AL)? 


ps (for AL < 1.5) 


For intermediate values of (AL), Equations [48], [49], and 
[50] must be used. 
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The present design of turbine generators with which this 
paper deals has a value of (AL) greater than 2.2. Therefore the 
constants 6;, 82, 83, and 8, can be written as follows: 


(m* —- 1) 6t 


By m? E( An)! [51] 
(ry =r3) 
(m? — 1) 6t (53) 
(r 
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There are still four constants to be determined, namely, A), 
B,, Az, and B, Substituting Equations [18] and [19] in [13] 
and [14], we are able to write the radial and tangential stresses 
of the shaft and centering ring as follows: 


mE B, r? 7 

[55] 

mE q 1 


B, 


mE B, r? 
[56] 
mE B, r? 
[56a] 
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Now from the boundary conditions which have already been 
given we can write the following: 


For us — w = & at z = Oandr = 


B 3 
+ — Ari ——+¢—-—h& =0 [57] 
8 
and for um = atr = re, 
B B 
Age + = — An — =0.......... [58] 


Also for = on at r = rs, 
B B, 

A: (m +1) + — (1 —m) — A; (m + 1) —= (1—m) = 0 [59] 
T2 

and for o, = Oatr =n, 


B, 
Aim + 1) += m) —@ (om + 1) = 0.. [60] 
i 


1 
We also know that on = — 8, at r = r;, consequently 
pi 


1 B, P 
= (1 + As (m 1) —q = + 1)... [61] 
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From the foregoing equations the constants A;, A2, B,, and 
B; are found to be as follows: 


T3 


3m+1 rs? +12? — 1:* 
r34 m—1 2m 
Pi 
2 rs 
where 


m—1 1 r,4 
A, = 2— 1 
Ay (: Uso + q 8 E ( (3m + 1) 
r34§ m— 1 2m 


q ry? 
B, = — — uso + — | 1s? (3m + 1) 
v 8 r3? 
3m 1 6; r3? r2? 
( m+l1 2m E refs refs 


T2 


2 2 
B, = +t] (3m + 1) pr (: = 
__ 3m +1 
m+1_r;? 
2 
2m r2?_| 


For the large turbine generators which are considered here, the 
value for (AL) exceeds 2.2, and therefore we can use the simpli- 
fied value for p; as found in Equation [48a]. Also the ratio 
(r:/rs)? is very small compared with unity. Therefore the fore- 
going constants can be written as follows: 


rs? | 6t (3m +1) 
— 
m+1/ x 8 | ( Aa)’ m : 


6t (m? — 1) 


where 


1) 6t + T3 
m( m+ 1 
m— 1 1 r3? 6t (3m + 1) 


5, (m +1) | ( 6t (m—1) ( }} 
2mr3 12? (Ad)? 


r;? rs? 6t (3m + 1) 


6¢ (m* — 1) 
and 


. 3? 6t (3 1) 
x 8 | (Aad)3 m 


3 (m 1) 1 ry? | re 4 (m+ 1) (69] 
—|—Ir; — 
2m re? 7 ( m 


The relations between [66], [67], [68], and [69] are shown by 
the following three equations: 


8,(m — 1) ) 
2mre 
(m + 1) | 
2m | 


B,(m — 1) | 
rit(m +1) | 


r2(3m + 1) 


A, = 
8(m + 1) 


The radical elongation of the retaining ring can now be written 
as follows: 


1 dze—** [70] 
us = Usa 2 cos 4 seas 


Remembering that o:; = us — and substituting Equations [67] 
r3 


and [69] in [70], the tangential stress in the retaining ring is 
obtained as follows: 


4 1 3 m 
rs 4 (m + 1) 
6t(m + 1) 
T2 r,? 
+6 |eos ..... [71] 
T3 T2? 


From this equation it is readily seen that the maximum tan- 
gential stress in the retaining ring is at z = 0; that is, 


E 1 + rym(Ax)3 + r;3> =m 
6i(m + 1) 


The preceding equations have dealt with the effects due to 
rotation and shrinkage combined. Now considering the turbine 
generator at rest, we are left with only the shrinkage effects. 

The radial and tangential stresses due to shrinkage alone can 
readily be written by putting the terms q and uz equal to zero. 

Equations [71] and [72] are then, respectively, 


E 1 r;? 


6t(m + 1) 


| 
6 rs r2? 
( (1 m— 1 r2 
and 
| 
+ 6 1— [72] 
: 


and 


E 1 | 
on = |] +8, 1 —— ] |... [74] 
(279) rs 1+ rsm( Ad)$ Ts r2? 
6t(m + 1) 


However, the stresses in the retaining ring are almost ex- 
clusively tangential, due to the heavy shrink fit provided at 
one end, and the ring takes what has been termed as an “hour- 
glass” shape at standstill. As a result of this, we have a bend- 
ing and shearing stress which will now be developed, although 
they are both of much smaller magnitude than the tangential 
stress. 

The bending moment is 


M, = 


E A du 
[76] 


” 1 2 dz? 


Differentiating Equation [31] twice, remembering that 8, and 
8, are equal to zero, and substituting for 8, and 8; their values 
from [51] and [53], gives 


6tEm 


( A*A)(m — 1) E 


m 


= 


(m+1) 
( AA)3m 


By differentiation, it can be shown that the function sin \ze ~** 
has its maximum (for positive values of z) at Ar = /4. Hence 
the maximum bending stress occurs at rz = 7/4). 

We see from the Equation [77] that nn uso is for practical 
+1) the bending 
stress under rotation is always smaller than a rest. 

From Equation [24] we know that the shearing force is 


cases always considerably larger than = 


dM, E 
Os de 


Differentiating Equation [31] three times, remembering that 
8: and 8, are equal to zero and also that §; is equal to 8,, and 
substituting their values in Equation [79], gives the average 
shearing stress as follows: 


t 
( «-) Pr A 4 [ ] 


The function ~—/ 2 sin has its maximum value 
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(for positive values of z) at z = 0 and becomes equal to —l1. 
Then 


-—mEt om 


Ts(ave.) = 


We have already mentioned the importance of being able to 
predetermine the speeds at which the various members of the 
system become loose from each other. This will enable us to 
provide proper allowances, dependent upon the entire system, 
instead of on merely adjacent parts. 

The speed N; at which the retaining ring becomes free from 
the centering ring can be determined by substituting Equations 
[63] and [65] in [56], by making o, = 0 for r = rz, and re- 
membering that usp and g depend upon the speed N as indicated 
by Equations [15a], [20], and [30]. Then, calling m (for steel) 
= 3.33 and solving for N;, 


108 


[82] 
9.487! — 0.47 

where 

1000 ‘ 
6,1 = ~; = allowance in mils per inch of diameter 

T3 

5; - = allowance in mils per inch of diameter 


Equation [82] gives the correct value, provided the centering 
ring has not yet started to separate from the shaft. For such 
a condition, the value would have to be modified to the extent 
that Equation [39] is fulfilled. 

The speed N, at which the centering ring becomes free from 
the shaft can be determined by setting or: at r = rz in Equation 
[56] equal to zero, and substituting Equations [63] and [65] in 

Solving for N2, we obtain 


+ 0.65 = + 0.35 + 2.73 (: 
[83] 
9.487! + 0.905] 1+ — 2.83 


It must be remembered here that limitations apply to Equa- 
tion [83] similar to those already explained for Equation [82]. 


NUMERICAL EXAMPLE 
Calling 


n= 25 L=18.0 N =1800 =0.005 6, = 0.385 
rn = 13.0 A= 1.75 W, = 1400 = 0.040 6,' = 1.667 
rT; = 24 t =2.5 W. = 1500 


the following values are obtained: 
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ra ri? 
+8 —(1——) V2e—* sin (= —az)........ [81] 
T3 4 
E du 
——/—.............. [75] 
] dz? 
m 
Therefore the bending stress in the outer fiber is: aM 3 
rs We+We W. ( 0.283) 
= 
Hence the average shearing stress becomes —_—_———ooooeeeeeaeerrr sch ; 
E A? (79] 
Fs(avg.) = 1 12 
m? \ 
‘ay 
; 
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us = 0.02576 x = 263.943 A, = 0.0000102 B,= 0.04236 
q = 0.79056X10-§ (Ad)? = 0.0418 Az = 0.000145 

=0.1983 =0.585 B, = 0.00010 


The stresses are plotted in Figs. 7 and 8. 
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Fie. 7 Exampie A 
(N = 1800; Wr = 1400; We = 1500; nm = 2.5in.; r2 = 13in.; rs = 24in.; 
$= 2.5in; L = 18in.; A = 1.75in.; & = 0.005; & = 0.040.) 


DIscUSSION OF THE RESULTS 


Considering first the tangential stresses in the retaining ring, 
we may learn from Equations [71] and [72] the following in- 
teresting facts: 

ot; has its maximum value at (x = 0) and for large values of 
z it approaches the value which would be obtained if the ring 
were rotating freely. The tangential stress at any distance z is 
given by the sum of the latter value and a superimposed stress 
which varies as a damped trigonometric function as we proceed 
in the z-direction. This superimposed stress consists of four 
terms, two of which are proportional to the shrink allowances 
between the centering ring and shaft and between the retaining 
and centering rings. The third term depends upon the cen- 
trifugal force exerted by the centering ring, which is indicated 
by the factor qrs*, and the fourth term is proportional to us 
(the elongation of the retaining ring if it were rotating freely). 
In calculating an example it will be found that the value of 
5, contributes the largest amount to the maximum tangential 
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stress in the retaining ring. Any change that may be made in the 
thickness ¢ of the centering ring does not materially alter this 
stress. 

We shall note at this place that from Equation [72] it might 
appear that the maximum tangential stress in the retaining ring 
would reach a finite value for an infinitely thin ring. It is to 
be remembered, however, that for such thin rings the approxi- 
mations no longer apply. The value of Ar in Equation [71] for 
this instance is indeterminate, so'that the expression cos \re~* 
is no longer unity for z = 0. For small distances of z, Equation 
[71] already gives the value o., = ~, as it has to be for infinitely 
thin rings. 

The tangential stresses in the retaining ring at standstill are 
given by Equations [73] and [74]. By inspection, we learn that 
the tangential stress at zero speed becomes zero for large values 
of z, as was naturally to be expected. The maximum stress, 
which depends only on the shrink allowances 6, and 6, occurs at 
xr =0. 
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Fic. 8 Exampie B 
(N = 0; other values as in Example A, Fig. 7.) 


Examples A and B, showing the stresses at normal and zero 
speeds, are plotted on Figs. 7 and 8, respectively. Comparing 
these examples, it is found that the maximum tangential stress 
in the retaining ring has a fatigue range of less than 10 per cent 
of the maximum stress at zero speed. It is also apparent that 


the shrink allowance affects only about one-half of the retaining 
ring. At standstill, rings of this class actually contract to 4 
smaller diameter than they have in the unstressed state. 


N=0 


The maximum bending stress in the retaining ring occurs at 
z = w/4\, and is considerably larger at zero speed than at 
normal speed. At this point the bending causes compression 
in the outer and tension in the inner fibers of the ring. 

In order to get a true conception of the total stresses in the 
outer and inner fibers of the ring we must use the following 
well-known relation: 


m 
or Coser [84] 


¢ = = 
m 


the equation to use being the one which gives the largest value 
for ¢. In Equation [84] tensile stresses have to be considered 
as positive and compressive stresses as negative. From that 
equation we learn that the reduced stresses in the outer fiber 
are larger, and in the inner fiber are smaller, than the tangential 
stress 

The average shear stress, whose magnitude is always small, 
has its maximum value at z = 0, and decreases to zero for large 
values of z. The shear stress is parabolically distributed over 
the cross-section and is zero at the inner and outer fibers. 

The tangential and radial stresses in the shaft and centering 
ring may be calculated from Equations [55], [55a], [56], and 
[56a], respectively, where the constants A;, B,, A., and B, 
have a definite relation to each other as indicated by Equation 
[69a]. It is therefore only necessary to calculate B, from [69], 
when the remaining three constants may be obtained from their 
relations in [69a]. 

From the example given, the tangential stress in the centering 
ring at zero speed has a positive value at the bore, passes through 
zero, and becomes negative at the retaining-ring fit. The posi- 
tion of this curve with respect to its ordinate is largely determined 
by the shrink allowances 4, and &. A slight decrease of the 
allowance 5, would put the entire ring in tension as it is at the 
normal speed. The radial stress at the bore of the centering 
ring is negative at zero speed, decreases with increasing velocity, 
and becomes of course zero when the separating speed is reached. 
Beyond this speed the equations developed here no longer apply 
because the boundary conditions which have been used for the 
determination of the integration constants change. 

The tangential stress in the shaft at normal speed is negative 
at the shrink fit and positive at the bore, while at standstill it 
is negative throughout. The radial stresses in this portion of 
the system are of course zero at the bore. At normal speed this 
stress is positive for small and negative for large values of r. 
At zero speed the radial stress in the shaft is negative, and in- 
creases from zero to a maximum at the shrink fit. 

Equation [82] gives the separating speed between the retaining 
and centering rings. It is to be noted that this speed is inde- 
pendent of the thickness and length of the retaining rings, as is 
to be expected. 

From Equation [83] the separating speed between the center- 
ing ring and shaft may be calculated. In this case we learn 
that the dimensions of the retaining ring have quite an influence 
upon the separating speed. By choosing definite values of N2 
and N; it would also be possible to solve for the shrink allow- 
ances 6,1 and 8". One would then find that by increasing N; 
with a constant value for N; the shrink allowance 6,' between 
the retaining ring and the centering ring could be reduced, which 
would in turn reduce the maximum tangential stress in the 
retaining ring. It must be remembered, however, that this 
would at the same time increase the tangential stress in the 
centering ring. 
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Discussion 


C. Ricuarp SoperserG.*? The authors have presented an 
interesting discussion of a problem which is of utmost importance 
to the designers of large, high-speed turbine generators. After 
reviewing the paper somewhat hastily the writer wishes to com- 
ment on the following points: 

In treating the deformation of the retaining ring, the well- 
known theory of a beam on an elastic foundation may be used 
directly, obviating most of the complicated mathematics of the 
paper. Considering an element of unit circumferential extension 
of the ring, the differential equation for the radial deformation is 
easily found to be 


where EJ /(1 — 1/m*) is the flexural rigidity of the element and k 
is the modulus of the foundation. For a thin ring of mean radius 
rm and thickness A, k is easily shown to be 


The solution of the differential equation [85] for all possible types 
of boundary conditions is already available* in the engineering 
literature. The constant term in the differential equation [29] is 
easily disposed of by a linear change in the variable us. Obvi- 
ously, this criticism concerns only the method of arriving at the 
results; it does not in any way detract from the value of the final 
results obtained by the authors. 

There is another aspect of the retaining-ring problem which 
is not mentioned by the authors, but which is of great importance 
in constructions somewhat different from the one illustrated in 
Fig. 1. This is the bending 
reactions transmitted by the 
centering ring and the re- 
taining ring in those cases 
where the latter is shrunk 
on both the rotor body and 
the centering ring. This 
construction has been used 
by several foreign and 
American firms, and 
troubles due to movements Fic. 9¢ 
on the shrink fits have been 
encountered in several instances. The reason for these troubles is 
that the bending moment on the rotor is almost wholly taken up 
by the very stiff ring structure. The arrangement shown in 
Fig. 1 would certainly obviate this trouble, but other satisfactory 
ones have also been proposed and are in use.’ Fig. 9 shows a 
construction which is sponsored by the company with which 
the writer is associated. The retaining ring is shrunk on at A 
and B, but the “centering ring’’ is entirely free from the shaft. 
This permits the passage of a maximum of cooling air at C under 
the centering ring, and obviates all bending reactions. This 
construction has proved to be very satisfactory. 

The writer must confess to a certain disappointment at the 


3 Westinghouse Electric & Manufacturing Co., East Pittsburgh, 
Pa. Assoc-Mem. A.S.M.E. 

4 See Timoshenko and Lessells, “‘Applied Elasticity,” p. 133 et seq. 

J. A. Kuyser, J1.A.1.E.E. 1929, ‘Recent Developments in Turbo 
Generators.” 

¢S. L. Henderson and C. R. Soderberg, A.I.E.E. 1928, “Recent 
Developments in Turbine Generators."" Fig. 9 above is a reproduc- 
tion of Fig. 29 of this paper. See also Figs. 28 and 30 of same paper. 
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complete absence of any discussion on the important subject of 
working stresses in turbo retaining rings. No exaggeration is 
involved in the statement that these working stresses frequently 
influence the size of the entire machine. In general, these work- 
ing stresses were established before the knowledge regarding the 
actual distribution of the stresses was very complete, and every 
new contribution to the subject brings the actual maximum 
stress closer and closer to the yield point of the material. In 
Fig. 7 of the paper the maximum and mean tangential stresses 
of the retaining ring at 1800 r.p.m. are given as approximately 
54,000 and 36,000 Ib. per sq. in., respectively. The correspond- 
ing figures for 20 per cent overspeed would be considerably 
greater. Any one who is familiar with the design of large turbine 
generators will see nothing extraordinary in these figures, but 
it would be interesting, nevertheless, to have the authors’ com- 
ments on this important question. 


S. TrmosHenko.? This paper contains a solution of a very 
important practical problem. It seems to the writer that the 
solution can be simplified very much by using the well-known 
theory of bending of bars on an elastic foundation, together with 
the numerical tables of functions entering in this theory and which 
have been calculated by A. Zimmermann in “Die Berechnung 
des Eisenbahn Oberbaues,”’ Berlin, 1888. (See also Hayashi, 
“Theorie des Triigers auf elastischer Unterlage,’’ Berlin, 1921.) 

In designing a retaining ring it is desirable to begin with the 
determination of the overspeed at which the ring will become 
loose. At this speed of separation there are no forces acting be- 
tween the retaining and the centering rings, and there is no dif- 
ficulty in calculating, by known formulas, the expansion of both 
rings under the action of centrifugal forces. Knowing the dif- 
ference between the radial expansions of the two rings, the re- 
active forces between the rings necessary to remove this difference 
can easily be calculated by using the tables for beams on an elas- 
tic foundation. This manner of calculation will give in a very 
simple manner a comparison of the stresses of various initial 
shrink-fit pressures. 


A. M. Wauu.2 The authors have given a very complete and 
comprehensive analysis of the stress distribution in a very im- 
portant and highly stressed part of modern turbine-generator 
rotors. 

The general theories underlying the calculation include the 
well-known theory of a bar on an elastic foundation, first developed 
by Winkler,’ and subsequently elaborated on by Zimmerman,'® 
Hayashi, Wieghardt, Timoshenko, and others. This theory was 
applied by Cook?! to the calculation of a pipe reinforced by steel 
rings, a case which is essentially the same as that of a retaining 
ring shrunk on to the centering ring. In addition, the authors 
apply the well-known theory of deformations of thick rings, 
often referred to as the Lamé theory. Nevertheless, although the 
underlying theory is well known, they deserve much credit for 
bringing the whole solution together in a unified form and deter- 
mining the integration constants in such a way as to facilitate 
practical application of the formulas. 

The writer wonders whether or not the solutions found in the 
literature for the various components of the retaining-ring as- 
sembly could not be superimposed, using the principle of super- 
position, and in this manner a solution could be arrived at without 
the necessity of carrying out the various integrations as was done 


7 Professor of Mechanical Engineering, University of Michigan, 
Ann Arbor, Mich. Mem. A.8.M.E. 

§ Research Engineer, Westinghouse Electric & Manufacturing Co., 
East Pittsburgh, Pa. Jun. A.S.M.E. 


* “Die Lehre v.d. Elastizitat u. Festigkeit,’’ Prague, 1867, p. 182. 
10 “Die Berechnung des Eisenbahn Oberbaues,’’ Berlin, 1888. 
11 Engineering, vol. 116 (1923), p. 479. 


in the paper. Possibly this might be a fairly simple method of 
attack. 

In order to determine the true factor of safety, it is necessary 
to combine the various stresses (radial, tangential, and axial) 
according to certain theories of strength. It should be noted 
that the authors use the maximum-strain theory for this pur- 
pose. The practice of the Westinghouse Company is to use the 
maximum-shear theory. The use of the latter will give a some- 
what more conservative design: i.e., the equivalent stresses as 
figured will be greater than will be the case if the maximum-strain 
theory is used. Furthermore, recent tests by Nadai, Lode, Ros, 
and Eichinger, and others seem to indicate that for ductile ma- 
terials the maximum ‘“energy-of-distortion’”’ theory is more 
nearly in agreement with the truth than the maximum-shear 
theory as far as yielding of the material is concerned. Neverthe- 
less it was also found that the maximum-shear theory is not far 
from the truth and is on the safe side. For this and other reasons 
the writer believes that the maximum-shear theory is more con- 
sistent for practical use where ductile materials are involved than 
is the maximum-strain theory used by the authors. It should 
be noted that for the example considered by the authors where 
one principal stress is much greater than the others, the difference 
between the two theories will not be great. There are other cases, 
however, where a much more pronounced difference will exist. 


M. Strone.'? The authors have presented a clear and accurate 
solution of the mechanical action of an important element of the 
turbine-generator. They are probably correct in stating that 
this is the first time that such an analysis has been published. 

However, for some five years now, such a solution as the authors 
published has been used at the Westinghouse Co., with varia- 
tions that have to do with the slightly different mechanical con- 
struction employed. The problem there has usually been one in 
which the retaining ring was (1) either shrunk on on both ends— 
on the centering rings and on the rotor, or (2) the same as (1), 
with the centering ring free—i.e., not shrunk on the shaft. 


(a) (b) 


Fic. 10 


Referring to Fig. 10, in case (a) we have made measurements on 
the form of the shrunk-on retaining ring—which takes on an 
“hour-glass’’ shape, in which the diameter in the middle was 
considerably less than the original machined diameter. This 
fact, it is understood, was predetermined analytically and agrees 
with the authors’ statement on page 8. 

The authors have gone to some length in developing the funda- 
mental formulas [17] and [29]—which, however, may be taken 
directly from Timoshenko and Lessells’ book,'* when it is realized 
that the retaining ring is virtually a beam on an elastic foundation. 

The general solution of this fourth-degree equation may be 
expressed through the trigonometrical functions, as Dr. Timo- 
shenko has done, or by hyperbolic functions, as the authors have 


12 Mechanical Engineer, Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. At present on special investigations in Europe. 

13 Timoshenko and Lessells, ‘Applied Elasticity,” Equations 313 
and 99, respectively. 
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done. In our own work, we have prepared tables of evaluated 
functions—from which any arbitrary boundary conditions may 
be satisfied. 

A remark must be made which has to do with the actual im- 
portance of such a solution as the authors have published. Since 
it is at once appreciated that the highest stresses are the tan- 
gentia] stresses existing in the retaining ring, where it is shrunk 
on the centering ring or the rotor, it is only necessary to calculate 
this simple stress due to the shrink fit. If further cognizance is 
taken of the proper remark of the authors, “that a change in the 
thickness of the centering ring does not materially alter the 
stress,"’ then, within the same limits of approximation, these 
simple stresses are close enough to the maximum to render un- 
necessary the more involved calculations. (Compare 50,000 
and 54,000 lb. per sq. in. in the paper.) The speed at which the 
retaining ring will lose contact with the centering ring or the 
rotor body is just as simply calculated, so that in actual design- 
ing, only these latter calculations need be made. 


CLOSURE 


The authors wish to thank those taking part in the discussion 
for their just and constructive criticism. One of the points 
brought out was that the theory of a beam on an elastic founda- 
tion, as first developed by Winkler in 1867 and so ably presented 
by Dr. 8. Timoshenko in his recent book on elasticity, could have 
been applied, once it was realized that the retaining ring is 
virtually a beam on an elastic foundation. This is obviously 
true—after one has reviewed the two methods, and the authors 
are gratified to find that the results obtained by their method, 
which to them was original, are corroborated by those obtained 
by using other methods. 

Mr. Soderberg mentioned another aspect of the retaining-ring 
problem; that is, that of considering the free end of the retaining 
ring as shown in Fig. 1 shrunk upon the rotor body, thereby 
forming a rigid extension to the rotor body at each end. This 
type of design was not mentioned in the paper, since the com- 
pany with which one of the authors is still associated discontinued 
the design mentioned about eight years ago. The design then 
sponsored was the one shown in Fig. 1, which performs satis- 
factorily and eliminates the possibility of any movement at the 
shrink fits, as pointed out by Mr. Soderberg. 

The absence of consideration of working stresses in the paper 
was not due to any underestimation of their importance, but 
rather to the fact that the authors had no thought that this 
question would enter into the discussion. It is generally accepted 
that the choice of proper working stresses depends not only upon 
the practical designer and his particular design, along with the 
results of the theory of elasticity, but also upon the metallurgist 
and the materials used. Modern practice has accumulated much 
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empirical data on the basis of previous experience, and it is the 
opinion of the authors that the employment of such information, 
in conjunction with the results of qualitative analysis, will lead 
to a sound policy in the selection of proper working stresses. 

Mr. Soderberg’s statement that the maximum stress of 54,000 
lb. per sq. in. shown in Fig. 7, and the mean stress which he 
estimates at 36,000 lb. per sq. in., would be considerably greater 
at 20 per cent overspeed, might possibly be misinterpreted. 
While the lower stresses do increase considerably with overspeed, 
it was pointed out in the paper that the maximum stress in the 
retaining ring is due chiefly to the shrink fit, and rises from 50,000 
lb. per sq. in. at zero speed, to 54,000 at 100 per cent speed. At 
20 per cent overspeed this maximum stress would rise only 
something like 2 per cent, which would be barely considerable. 
The other stresses of course never exceed the maximum, and 
remain less until an overspeed is reached that will break the 
contact between the retaining and centering rings. 

Dr. Timoshenko’s statement that it is desirable to start with 
the separating speeds in designing retaining rings, is very well 
put. It is only in this way that proper shrink fits can be de- 
termined that will insure satisfactory operation. His suggestion 
of calculating independently, by known formuals, the expansion 
of both rings due to centrifugal force, and of adjusting their 
differences to obtain the reactive forces between the rings, was in 
practice while the knowledge of the actual distribution of stresses 
was yet incomplete. 

Mr. Wahl prefers the maximum-shear theory for determining 
the true factor of safety rather than the maximum-strain theory, 
as used by the authors, although he points out that the difference 
between the results obtained by the two theories will not be very 
great in this particular problem. Several well-known theories 
have been advanced from time to time, all of which are of an 
empirical nature. The authors chose the maximum-strain theory 
for the reason that of the different theories, one is nearest to reality 
for brittle metals, and another for very ductile metals, while 
metals intermediate in ductile qualities may be looked upon as 
following an intermediate empirical formula which may be de- 
vised to suit any individual case. From the notable experi- 
ments carried out by Cook and Robertson" on thick cylinders, 
it is possible to conclude that the maximum-strain theory over- 
estimates the true elastic strength for very ductile metals, while 
the maximum-shear theory underestimates it by about 25 per 
cent. 

Mr. Stone’s discussion is essentially covered by the authors’ 
replies to Mr. Soderberg. Mr. Stone also points out, however, 
that it is only necessary to calculate the maximum stresses for 
every day practice, which is a simple matter, and with which the 
authors agree. 

14 Engineering, Dec. 15, 1911. 
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Determination of Stresses in Rotating Disks 


In this paper a determination is made of the accuracy 
of stress-distribution curves obtained by the application 
of Donath’s ‘“‘Sum and Difference Curves” to rotating 
disks of conical profiles. 


OTATING disks of conical profiles 
R (Fig. 1) are used rather extensively 
on account of their economy in 
the use of material and the facility with 
which they are produced. A rotating disk 
in which the stress is equally distributed 
is relatively thick near the axis and thin 
at the rim; the variation in the thickness 
of such a disk is not constant, however, 
and it is difficult to machine the sides to 
the exact shape. Since a conical profile 
approximates the profile necessary for 
equal stress distribution, and since a disk with straight sides is 
easily machined, such a disk is commonly used. 

In calculating the stresses in conical disks, use is made of 
approximate methods whose accuracies have never been de- 
termined. One of the most extensively used approximate 
methods is an application of Donath’s ‘Sum and Difference 
Curves.’’$ 

Fortunately, an exact method of calculating stresses in coni- 
cal-profiled disks has been published by Mr. H. M. Martin.‘ The 
chief purpose of the present paper is to determine, with the use 
of Mr. Martin’s exact method, the accuracy of the results ob- 
tained by the approximate application of Donath’s “Sum and 
Difference Curves’’ to disks of conical profiles. In accomplish- 
ing this purpose, it is deemed desirable to include here a brief 
description of the derivation of each method, together with an 
example of its application; followed by a comparison of results 
obtained by the application of the two methods to a wide variety 
of shapes and sizes of conical disks. 


1 The material presented in this paper was used in a thesis by 
the author for an M.S. degree from the University of Pittsburgh. 

2 Westinghouse Electric & Manufacturing Co. Mr. Rushing was 
born in 1906 in Runge, Texas, where he lived until he entered the 
University of Texas in 1924. He received a B.S. degree from this 
university in 1928, and became an employee of the Westinghouse 
Elec. & Mfg. Co. shortly thereafter. As an employee of this com- 
pany, he was permitted to take the design training course, which 
enabled him to attend the University of Michigan during the Summer 
session of 1929 and to receive also some graduate credit from the 
University of Pittsburgh. He received an M.S. degree from the 
University of Pittsburgh in 1930. At the present time he is in the 
design section of the Industrial Motor Engineering Department of 
the Westinghouse Company. 

> Developed by M. Donath in “Die Berechnung rotierender 
Scheiben und Ringe” (Berlin, G. Springer, 1912), and described by 
H. Hearle in “The Strength of Rotating Discs,’’ Engineering, vol. 
evi, Aug. 9, 1918, pp. 131-134. 

‘Stress Distribution in Rotating Disks of Conical Profile,” 
Engineering, vol. exv, Jan., 1923, p. 1. 

Contributed by the Applied Mechanics Division and presented 
at the Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Tus 
AMERICAN SocteTy oF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


of Conical Profile 


By F. C. RUSHING,’? EAST PITTSBURGH, PA. 


NOTATION 


= radial distance from the axis 

= thickness of the disk at the distance z 

= radial stress in pounds per square inch 

= tangential stress in pounds per square inch 
= mass density of material of the disk 

= angular velocity of rotation 


= Poisson’s ratio 


= radial displacement at the end of radius z 

= radius at which extended sides would meet 

= 2R 

= thickness at center if sides were extended to center 
revolutions per minute 


= 2/R 

= (1—2z)e, 
= (l — z)o: 
= wt 

= + or 
= Or 


stress that would be produced in ring at radius R due to 
the centrifugal force of the ring. 


Mart1n’s Exact Metuop 


Mr. Martin, in his paper, derived a differential equation 
covering the stress distribution in a rotating disk of conical 
’ profile. This derivation can be 
accomplished by applying the 
principle of equilibrium and the 
theory of elasticity to a particle 
in the disk. Applying the prin- 
ciple of equilibrium to a particle 
in a disk gives 


d(xye,) 
Fic. 1 Disk or Contcan dz + pw*rty = 0. [1] 
PROFILE 
Applying the theory of elasticity 


to a particle in a disk gives the following pair of relations: 


The following compatability equation can be obtained by elimi- 
nating ¢ in Equation [2]: 


do; de, 
{3} 


By combining Equations [1] and [3], eliminating «, between 
them, and by making the following changes in coordinates, 
namely, 

x = Rz 


y = Y(1—2z) 
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P = — z), and 
Q = o(1 — z), 
the following differential equation is obtained :5 


— 2z) + (l—v)P 
dz 


+ (3 + ») Tz(1—z)? = 0....[4] 


In deriving this differential equation, the following useful 
relations were found: 


a?P 
2(1—z) + (3 


Q =P + (1 —2) 


T =2 X 10-*D*N? 
A complete solution of Equation [4] gives 
P=P,+P:+ Ps 


where P; is the particular solution and 


0.7 O713 071353 
3113 
Ba — [1+ + 


5.3 11.3 19.3 
3.8 


P; = 7T(0.13525 — 0.031562 — 0.342632? + 0.23894z*) 
A and B being constants of integration. 


Referring now to the change made in the coordinates, note that 
Pi, + P2+ Ps 
(1 —2) 


(1 — 2) 


= 


The use of this method is simplified by reducing the functions 
of z contained in P and Q to numerical form. This step is possi- 
ble and practical since z varies only from zero to unity. Table 
1 is the result of the introduction of numerical quantities in these 
functions. 

Furthermore, since each of the terms in P and Q is divided 
by (1 — z), this division can be made in Table 1, and Table 2 
is established. 

In order to fully explain the use of this method, it is applied 
to a specific example (Fig. 2). 

Calculating the radius at which the extended sides will meet 
gives 


R = 32.5 in. 
5 
Seb = —— = 0.1588 
21.5 
tin = => 0.6616 
32.5 


By graphical interpolation the following values for Table 2 are 
obtained for the boundary values of z: 


z P2 q2 Ds 
0.1538 0.174 0.1743 1.632 1.568  —27.150 35.000 
0.6616 0.120 0.1525 3.490 2.608 — 0.747 3.407 


* An error appeared in Mr. Martin’s paper as published. In 
the last term of Equation [4], the factor (3 + v) was written and 
used as (3 — rv). 


TABLE 

z Pi = Ax Qi = Ax PP: = Bx Q. = Bx P3 = Tx Q3 = Tx 
0.00 1.00000 1.00000 o @ 0.1655 0.1655 
0.10 0.97627 0.95214 — 59.957 69.549 0.1577) 0.1555 
— 24.380 31.065 
0.20 0.95170 0.90163 — 12.431 17.525 0.1434 0.1410 
pg — 7.1497 11.159 
0.30 0.92616 0.84800 — 4.4597 7.6257 0.1233 0.1239 
0.35 — 2.8517 5.5453 
0.40 0.89953 0.79059 — 1.8949 4.1494 0.1017 0.1043 
0.45 — 1.2804 3.1844 
0.50 0.87163 0.72853 — 0.87163 2.4718 0.07799 0.0838 
0.60 0.84220 0.66047 — 0.39950 1.5264 0.05423 0.0631 
0.70 0.81091 0.58429 — 0.17011 0.93046 0.03280 0.0433 
0.80 0.77723 0.49589 — 0.05943 0.52287 0.01611 0.0257 
0.90 0.74021 0.38711 — 0.01205 0.22632 0.00442 0.0110 
1.00 0.69702 0.20911 — 0. 0 0.00000 0.0000 


1 Values of Pi, Qi, P:, Q: from Martin's paper. 


TABLE 2! 


Stresses due to 
a pull of 1 Ib. 
per inch run ap- 
plied to knife 
edge | 


Stress coefficients due 
to an infinite pressure 
applied to interior of 


Stresses due to periphery o infinitely small hole in 
centrifugal forces disk the center 

Tangen- Tangen- Tangen- 

Radial tial Radial tial Radial tial 
f= Tx fp @AXQ = Ax fs = Bx = Bx 

0.00 0.1655 0.1655 1.435 1.435 rc) @ 
0.05 0.1709 0.1695 1.497 1.475 —273.400 288.600 
0.10 0.1753 0.1725 1.559 1.518 — 66.620 280 
0.15 0.1782 0.1749 1 627 1.565 — 28.680 36.550 
0.20 0.1794 0.1763 1.707 1.617 — 15.540 21.910 
0.25 0.1784 0.1773 1.796 1.674 — 9.553 14.880 
0.30 0.1761 0.1767 1.898 1.738 — 6.371 10.890 
0.35 0.1734 0.1757 2.015 1.809 — 4.387 8.531 
0.40 0.1694 0.1739 2.151 1.890 — 3.158 6.915 
0.45 0.1635 0.1712 2.311 1.983 — 2.328 5.788 
0.50 0.1560 0.1675 2.501 2.090 — 1.743 4.944 
0.55 0.1465 0.1633 2.733 2.217 — 1.309 4.301 
0.60 0.1355 0.1579 3.021 2.369 — 0.9988 3.816 
0.65 0.1229 0.1525 3.390 2.556 — 0.7523 3.419 
0.70 0.1094 0.1445 3.860 2.794 — 0.5670 3.102 
0.75 0.0956 0.1370 4.559 3.111 — 0.4161 2.835 
0.80 0.0805 0.1286 5.563 3.557 — 0.2971 2.614 
0.85 0.0634 0.1193 7.263 4.276 — 0.1995 2.421 
0.90 0.0442 0.1100 10.620 5.554 — 0.1203 2.263 
0.95 0.0231 0.0976 20.645 8.890 — 0.0555 2.140 
1.00 0.0000 0.0840 @ x — 0.0000 2.051 


1 Values of ps, @2, Ps, gs taken from Martin's paper. 


Fig. or Use or Martin’s Metruop 
(Material of disk, steel; rim load, 8850 Ib. per sq. in.; hub load, —710 Ib. 
per sq. in.; speed, 3000 r.p.m.) 
Substituting in the expression for 7 gives 
T =2 X 10-* X 65? XK 3000? = 76,040 
Since, according to the solution of the differential equation, 
o, = Tp, + Ap. + Bp; 


and since the radial stresses on the rim and the hub are known, 
together with the above computed values of Table 2 for the 
rim and the hub, 


8850 = 76,040 X 0.12 + 3.490A + (—0.747)B 
—710 = 76,040 X 0.174 + 1.632A + (—27.15)B 
Solving the two equations for A and B gives 
A = 29.9 and B = 528 


Having found A and B from known boundary conditions, 
the stresses can be found for any radius in the disk. Consider 
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a case when z = 0.2; then the radius = 32.5 0.2 = 6'/;in., 
and at 6'/, in. the stresses are: 


o, = 76,040 X 0.1795 + 29.9 X 1.707 — 528 X 15.54 = 5,500 
o: = 76,040 X 0.1833 + 29.9 X 1.617 + 528 X 21.9 = 25,600 


The complete stress-distribution curves found in this manner 
are the exact stress curves in Fig. 8. 


Donatn’s “Sum AND DIFFERENCE CURVES” 


An approximate application of Donath’s “Sum and Difference 
Curves” has been a popular method of determining stresses in 
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rotating disks of variable cross-section. The “Sum and Differ- 
ence” in this case means the sum and difference of stresses along 
a radius. 

The sum and difference curves in this case are of course linked 
with the differential equation covering stresses in a rotating 
disk. If the values of co, and o,, Equation [2], are introduced 
in Equation [1] the following differential equation is obtained: 


d(logey) 1 | dé vy d(logey) 1 


(1—») 
E 


= 0... . [5] 


This equation differs from [4] only in its coordinates. Setting 
y equal to a constant in this equation, solving it for , and 
placing the result in the expressions for o; and ¢,, Equation [2] 
gives the following well-known expressions for stresses in a 
rotating disk of uniform thickness: 


1 — »? 


+ 3») Kz* + (1 + + (1 — 4 


o> 
where K = ae and 6, and b are constants of integra- 
tion. 


Donath discovered that by adding and subtracting the ex- 
pressions for o,; and a, and letting 


S = +o, 
D Cr 
u= wt 


the following relatively simple functions were obtained: 


These functions were plotted for a series of K’s, Fig. 3, covering 
a field of stresses and speeds in which disks in practical use will 
fall. 

The common method of applying these curves to a conical 
disk is to assume the disk to be divided into a number of disks 
of uniform thicknesses (Fig. 4). 

A simplification of the method of applying these curves to 
disks of variable cross-section was introduced by Mr. Driessen 
in his paper before the A.S.M.E. in the summer of 1928.6 The 
use of the Donath curves by the common method with the 
Driessen simplifications can best be explained by applying them 
to a practical example. 

Refer to the example represented in Fig. 4, assume the disk 
to be made up of four disks of uniform axial thicknesses and of 
equal radial thicknesses as shown. Since the tangential stress 
on the rim is not known, assume 


«for the rim = 13,000 Ib. per sq. in. 
then 
Sim = 13,000 + 8850 = 21,850 


Diim = 13,000 — 8850 = 4150 


Having these values of S and D at the known rim speed locates 
the S- and D-curves applicable to this imaginary disk in Fig. 3. 
Transfer the S- and D-curves between the boundary speeds of 
this outer imaginary disk to Fig. 4. 

Mr. Driessen’s method of passing across a boundary by 
assuming that the tangential stress on either side of a boundary 
is the same and that the radial stress varies inversely as the 
thicknesses of the imaginary disks can be used at this point. 
He showed that 


where AS and AD are the changes in S and D, ¢; is the thick- 
ness of the disk just passed, and 4 the thickness of the disk 


being entered. In this case 
0.72 
AS = — 0.65 | 1 — —— y — 1500 } = — 3970 
(153) (2ns00 — 


***A Simplified Method of Determining Stresses in Rotating 


- Disks,’’ M. G. Driessen, Trans. A.S.M.E., 1928. 


___... Zangential Stress on Disk = 13,000 ee 
: S=(1+ E ut + 
| 
| 
| 
AD = 038 (: r2 “) (s 
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0.72 then 
AD = 0.35 | 1 — 29,500 — 1500 } = 2140 Stim = ot + or = 13,000 + 8850 = 21,850 


Adding these increments to S,; and D, gives S; and D,, which 
are known values of S and D on the outer boundary of Division 2. 

Following this procedure in crossing each of the imaginary 
disks, the S- and D-curves can be established across the entire 
radius of the disk. It happens in this case that the radial stress 
indicated at the hub by these curves is 5100, while the actual 
radial stress is known to be —710; this difference is an indica- 
tion that the wrong tangential stress was assumed for the rim. 

Assume another tangential stress of 13,800 for the rim, and 
establish the second set of S- and D-curves as are indicated in 


14,000 
+ ! 
13,500h 
Ec 
> 
6 
13,000 
-1000 0 1000 2000 3000 4000 5000 6000 


Radial! Stress on Hub 


Fic. 5 Revation Between RapIAL AND TANGENTIAL STRESSES ON 
Hus 


Fig. 4. At the hub, this set of curves indicates a radial hub 
stiess of 500, which is also incorrect. 

At this point in the process, another one of Mr. Driessen’s 
simplifications can be used. He showed that there was a direct 
relation between the radial stress on one boundary and the 
tangential stress on the opposite boundary. In this case the 
two assumed tangential rim stresses with their consequent 
radial hub stresses can be plotted as in Fig. 5. On this graph 
the tangential stress on the rim which will give a radial stress 
of —710 on the hub is indicated to be 14,000. 

With this new value of tangential stress on the rim, the third 
set of S- and D-curves in Fig. 4 can be established. 

Since the midpoint between the boundaries of each of the divi- 
sions is of the same thickness as the actual disk at that point, 
the values of S and D indicated at such points are assumed to 
be most accurate. Through these points the stress-distribution 
curves, Fig. 4, are established. 

The stress-distribution curves obtained in this manner, as 
well as others obtained by using two and eight divisions of the 
disk, have been transferred to Fig. 8 where their relative accura- 
cies can be obtained by comparing them to the exact stress- 
distribution curves. 


METHOD 


Some experimentation with the application of Donath’s 
curves has shown that there are other satisfactory methods of 
applying them. One of the methods involves the assuming of 
one equivalent disk of uniform thickness equal to the hub thick- 
ness of the conical disk for the conical disk. Also, it is assumed 
that the radial rim stress on this imaginary disk is equal to the 
radial rim stress of the conical disk decreased in a ratio of rim 
thickness to hub thickness of the conical disk. To this new 
disk apply Donath’s curves just as they would be applied to a 
disk of uniform thickness. The stresses indicated by these 
curves at the hub and at the midpoint between the rim and the 
hub and the known stresses on the rim are used to construct 
the stress-distribution curves. 

For a better explanation of this equivalent-disk method, 
consider an example (Fig. 6). Assume 


co. for the rim = 13,000 


Drim = 1 — or = 13,000 — 8850 = 4150 


Reducing the rim radial] stress in a ratio of rim thickness to 
hub thickness gives the change in S and D by Mr. Driessen’s 
method as 


AS = — 0.65 (21,880 — «150) (1 — 0s) = — 6900 


AD = 0.35 (21,800 1150) (1 = 3700 


so S; = 14,950 and D, = 7850. 

Locating these values of S and D on the Donath curve sheet 
at the rim speed establishes two curves which, when followed 
to the hub speed and transferred to Fig. 6, prove to be the 
correct ones since the indicated radial hub stress is the same 
as the actual hub stress. (c; for the rim was chosen correctly 
just by chance, otherwise other assumptions would have had 
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(Material of disk, steel; speed, 3000 r.p.m.; rim load, 8850 Ib. per sq. in.; 
hub load, —710 Ib. per sq. in.) 


to be made and Mr. Driessen’s simplification would have been 
used if the second assumption had been incorrect.) 

Refer to Fig. 8 for a comparison of the accuracy of this method 
with the exact stress curves and with the other approximate 
curves. 


Two-Division MetTHop 


Experiment also shows that, by dividing the disk in the neigh- 
borhood of three-quarters of the distance from the hub to the 
rim, very satisfactory results can be obtained. With this 
method the S- and D-curves are established across the outer 
imaginary disk just as if the outer imaginary disk were of uni- 
form thickness equal to the thickness of the rim. The boundary 
is crossed by assuming the indicated radial stress at the boundary 
to be decreased in a ratio of rim thickness to hub thickness of 
the conical disk. With the new values of S and D thus ob- 
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tained the curves are established across the inner imaginary 
disk. The values of stress indicated at the rim and hub and at 
midpoint between the division and hub are taken as points 
through which to construct the stress-distribution curves. 

For a better explanation of the use of this method, apply it 
to an example (Fig. 7). 

The radius of the division which has been found to give the 
best results can be calculated from the following formula: 


— + ——ab 
2 9 
where b = rim radius, and 
a = hub radius 
Assume 


o: for the rim = 13,250 
then 
Stim = 13,250 + 8850 = 22,100 
Dsim = 18,250 — 8850 = 4400 
' With these values of S and D, establish the S- and D-curves 


between the rim speed and the speed at the division. 
Crossing the division by the use of Driessen’s formulas gives 


S; = 17,500 
D, = 6,000 


With these values of S and D, the curves are established across 
the inner part of the disk. 
For a comparison of the accuracy of this method with other 
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(Material of disk, steel; speed, 3000 r.p.m.; rim load, 8850 Ib. per sq. in.; 
hub load, —710 Ib. per sq. in.) 


methods, refer to Fig. 8. Note that the three points obtained 


for the tangential-stress curve fall upon the exact tangential- 
stress-distribution curve. 
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APPLICATION TO A VARIETY OF Disks 


Figs. 8, 9, 10, 11, and 12 show the comparisons of the results 
obtained by the various methods on a variety of disks. The 
variations in the examples included are the diameters and tapers. 
From study of these examples, the most accurate approximate 
method can be selected for general use. 
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RESULTS 


One feature about the stress curves obtained by the equal- 
division method is that they are in all cases higher than the 
exact stress curves. The reason for this higher stress indica- 
tion is apparent since, in any one of the imaginary disks used, 
Fig. 4, there is assumed to be some material added and some 
material dropped along the radius, the added material being 
at a larger radius than the corresponding dropped piece of 
material. Since the effect of material varies as the square of 
its radius, this added material more than compensates for the 
dropped material. 

In the comparisons of results, the relative accuracies obtained 
by two, four, and eight divisions of the disk can be seen. One 
important feature of the stress distributions obtained in this 
manner is that the accuracy increases at a rapidly decreasing 
rate as the number of equal divisions increases. For this reason, 
four equal divisions give as good results as eight. In one case 
where there was a high rim load and large taper, eight equal 
divisions gave an appreciable increase in accuracy over four 
divisions; however, sixteen divisions were very little better than 
eight in that case. 

The stress-distribution curves obtained by the equivalent- 
disk method are satisfactory except in a case where the disk has 
a large taper and is running at a high speed. This method, 
Fig. 6, assumes a disk with more material at the rim, but the 
midpoint between the two boundaries is the point at which the 
additional material will compensate for the lower radial stress 
at the rim. As can be seen in the comparison of results, this 
method gives good results in most cases; and the error is for- 
tunately on the safe side. The reason it does not give satis- 

factory results for a disk of 
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Section of Disk "le 
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T large taper and high speed 
t ~ Stress Curves 7 is that the added material 
tained by Equal Division. —-- Stress Curves 
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Obtained by Aral of Assuming} Cu the speed increases. 
\ One Lquivalent Disk of” One Equivalent Disk oF ng) The ‘‘two-division 
Stress Curves Uniform Thickness method is a_ successful 
Obtained by the Two-Digi- Stress Curves 
sion Method 4 16,000 c Ceeateet ba ee T o-Divi- 416,000 ¢ method of assuming a de- 
Exact Stress WN Gract creased radial load at some 
+h point in the disk and add- 
= Is \> ing material to compensate 
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~ NE Divisiobs .  8atisfactorily on the variety 
< — ? paper is an indication that 
> it will give good results in 
‘ff RADYAL STRESS) all cases. 
4 4,000 The practical value of 
STRESS Mr. D lified 
Mr. Driessen’s “‘Simplifie 
7 Method of Determining 
Stresses in Rotating Disks” 
> 4 S a 0 > 4 6 8 has been determined in 


solving the examples in- 
cluded in this paper. It 
would seem on first sight 
that his method of deter- 
Be mining a correct value of 
sa tangential stress to assume 
on the rim, after having as- 
sumed two values unsuc- 
cessfully, would be of great 


Fic. 11 Comparison or Resutts—Smaui Diame- Fic.12 Comparison or Resutts—Smatt Diame-  yalue in the use of Donath’s 


TER, SMALL TAPER 


(Material of disk, steel; speed, 5000 r.p.m.; rim load, 5000 a of disk, steel; s 
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for a number of disks, the author has found that a person with 
some experience in their use can determine mentally the correct 
stress to assume. Due to the limited field which the published 
S- and D-curves cover, a person will usually have to assume 
several stresses before he can establish curves which will not run 
off the curve sheet before they reach the hub speed; and by the 
time he has found a tangential rim stress which will not cause 
the D-curve to run off the sheet before reaching the hub speed, 
he is able to determine mentally the correct stress value to as- 
sume. 

This condition is caused by the nature of the difference curves. 
The value of D on the hub is affected greatly by a small change 
in the tangential stress on the rim, while the value of S on the 
hub under similar conditions is affected but a comparatively 
small amount. The value of Mr. Driessen’s method would be 
increased by an increase in the field which the published S- and 
D-curves cover. 

Mr. Driessen’s formulas for use in crossing a boundary be- 
tween two imaginary disks of uniform thicknesses are of great 
value, as these simple expressions eliminate the necessity of 
computing an extensive table for that purpose. 


CONCLUSIONS AND RECOMMENDATIONS 


1 In applying the Donath curves by equal divisions along 
the radius of a disk, four equal divisions of the disk will be 
found to give satisfactory results. 

2 By the method of assuming one equivalent disk of uni- 
form thickness for a conical disk, results of satisfactory accuracy 
can be obtained for all disks except in cases where the speed is 
high and the taper large. 

3 By the two-division method proposed in this paper, accu- 
rate results can always be obtained. 


Discussion 


A. L. Kimpauu.?” The writer has read this paper with interest 

as one with some familiarity with methods of computing stresses 

‘in revolving turbine disks, though not having that intimate 
knowledge that comes from continued work in disk design. 

The value of this paper consists primarily in an up-to-date 
review of the subject such as cannot be found in present literature 
without dipping into several sources. Although it cannot be 
said to contain a fundamentally new method, ingenious applica- 
tion of the Donath and Driessen methods have been made, par- 
ticularly in separating a conical disk into two steps, as specified 
by the formula at the top of page 96. This should greatly 
shorten the labor of calculation of stress distribution in a variety 
of shapes of conical disks. 

Apparently the equations at the bottom of page 94 and 
the top of page 95 refer to a different disk from that of Fig. 4, al- 
though the discussion following seems to refer to this figure. 

The paper is clearly presented, and will be a useful reference 
to have at hand when brushing up on the subject of stress deter- 
mination in revolving disks. . 


S. TrwosHenko.2 The idea of investigating the accuracy of 
the well-known Donath method by using an exact solution for 
disks of conical profile seems a very interesting one. A consider- 
able amount of work has been done by the author in comparing 


7 Research Engineer, General Electric Company, Schenectady, 
N. Y. Assoc. A.S.M.E. 

®§ Professor of Mechanical Engineering, University of Michigan, 
Ann Arbor, Mich. Mem. A.S.M.E. 


the Donath method, using various numbers of divisions, with the 
exact method. It is very desirable to give this comparison in 
percentages. For certain cases it appears that an increase in 
the number of divisions does not improve the results, and the 
approximate method does not converge toward the exact solu- 
tion. It would be a good idea to check the calculations for these 
cases. It is important, also, to check over the equations on the 
fourth page for AS and AD; the equations as they are printed 
are not correct. Possibly in some of the calculations the incor- 
rect equations were used, so it will be well to look over these 
calculations. 


M. G. Driessen.’ So far as the writer knows, the author is 
the first to compute the widely used approximate Donath 
method for the calculation of these stresses in rotating disks of 
conical profile. His studies show clearly the magnitude of the 
error made in applying the sum and difference curves. 

The author also introduced a simplification by which the caleu- 
lation of conical disks can be shortened considerably. He divides 
the disk in two parts as the radius of gyration, so that the upper 
part is a cylindrical disk with a width equal to the width at the 
rim and the lower part also a cylindrical disk with a width equal 
to that of the hub. He also showed that this latter method is 
the best approximation for different kinds of conical disks. The 
author uses the following formula for the radius of gyration X: 


Ip a‘ ab’ 


3 
b? a? 

—ab 


where b = rim radius 
a = hub radius. 
This formula is independent of the widths at rim and hub, 
and the writer would therefore ask the author if the radius of 
gyration is the same for a large and for a small taper. 


AvuTHOR’s CLOSURE 


The author wishes to express his gratitude for the constructive 
criticism given this paper in the discussion. 

The general equations to be used in evaluating AS and AD 
were not written correctly when the paper was first printed; 
also, in the numerical example where the equations for AS and 
AD were used, the expressions were not written correctly. These 
changes do not affect any of the results obtained because a care- 
ful check of the original calculations has been made and it has 
been found that the correct forms of the two above-mentioned 
equations were used at all times. 

The dividing point for the “Two-Division Method” was 
originally called the Radius of Gyration in this paper; it was in- 
correctly named, however. Since Mr. Driessen has called this 
glaring fact to the author’s attention, stress-distribution curves 
have been obtained by using the actual radius of gyration of the 
cross-section as a dividing point in the ‘““Two-Division Method.’ 
But the results obtained were not nearly as satisfactory as those 
obtained by using the dividing point originally introduced in the 
paper. As the facts stand at the present time, when using the 
“Two-Division Method,” the dividing point originally intro- 
duced in the paper gives better results than any other known 
point; so it would best remain as it is until another can possi!)!y 
be found when the subject receives further investigation. 


Reymersbeek, Nuth (L). 
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Elastic and Inelastic Behavior in Spring 


committee held a year ago, work 
during the past year under the aus- 
pices of the committee at Union College 
has been divided between a continuation 
of the fundamental studies previously 
started and some items of work of a more 
immediately practical nature. Progress 
Report No. 6? belongs in the second class. 
The present report describes the results 
obtained to date in connection with the 
more fundamental studies of the elastic 
behavior of spring materials. 

These results may be summarized as follows: 

1 Anew method of work has been adopted, by which a greatly 
increased order of accuracy has been obtained in studies of 
behavior of spring materials in tension. Using a 52-ft. gage 
length, with dead-weight loading, under carefully controlled 
temperature conditions, readings of elongation can be taken to one 
part in fifteen million on the total length of the wire sample, with 
a probable mean accuracy under favorable conditions of one 
part in one million. 

In most cases the controlling factor in accuracy tends to be 
the error resulting from the irregular plastic permanent yield, 
and from the gradual elastic or pseudo-elastic creep and recovery 
in the wire itself when loading and unloading. 

2 Measurements obtained by this method have confirmed in 
general the tentative conclusions suggested in Progress Report 
No. 5. In particular it is now possible to give numerical! values 
for the rate of change of Young’s modulus of elasticity with stress 
for several materials. There is reasonably strong evidence that 
these same equations hold both in tension and in compression, 
although it has not yet been possible to obtain direct verification 
in compression. 

3 The practical effect of this change of modulus as applied 
to spring design and manufacture is as follows: 


A S SUGGESTED at meetings of the 


‘Continuation of the fundamental studies begun in Progress 
Report No. 5. Trans. A.S.M.E., vol. 52, no. 15, May-August, 
1930, paper APM-52-9. 

? Supervisory Member in Charge of Research at Union College, 
and Associate Professor of Applied Mechanics, Union College. 
Mem. A.S.M.E. Professor Sayre was graduated from Columbia 
University with the degrees of E.M. and A.M. Seven years of en- 
gineering experience were followed by fifteen years at Union College, 
the latter portion diversified by research and consulting work carried 
on for the General Electric Co. and for other concerns. 

° “Stresses and Deflections in Helical and Spiral Torsional Springs 
as Affected by Curvature.” Presented at the Spring Meeting of the 
A.S.M.E., Detroit, Mich., June 11, 1930. 

Contributed by the Special Research Committee on Mechanical 
Springs and presented at the Annual Meeting, New York, N. Y., 
Dec. 1 to 5, 1930, of Tae American Society or MetHantcat En- 
GINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Materials 


Progress Report No. 7 of the A.S.M.E. Special Research Committee on Mechanical 
Springs (Technological) 


By M. F. SAYRE,*? SCHENECTADY, N. Y. 
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a_ True stresses in compression are somewhat higher, and 
in tension somewhat lower, than the values given by 
the usual formulas. A sufficiently close approximation 
to numerical results may be obtained by first computing 
the maximum stress by the usual formula, and determin- 
ing the per cent difference between the corresponding 
modulus of elasticity and the modulus as of zero 
stress. The per cent error in stress will be 70 to 75 
per cent as great as the per cent difference in modulus 

b The increasing stiffness in compression with increasing 
stress more or less completely counterbalances the 
decreasing stiffness in tension, so that apparent stress- 
deflection curves in bending or torsion will be almost 
unaffected by the variation in modulus 

c In high-strength, highly elastic materials, such as are 
used in springs, it may be desirable, when selecting 
values of elastic limit from tensile stress-strain results, 
to make allowances for the curvature. 


4 Tests have confirmed the general principle of a decrease in 
modulus of elasticity in tension as a result of previous overstrain 
in tension. This is an important reason for more or less erratic 
variations in stiffness of springs resulting from overstrain, as in 
surging. It also appears to be an important reason for a hidden 
safety factor in design, in that it causes the true stresses in 
highly overstressed areas to be appreciably smaller than the 
computed values. The amount’of this decrease in modulus 
with overstressing is evidently different for different materials, 
and naturally depends upon the previous history of the material. 
It is therefore difficult to give numerical values, except in general 
terms. 

An article in Japanese published last year by Mr. Tadashi 
Kawai (Kinzoku no Kenkyu, 1930, no. 7, pp. 177-201; abstract 
in the Journal of the Institute of Metals, vol. 43, p. 430) describes 
an extended study of this effect. 

5 Work has been started on studies of the elastic after-effect. 
This has not yet gone far enough to justify drawing any conclu- 
sions. 

6 Mechanical hysteresis values for unidirectional stress in 
tension have been obtained for several additional samples of 
various materials. Enough data have been obtained to serve 
as a basis of comparison in further studies of the relative suit- 
ability of various materials and of the effect of various types of 
cold work or heat treatments. A possible correlation between 
hysteresis values and fatigue strength deserves investigation. 


Detaits or Work 


In Progress Report No. 5, the results were given of a series 
of tests in tension made using an Amsler universal testing machine 
and a Riehlé-Sayre mirror extensometer. This method gave a 
relatively high order of precision, but it was evident that still 
higher accuracy was needed to obtain the best results. It was 
also evident that, in obtaining this higher accuracy, it was de- 
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sirable to use a new method sufficiently different in character 
from the old method to aid in detecting any systematic errors 
which may have been present. This suggested immediately 
the use of dead-weight loading rather than a testing machine, 
and the use of long gage lengths—as long as possible. It also 
suggested the need for accurate control of temperature. 


Stress 


Strain 


Fic. 1 Routine or TESTING 
(a) Hysteresis measurements. 
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Fie. 3 Typicat Hysteresis Loops 


There was available in the college laboratory a standpipe, five 
feet in diameter by somewhat over fifty feet high, with conical 
bottom and open top, which was used occasionally for hy- 
draulic experiments. A hole was cut in the conical bottom, 
4 in. from the circumference, and a 2-in. vertical steel pipe 
was placed in the standpipe above this hole, extending to slightly 
above the top of the tank. In this pipe were suspended two 
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wires of the same material, a test wire and a comparison wire. 
At the upper end both wires could be sighted by a micrometer- 
microscope through a hole in the 2-in. pipe, and any vertical 
movement of either wire could be measured. At the lower end 
the comparison wire was connected to a lever, to which a small 
constant load was attached, and the test wire was attached to a 
basket, which could be loaded with standard weights. Movement 
of a gage point on the comparison wire, located just below the 
point where it emerged from the standpipe, was measured by a 
micrometer-microscope, and movement of the gage point on 
the test wire was measured by a Gaertner cathetometer, with 
100-mm. lead screw. The overall gage length was approximately 
15,740 mm., and each scale division on the cathetometer drum 
0.005 mm. 

The standpipe was filled with water to within a few inches 
of the top, so holding the temperature of the 2-in. pipe essen- 
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tially constant during runs. Drafts of air up the pipe were pre- 
vented by lightly tucking a little cotton wool around the wires 
at the lower end of the pipe. The true elongation of the test 
wire under a given load was taken as equal to the change in 
the cathetometer reading, less the movement of the test wire 
at the top as given by the micrometer-microscope, corrected 
for any change in readings on the comparison wire which si- 
multaneously occurred. 

After a certain amount of preliminary experience, the following 
specifications were made up to cover the type of sample desired: 


For convenience in loading, the diameter of the wire should be such 
that its breaking point will run between, say, 150 and 400 lb. Other- 
wise, the exact diameter does not matter. The method of prepara- 
tion and heat treatment will, of course, depend upon the particular 
material, the general principle being to so treat as to develop its 
best properties for use as a spring. 
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Of each material there will be needed half a dozen lengths, each 
55 ft. long, or, say, 400 ft. length in a single coil, free from sharp 
kinks or bends, and coiled on a sufficiently large-diameter reel so 
that it will straighten out under an initial load of 10 to 20 lb. when 
hung vertically. At first it was thought that the wire would have to 
receive its last reduction on some form of draw bench, so that it could 
be pulled out perfectly straight, but recent experience is that much 
more trouble is caused by small, sharp bends due to careless handling 
or by attempts to straighten the wire than by gradual curvature due 
to coiling on a drum. These sharp bends gradually straighten out 
under loading and ruin the numerical results. However, the larger 
this drum radius can be made, the better. 

Please send with the material information as to the analysis, 
method of heat treatment, and final steps in the drawing, sufficiently 
detailed to thoroughly identify the material to others, and to make 
possible later comparison with other methods of handling. 


Samples of 0.67 per cent carbon heat-treated steel, 17 SRT 
aluminum alloy, phosphor-bronze, and 70-30 brass in a drawn 
condition and after relief annealing have so far been tested. 
These samples are later described in detail. 

It was of course necessary to overcome various practical diffi- 
culties. It was originally planned to use dead-weight loading 
for the comparison wire and a lever with a three-to-one ratio 
for the test wire, the lever having curved surfaces against which 
both the test wire and the load-basket support were carried 
so that the lever arms did not change as the wire elongated and 
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(Wire samples 52 ft. gage length.) 

1—Phosphor bronze. 
2—Phosphor bronze after permanent elongation of 0.12 per cent. 
3—70-30 brass, relief annealed 40 min. at 400 deg. fahr. 
4—17 SRT aluminum alloy. 
5—70-30 brass, as drawn. 
Minimum stress in cycle Nos. 1, 3, and 5: 9540 Ib. per sq. i 

No. 2: 7950 Ib. per sq. i 


No. 4: 6040 Ib. per sq. i 


the lever tilted. Erratic readings were obtained, which were 
eventually traced to minute frictional resistance in the lever 
system. To avoid this, the lever was transferred to the com- 
parison wire, and dead-weight loading was used for the test 
wire. This in turn left the test wire entirely free to swing, so that 
very careful technique was necessary in applying and removing 
loads, in order to avoid putting it in vibration. Another source 
of difficulty was combined backlash and friction in the microme- 
ter used. By adjustments in the micrometer and by following 
a careful routine in the work, this has been reduced, but it is 
still a source of trouble. 

Certain other difficulties also inhere in the nature of the 
materials themselves. For the purposes of this work it was 
desirable to distinguish as far as possible between the elastic 
elongation, which occurs instantaneously or nearly so; the 
plastic elongation or “permanent set,”’ which is a function of time, 
but apparently an irregular function, sometimes stopping then 
starting again with but little evident cause; and the elastic or 
pseudo-elastic after-effect, a gradual elongation on loading, 
followed by as gradual a recovery to original length on unloading.‘ 


‘ An investigation of the characteristics of this elastic after-effect 
has been started and the results will presently be reported. 
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It is accompanied by mechanical hysteresis or “back error,” 
but the two seem to be more or less independent in character. 
At the sensitivity present in this work all these factors are large 
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enough to be important, and careful planning of work and ad- 
herence to a time schedule of observation are needed to avoid 
widely erratic readings. 

In studying hysteresis, the specimen was first loaded to the 
desired maximum load, and the load left on until plastic yield 
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had ceased and the length of the specimen had become substan- 
tially constant. The specimen was then put through a series 
of cycles between a nominal initial load and the desired maxi- 
mum load until it had approached a cyclical state, as judged 
by the constancy of the zero-load reading. After this, sets of 
readings were taken for three complete cycles from zero load to 
maximum load, and back to zero again by small load steps. The 
difference between readings for ascending and descending loads 
gave the width of the hysteresis loop for that load. To apply 
the load, adjust the micrometer, and take a reading, took slightly 
over one minute per reading. Every effort was made to keep 
this time constant. This routine was then repeated for succes- 
sively larger and larger stress ranges. To study the time effect, 
certain special runs were also made in which after each incre- 
ment of load a first reading was taken within five to six seconds 
after the load was applied, followed by other readings at sixty- 
second intervals for five minutes. 

As the stress ranges increased, the hysteresis loop became 
wider, and it was more and more difficult to distinguish be- 
tween the true elastic elongation and the collateral effects. 
This made it desirable to use other methods when studying 
modulus-of-elasticity variations. In runs made for this purpose, 
the total stress range was broken up into a series of sections, 
each short enough so that the elastic hysteresis within that 
portion would be small. Starting with the lowest of these 
sections, the specimen was placed in a cyclical or nearly cyclical 
state by successive loading and unloading within this range. 
Readings were then taken at the two ends and at the middle of 
the range for at least three cycles. This routine was repeated for 
each successive section. In this way, instead of obtaining the 
stress-strain curve for the specimen with ascending and de- 
scending Idads as a single loop, it was obtained as a series of 
small loops touching each other at their tips, as shown in Fig. 1. 
The slope of a center line through the successive loops, after 
correcting for plastic yield between the loops, was taken as the 
true elastic line. 

MarTerIALs Usep 
The analyses and physical properties of the wire samples tested, 
as furnished by the manufacturers, are as follows: 
Oil-Tempered Steel Wire 
Elon- 
gation 
Tensile in 10 
strength, _in., 
lb. per per 


Size Cc Mn 8s 4 Si sq. in. cent 
0.028 in. 0.67 0.35 0.047 0.054 ... 277,000 3.8 
0.0465 in. 0.74 0.41 0.045 0.036 0.160 292,000 4.4 
17 SRT Aluminum-Alloy Wire 
Size Cu Mn Mg Si Fe Al 
0. 064 in. 4.25 0.62 0.49 0.34 0.63 Balance 
Tensile strength........ ee ee 71,500 lb. per sq. in. 
Yield point....... ' 61,000 lb. per sq. in. 


Elongation in 10 in. 1.0 per cent 
30 per cent reduction after heat treatment 


Brass Wire, Spring Temper 


Size Cu Fe Pb Zine 


0.040 in. 70.45 0.02 Less than 0.075 Balance 
Wire was drawn from 0.100 in. diam. cold. 
Coil 2 
Coil 1 Relief annealed, 
as drawn 40 min. at 400 deg. fahr. 

Tensile strength, |b. per 

sq. in. : 19,500 118,500 

Wire 

Size Cu Sn P Pb Fe 

0.040 in. 95.12 4.65 0.19 0.07 0.02 


(84.5 per cent 


Finished with a reduction of 8 B and S Nos. 
reduction of area) 


SumMMARY OF REsuULTS 


Typical sets of stress-strain readings for complete closed loops 
in approximately cyclical condition are given in Tables 6A to 6H.§ 
The corresponding stress-strain curves are shown in Figs. 2 and 3. 
In these figures, stress is used as an ordinate. As an abscissa, 
is used not the true strain but rather the deviation from an 
assumed initial rate of strain, the difference between the actual 
strain and that which would have occurred had the assumed 
initial rate of strain been uniformly maintained. In this way 
it has been possible to tremendously exaggerate the variations 
which it was desired to observe. These curves are plotted 
point to point from actual observations. 

The area of these loops represents the energy lost in internal 
friction in the corresponding cycle. Converted into terms 
of inch-pounds of energy per cubic inch of material, these values 
for the different wires tested are given in Fig. 5. Dividing by 
the total elastic energy involved per cycle, the per cent loss may 
also be obtained. 

The following general characteristics may be noted: 

1 The energy loss increases sharply with stress, at a higher 
power than the square. 

2 It was shown in Report No. 5 that for the heat-treated steel 
samples there tested, a sharp rise in hysteresis occurred on 
approaching the yield point of the metal. No such sharp rise 
has been noticed in the non-ferrous materials. This is a natural 
result of the nature of the materials, but may be partly connected 
also to the relative amount of cold drawing following heat treat- 
ment in the two cases. 

3 The hysteresis loops are unsymmetrical and typically 
convex upward. In the steel samples, the loops are narrow 
enough so that they have a definite ‘‘string bean’ shape, and so 
that a line midway between the two sides can be taken as ap- 
proximating the true elastic line. For the phosphor-bronze 
and the relief-annealed brass wire the ascending line is definitely 
convex upward, while the descending lines are straight or slightly 
convex upward. 

In successive loops, starting from the same nominal initial 
load, and rising to successively greater peak loads, the ascending 
lines essentially coincide, while the descending lines differ for the 
different loops. 

Mopvutvs or E asticiry 


Measurements made specifically for the purpose of obtaining 
modulus of elasticity were, as already described and as indicated 
in Fig. 1, taken as a series of successive short loops. Measure- 
ments were in each case taken only after the specimen had been 
loaded and unloaded over the load range of that loop a sufficient 
number of times to place the sample in approximately cyclic 
condition. Some of the resulting values are given in Tables 
3 and 4,° first in terms of the actual increments of load, and then 
in terms of the equivalent moduli of elasticity. These results 
are shown in graphical form in Figs. 6 and 7. In each case 
the rate of elastic elongation increases as the stress in tension 
increases. 

Fig. 4 shows these same results for the steel wire in a somewhat 
different fashion. It also shows the magnitude of the permanent 
set resulting from the application of various loads to the wire. 
This did not reach 0.05 mm., or one part in 300,000 until the 
stress reached 160,000 lb. per sq. in. It will be noticed that 
both the width of the hysteresis loop (as given in Fig. 2) and the 
amount of the permanent set are small as compared to the 
variations in the elongation increments and to the offsets from 
initial tangent, so that these variations apparently represent 
the true elastic behavior of the materials rather than deviations 
from it. 

5 Not published in the present report. 
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TABLE 1 MODULI OF ELASTICITY OF SPECIMENS TESTED 


MEASUREMENTS Mapg Usitnc AMSLER MACHINE 
Speci- Temp., 
men Material deg. fahr. Modulus 
111 0.68% C heat-treated steel wire, 


7x Ss 

538} 3'/2% nickel steel '/:in. diam........ 78  29,140,000— 4.3 x S 

73  28,930,000—10.9 x S 
306 Spring-tempered phosphor-bronze, 

Sigg 72 x S 


MEASUREMENTS Mave Usinc Deap-Wercut Loapino! 
481 0.67% C heat-treated steel wire, 


0.0281 in. diam 62.6 30,040,000— 6.6 S 
79 Do., 0 0465 in. diam................ 69.8 30,160,000— 6.5 xX S 
483 17 SRT aluminum.-alloy wire, 0.065 in. 
diem...... 72.5 10,280,000—10.9 K S 
493 Spring-temper brass wire as drawn, 
0.040 in. diam........... 72 14,610,000— 7.1 x 
Do., after 0.22 per cent permanent 
485 relief-annealed, 0.040 in. diam... 69 15,680,000—13.8 S 
494 Phosphor-bronze wire, 0 040 in. diam. 70 15,540,000— 5.0 x S 
Do., after 0.16 per cent permanent 
set 15,380,000— 4.5 


S = unit stress in tension, Ib. per sq. in. 


1 The figures obtained using dead-weight loading and long gage length 
are somewhat more reliable than the other figures. 


Due to the amount of elastic creep and recovery present, it is 
somewhat more difficult to specify true values for modulus of 
elasticity for the other materials. By varying the technique 
of operation, varying amounts of this elastic after-effect can be 
included in the readings, with resulting effect on the apparent 
modulus of elasticity. After some experimenting, it was found 
that reasonably consistent results could be obtained by taking 
the reading in each case at one minute after application of the 
load increment. 

As obtained from the data so far obtained, the values of 
modulus of elasticity given in Table 1 are tentatively suggested. 
It should be emphasized that these values represent only the 
particular materials tested. A large amount of time and atten- 
tion has been required for each series of tests, and therefore 
only a limited variety of samples have been tried. The investi- 
gation has not yet gone far enough to justify conclusions as to 
whether the rate of change of modulus of elasticity is a definite 
characteristic of the material or whether it varies with different 
types of heat treatment or of mechanical work. Further ex- 
periments are in progress for the purpose of covering some of 
these points. 

A detailed study of the original data shows for each material a 
decrease of modulus of elasticity following overstresses great 
enough to produce a permanent elongation of the specimen. 
This is evident even for elongations no greater than one-tenth 
of 1 per cent, and even for material already severely cold-drawn. 
The per cent change in modulus is several times as great as 
the corresponding permanent set, even after all corrections have 
been made for the change in length and change in area of cross- 
section, There is a certain amount of evidence suggesting that 
in some cases with more severe overstressing there may be a 
reversal, the modulus increasing somewhat. A further knowledge 
of this factor is needed in order that we may understand the true 
stress conditions in cold-wound springs or in springs after surging 
and the investigation is being continued. 


Discussion 


R. L. Tempui.¢ The author has given some very accurate 
and very interesting test results obtained from precise measure- 
ments of strain using very long gage lengths or specimens. The 
difficulties encountered in making such tests are quite numerous 
because factors which can frequently be ignored in the short- 


* Aluminum Research Laboratories, Aluminum Company of 
America, New Kensington, Pa. 


APPLIED MECHANICS 


APM-53-8 


time tests may become of considerable significance in tests of 
the type represented. 

It is generally accepted that at stresses near the elastic limit 
the modulus of elasticity of metals decreases quite rapidly, with 
the result that many investigators attempt to show that the 
stress-strain curve is curved from the origin. Dr. R. H. Can- 
field of the Naval Research Laboratories, Washington, D. C., 
pointed out before the Third International Congress, held at 
Stockholm last summer, that there appears to be a threshold 
stress below which the internal friction or slip was less than any 
measurable quantity. Interpreted in terms of Figs. 6 and 7 
of the paper, this would mean that the curves would tend to 
become horizontal near the zero stress. Close scrutiny of the 
data presented by the author would appear to justify this con- 
clusion. Fig. 7 shows data which exhibit this tendency to a 
marked degree, while there is less of a tendency in that direc- 
tion shown in the data for Fig. 6. 


R. W. Carson.’ The author is working on a problem which 
is interesting many manufacturers of precision apparatus. For 
rough-and-ready measurements of loads under the elastic limit, 
Hooke’s law is usually satisfactory. However, when an accuracy 
greater than 1 or 2 per cent is required, these set and creep effects 
begin to manifest themselves. As the author indicates, the 
greater the sensitivity, the more involved becomes this elastic 
after-effect. 

Is not the effect of moderate overstrain in cold-drawn phos- 
phor-bronze wire to cause plastic flow in zones having high re- 
sidual stresses, thus leaving the wire when returned to the un- 
loaded condition with uniformly smaller residual stresses in the 
direction of the loading? If so, upon again moderately loading 
the wire in the same direction as that in which the over-stress 
was applied, the total of all the stresses across the section would 
then be smaller by an amount equal to the residual stresses 
relieved. Thus, the difference in elastic limit as noted in Fig. 
7 would indicate the intensity of the residual stresses relieved 
rather than a change in the elastic properties of the material. 

The same apparent change in modulus of elasticity might re- 
sult from a mild heat treatment that would be just sufficient 
to allow a redistribution of high local stresses which would re- 
sult in lower average stresses. 

If the rate of creep or recovery action decreases with time and 
increases with stress, at some time very soon after the appli- 
cation or removal of a given load the creep or recovery action 
might equal the rate of purely elastic strain. Thus, the purely 
elastic and the creep or recovery action might be continuous 
and might be one and the same action over the entire time scale 
from the instant of applying load to the instant of further chang- 
ing the load. 

If such be the case, the width of the hysteresis loops would 
indicate only a relative amount of creep and recovery dependent 
on the time at which readings are taken. The recovery action 
might be of a slightly different order than the creep action, and 
in that event the reading time after applying load would vary 
for increasing or decreasing loads. Further, the hysteresis loop 
would not represent internal friction or work, since with sufficient 
time all of the work done in creep would be utilized in recovery. 


W.G. Brompacuer.* The fundamental nature of the author's 
work on the elastic behavior of spring materials should be em- 
phasized. While the research does not now appear to have 
much application in many cases, undoubtedly, as with most 
fundamental research work, the results will be found to be use- 


7 Meter Engineer, Westinghouse Elec. & Mfg. Co., Newark, N. J. 
8 Department of Commerce, Bureau of Standards, Washington, 
D. C. 
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ful. There is a tendency at the present time in metallurgical 
literature to avoid giving exact data on the moduli of elasticity. 
It is the practice to give either approximations or the two limit- 
ing values of the moduli. This is a clear recognition of the 
lack of precise knowledge as to the moduli of a given material 
under various conditions. The author’s experiments are bring- 
ing light on this matter. His results show clearly that “elastic 
after-working” and “elastic hysteresis’? must be considered in 
obtaining accurate and complete experimental data. These 
elastic effects have long been known and recognized by workers, 
especially those in the field of precision instruments. The 
first clear analysis of these phenomena was presented by Boltz- 
mann, and it may be added that but very little improvement 
has been made up to the present in his theoretical presentation. 

Special attention should be called to the author’s method of 
experimentation since it is peculiarly well adapted for obtaining 
satisfactory data. It has two distinct advantages over most 
methods which should be clearly recognized. First, the speci- 
men is uniformly stressed during the experiments. Second, 
the large length of the specimen, about 50 feet, permits results to 
be obtained to the essential high order of sensitivity with a mini- 
mum of expense and complication. The first advantage, of 
course, pertains only to the data obtained when the specimen 
is stressed in tension. The method will also enable data to be 
obtained for the torsional stresses, in which case the stressing 
will be non-uniform. 

The lack of a satisfactory and universally accepted nomen- 
clature should be stressed. Thus the author uses the term 
“elastic after-effect,’’ which is referred to in the literature on 
the subject by such terms as “after-working,” ‘‘drift”’ or “creep,” 
and “recovery.” These terms usually refer to the effect which 
is dependent on the time of application of the load as well as 
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on the fiber stress and the material. The term ‘mechanical 
hysteresis” used in the report has been designated by other 
workers as “‘statical hysteresis,’ “elastic hysteresis,’ and “‘elas- 
tic lag due to elastic hysteresis.” These terms usually refer to 
the effect which is independent of the time of the application 
of the load, but of course may depend on the fiber stress and 
the material. It should not be assumed that the preceding list 
of terms is complete, since many other expressions have been 
coined. It would appear desirable that workers in this field 
give consideration to obtaining the universal acceptance of a 
consistent nomenclature. 


W. J. Sweetser.’ The author mentions the noticeable vi- 
bration set up in the test specimen when a truck passed at some 
distance from the building in which the work was being done. 
It seems probable that some of the apparently erratic behavior 
of the test specimen under constant load may be due to vibrations 
which are not detectable by ordinary means. The set-up of the 
test with suspended load is ideal for producing impact by vibra- 
tion, and even unobserved vibrations of the foundation under 
the tank might give observable changes in elongation, especially 
when the order of magnitude of the measurements is so small. 

Fig. 1 shows the curves for hysteresis and modulus-of-elasticity 
measurements, but in work which we have been doing at the 
University of Maine on steel in torsion, we have been unable 
to get such a series of readings as indicated at (b). Fig. 8 shows 
the hysteresis curve of an overstressed piece of mild steel in 
torsion. Three months before these curves were made the 
steel had been stressed to over 60,000 lb. per sq. in. in torsion 
and had been allowed to rest in the meantime. In curve A, 
the stress was increased gradually up to the maximum shown 
and then reduced to 0, giving a complete hysteresis loop. It 
was then restressed up to 35,000 lb. per sq. in. and returned to 
0, giving the narrow hysteresis loop. The up curves in the 
two cases coincide. Curve B, shown at the right, shows a second 
hysteresis loop made by reducing the load from the maximum 
down to a stress of about 16,400 lb. per sq. in. and then return- 
ing to the maximum stress. In this case the curve coming 
down coincides with the original down side of the loop. 

It is quite evident that the down side of the small loop in A 
is steeper than the down side of the larger loop, and similarly 
the up side of the small loop in B is steeper than the up side of 
the large loop, which would indicate that if a series of these 
small loops were put together as shown in (6), Fig. 1, the general 
slope of the series of small loops would not be the same as the 
mean slope of the curves shown at (a). 

Taking the up curve of one of the small loops in (b), if it were 
continued it would tend to cross over and to the right of the 
coming down side of the loop above, and the writer is unable 
to see how this condition is possible. 


D. E. Ackerman.” In his presentation of the paper the 
author mentioned that the curvature of the wire due to coiling 
on a drum was an important source of experimental error, and 
stated that several lots of wire had to be discarded because 
they had been coiled on too small a radius. It would be of 
interest to know the order of magnitude of the error, intro- 
duced in this way, as a function of the wire diameter and radius 
of curvature. 

In Figs. 6 and 7 the author has indicated that the modulus- 
of-elasticity—tensile-stress relationship is linear. The writer 
would ask him whether the scattered data of curves 1 and 3, 


® Professor of Mechanical Engineering, University of Maine, 
Orono, Me. Mem. A.S.M.E. 


10 Research Laboratory, International Nickel Co., Inc., Bayonne, 
N. J. 


Fig. 7, are indicative of a high experimental error in these two 
cases, or whether the relationship for the corresponding ma- 
terials simply follows a law of higher order; smooth curves 
can be drawn through the points plotted for the two curves in 
question. This point is of practical interest, for if the true 
relationship is of a higher order the plotted data suggest that 
at high tensile stresses the more severely cold-worked material 
may have the higher modulus of elasticity. 


AvuTuHor’s CLOSURE 


One of our greatest difficulties in securing satisfactory results 
in these long-wire tests has been that of obtaining wire which 
was sufficiently straight for the purpose. The effect of local 
kinks or of curves in wire is, of course, greatest under light 
loads, the wire straightening out under heavier loads. As a 
result, there has been frequently found a spurious low modulus 
of elasticity under light loads. This has been very marked, 
indeed, in several cases, and unmistakable in its origin. It has 
therefore been necessary to discard altogether the results ob- 
tained from certain samples of wire and to use a grain of salt 
in interpreting other results where the author did not feel justi- 
fied in discarding them entirely. Of the wires listed in Figs. 
6 and 7, the steel ones were almost perfectly straight as received. 
The sample of aluminum wire which we were able to use was 
sufficiently straight so that it gave us very little trouble. The 
phosphor-bronze and brass wires were coiled on smaller-sized 
spools and so had a more pronounced curvature. This leads 
the author to regard with some suspicion the readings for these 
wires taken under light load. 

On all the bona-fide straight samples which we have tested 
so far, our stress-strain line has been curved from the beginning. 
The one point of doubt remaining in the author’s mind is as to 
the effect of elastic creep or elastic after-working upon the 
results. When a metal is loaded, most of the elongation occurs 
practically instantaneously, but it continues to elongate at a 
rapidly decreasing rate for five minutes or longer. This is true 
even at very low stresses. On removing the load an identical 
phenomenon occurs, but in the reverse direction. It is just 
possible that if our readings could be made coincidentally with 
the application of the load, and this after-effect entirely removed, 
our stress-strain line would be perfectly straight. 

There are, however, very strong theoretical reasons for be- 
lieving that this would not be so. For example, it has been 
definitely known for some time that the modulus of elasticity 
of a material under hydrostatic compression increases with in- 
creasing loads. The modulus in hydrostatic tension will obey 
the same equation as for hydrostatic compression, but with re- 
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versed sign, decreasing with increasing loads. Unidirectional 
tension is essentially a combination of hydrostatic tension and 
shear, and a direct relation should exist between the variation 
with stress of the moduli for hydrostatic tension and for direct 
tension. This is simply one of a series of theoretical reasons 
which make the author feel that it is highly unlikely that a stress- 
strain line for such relatively homogeneous materials as those 
which are here under investigation will be anything else but 
curved. Inhomogeneous materials such as wood, concrete, and 
cast iron also show a curved stress-strain line, but this curvature 
occurs for different reasons and is of an entirely different char- 
acter, the modulus decreasing with increasing stress both in 
tension and in compression. 

Reference may well be made to various comments on the erratic 
behavior shown by the plotted points in Fig. 7 for the 70-30 brass 
relief-annealed wire. A second wire of the same material, tested 
since December, has given the same curved line arrangement of 
points, so that it is apparently characteristic of the material. In 
certain of the other materials the decrease in modulus of elas- 
ticity at high stresses can be attributed to the permanent lowering 
of modulus which is likely to follow overstressing, but this does 
not appear to be the case in the wire just mentioned. No other 
material so far tested has duplicated this phenomenon, and the 
author does not as yet know how to explain it. It might, how- 
ever, be well to notice that at low stresses the curved line which 
best represents the readings for wire No. 3 becomes asymptotic 
to the inclined line for specimen No. 1 rather than to a horizontal 
line. 

The suggestion made by Mr. Carson that the creep or recovery 
action might be essentially continuous with the purely elastic 
action, is identical with the theories advanced by von Bennewitz 
in a paper in the Physikalische Zeitschrift for 1924. Von Benne- 
witz gave mathematical equations based on experiment to justify 
his theory, but these equations involved so much extrapolation 
beyond the limits of his experimental work that they have not 
been regarded with favor. 

Figure 1(b) is misleading in that it shows the series of small 
loops as directly in line at their tips. Experimentally, when 
passing from cyclic condition for one load range to cyclic condi- 
tion for a slightly higher load range, there is inevitably a certain 
amount of permanent, or semi-permanent, deformation so that 
two loops do not exactly match at their tips. This deformation 
will, the author believes, account for the discrepancies mentioned 
by Professor Sweetser as compared to his curves A and B in 
Fig. 8. When computing the modulus of elasticity, correction 
was made for this deformation so that figures were based on the 
effective slope of the individual small loops only. 
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Steady-state vibrations of mechanical systems damped 
by a combination of dry and viscous friction occur quite 
frequently, but until very recently no method for their 
calculation existed. A very satisfactory approximation 
was presented by L. S. Jacobsen before the A.S.M.E. in 
June, 1950. In the present paper the author gives the 
exact solution of the problem, together with a number of 
test results. 


HE damping forces occurring in 

practical engineering vibration prob- 

lems are of a great variety. The 
four types met most frequently are: 

1 “Viscous” damping, where the force 
is proportional to the velocity, 
which fairly accurately describes 
the condition in viscous fluids 

2 “Coulomb” damping, or dry fric- 
tion, where the force is independent 
of the velocity, and depends only 
on the normal pressure 

3 “Air resistance,"’ which is assumed to be proportional 
to the square or some higher power of the velocity, and 

4 “Internal hysteresis,” where the force is independent 
of the velocity and depends only on the amplitude of 
motion. 

The calculation of the steady-state vibrations of a damped 
system is possible with comparatively simple means only in 
the case of pure viscous damping, while for the other types of 
damping no solutions are known. 

Whenever such problems were attacked in the past, the actual 
damping was usually replaced by some equivalent ‘viscous” 
damping, the amount of which was either assumed or calculated 
from an experiment.? 

Recently a more rational method has been proposed for 
finding this “‘equivalent’”’ viscous damping constant, consisting 
of calculating the amount of energy dissipated during a cycle 
of the vibration and adjusting the viscous damping constant 
to such a value that this dissipation in the calculated viscous 
case agrees with the actual case. This method was used by 
Southwell and Carter* for the case of Coulomb or dry friction 


‘ Engineer, Research Department, Westinghouse Electric & 
Manufacturing Company. Assoc-Mem. A.S.M.E. Mr. Den Hartog 
received the degree of E.E. from the University of Delft, Holland, 
in 1924. He entered the employ of the Westinghouse Electric and 
Manufacturing Company the following year and since then has 
been working on general mechanical problems, specializing in dy- 
namics and mechanical vibrations. 

*H. Holzer, “‘Die Berechnung der Drehschwingungen,” Berlin, 
1921. H. Wydler, ‘“‘Drehschwingungen in Kolbenmaschinen- 
anlagen,” Berlin, 1922. 

* Carter, “Torsional Vibrations in Engines, etc.,’’ British Aero- 
nautical Research Committee Report No. 1053 (E 22), 1926. 

For presentation at the National Applied Mechanics Meeting, 
Purdue University, Lafayette, Ind., June 15 and 16, 1931, of THe 
American Society or MecuantcaL Enoineers. All papers are 
Subject to revision. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


107 


at resonance; by Lewis‘ and Kimball® on internal hysteresis 
in metals, while Jacobsen® generalized the method for any 
damping proportional to the nth power of the velocity. 

The accuracy of this general procedure, in the author's opinion, 
cannot be estimated unless its results are compared with those 
of an exact solution, which for most of the cases enumerated 
above has not been found as yet. Eckolt’ has published a 
solution for a special case (motion 
with one stop) of pure Coulomb 
damping. His results are erro- 
neous in several places. The K 
author’ has given a solution for 
another special case (non-stop 
motion) for combined Coulomb ¢F 


{ Pcos (wt+ 


and viscous damping. The pres- 
ent paper, however, contains a x 
complete solution of the problem. Fic. 1 


Forcep VIBRATIONS 
Dry Friction 
ONLY 


Consider the simple 
system shown in Fig. 
1, where a mass m is 
suspended from a 
spring with a stiffness 
of k lb. per inch and Fig 2 Dtacram or Motion Wirsout 
is acted upon by a Srops 
periodic disturbing 
force P cos (wt + ¢). 
In moving, the mass 
rubs against a solid 
wall which exerts a fric- 
tional force F on it op- 
posing its motion but 
is otherwise constant 
and entirely indepen- 
dent of the velocity. 
After the system has 
been in motionfor some 
time a ‘steady state”’ will have been reached which must satisfy 
the following conditions: (1) The frequency of the motion must 
be the same as that of the disturbing force; and (2) the down- 
ward half-cycle of the motion must follow the same law as 
the upward half-cycle. Figs. 2 and 3 show two possible types 
of such a motion. 

In Fig. 2 it is assumed that the mass never comes to a dead 
stop. Since the frictional force is always opposed to the motion 
it must be represented by the rectangular top curve shown in 


Fie. 3) Diacram or Motion WitH 
One Stop 


4F. M. Lewis, “Torsional Vibration in the Diesel Engine,”’ 
Trans. Soc. Naval Arch. & Marine Eng., 1925, p. 109. 

5 A. L. Kimball, “Vibration Damping, Including the Case of 
Solid Friction,” Trans. A.S.M.E., 1929, APM-51-21. 

*L. S. Jacobsen, ‘Steady Forced Vibration as Influenced by 
Damping,” Trans. A.S.M.E., 1930, APM-52-15. 

7W. Eckolt, “Ueber erzwungene Reibungsschwingungen,” 
Zeit. f. techn. Physik, vol. 7, 1920, p. 226. 

§ Phil. Mag., May, 1930, p. 801. 
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the figure. The spring force acting on the mass is k times the Both are squares and therefore necessarily positive. It is seen 
deflection or motion, so that the motion curve can be regarded from the formula that without damping (F/P = 0) the magni- 
e: as representing the spring force. It will be noticed that at the fication factor is given by the response function V, and that for 
upper and lower peaks the motion curve suddenly changes its any value of the friction, F/P the magnification factor is smaller 
curvature. The explanation of this is that the curvature is than without damping, as it should be. A remarkable property 
proportional to the second derivative. The second derivative of the solution [1] is that for any friction ratio F/P smaller 
than 7/4 or 0.785 the amplitude becomes infinitely 
: ] large. In other words, even with a considerable 
30 
HH 
25 


| | amount of dry friction, the amplitudes at reso- 
\| || nance still extend to infinity. This apparently 


paradoxical fact can be understood by considering 
| | c,=0 the energy involved as follows: 
Hs Referring to Fig. 1, before the system, excited 
tamed at resonance (w = wa), reaches the “steady state,” 
/ the energy per cycle put into the system by the 
—+—1 force P cos (wt + ¢) will be proportional to the 
product of the force and the amplitude,'' and since 
the force does not depend on the amplitude, the 
energy input per cycle will be proportional to the 
first power of the amplitude. The work absorbed 
by the constant damping force F will be also 
proportional to the amplitude for the same reason. 
Both will be represented by straight lines in Fig. 
5(a). The slope of the input curve depends on P 
and the slope of the dissipation curve on F. As 
long as F is small enough to make the slope of 
Fie. 4 Ampiitupe Diagram Coutomsp Dampina ONLY the dissipation curve smaller than that of the in- 
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Magnification Factor 


of the motion is the acceleration, which is proportional to the 
sum of all the forces acting on the mass. Since the frictional 
force suddenly reverses at the peaks, the curvature there must (x) (db) 
show a discontinuous change. 


4 The amplitudes of the motion of the type shown in Fig. 1 rs ey 
7 have been solved analytically in Appendix No. 1, with the result « Y By 
that 


ENERGY 


; Fic. 5 Enercy Reiations aT RESONANCE 
Zo. “ ” 
where — is the “magnification factor, 
a 


the “response function,” 


U = pst the “Coulomb damping function,” and 


1 + cos Br _ — 


B = w,/w the “frequency ratio.” 


These expressions will become clear from an inspection of Fig. 4, ° SP ae 
where the numerical results of [1] are plotted in a family of ™ . “ 
o.7 curves. Only the part of the diagram above the broken line 

corresponds to Formula [1] and Fig. 2. 

The “frequency ratio” is the ratio between the natural fre- 
quency of the undamped system and the frequency of the dis- 
turbing force. 

The “magnification factor” is the ratio between the actual 
amplitude of the motion and the amplitude which would occur ™ = 
without friction and with an infinitely slow motion.? It can s , iol 
be easily seen from Fig. 1 that this latter “statical”’ amplitude E= Reset 
must be equal to P/k. In Fig. 4 it is represented by the point A. 
- The “response function” is the magnification factor as a 

function of the frequency when there is no friction. In Fig. 4 Fic. 6 Diagram Damping ONLY 


it is the upper curve of the diagram. It is a well-known and put curve (which happens for F/P < 1/4) there will be always 


positive work input into the system, which will make the ampli- 
en. tude larger and larger. 


A 


*S. Timoshenko, ‘‘Vibration Problems in Engineering,” p. 9. 11 “Torsional Vibration Dampers,” Trans. A.S.M.E., 1930, 
10 Timoshenko, loc. cit., Fig. 19 on p. 29. APM-52-13, formulas [4] and [5]. 
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In Fig. 5(b) the corresponding condition for the usual ‘‘viscous”’ 
damping is shown. Here the damping force is proportional 
to the velocity or to the amplitude for a sinusoidal motion. 
Thus the dissipated energy per cycle is proportional to force 
times amplitude or to the square of the amplitude, which plots 
as a parabola. It. is seen that even for a very small amount of 
viscous friction the input and dissipation curves intersect. At 
the amplitude corresponding to this point of intersection there 
will be energy equilibrium, so that this is the amplitude at which 
the system will ultimately vibrate. For viscous damping, there- 
fore, no infinite amplitudes occur at resonance. 

At other frequencies than the resonant one, it has been found 
that an increase in the damping force F will decrease the ampli- 
tude of motion (Fig. 2) and will also reduce the curvature at 
A in Fig. 2. When F reaches a certain value, this curvature 
becomes zero, and for larger values of F than this, the motion 
of Fig. 2 cannot exist and will be replaced by that of Fig. 3. 
During each half-cycle the mass m will stop moving for a while, 
and while stopping the value of the friction force may be any- 
thing between +F and —F. Since the mass m during this 
interval has no acceleration, the sum 
of the disturbing force P cos(wt + ¢), 
the spring force —kz, and the fric- 
tion force must be zero. This de- 
termines the friction force as shown 
in Fig. 3. Motions of this type are 
also solved analytically in Appendix 
No. 1, though the result cannot be 
put in an explicit form like [1]. The 
calculation has to be done point by 
point, with the result shown in the 
curves below the broken line of Fig. 4. 

It will be noticed that there is a somewhat triangular area 
at the left of Fig. 4 which is not filledin. In this area no motions 
of the two types discussed are possible, but motions with more 
than one stop per half-cycle must occur. This could not be 
demonstrated analytically because of the great complications 


c R 


Ecos wt+ 


Eb 
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involved. However, experiments show the correctness of the 
conclusion (Fig. 18). 

Fig. 6 shows the behavior of the phase angle ¢ between the 
force and the motion as defined by Fig. 2. This diagram differs 
greatly from the corresponding one for viscous damping,'* 
and mainly at resonance, where definite jumps occur in the 
phase angle. This is possible only on account of the fact that 
the amplitudes there become infinite. 


Forcep ViBRATIONS With Mixep DAMPING 


If on the system of Fig. 1 a damping force is acting .which 


12 Timoshenko, loc. cit., p. 30. 
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consists of a constant part and a part proportional to the ve- 
dz 
locity F + c¢ —, the same two general types of motion as shown 


in Figs. 2 and 3 can occur. In the case of motion without stops 
(Fig. 2) an explicit solution has been found (Eq. [31], Appendix 
No. 2) which is rather complicated. Again for motions with 
one stop per half-cycle the calculation can be done only point 
by point. All the derivations are given in Appendix No. 2, 
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while the results are shown graphically in the Figs. 7 to 12. 
In each of these figures the amount of viscous damping is con- 
stant, expressed by c/c., which is the ratio of the actual viscous 
damping to the “eritical’”’ viscous damping. The upper curve 
in each figure is for viscous damping only and has been known 
for a long time."° The lower curves are for a combination of 
viscous friction (expressed by c/c.) and dry or Coulomb friction 
(expressed by F/P). The broken line running through each 
figure denotes the boundary between non-stop and one-stop 
motion; the type of motion of Fig. 2 occurring above and that 
of Fig. 3 below the broken line. 

The results given in the various figures apply to any physica! 
problem which can be regarded as a vibration of a single degree 
of freedom with the damping under discussion.* For instance, 
the maximum charge on the condenser in the electrical system 
of Fig. 13 can be directly read from the curves of Figs. 6 to 12 


EXPERIMENTAL 


Jacobsen* has made a series of experiments on a vibrating 
table at Stanford University where the viscous damping was 
very small in comparison to the amount of dry friction present. 
The viscous damping was c/ce = 0.0058 throughout all the 
tests while the Coulomb friction was changed in four steps. 
F/P = 0.21 8?, 0.30 8?, 0.48 82, and 0.65 8%, depending on the 
frequency 8, since the input force was due to a rotating un- 
balance. The results of Jacobsen’s tests check the theory re- 
markably well. 

Some tests have been carried out by the author on an apparatus 


| 71400 R.p.m 
| 
| 
| 
A 
| D 7 


which was primarily designed for the investigation of torsional- 
vibration dampers.'* Fig. 14 is a photograph of the apparatus, 
and it is seen that the system, instead of being a linear one as 
in Fig. 1, is a torsional one. The flywheel J takes the place of 
the mass m; the shaft k represents the spring and the flywheel 
7,, in this case clamped to the frame, represents the solid wall 
at the top of Fig. 1. The two disks D are pressed against a 
third one between them, which is rigidly attached to J and lined 


MAGNIFICATION 


N 
T 
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with brake lining. The pressure is adjustable by means of 
the springs S. For this experiment, the moment of inertia of 
the disks D is made practically infinite by attaching to them two 
very long arms with weights at the ends, not shown in the 
photograph. This transforms the disks D into a solid rubbing 
wall as shown in Fig. 1. The harmonic force P in Fig. 1 here 
is a harmonic torque supplied by the spring 7’, one end of which 
is moved back and forth through an angle of about 30 deg. by 
means of an eccentric on the motor shaft. 

The recording is done by means of a small mirror M mounted 
on universal pivots. This mirror is oscillated about a vertical 
axis by a wire driven by the moving end of the spring 7. When 
the machine is running and there is no vibration in J, a ray of 
light reflected from the mirror describes a horizontal path on 
a screen or photographic plate. The vibration is transmitted 
by another wire to the mirror in such a way that when / is 
oscillating and the motor is standing still, a vertical path is 
described on the screen by the light ray. In any actual case 
the combination will be a Lissajous figure. 

Fig. 15 shows several of such figures taken at various speeds 
hear resonance with a small amount of viscous damping, and 
no Coulomb damping, giving pure ellipses. The shift in the 
phase angle is roughly indicated by the inclination of the ellipse. 
Records like this have been taken for several values of F/P, 
namely, for c/ee = 0.0042 and F/P = 0, 0.12, 0.31, 0.48, and 
0.62. The theoretical curve and the five experimental points 
are shown in Fig. 16. The experimental determination of the 
friction F was not very accurate, which may account for the 
discrepancy between theory and test shown in the figure. Fig. 
17 isa record taken at a much larger magnification in the vertical 
direction than in Fig. 15, at approximately half critical speed 
w/o, = 0.5. It illustrates a motion with one stop per half- 
cycle of the type shown in Fig. 3. Fig. 18 shows a motion 
having two stops per half-cycle with rather small friction and 
very slow speed. This figure would be represented by a point 
in the triangular area at the left of Fig. 4, and it is an experimental 


__'* “Torsional-Vibration Dampers,” Trans. A.S.M.E., 1930, APM- 
22-13, closure to the discussion. 
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verification of the conclusion that in this area only motions 
with more than one stop are possible. 


CONCLUSIONS 


1 A solution has been found for the problem of the steady- 
state vibration of a system with a single degree of freedom, 
damped by a combination of viscous and Coulomb friction. 

2 The theoretical results are presented in the diagrams of 
the Figs. 4 and 6 to 12, inclusive. 

3 The results of tests on a model illustrated by Figs. 14 to 
18 are in fair agreement with the theory. 


Fig. 
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Fig. 18 Recorp oF Motion Two Srops per Harr-Cycie 
Appendix No. | 
FORCED AMPLITUDES WITH COULOMB DAMPING 


ONLY 


The differential equation of motion of the mass of Fig. 1 are: 


mz + ke + F = P cos (wt + ¢). [2] 
where the + sign before the damping force F holds when the 
mass moves in the + z-direction, and vice versa. The ‘“‘phase 
angle’ ¢ in the disturbing force has no meaning in a differential 
equation and is only included for the purpose of subsequently 
writing the boundary conditions [4] in a simple form. During 
the half-eycle of the motion 0 < i < +/w of Fig. 2 the velocity 
is always negative so that [2] holds with the — sign before F. 
Using the abbreviations: 

P/k =a, F/k = 2, k/m 
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the differential equation for that interval of time can be written 
as: 


z + wa? (x — Zs) = cos (wt + g)......... [3] 


A “steady-state solution’’ as pictured in Fig. 2 has to fulfil the 
following boundary conditions: 
z=0 


t=0 z= Zo 


t=r/o 


These are four conditions, and the general solution of [3] con- 
tains only two integration constants. The two superfluous 
equations will be used for determining the unknown quantities 
2 and ¢, that is, the amplitude and the phase angle. 
The general solution of [3] is: 
z = C, sin wat + C2 C08 wat + aV cos (wt + ¢) + 2... . [5] 


where V, the “response function,” is defined for [1]. By means 
of the two conditions at ¢ = 0 in [4] the constants C; and C, 
can be solved, giving the result 


= Xp COS unt + — COS wat) + aV E wt — COS wal) 
+ sin —sin ot) 


where 8 = ws/w is the frequency ratio. Now the two conditions 
[4] at ¢ = w/w can be substituted in [6], giving two equations 
which can be written in the form: 


+Qsing +R =0 


= —aV(1 + cos Br) 

ona sin 

Zo(1 + cos Br) + x;(1 — cos Br) 
sin Br 


aVw (1 + cos Br) 
(xy — Zo)wn Sin Bx 


[7] we deduce that 


Fro 
__ CP— AR 
AQ — PB 
Substituting the values A, B, etc., in these formulas and reducing 
they can be written: 


where the “‘damping function” U has been defined for [1]. Elimi- 
nation of g from the two Equations [8] gives 


a a 


which is the amplitude equation (same as [1]) for non-stop mo- 
tions of the type of Fig. 2. 

Substantially the same result can be obtained in another way. 
It is possible to write the differential equation [2] without the 
+ ambiguity by expressing the square-top damping curve of 
Fig. 2 analytically as a Fourier series:'* 

14 This was done independently by Prof. E. O. Waters and the 
author; see discussion to Jacobsen’s paper, loc. cit. 
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sin not = P cos (wt + 


The steady-state solution of this equation is: 
sin nwt 


4F > 
V cos(ut + +- 58 n(B? 
1,3,5 


Sik 


The phase angle ¢ must be such that at ¢ = 0, z = 0, as shown 
in Fig. 2. This condition leads to 


% = aV cos ¢ | 


This solution is identical with [1] (or [9]), although it appears 
in an entirely different form. However, the original formula 
[1] is preferable for numerical computations. 

Before investigating the boundary of the validity of this 
solution, let us pass on and find the steady-state solution for 
motions with one stop, of the type of Fig. 3. Here there is 
motion during the interval 0 < ¢ < & and standstill during 
to < t < w/w; during the interval of motion the differential 
equation [3] is valid, while the boundary conditions are: 


t=0 
t= 


z=% 
The problem is the same as before, with the exception that there 
is a fifth unknown quantity, & The additional relation neces- 
sary for its determination can be found from a consideration of 
what happens just before ¢ = 0 in Fig. 3. The mass is in rest 
and consequently has no inertia force. The sum of the dis- 
turbing force, spring force, and damping force, therefore, has 
to be zero. At the instant ¢ = 0 this still must be true, and 
moreover the amount of damping force is then known to be F. 
This gives the desired relation: —kz + F + P cos (wt + ¢) 
must vanish at ¢ = 0, or 


+ Posy =0............. [14] 


The conditions [13] and [14] are sufficient to determine the five 
quantities C,, C2, Zo, and First C, and C; are found from 
the first two conditions [13], giving the result [6]. With these 
the last two conditions [13] can be written as: 


O = + COs wale) + — COS wale) + aV E wto 


— COS wnto) + sin ¢ SIN — sin wn) 
and 
= — 2) 6 sin + aV [cos sin wato — sin wto} 
+ sin cos — cos wt! | 
Now [14] iz used to eliminate 2 from the last two equations by 


direct substitution, giving: 


0 = + cos ¢ E + cos walo + V(cos wl) — cos ot 


n= 1,3,5... 
| no 1 | 
where 
A 
B 
R = 
o¥ sin at 1051 


B= 15 
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and 


0 cov et | + sin ¢ con — co 


From [16] 


t 
COS walo CO8 wl (17] 


and substituting this in [15] we obtain an equation in which t 
is the only unknown: 
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under this condition. By differentiation of, {6] this condition 
becomes: 


Zo > k SIN wat + lees wt — cos (20] 
zy B? sin wt 


for 0<t< 4/w 


It can be verified that the bracketed portion of this expression 
becomes unity for ¢ = 0. It has been found by numerical 
calculation that for all values of 8 < 2 this is also the absolute 
maximum of the bracketed quantity. For 8 > 2, the absolute 


6p 


Fie. 20 Morton Vioutatine Conpition [19] 


maximum during 0 < t < +/wis sometimes 
unity, and sometimes greater. It has been 


It would be logical next to solve & from [18] and substitute it 
in [17] and then in [14] to find the expression for z. However, 
{18] is transcendental and an explicit solution is not possible. 
Instead [18] is used for a numerical calculation of z;/a for a 
number of values of to between 0 and x. By means of [17] and 
{14] the corresponding values of z/a are calculated. Fig. 19, 
for example, shows the result of such calculations for 8 = 1.5. 
From this diagram and from similar ones for other 8-values the 
diagram of Fig. 4 has been plotted. 

There is one slight complication in this process. It is seen 
that [18] takes the form 0/0 for 8 = 1 or w = wn. In this case 
it is necessary to substitute in [18] 8 = 1 + 8, where é is a small 


quantity, and evaluate the limit when 6 approaches zero. This 
gives 


ry (cto sin wly)? 


(ate sin ate)® + (sin colo — C08 


... [19] 


from which the diagram for 8 = 1 has been constructed. 

Now, since the amplitude formulas for the two types of motion 
have been determined, it becomes necessary to discuss their 
validity. First let us return to the non-stop formulas [1], 
(6), and [8]. These have been derived under the assumption 
that « < 0 for 0 < t < x/w; consequently they are valid only 


found convenient to denote this value by 
S, so that [20] can be written: 
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The combination of Equation [20a] with Equation [1] leads 
moreover to the following expressions for the "condition of 
validity of [1]: 


1 + (U/SB*)? (21 ] 
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With the aid of these formulas, the boundary of the region 
of validity of the non-stop motion has been plotted in Fig. 4. 

With S = 1 the formulas [20a], [21], and [21a] also give the 
limit of the motion of Fig. 3. If in [17] and [18] we substitute 
wl) = m, the stop shrinks to zero and by means of [14] the results 
{20], [21], and [21a] are obtained. This completely determines 
the lower boundary of the non-stop motion in Fig. 4. 

Let us next consider the validity of the solution [17], [18]. 
Since each half-cycle is made up of two distinct parts, a condi- 
tion will be found for each of them. During the period of 
motion 0 < ¢ < t the condition is: 


The expression for z is found from [6] after substitution of ¢ 
and 2 from [17] and [18]. 

During the period of standstill tj < ¢ < w/w the condition 
is that the absolute value of all external forces acting on the 
mass—i.e., the disturbing force and the spring foree—shall be 
smaller than F: ° 


| cos(wt + ¢) + for <t < w/w... .[23] 


In order for the solution to have a physical meaning, it is neces- 
sary that both [22] and [23] be satisfied. Fig. 20 gives an ex- 
ample of a motion satisfying the differential equation but violat- 
ing the condition [20]. Fig. 21, which is of the same type as 
Fig. 19, gives the results of the numerical calculation of [16] to 
{18] for the case 8 = 4. The solution thus obtained is valid 
for values of wt) smaller than 81 deg. and larger than 155 deg. 
For values of wt) just over 81 deg. the condition [23] during the 
stop is violated, while for angles just below 153 deg. the condition 
[22] during the motion period is violated as Fig. 20 illustrates. 
It is seen that for 8 = wa/w = 4 no solution can be found for 
zy/a = F/P between 0.22 and 0.26. In this case, no motion 
of either the types of Fig. 2 or 3 is possible, and it seems that the 
only possibility is a motion with more than one stop per half- 
cycle. This has been verified by experiment as shown in Fig. 18. 

In the previous analysis the friction has been assumed to be 
entirely independent of the velocity. Sometimes the physical 
conditions can be better described by assuming the friction 
force to be F during the motion independent of the velocity and 
F, during a stop, where F, is larger than F. With this assump- 
tion, the non-stop solution [1] remains unaltered, while its 
boundary [21] and the one-stop solution are changed. The 
analysis as given here can be carried out for this case also, with 
some slight modifications. 


Appendix No. 2 
FORCED AMPLITUDES WITH MIXED DAMPING 
The differential equations for this case are: 
maz + kx + F + cr = P cos (wt + ¢) 


or 


E+ unt (@— + <2 = aut cos(ut + ¢) (24 


when only motions with z < 0 are considered. The analysis 
of this equation runs parallel to that of the one in Appendix 
No. 1. The general solution of [24] is known to be: 


+ + (ot +6) + 2. [25] 


where the following abbreviations have been used: 


p= = Wn the natural frequency 
4m? cj’ 


2 c\’, the inverse response function with 
V 8c.) viscous damping 


Co = 2mwn, the critical viscous damping. 


Assuming a motion like that in Fig. 2, the four boundary condi- 
tions [4] hold as before. These four conditions again are used 
for the calculation of C;, C2, 2, and ¢. First C; and C, are 
eliminated by means of the two conditions at t = 0: 


wnt a 
— pl — cos cos pt + -— (x9 — 24) 
q 2pm 


sin pt — cos «sin pl + — sin e sin n| 
PY 


2pqm 
a 
+ + 2z;....[(27] 


Then the two conditions at ¢ = r/w can be written in the form: 


. [28] 
Pecose +Qsine +R =0 
where 
q w 2pmq w q 
Pq 
=< 7 c 
C = (z, rye cos + — (4;—2)e sin 
w 2pm w 
+ + 2 
pr c 
P=-e 2 gin — +p 
q w L4m*p 
au we c 
Q l+e 2% cos — — —e sin 
w 2mp w 
pr| 
R sin —| —— + p 
| 4m*p 
From [28] we deduce: 
n CP — AR —— BR — CQ 
AQ— BP — BP 
Substituting the values just given in these equations, 
x z 
sine =— att = ace [29] 
a a a 


where G and H are functions independent of the Coulomb 
damping: 


Cw 2V ¢ 
tan (ge — = ———- = — [26] 
k — mw? B 
— 
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sinh(8xc/c.) — sin Br Vi (c/e.)? 


cosh(Sxc/c-) + cos Br V1 — (c/e.)? 


> . [30] 
H = 

8 sin Br V1 — (c/c.)* 
— (c/e-)? cosh(S8xc/c.) + cos Br — (c/c.)? 
Eliminating ¢ from the equations of [29]: 


which is an expression for the amplitude and will reduce to the 
response function for viscous damping 1/q when z;/a = F/P = 0. 
The phase angle ¢ can be found in each case from [29] and [26]. 
This gives a complete solution for the non-stop motion, the 
results of which are plotted above the broken lines in Figs. 7 to 12. 

Assuming a motion with one stop per half-cycle [Fig. 3] the 
solution [25] holds for the interval of motion 0 < t < t. For 
the determination of C,, Cs, xo, ¢, and to, the five conditions of 
{13] and [14] are available. Elimination of C, and C, gives 
the result [27]. 

By means of [14] and the last two conditions of [13] we 
solve Zo, ¢, and t) from [27] exactly as was done in Appendix 


No. 1. The rather complicated result can be written as: 
xy cos¢g 
2-= 
e corn | cos ¢ + Ve 
+ “a cos ¢ + 2.2 cos 
c sin 
1 


e 4... sing 2c cos¢\., 


in which the angle ¢ is determined by: 
A B 


sin = = 
where 
1 Bute 12e5 , 
COs wly + 8 — sin plo 
wa 1 1 c 
‘eo me” 


> .. [32] 
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1 
t — sin plo + — cos pl 


For any chosen value of wl) the corresponding values of z,;/a 
and x)/a are calculated from [32] and [14], and diagrams like 
those of the Figs. 19 and 21 are drawn. From these the curves 
in Figs. 7 to 12 below the broken line are constructed. 

The broken lines in these several diagrams indicate the 
boundary between the motions without stop and with one stop 
per half-cycle. They can be calculated either as the lower 
limit of the non-stop motion or as the upper limit of the one- 
stop motion. 

For the non-stop motion, the condition of validity is again: 
x < 0 for 0 < t < x/w, which can be written as: 


2m 
: e , 
cos nt) + H cos at — G for 0 t (34) 


It is found that for 8 < 2 the maximum value of this expression 
occurs at ¢ = 0, so that it simplifies to: 


> —@ + 2Hpe/c. + +@).....[35] 


For values of 8 > 2 the maximum of [34] may oc- 
cur at a different time than t = 0. In that case let 
S, be the ratio of this maximum to the value of [34] 


at ¢ = 0. In most cases, including all those of the 
Figs. 7 to 12, S; = 1. Then the condition [34] in com- 
bination with [29] can be written as: 
Zo > Si ( 
~ 
a ? + {SJ — (1— 8,)G}2 
where 


I = + + G) 


With [36], in which S, = 1, the broken lines in Figs. 7 to 12 
were calculated. 

For the one-step motion, the two conditions [22] and [23] 
hold. The results [35], [36], and [37] can also be obtained from 
[32] by substitution of wt) = z. 


‘ € i 
G 2c 1 . —Bwto 
B= ---—¢€ SIN wl) — COB wlo 
Be 
P 
iM 
— =—G(—)+ (31) 
a a a 
B\c} p p B8@V 
on 2 1 cos ¢ 
p B ce q Vq 
3 ) 
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Strength of Materials Subjected to Shear at 
High Temperatures 


This paper treats of an experimental program which is 
basically fundamental in the study of creep. Uniformly 
pure shear is produced in a thin tubular specimen sub- 
mitted to twist, whereas the usual method employs a 
solid bar in tension. This torsion form of test permits 
of greater accuracy in the measurement of creep and pro- 
vides the simplest stress condition, besides offering other 
decided advantages. 

Since this work in twist represents virtually a pioneer 
attack, it has been necessary to develop practically from 
the beginning each phase of the investigation. The 
type of specimen, apparatus for the creep tests, including 
the measuring instruments, and experimental technique 
are described. 

The experiments have been of three kinds: (1) Room- 
temperature tests were first made to determine the usual 
physical properties in torsion and in tension; (2) at various 
temperatures short-duration tests were made to learn 
the effect of different rates of loading, the modulus of 
elasticity in shear, and the ultimate strength in shear; 
(3) at 400 deg. cent. and 500 deg. cent. several creep tests 
in shear of relatively long duration were conducted. An 
accelerated method of making creep tests has been devised. 
In addition several special problems were investigated 
such as a study of the increase of the yield point by creep 
and the restoration of the original yield point by anneal- 
ing, the effect of vibrations which included a continuous 
record of creep, and the effect of temperature fluctuations. 


INTRODUCTION 
1 SraTeMENT OF THE PROBLEM 


HE outward manifestations of creep 

are now generally recognized. In 

cases of commercial importance, 
metal which is subjected to the simul- 
taneous action of stress and high tem- 
perature undergoes gradual distortion. 
A large number of investigators of creep 
and others interested in the problem, 
particularly in the United States and 
Europe, have contributed considerable 
information on the practical significance 
of creep and data applicable for purposes 
of design of equipment which operates under conditions where 
creep obtains. So satisfactorily has this part of the subject 
of creep been covered that it appears neither necessary nor 
possible to devote more than an occasional sentence to a review. 


‘From a dissertation presented for the degree of Doctor of 
Philosophy in the University of Michigan. The experimental pro- 
gram was conducted in the Applied Mechanics Laboratory under the 
supervision of Prof. S. Timoshenko. 
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It is felt that the broad subject of creep deserves more funda- 
mental study. The manner in which creep occurs is too interest- 
ing a question to remain unexplained. Very low rates of creep 
are required to furnish a more complete picture of the problem. 
The immediate investigation is believed to approach more 
closely than is possible by tension methods a situation which 
permits this fundamental research. 

A large amount of work has been done to determine creep 
characteristics of metals in tension. In the present study the 
attack is different—creep in uniformly pure shear is produced by 
using a tubular specimen in twist. 

In this study there have been developed the machines, type of 
specimen, and the measuring instruments which give more re- 
fined readings than are known to have been obtained in any other 
laboratory. The experimental technique has also been de- 
veloped. 

Some results have been obtained for giving the characteristics 
of medium-carbon steel at three temperatures, namely, 400, 
450, and 500 deg. cent., and in addition some work has been 
accomplished at ordinary temperatures. Only one material has 
been used in the tests, since it was desired to prepare as complete 
information for comparative purposes as was possible. 

The experimental work has been of three kinds: (1) A number 
of tests have been performed at room temperature to learn the 
usual physical properties of the material; (2) a series of short- 
duration tests at high temperature were made in order to es- 
tablish the more important physical properties under such condi- 
tions and to provide some preliminary tests which might be 
useful in predicting the behavior of the material in creep; and (3) 
a few long-duration creep tests were run to study the material 
when it was exposed to service conditions of high temperature 
and stress over some time. 

Also several special problems have received attention which 
deal with practical considerations relating to the matter of 
creep. 

2 Torsion Vs. Tension 


Torsion methods of studying the problem of creep present 
certain advantages over those in tension. It is due to these and 
the basic value of creep results in general that the present project 
has been undertaken and developed. 

As a result of temperature fluctuations of the specimen during 
a test, the effect upon strain measurements is much more serious 
in the case of tension than in torsion. Due to a thermal change 
of 1 deg. cent. on the length alone, the effect upon strain readings 
in tension tests is 1.2 X 10~ inches per inch of length, whereas 


2 Instructor in Engineering Mechanics and Research Associate, 
Department of Engineering Research, University of Michigan. Jun. 
A.S.M.E. Dr. Everett was graduated. in mechanical engineering 
from the University in 1925, with the degree of B.S.E. in M.E. 
During the following three and one-half years he was connected 
with the Standard Oil Co. (New Jersey), first as a member of the 
student-engineering course and later as an inspector of refinery 
high-pressure equipment in the general engineering department. He 
returned in February, 1929, to the University of Michigan to con- 
tinue graduate work, and received the degree of M.S.E. in M.E. in 
June of the same year. Since that time he has been connected 
with the department of engineering research at the University. He 
obtained the degree of Ph.D. in June, 1931. 
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in torsion the geometric changes due to temperature are of only 
very slight consequence. Consideration of all effects upon mea- 
surements in torsion is given in a discussion in Section V, Article 
3. This situation immediately presents a distinct advantage of 
torsion methods over tension. 

Means of obtaining very fine measurements of strain in torsion 
are simpler than in tension. It is possible to combine mechanical 
and optical levers favorably so as to detect very refined values 
of strains due to torsion. 

In torsion a moment of constant magnitude is easily designed 
to act automatically on the specimen throughout the experiment. 
The usual tension creep apparatus requires that the load beam be 
readjusted to maintain a uniform force on the specimen during 
elongation. 

The maximum-shear theory is usually selected as the basis 
of design of machine parts, so that information concerning the 
shearing stress of ductile material such as steel is of practical 
importance. It is generally accepted that deformation of ductile 
material, such as steel, takes place due to gliding resulting from 
shearing stresses, the maximum gliding occurring on the plane of 
maximum shear. 

Experiments in uniformly pure shear provide the simplest 
stress condition and therefore allow the most favorable situation 
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for making a study of such a problem as is offered by creep 
Tension methods produce a more complicated stress condition on 
the plane of maximum shear, since normal tensile forces are also 
present. 

I—APPARATUS AND SPECIMENS 


1 Torsion MaAcuHINEs 


In the design of the apparatus for the torsion investigation, « 
number of requirements were imposed. The specimen was to be 
tubular, held rigidly at one end, and twisted free from bending o: 
longitudinal pressure at the other end with a known moment 
which remained constant during angular deformation of the 
specimen. Friction was to be held to a minimum. The speci- 
men was to be contained in a furnace and maintained at constant 
temperature. Some provision had to be made for accurate!) 
measuring shear strain. 

A diagrammatic sketch of the essential features of the torsion 
machine is given in Fig. 1. Two of the new machines built 
integral in the same frame are shown in Fig. 2. Discussion will 
be directed toward the design of the improved apparatus of 
the last two units. The fact that the torsion specimen was 
tubular established the form of the slotted adapters (a), Fig. |. 
The end which resisted rotation was made a splined shaft ()) 
to allow for axial adjustment in inserting and removing ‘he 
specimen. The other end was connected to a large, ligh'- 
weight aluminum disk (h) on the circumference of which two 
fine music wires (g) produced a couple. These wires passed 
over pulleys (f) of relatively large diameters and were fastened 
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to both ends of an equalizing rod (d), to the center of which a 
platform (c) was attached for applying loads. The large disk 
and pulleys were mounted on ball bearings to reduce the friction. 
Between the rigid end and the aluminum disk which furnished 
the moment, a universal joint (k) was supplied in the shaft to 
eliminate the possibility of bending action upon the specimen. 
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Fig. 3) MEASURING Devices 


Some play between the specimen and the adapters allowed axial 
thermal expansion without causing longitudinal pressures. 

Since the furnace (e) surrounded the specimen, part of the 
shear-strain-measuring apparatus had necessarily to be within 
the heated zone. It was decided that it was best to select a 
vertical design of machine in order to permit these measuring 
devices to hang downward and thereby avoid bending and gen- 
eral distortion due to the heat. Detailed descriptions of the 
instruments and furnaces are given in the following articles. 

A salt or lead bath to protect the specimen from excessive oxi- 
dation could be used very easily with this apparatus. The 
design of the machine is favorable to this arrangement. 


2 INSTRUMENTS 


Exceeding simplicity and accuracy have been embodied in 
the principle and design of the devices for measuring angular 
deformations of the specimen. It was necessary to devise means 
of measuring the relative angular motion of two cross-sections 
of the specimen. Several methods have been developed, and 
during various stages of the same test, each, depending upon the 
rate of movement and the degree of sensitivity demanded, may 
be employed. The systems are mechanical, optical, or combina- 
tions of the two. The different methods that have been de- 
veloped number four and will be discussed in the order of the 
accuracy which they are capable of obtaining. 
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The gage length which has been arbitrarily selected as 4 in. £ 
is constant in all experiments where strain is measured. A 
concentric rod and tube, accordingly, are clamped by suitable 
means inside the specimen. A sectional drawing which illus- 
trates the method of securing the rod and tube at the gage 
points and the attachment of the strain-measuring instruments 
is given in Fig. 3. The relative angular movement between 
this rod and tube describes the shear strain of the 4-in. portion 
of the specimen (a) which is under investigation. To the rod 
(b) and tube (c) one or more of the devices (f, g) for measuring the 
strain are attached. Rollers (d) are provided to steady the rod 
and tube at the lower ends. 

The simplest method of measuring shear strain which is em- 
ployed throughout the entire test consists of a pair of projectors 
(g), one each attached to the rod and tube, equipped to cast a 
sharp vertical shadow on a curved graguated scale. The pro- 
jectors may be readily seen in Figs. 4 and 5. This optical lever 
is used in connection with either of two scales of 96-in. and 174- 
in. radius, respectively. The smallest reading that can be ob- 
served on the scales is 0.01 in., which corresponds to angles of 
1.04 X 10~‘ and 5.75 X 10-5 radians, respectively. The shear 
strain which can be measured is then 1.29 X 10~ and 7.09 x 
10~® in order. Although this method constitutes the least re- 
fined means of measuring the strain, the minimum rate of creep, 
for example, over a 12-hour period, may be read to 1.07 X 107° 
for the 96-in. and 5.91 & 10~ for the 174-in.-radius scale, strain 
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(a) (b) (c) (a) 
Fie. 6 SpecImMENS FoR ELASTIC 
AND CreEEP Tests IN TORSION 
{(a) Unstressed tube. (6) After creep test. 


(c) After buckling failure. ]} 
per hour. When rates are so low that more refined devices must 
be resorted to, this projector method furnishes a check and the 
amount of the total deflection. 

The other three more delicate methods of measuring the strain 
take advantage of a mechanical-lever mechanism in addition to 
the sensitivity provided by the various strain instruments them- 
selves. Arms (e) in Fig. 3 are fastened rigidly to the rod and to 
the tube. Various types of instruments (f) are mounted which 
measure the relative linear displacement of the outer ends. It is 
assumed, at the comparatively large radius at which the instru- 
ments are located, that for small angular movements the arc 
and chord are equal. Linear-strain-measuring devices serve to 
indicate these movements. 

In the first of these cases Ames dials (f), which will permit of a 
minimum reading of '/;10,000 
of an inch, are employed. 
Rates of creep with readings 
at 12-hour intervals are ac- }\W 
curately read tosome 6.19 X 


Y 
10-* strain per hour. This | 


Fie. 7 Specimens For UL- 
TIMATE SHEARING STRENGTH 
[(a) Unstressed tube. (6) After shear failure.] 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


ner as the Ames dials. It is seen that 
the accuracy obtained is about ten 
times as great as with the Ames dials. 
The minimum rate of creep is of the 
order of 5.15 X 10~* strain per hour 
when the readings are made at 12-hour 
intervals. 

The Martens-type mirror instru- 
ments, seen in Fig. 5, provide a method 
of obtaining a slightly greater sensi- 
tivity than is furnished by the Huggen- 
berger tensometers. The rate of creep 
which can be detected is about 5 x 
10~° shear strain per hour, based on 
the same interval previously used. 
This method furnishes the most sen- 
sitive means which has been developed 
at the laboratory for measuring creep. 


3 DEVELOPMENT OF SPECIMEN DEsIGN 


It was desired to find a shape of 
specimen which would approach a con- 
dition of uniformly pure shear. Ob- 
viously a solid shaft in twist presents 
an unfavorable situation. The phe- 
nomenon is complicated due to the fact 
that the stresses are not uniform. A thin tubular section was 
therefore selected, for which the assumption can be made that 
stresses are evenly distributed over the cross-section, and their 
magnitude is based on the mean radius. 

Numerous tests were made in torsion of such tubes at room 
temperature. The length of the thin section for determinations 
of angular deformation necessarily had to be of appreciable 
amount. Experience showed that it was not possible to obtain 
the ultimate shearing strength, since sudden buckling occurred 
and failure took place due to tension. Photographs of an un- 
stressed tube, one following a creep test and one after buckling 
failure, are given in Fig. 6. This design was certainly adapted 
only to a stress somewhat below ultimate. 

Since buckling was not observable in the least until the final 


(b) 


method gives very satisfac- 
tory results for rates of creep 


within this range. Fig. 4 is 


a photograph which shows 


the Ames dials being em- 
ployed for measuring the 
shear strain. 

The Huggenberger tensom- 
eters, which are more widely 
used in European laboratories 
than in this country, permit 
the measurement of linear 
displacements of the order 
of 1/;00,00 of an inch. These 
instruments consist essen- 
tially of a compound set of 
mechanical levers. The Hug- 
genberger instruments are at- 
tached to the end of the arms 
(e, Fig. 3) in the same man- 
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stage of the test, observations of strain during the first part of 
the test, which was the important part for creep measurements, 
were not affected. 

In order to get data for ultimate strength, the final design 
adopted was merely a rounded groove with a long radius at the 
bottom, a photograph of which is shown in Fig. 7 both before 
and after failure. 

The two standard type specimens, then, which were employed 
throughout the torsion tests reported here, were of the design 
described in the above-mentioned development. The specimen 
which was used for the investigation of all elastic and creep-test 
determinations is shown in Fig. 8(a), while the design adopted 
for the few tests where ultimate strength was required is given in 
Fig. 8(b). 

Later tests have indicated conclusively that no measurable 
buckling took place when the specimen chosen for creep tests 
was subjected in the usual experiments to shear stress over long 
periods of time. 

II—MATERIAL 


1 Roveu Srock 


As much care as possible was exercised in the selection of 
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An analysis in the University laboratory showed the carbon 
content of the tubes to be 0.347 per cent, with a maximum varia- 
tion of 0.001 between samples. 

Upon receipt in the laboratory the tubes were cut to the length 
desired for the specimens and annealed in an electric furnace in 
an atmosphere of air. The annealing temperature in all cases 
was 900 deg. cent., which was maintained for a period of from 
fifteen to thirty minutes. The tubes were permitted to cool 
slowly in the furnace. 


2 Prevtiminary Tests at Room TEMPERATURE 


It was desired to investigate the physical properties of the 
material in tension and in torsion at ordinary temperatures by 
the usual short-time methods. For the tension tests two types 
of specimens were used. Small rectangular strips were cut from 
the walls of both unannealed and annealed tubular stock and 
subjected to tension. From these tests it was decided that only 
annealed material would be used in subsequent experiments, 
since uniformity in results and a sharp yield point could be ob- 
tained only when the material was in the annealed condition. 
Tubular specimens, as the second type, were tested in tension also. 
The tube stock was turned down into the same essential form 


(b) 
Fie. 9 PHOTOMICROGRAPHS OF MATERIAL 


{(¢) Highly decarburized inner surface. 


(5) Homogeneous interior structure. 


(c) Slightly decarburized outer surface. | 


material for the program of ex- TABLE 1 TENSION TESTS AT ROOM TEMPERATURE 
ani ired Tensile Red. of Modulus 
periments. It was desi ag to Type of E Mark Prop. limit, Yield point, strength, Elongation, area, EX 106, 
have a steel which exhibited specimen Condition No. Ib. per sq. in. Ib. per sq. in. Ib. per sq. in. per cent percent Ib. per sq. in. 
= : Strip Unannealed 1 60,000 4 91,200 13 45 30.5 
usual physical properties and Strip | Annealed 3 40,700 40,700 72/300 36 48 28.9 
which at the same time was Tube Annealed 4 34,350 34,350 67,600 35.5 29.3 


homogeneous. Since the finished 

specimens were to assume the form of a thin hollow cylinder, 
‘ubular stock was preferred. A medium-carbon seamless steel 
mechanical tubing was chosen. 

This steel has properties which are well known at ordinary 
temperatures. The material was obtained in one lot sufficient 
for the entire investigation. The manufacturer’s chemical 
analysis furnished the following: 


Per cent 
0.02 


which was adopted for the torsion experiments, as seen in Fig. 8(a). 

The magnitudes of proportional limit, yield point, ultimate 
tensile strength, elongation, reduction of area, and modulus 
were obtained for each specimen. In the case of the tubular 
form, all of these values were consistently lower than for the 
strip type. This was later attributed to the fact that there was 
a thin layer of decarburized material at the inner surface of 
the original tube stock which formed a larger proportion of the 
cross-section in the thin tubular specimen than in the thicker 
strip. Representative tension tests are reported in Table 1. 

It was further decided to subject the material to metallo- 
graphic examination. Sections at right angles to the axis of both 
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Fie. 10 Mecuanicat Tests oF Strips at Room 
TuRE AFTeR Various LENGTHS OF HEATING aT 450 Dec. CrEnrT. 


the strips and tubes were polished and photomicrographs pre- 
pared. As can be seen by referring to Fig. 9, the material through- 
out the cross-section is not homogeneous. Fig. 9(a) shows the 
structure of more than half of the thickness of the tube speci- 
men. A large proportion is decarburized and consequently 
weaker than the interior material. A photomicrograph of a sec- 
tion of the strip showing the center is given in Fig. 9(b). This 
is the normal structure. Another sample was taken from the 
thick end at the grip of a tubular specimen. The outer surface, 
as may be seen in Fig. 9(c), is slightly decarburized. 

From this study it was perceived that the tubular specimens 
must be redesigned so as to include only homogeneous material 
which was not decarburized. This was accomplished by merely 
increasing the internal diameter as well as the external diameter 
in order to maintain the same wall thickness of 0.050 in. The 
material of the final form of specimen, then, consisted wholly 
of the homogeneous structure shown in Fig. 9(b). 

For the torsion tests at room temperature, annealed tubular 
specimens of two forms were used. To determine the elastic 
properties the original design described above was employed. 
In order to obtain the value of ultimate shearing strength a special 
type was devised of considerably shorter length and of reduced 
section. Details of this form of specimen and its development 
have been discussed in Section I, and reference in that connection 
may be made to Figs. 7 and 8(b). 

Table 2 gives the characteristic data derived from the torsion 
tests at room temperature. 


TABLE 2 TORSION TESTS AT ROOM TEMPERATURE 


The yield point in torsion for this annealed material was well 
defined. In the case of the specimen with only '/» in. length 
of reduced section it is probable that the dimensions of the wall 
were not accurately known. The value of ultimate shearing 
strength obtained from No. 71 specimen is considered reliable. 

Bearing in mind that the reduced section of the tubes with the 
exception of No. 71 consisted to an appreciable extent of weaker 
decarburized material, we can relate the information of the 
tension and torsion tests. Comparing the values of yield point, 
the ratio obtained in uniformly pure shear to that in tension at 
ordinary temperatures assumes the value of approximately 0.6, 
which is in good agreement with the maximum-energy theory. 


Errect or Lona-Time HEatInG ON Puysicat PROPERTIES AT 
Room TEMPERATURE 


It has been conjectured that steel subjected to the continued 
effect of high temperatures may undergo some structural change. 
This alone may produce differences in the physical properties, 
so that in creep tests it may be possible that the specimen becomes 
continually weaker—or perhaps stronger—under the single action 
of prolonged heating. Furthermore there is a possibility that 
long-time exposure to some temperatures at which creep tests 
are conducted results in decarbonization of the surfaces of the 
metal 

These questions were approached by investigating strips of 
steel '/i, in. thick and 1 in. in width, of 0.068 + 0.004C content. 
The strips were given an initial anneal at 900 deg. cent. and 
allowed to cool in the furnace. They were then heated for various 
lengths of time at 450 deg. cent. This temperature was arbi- 
trarily selected. Two strips were heated for 5 days, two for 10 
days, and so on through 30 days, so that twelve specimens were 
prepared. At the conclusion of the heating periods the strips 
were again allowed to cool slowly in the furnace. 

After the heating, mechanical tests were made on the strips 
at room temperature to determine their hardness and tensile 
properties. 

Although it is appreciated that the hardness of strips as thin 
as '/\,in. undoubtedly cannot be accurately determined by means 
of the method of the Rockwell machine,’ the '/\.-in.-diameter 
ball and 100-kg. weight were used to study the relative hardness 
of the strips. It was felt, however, that the consistency of the 
observed values for a given specimen and the reasonable quali- 
tative agreement with the subsequent tension tests presented 
interesting information. It was found that prolonged heating 
resulted in a continual softening of the material. The curve 
for hardness is given in Fig. 10. 

Each strip was tested in tension at ordinary temperatures. 
The general physical properties—proportional limit, yield point, 
ultimate tensile strength, breaking strength, reduction of area, 
and elongation—were determined. Again it is observed by fur- 
ther reference to Fig. 10 that the effect of heating was to weaken 


the steel, and that there is a material falling off in the magnitude 


of tensile strength, yield point, and proportional limit. The 
reduction of area and elongation appear to remain un- 
changed. 

The results of this particular set of tests are offered as a quali- 
tative indication only of what may obtain in situations where 
metal is subjected for long periods to high temperatures. More 

experimental evidence is needed 


Guatiog Modulus to establish convincing argu- 


Prop. limit, Yield point, strength, G X 106, ments concerning the problem. 
Type of specimen Mark Ib. persq.in. tb. persq.in. tb. persq.in. Ib. per sq. in. 

1 20,300 20,600 11.5 
Veen. Le 57,300 A. Hankins, ‘Hardness 
in. section . Tests of Steel Strip,” Engineer- 
Long tube with steel disks. . 29 57,800 ing (London), vol. 130, 1930, p. 
Round groove [Fig. 8(b)] . 65,870 11.5 324. 
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III—SHORT-DURATION TESTS AT | 
HIGH TEMPERATURES iol 
1 Prosiems INVESTIGATED al 
All of the experiments at high tem- 
perature in twist where the tubular ae “a I 
specimen was subjected for the major ™ ,, al || 
part of the test to a varying load and | | 
uniform temperature are for conve- 7 1 
nience discussed here under ‘“‘Short-Du- < a LY 
ration Tests.” Some of these single 
tests required as much time as two or VA 
three weeks, while others took only a 8 | | 
few minutes. | | 7 
Three types of problems were inves- | 
tigated: (1) the effect of various rates e , iz 
of loading; (2) the determination of 3 g | | | 
modulus of elasticity in shear; and (3) .~ £ 1 
the value of ultimate strength in shear. 3 ? | 
These tests were made at temperatures 
ranging up to 500 deg. cent. z 
2 Errecr or Various Rates or | 


Prior to making the regular creep 
tests, a series of experiments at 
each of several selected temperatures was run to study the 
effect of the rate of application of the load and the behavior of 
the creep during the intervals between loading. The form of 
specimen is shown in Fig. 8(a). These tests were directly used 
to predict roughly what creep rates could be expected subse- 
quently in the long-duration creep tests. It was felt that later 
a more accurate method of prediction could be discovered, based 
on these short-time tests. 

The same general procedure of applying the load was followed 
in each of these experiments. A specimen was loaded with equal 
increments (always 10-lb. weights, which corresponded to about 
1600 lb. per sq. in. shear stress, depending upon the exact mea- 
surements of the particular specimen) at definite intervals of time. 
These loading periods in each series were 1 minute, 1 hour, and 
24 hours, and the tests repeated for 400, 450, and 500 deg. cent. 


Sheer Strain in lnehes per [rch 


Fig. 12 Errect or Vartous Rates or Loapine at 450 Dea. Cent. 


The results are given in the curves of Figs. 11, 12, and 13. 
During the interval between the addition of the loads in the 
case of the one-day period, several observations of strain were 
made, as frequently as each two to four hours in the early stages 
after each loading, and the rates of creep determined. Fig. 14 
shows representative curves obtained in this manner at 500 
deg. cent. It was an interesting discovery to find that the 
logarithm of the rate over the last 12 hours of each 24-hour 
period plotted against the corresponding stress which was acting, 
resulted substantially in a straight line. It was further signifi- 
cant in the case of the tests at 400 deg. cent. that this line 
paralleled the one which represented the minimum rate obtained 
in long-time creep tests. Such a comparison may be made by 
reference to the broken-line curves of Fig. 18 for 400 deg. cent. 
and Fig. 19 for 500 deg. cent. It is believed that some relation- 
ship may exist between the two curves 


“a3 


so that predictions of minimum rate 
can be made on the basis of knowl- 


edge gained from such short-time tests 


and only a few regular creep tests. 
ae The method of measuring angular 


34 ~~ 4 deformations in all of these short-time 
— = tests was by the projectors and 96- 
in.-radius scale. The various devices 
& a —tf for strain-measurement determinations 
. 4 have been described in Section I. 
L 3 Mopvc or Exasticiry SHEAR 
a (fs a Modulus of elasticity in shear of 
he} the material at various temperatures 
» Motto from normal to 500 deg. cent. was 
| determined, employing the specimen in 
= = ] Fig. 8(a). A curve is plotted from the 
2 «f+ z= resulting data in Fig. 15. This is in 


close agreement with studies in tension 


by McVetty and Mochel* on similar 


4P. A. MecVetty and Mochel, 


Sheer Strain in per inch 


Fie. 11 Errect or Various Rates or Loapine at 400 Dec. Cunt. 


“The Tensile Properties of Stainless Lron 
and Other Alloys at Elevated Tempera- 
tures,”” Trans. A.S.S.T., vol. II (1927), 
pp. 82, 100. 
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material by employing the relation: G = 
E/2(1 + yw). In this expression G is the 
modulus of elasticity in shear; E the 
modulus of elasticity in tension, and yw 
Poisson’s ratio, which is about 0.3 for 
steel. It can be assumed that Poisson’s 
ratio remains constant at this value for 
any temperature. 

The manner of arriving at satisfactory 
values of the modulus of elasticity in 
shear at elevated temperatures was by 
making observations of shear strain of 
the specimen during unloading rather 
than upon loading. Angular deformations 
were read by use of the projectors and 
the 96-in. scale. 
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4 UvtimaTe STRENGTH IN SHEAR 


Tests to determine the ultimate shear- 
ing strength at various temperatures from 
atmospheric to 500 deg. cent. were con- or 
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ducted. Short-length specimens shown in : 
Fig. 8(b) were used, which precluded the (Noon) Tome 


possibility of buckling. The results are 
given in Fig. 16 in the form of a curve. 

In loading the specimens to determine ultimate shearing 
strength, increments of 10 lb., and in the latter part of the test, 
5 lb., were used. The rate of application of the loads was par- 
ticularly important in these experiments, and a rate of 10 lb. 
(1600 Ib. per sq. in.) per 30 sec. was carefully observed. 

This curve does not look like those usually obtained for ulti- 
mate strength in tension at different temperatures. One of the 
reasons for the appearance of the curves in tension may be the 
complicated condition caused by necking. This situation is not 
present in experiments in uniformly pure shear produced by 
torsion. More experiments are required. 


IV—LONG-DURATION TESTS AT HIGH TEMPERATURE 
1 Resvuitrs or Lone-Duration Tests 
Long-duration creep tests of tubular specimens of medium- 


Fic. 14 Creep Rate Between 24-Hour Loapines at 500 Dec. Cent. 


carbon steel subjected to uniformly pure shear were made at 
temperatures of 400 and 500 deg. cent. 

A number of the creep tests in shear were conducted in the 
usual manner, that is, the specimen was brought to the required 
temperature and the stress increased to a predetermined value, 
after which strain measurements were observed at certain time 
intervals. It was noted that the minimum rate of creep in each 
instance occurred at approximately the same total shear strain, 
and that buckling of the tube took place soon afterward. Strain, 
then, appeared in these cases to be the criterion of minimum 
rate of creep and also of buckling failure. Fig. 17 gives a family 
of time-deflection creep curves of the usual type of test made 
at 400 deg. cent. It is clearly seen from the first four curves 
that the minimum rate of creep occurs in each case at about 
0.10 shear strain. The sharp upward turn in the curves denotes 

the initial stage of buckling 


failure. Large deflections take 
2 place during this sudden buck- 
ling, so that the curve becomes 

22 — practically a vertical line. 
= The results of the creep tests 
s™ a are presented in the form of 
Sa curves shown in full lines in Figs. 
| “a 18 and 19. The logarithm of the 
minimum rate of shear strain 
per 24 hours has been plotted 
against the corresponding shear 
le = stress. Each point represents 
the value obtained from an in- 
Pts +t dividual creep test noted at the 
/ Wad right-hand edge. Some of these 
a individual creep experiments ex- 
% Al f tended over more than one 
month, while others were ac- 
+— complished in about one week, 

as explained later. 

From the experiments at 400 
| deg. cent. the generous number of 
a0 0£0 O30 test. points which describe such 
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i a It was stated above that the values of the points which desig- 
nated the shape of the curves of Figs. 18 and 19 represented the 
seal T 1 minimum rates of creep. From all of the tests made, a constant 
rate of creep has not been observed over any appreciable period 
+ of time, but rather a decreasing, or, in the case of approaching 
£ buckling failure, an increasing rate of creep. Fig. 20 is a typical 
& » curve which illustrates this point. These curves are obtained 
. from any creep test by merely dividing the amount of shear 
4 - | strain which has taken place during an interval between read- 
~ ings by the length of the interval in hours, usually about 
A . twelve. There are three quite distinct parts of such a curve. 
8 | The first portion, denoted by (a), is characterized by a rapidly 
* falling rate. In some tests this occurs comparatively quickly. 
. | This part is followed by a region (b) of very much more uniform 
| 
| 
4 4 + j 
} 
+ 4 + } 
4 ‘= 4 
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Fig. 15 or Evasticiry in SHEAR oF 0.34C STEEL aT | 
Various TEMPERATURES 

creep in shear of this material. The similar trend of the curve / —| 4 

at 500 deg. cent. is established with reasonable assurance. Over | 

a large portion of the curve for higher rates of creep the points 

fall in a straight line, but at lower rates there is a marked é ae — = 

decrease in the creep rate for decreasing shear stress. In no Terrperoture 1 °C 

creep tests has creep ceased. It is hazardous to predict beyond 16 Unrimate Srrenors In SHEAR oF 0.34C Sreet at Various 

experimental evidence, but it appears that although there is a TEMPERATURES 

decided drop in the creep rate 

at the smaller stresses, delicate 3 

instruments which are furnished 

by this present method and fur- >y 

ther investigation of the prob- " 


lem may reveal the existence 
of creep very much beyond the 
range that has hitherto been 
supposed. The curve may even 
be asymptotic to the axis of the 
abscissa. Further experiments 
are in progress at present to 
establish more data for these 
low rates. 

It may be reasoned that at the 
upper end of the curve very high 
rates of creep may be produced 
by large shear stresses. A physi- 
cal maximum shear stress may 
well exist which causes instan- 
taneous failure or, better, an in- 
finite rate of creep. This stress 
is probably in the neighborhood 
0! ultimateshearing strength, and O 2 4 60 8 000 120 HO eC 18 200 220 20 260 280 300 320 340 30 380 400 
so it seems the upper part of the Durations of Test in (ours 


curve becomes asymptotic tothis = yg. 17 Sear Stratn Vs. Duration or Creer Test ror Various AMOUNTS OF SHEAR STRESS AT 
practical limiting shear stress. 400 Dee. Cent. 
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rate of creep, but all observations indicate it is not constant. 
The last stage (c) precedes buckling of the tube and shows a very 
sudden increase in rate. It can be conceived for practical pur- 
poses that the middle zone may be considered to be one of con- 
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stant rate of creep. The values which have been obtained for 
plotting Figs. 18 and 19 have been taken from some portion of 
this (6) stage. 

Mention was made earlier of the care which had been exercised 


to procure specimens of homogeneous material and of uniform 
dimensions. This was felt to be of first importance in entering 
upon such a program as the present one of creep. Fig. 21 shows 
the loading curves for five randomly chosen specimens. Although 
the manner of loading, as to rate of applying loads, was felt 
to be of no significance upon the subsequent creep test, never- 
theless it was customary to load the tubular specimen according 
to a selected rate of 10 lb. (about 1600 lb. per sq. in.) per min. 
until the desired shear stress was acting. As is seen, the speci- 
mens for which the curves are given in Fig. 21 received various 
final loads, but the coincidence of the curves presents an interest- 
ing picture of the uniformity of the material and dimensions of 
the specimens. 


2 ACCELERATED MetTHops or TESTING 


It was postulated that the favorable point where the rate of 
strain was at a minimum could be reached quicker than was 
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Fie. 20 CHaRAcTERISTIC Curve oF Rate or SHEAR STRAIN Vs. 
DvuRaTION OF CREEP IN SHEAR 


accomplished in the tests shown in Fig. 17, without affecting the 
value of this rate, by first overstressing the specimen. When a 
desirable amount of shearing strain had been obtained, about 
0.08 in this case, the load would be reduced and creep would be 
read as a function of the new stress as though the entire history 
of the test had been according to common practice. It would be 
expected that a short time would be required for the specimen to 
become adjusted to the reduced stress. 

This plan was investigated by selecting first a test (Tube No. 
53, Test A®°) seen in Fig. 18 that had been previously begun in 
the accepted manner of loading and which was approaching the 
minimum rate of creep. The new specimen (Tube No. 55, Test 
A) was loaded according to the same method which had been 
standardized for all creep tests, but the amount of the initia! 
stress imposed was such as to produce in a few hours nearly the 
same total strain as was obtained with the other specimen (Tube 
No. 53) at that time over a period of about two weeks. When this 
total strain was reached, the excess load was removed so that the 
stress in the tubes in each experiment was the same. The raie 


’ Each tubular specimen was numbered, and when more than one 
test was made which employed the same specimen the experiments 
were designated by Test A, Test B, and so on. 
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of creep soon dropped in the accelerated test to values which 
approximated within experimental limits the rate of creep shown 
by the usual test. 

So close was the agreement in the two tests that the points 
when plotted according to the logarithm of the minimum rate 
against shear stress nearly coincided. Fig. 18 may be referred 
to for comparison of the results seen as two adjacent test points. 
The procedure developed for this test was considered worth 
adopting for further tests. Two weeks only were saved in this 
case, but for lower values of stress, and consequently of strain, 
it is seen that a far greater saving of time is capable of being 
effected. 

Furthermore, should we be willing to accept the premise that 
no appreciable effect upon the minimum rate of creep is caused 
by this accelerated method of loading, it is reasonable to expect 
that all of the creep data necessary to plot the curve of the loga- 
rithm of the minimum rate of creep against the corresponding 
stress can be obtained from a test of 
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This phenomenon differs from what we know of room-tempera- 
ture tests where yield point is increased only by large loading. 
This increase of yield point was produced by comparatively small 
loads. It is also significant that Hooke’s law is maintained prac- 
tically up to the value of the new yield point. Usually in cold 
working, the increased yield point is attended by a marked round- 
ing off of the curve preceding the yield point. 

From other tests on unused specimens in torsion at room 
temperatures, curves like the one shown in Fig. 22(b) have been 
obtained. The material, then, which was subjected to creep 
and later annealed, resembles the original condition of the steel. 


2 NaturaL JARS AND VIBRATIONS 


It was felt for some time that vibrations, and particularly jars 
produced in the building, caused dynamic in addition to the static 
loads applied to the specimen under torsion. Although all ob- 
servations of suddenly high creep rates did not follow known jars, 


one specimen. The specimen would = 


then be loaded and quickly strained to 


a point slightly below that for the mini- 


2 


mum rate of creep. The load would 7 


+ 


+ 


be reduced then sufficiently to produce 
a rate of creep within the desired 


N 


range. After the creep rate had been 
found for this stress, the load would 


be decreased and the new creep rate 


at this stress obtained, and so on. In 
this manner it seems likely that enough 


information could be secured within 
a period of several weeks or months 


to afford a reliable indication of the 


properties of the material. 
Several tests of this kind have 


been made with apparent success, 
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but further study is required to sub- 


+ 


stantiate the degree of accuracy of this 4 
form of test procedure. The points 


for rates of creep of 10~* shearing 
strain per hour, and less, in the experi- ee 


= 


ments at 400 deg. cent. and all the 
tests at 500 deg. cent. were obtained 
inthis manner. These data are repre- 
sented by the curves plotted as stress against the correspond- 
ing logarithm of the minimum rate of creep for the particular 
temperature in Figs. 18 and 19. 


V—SPECIAL PROBLEMS 


1 IncrEASE oF YIELD Point By CREEP AND RESTORATION OF 
ORIGINAL YIELD Point By ANNEALING 


In order to investigate the effect of creep upon the physical 
properties in subsequent room-temperature tests, a tube (No. 
565) which had already undergone considerable creep was studied. 
Following the test at 400 deg. cent., which was reported in Fig. 
11, the specimen was unstressed and permitted to cool slowly in 
the furnace. At room temperature the tube was loaded in torsion 
until the yield point was reached at about 29,450 Ib. per sq. in., 
and then unloaded. Then by annealing the tube at 900 deg. cent. 
in the usual manner, all effect of any previous cold working was 
removed. The tube was again tested at ordinary temperature in 
twist and the yield point observed to be about 24,950 Ib. per sq. 
in. The respective curves are given in Fig. 22. From these ex- 
periments it is seen that the creep test at 400 deg. cent. caused 
an increase in the yield point of about 20 per cent, based on the 
usual tests at room temperature. 
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these higher values were observed when jars were known to have 
occurred. During the assembly of heavy apparatus in a nearby 
room very erratic rates of creep were observed. 

In normal times, rates were usually alternately high and low 
in reference to a smooth curve. In analyzing this condition it 
was discovered that the reading taken in the morning was the 
lower one and the evening reading the higher. Observations 
were recorded twice daily. This appeared consistent, since more 
jars, however small, were produced during the day, which 
resulted in the greater rate of creep observed at the evening read- 
ing. 

A more detailed study was made over a four-hour period one 
evening when jars and vibrations were at a minimum. Readings 
of creep were recorded at five-minute intervals on two specimens 
(Nos. 53 and 55). Reference to the curves of Fig. 23 is suggested. 

No creep was observed for the first hour and a half in the speci- 
men whose average rate was about 3 X 10~* shearing strain per 
hour until the observer unintentionally caused a sudden jar 
across the room. This jar resulted in an apparently instantaneous 
large creep, after which no further change was observed in the 
remaining two and a half hours. Rates of the order of 4 X 1077 
strain were observed without difficulty, and form the least count 
for plotting the curve. 
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The second specimen, whose average rate of creep was slightly 
greater, about 8 X 10~® shearing strain per hour, showed alter- 
nate stages of creep and of no creep. When the small jar reported 
above was produced, these observations also showed that a con- 
siderable movement had taken place. 

It is interesting to note that there is quite an obvious average 
rate of creep noticeable in the case of the upper curve of Fig. 23. 
Just before the sudden creep, the specimen is apparently strained 
less than the average amount, which prepares it particularly well 
for the occurrence which follows. The jar, then, not only brings 
the strain up to the ‘“‘average rate line,’’ but causes excess strain- 
ing which results in a slowing up in the rate. The period which 
follows appears to indicate that the material tends to main- 
tain an average rate of creep. 

From these experiments it would be concluded that creep is a 
discontinuous process. Whereas creep is generally read as being 
continuous, it is probably in reality stepwise in nature. 

A special apparatus has been constructed which is designed to 
make a photographic record of creep by directing a small spot 
of light on to the mirror of the measuring device. The beam is 
then reflected back on to a film on a drum turned by clock- 
work, 

It is proposed later to make a study of the effect of intentionally 
applied pulsations. A light motor with a small eccentric load to 
cause vibrations will be placed on the load pan. This study is 
designed to reproduce qualitatively the conditions encountered 
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Fic. 22 Torsion Tests at 26 Dec. Cent.: (a) AFTER CREEP TEST; 
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in power plants where pulsations are frequently imposed in ad- 
dition to static stress and high temperature. 

From the study of jars which has been made, it was decided 
to mount the torsion-test equipment on springs. Springs were 
chosen in such a way as to make the frequency of the system a 
very low one so that outside jars and vibrations would not pro- 
duce disturbances upon the torsion apparatus. The machines 
were therefore suspended from above, as seen by reference to 
Fig. 2. This eliminated the trouble caused by jars and vibra- 
tions. The temperature fluctuation effect is discussed in the 
following article. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


3 TEMPERATURE FLUCTUATIONS 


We must anticipate variations in temperature throughout any 
experiment of the order of one degree centigrade above and below 
the desired amount. In tension tests we know that these fluctua- 
tions materially affect the sensitivity of the readings of creep. 
They are far less serious in the case of torsion, but it is worth 
while to study the magnitude of their effect. An increase in 
temperature results in an increase in both the polar moment of 
inertia and the length of the specimen, and a decrease in the 
modulus of elasticity in shear. The resistance of the specimen to 
shear, then, tends to increase with a larger polar moment of 
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inertia, but shows a decrease with greater length and smaller 
modulus. The temperature effect upon modulus of elasticity in 
shear is very great compared with that upon the polar moment of 
inertia and the length. The ratio, in order, is about 150:5:1.25. 
In the extreme case when the applied torque moment is large, 
the effect due to a two-degree-centigrade temperature fluctuation 
will be read as a shear strain of approximately 1 X 10-*. With 
intervals of twelve hours between creep readings the effect of 
temperature fluctuations upon creep measurements amounts 
to rates of less than 1 X 10~’ shear strain per hour. The follow- 
ing calculations for an extreme particular case will help to make 
this evident. 
Let: 
0 angle of twist in radians 
400 deg. cent., say, the desired temperature 0! 
specimen 
= 1 X 10* in-lb. = maximum torque moment 
= 4in. = gage length at temperature ¢ 
= 1 X 10? lb. per sq. in. = modulus of elasticity in 
shear at temperature ¢ 
4 X 10-? = polar moment of inertia of tubular 
cross-section at temperature ¢ 
0.4375 in. = mean radius of tube at temperature / 
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= difference in angle of twist in radians due to tempera- 
ture change 

1.25 X 10~* in. per in. = change per inch of L 
due to 1 deg. cent. temperature fluctuation at 
temperature ¢ (coefficient of expansion) 

150 X 10~* lb. per sq. in. = change per unit of G 
due to deg. cent. temperature fluctuation at tem- 
perature ¢ (determined experimentally; this is 
discussed in Section III and an experimental curve 
is given in Fig. 15) 

4 X 1.25 X 10 in.* = change per unit of J, due to 
1 deg. cent. temperature fluctuation at tempera- 
ture ¢ 

be shear strain in tubular specimen. 


Then, due to a fluctuation of + 1 deg. cent. from temperature (, 


a) 
G(1 = 6)/,(1 y) 


O «= 1°C. 


Therefore the difference in the angle of twist expressed in radians 
due to a 2-deg. cent. temperature change is, since a, 8, and 4 
are small quantities, 


and by substitution of the values for the symbols: 


2-1-10°-4 


5-10~) 
1-107-4-10 


= (1.25-10- — [ —150- 10-4] 


= 3 X 10> radians 


Since 
Ad 


= 


Then, due to an angular deformation A@ caused by a 2-deg. cent. 
temperature change, the resulting shear strain becomes 


0.4375 -3-10-* 
4 


5, = 3 X 10~* in. per in. strain 


When readings are made at 12-hour intervals, the effect of 
temperature fluctuations which will result in fluctuations in 
creep rate will be 


3-10-8 
6. /h = 
12 


6./hr. = 2.5 X 1077 strain per hour 


The figures in the results of these calculations have in several 
cases been rounded off to the nearest whole number. This latter 
value, then, represents the minimum reliable value which may 
be observed when temperature fluctuations of the specimen are 
in the order of + 1 deg. cent. and all other conditions noted above 
regarding torque moment and dimensions are imposed. This 
temperature fluctuation registers its effect in changing the 
modulus of elasticity in shear, the polar moment of inertia, and 
the length. 

It will be appreciated that as the torque is decreased, as is 
the case when small rates of creep are required, the magnitude 
of the effect due to temperature fluctuations is decreased in 
direet proportion. Rates of 1 X 10~* strain per hour under 
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such circumstances can readily be determined without difficulty 
when readings are made as frequently as 12 hours. 
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Discussion 


T. McLean Jasper. This paper indicates considerable 
ingenuity in testing. There are, however, two very important 
assumptions which are made, which are very difficult to sub- 
stantiate. They are that a thin tube in torsion will allow one to 
reach the yield point of the metal without buckling at a much 
lower stress, and that one can discover the ultimate strength in 
torsion of even a brittle material when using a thin tube and the 
mathematics quoted. 

The problem is analogous to that of the slender column in which 
the apparent yield point of the same steel is reached at various 
apparent stresses, depending upon the slenderness ratio of the 
column used. The ultimate strength, in this case, is very much 
obscured. 

It is believed that the method of testing adopted by the author 
should be very good in determining the shearing modulus of steel 
at high temperatures, provided that the whole of the gage 
length of the specimen is known to be at a definite temperature 
and that the straight portion of the stress-strain diagram is used. 

The best method to determine this modulus that has been 
devised, it is believed, was adopted by Sutherland, in which 
he used the torsion pendulum for his work. This was reported 
in The Philosophical Magazine about 1891. The work by Suther- 
land has been summarized for steel and other metals in the 
magazine of 1923, pp. 617-618. 

The writer is somewhat nonplused by the nonchalant assump- 
tion that the maximum-shear theory of failure has been proved. 

The most exhaustive set of tests on which this is generally 
based was performed by Guest, who made a very detailed 
tabulation of his results in The Philosophical Magazine. The 
writer would call attention to the fact that Guest made as 
many as 20 tests on some of his thin tubes. He tested them in a 
simple torsion, and in torsion combined with other forms of 
stress. After a test in simple torsion on a tube, he made as 
many as 15 tests in some cases, and in others 18, in which he 
exceeded the straight-line stress-strain relation by other combi- 
nations of stress. When he finally tested by simple torsion, he 
was able to repeat the results originally obtained. Any one 
familiar with exceeding the elastic limit or yield point of steel 
knows that the new values obtained on the same specimen will 
not check with the original ones. The writer is not criticizing 
the test values obtained by Guest, because they were made in a 


® A. O. Smith Corporation, Milwaukee, Wis. Mem. A.S.M.E. 


4 
i 
ig 
4 
2M.L 
80 
hz 
or 
AR 
" 
or 
Piper 
A 
ay 


130 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


most painstaking manner and by a man most trusted as an in- 
vestigator. What he is suggesting, however, is that Guest 
never exceeded the elastic properties of the steel in his test tubes, 
but that they buckled considerably below the elastic limit of the 
steel because of the slenderness of these tubes. The writer has 
proved that slender torsion tubes will buckle in this manner by 
actual tests, and has obtained results in torsion of thin tubes simi- 
lar to the Euler curve for columns by varying the ratio of thinness. 


J.J. Kanter.’ Incidental to his studies on creep under shear 
stresses, the author has considered possibilities of structural 
change in steel due to the effects of high temperature alone. 
He offers some data which indicate that in less than 30 days 
of continual heating at 450 deg. cent. (842 deg. fahr.) appreciable 
loss of tensile strength, yield point, proportional limit, and 
Rockwell hardness is sustained by low-carbon strip steel, nor- 
malized. It might well be inferred on the strength of these data 
that in a year of heating, for instance, much greater difference 
than measured in 30 days would be found. The author suggests 
that more experimental evidence on this point is to be desired. 

It has been shown by several investigators that carbon steel 
tested in creep-elevated temperature is not seriously changed 
in its mechanical properties. Tensile tests have been made 
upon specimens subjected to as much as a year of creep testing. 
Tests such as these seem to show only a slight annealing at 
temperatures in the range of 900 and 1000 deg. fahr. (483 and 
538 deg. cent.). Creep testing in the range of 750 deg. fahr. 
(400 deg. cent.) tends to produce a slight increase of tensile 
strength and yield point, presumably due to strain hardening. 
Carbon steel does not seem to deteriorate in any alarming degree 
as a result of exposure to creep conditions. 

The conditions for structural change which the author con- 
siders in the present discussion, however, do not involve stress— 
only temperature and time. Some tests of this type involving 
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(After various lengths Of heating at 600 and 900 deg. fahr., 315 and 483 deg. 
cent. Analysis: C, 0.45; Si, 0.08; Mn, 0.54; S, 0.04; P, 0.012. Heat treat- 

ment: Normalized at 1650 deg. fahr., 900 deg. cent.; atte ey from 1500 deg. 
fahr., 815 deg. cent.: drawn 2 hours at 1500 deg. fahr., 678 deg. cent.) 


up to three years’ exposure will probably be of interest at this 
time. Figs. 24 and 25 represent the mechanical test results of 
two carbon-steel materials given long-exposure tests at 600 and 
900 deg. fahr. (315 and 483 deg. cent.). The results represent 
part of a comprehensive survey of various steels and alloys, 
under long-time heating conditions, started in 1923. The 


7 Metallurgical Department, Crane Company, Chicago, II. 


soaking temperatures are maintained constant and uniform in 
two cast-iron blocks each containing a number of drilled holes 
to admit test specimens suitable for machining to standard 
0.505-in. tensile bars. These blocks are insulated with magnesia 
and kept heated to temperature by means of thermostatically 
controlled gas burners. The variations in temperature amount 
to about +25 deg. fahr. (+15 deg. cent.) of those stated. The 
heating blocks were kept continually at temperature, speci- 
mens being withdrawn at desired intervals. 
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The effects of long exposure at 600 and 900 deg. fahr. (315 
and 483 deg. cent.) of 1 in. diameter 0.45 per cent carbon-steel rod 
are shown in Fig. 24. These specimens were uniformly heat 
treated to 195 Brinell hardness, in the following manner: 


1650 deg. fahr. (900 deg. cent.) 
1500 deg. fahr. (815 deg. cent.) 
1250 deg. fahr. (678 deg. cent.) 


Normalize at....... 
Quench from 
Drawn 2 hr. at 


Very little change in tensile strength was found for heating 
periods up to 18 months at either 600 or 900 deg. fahr. (315 or 
483 deg. cent.). At 900 deg. fahr. (483 deg. cent.) after 6 
months of exposure a slight loss is apparent. Changes in yield 
point and proportional limit, elongation, and reduction of area 
are similarly of small magnitude up.to 18 months of heating. 
The changes in Brinell hardness are recorded up to 24 months 
at 600 deg. fahr. (315 deg. cent.) and 40 months at 900 deg. 
fahr. (483 deg. cent.). Neither of these temperatures produced 
a definite hardness change until after 30 days of heating had been 
exceeded. A greater percentage of loss in hardness than in 
tensile strength apparently is sustained in the long-time heating. 

Long-time heating tests upon 1-in.-diameter cold-rolled besse- 
mer steel rod are shown in Fig. 25. 

Unlike the heat-treated 0.45 per cent carbon steel, there are 
marked differences in the changes in mechanical properties 
brought about in raising the temperature from 600 deg. fahr. 
(315 deg. cent.) to 900 deg. fahr. (483 deg. cent.). Gradual 
loss in tensile strength, yield point, and Brinell hardness, wit! 
corresponding gradual rise in elongation and reduction of area, 
are shown at 600 deg. fahr. (315 deg. cent.). At 900 deg. fal. 
(483 deg. cent.), however, but 8 hours of heating was required 
to bring about the approximate total change in properties whic! 
accumulated in a year at 600 deg. fahr. (315 deg. cent.). Given 
time enough, therefore, 600 deg. fahr. (315 deg. cent.) is’ a high 
enough temperature to effectively relieve the hardening and 
internal straining due to cold work. At 900 deg. fahr. (483 deg. 
cent.), where the same relief is accomplished in a few hours 
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further heating up to 3 years produces no drastic additional 
changes. 

} The changes which do take place at 900 deg. fahr. (483 deg. 
cent.) from 8 hours on are quite similar to those shown in Fig. 
24 for 0.45 per cent carbon drawn steel. 

These tests, together with those of the author, seem to indicate 
that the principal possible source of instability of mechanical 
properties in low- and medium-carbon steels, not hardened, is 
due to internal strain. The rate at which such strain is relieved 
apparently is a function of temperature and time, not dependent 
upon any critical or recrystallization temperature; 600 deg. 
fahr. (315 deg. cent.) is seemingly as effective over a long-time 
period as 450 deg. cent. (842 deg. fahr.), which is ordinarily 
considered to be the lowest temperature for recrystallization. 
The '/,.-in.-thick strip steel used in the author’s tests, although 
annealed at 900 deg. cent. (1652 deg. fahr.) before the exposures, 
may have retained some of the effects of the drastic cold working 
which thin strip steel is usually subjected to. The losses 
found by the author in the period between 5 and 30 days of 
heating at 450 deg. cent. (842 deg. fahr.) are of much greater 
magnitude than those found for similar intervals in the tests 
upon the two rod steels at 900 deg. fahr. (483 deg. cent.). It is 
quite probable that the changes take place more rapidly in 
1/,¢-in.-thick strip sections than in 1-in.-diameter rods. 

On the strength of what evidence is at hand, there need be 
little anxiety over the deterioration or troublesome structural 
changes as a result of heating in ordinary structural carbon-steel 
products. It is of course known that certain heat-treated 
alloy stee's are affected structurally and chemnically in the course 
of heating, but so far as low- and medium-carbon steels are con- 
cerned it is found that heating, under ordinary conditions, 


affects principally the state of strain hardening, whether stress 
is being applied or not. 


Georce C. Priester. The author should be commended 
on the painstaking and ingenious method devised for the deter- 
mination of his data. The phenomenon of creep in metals sub- 
jected to stress is of prime importance in several phases of engi- 
neering design. While most investigators have confined their 
analyses of this phenomenon to specimens subjected to tensile 
stress, this is the first paper that has come to the writer’s attention 
which deals with creep when the specimen has been subjected 
to a shearing stress. The fact that the shearing deformation 
of a specimen subjected to torque can be measured with a much 
higher degree of accuracy and with simpler instruments has long 
been recognized by many investigators in the properties of the 
strength of materials, but as yet very little use has been made of 
this fact It remained for the author of this paper to demon- 
strate this, and it is the hope of the writer of this discussion that 
more use will be made of it. 

Some six years ago in the materials-testing laboratory of the 
University of Minnesota, an instrument employing the use of 
the Ames dial was devised for measuring shearing deformation 
in specimens subjected to torque. The basic principle of this 
instrument is the same as that used by the author. The results 
obtained were gratifying and even beyond the expectation 
of the writer as to the accuracy with which these deformations 
could be read. This instrument is still in use. 

In referring to the author’s paper, in Section III-4, where he 
states that “This curve does not ook like those usually obtained 
for ultimate strength in tension at different temperatures,”’ it is 
not quite clear to the writer just what significance this may have, 
when one compares the different manner in which an ordinary 
tension test is carried out with the one used by the author. 
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In the ordinary tension test the specimen is stressed by producing 
a deformation in it. The author stressed his specimen by loading 
the specimen by direct torque, and naturally if any phenomenon 
of necking did take place, it would be practically impossible 
to measure stress and strain simultaneously in the range in which 
necking takes place by the method he used. Also the specimens 
the author used would preclude any phenomenon of necking. 

In the second paragraph of Section IV, the author states that 
“Tt was noted that the minimum rate of creep in each instance 
occurred at approximately the same total shear strain.” He 
also states that this occurs at a shear strain of about 0.10 in. 
per in., and then later on in his paper used this as a basis for 
‘Accelerated Methods of Testing.’’ It seems to the writer 
that the author would have encountered less difficulty and ob- 
tained a more reliable basis for the accelerated tests had he used 
the minimum rate of change of creep instead of the minimum 
rate. From Fig. 17 of the author’s paper it will be noted that 
there is a minimum rate of change in all the curves at about 
0.08 in. per in. shear strain. Also this minimum rate of change of 
creep is not affected by any buckling phenomenon and occurs at a 
point which could be determined with more accuracy than the 
one suggested by the author. By selecting the points of in- 
flection in a set of curves there is also a greater possibility that 
the phenomenon will lend itself to a more rational mathematical 
treatment should one desire to investigate the problem from this 
standpoint. 

On the whole the author is to be congratulated on the thorough 
manner in which he undertook and carried out his tests on 
this new phase of creep. The writer sincerely hopes that he 
may be able to continue productive work along this line. 


A. E. Wurte.’ This is a material contribution to the data 
which is accumulating on this subject. So far as the writer is 
aware, this is the first time that an outstanding attempt has 
been made to measure shear at elevated temperatures. The 
torsion machine which was developed for the measurement of 
shear represents a distinct contribution. One of the advantages 
which it possesses is the fact that shear creep measurements, 
at least in accordance with the method described in this paper, 
are not materially affected by the coefficient of expansion, which 
value always has to be considered when creep values of a high 
degree of accuracy are made in tension. 


P. G. McVerry.” The paper is a valuable contribution to 
our knowledge of creep of metals at elevated temperatures. 
While it has not yet been proved that creep results from shear 
within the individual crystals rather than from some form of 
viscous flow of the intercrystalline material, a study of shear 
phenomena appears to be a step in the right direction. 

Some mention should probably be made of the pioneer work of 
R. W. Bailey in this field, reported at the World Power Con- 
ference in Tokyo in 1929. He also used a tubular specimen 
and a similar method of applying a torque moment, and in 
addition, studied the effects of a superimposed axial stress. 
His conclusion that creep also occurs on planes other than those 
of maximum shear appears to be worthy of further consideration. 
This indicates that creep is even more complex than was supposed, 
and the necessity for further fundamental research is evident. 

There are several questions which may be asked relative to the 
methods used in measuring and controlling temperatures. The 
effects of temperature fluctuations are undoubtedly less serious 
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in a torsion test than in the usual tension creep test. However, 
it is assumed that the temperature is uniform over the gage 
length, and it would be interesting to know the extent of tempera- 
ture variation within the length of the test specimen. If, for 
example, the specimen is 10 deg. hotter at the center than at the 
ends of the gage length, the angle of twist will not increase 
uniformly from one end to the other, and a considerable error 
may be introduced. 

From a study of the apparatus used it is probable that con- 
siderable heat is conducted away from the specimen through 
the upper and lower grips and the strain-measuring device. 
This results in temperature gradients within the furnace, and 
it would be desirable to have more information about the location 
of the thermocouple used for temperature measurement and 
.control. 

The writer has also found a difference between readings taken 
in the morning and in the evening. This difficulty was ex- 
perienced in some early tests before instruments were used to 
furnish a continuous record of furnace temperatures. This 
was finally traced to faulty temperature control during the 
night, resulting in a lack of temperature equilibrium in the 
apparatus at the time of the morning reading. The trouble 
has been completely eliminated by improvements in temperature 

control. 

_ There is now much evidence to indicate that creep is a dis- 
continuous process. The sudden slips observed by the author 
are probably stopped by strain hardening, after which a con- 
siderable time at the test temperature may be necessary to 
produce softening and further slip. In the April, 1931, issue of 
MeEcHANICAL ENGINEERING, Dr. Jeffries mentioned some 
interesting observations of this phenomenon as affected by 
grain size and method of loading. The author’s proposed tests 
with pulsating loads should throw light on the important ques- 
tion as to whether the results of static creep tests are applicable 
to service conditions. 

The apparatus developed by the author is admirably adapted 
to the study of very low creep rates, and the results of his further 
tests at low stresses will be awaited with much interest. 


A. NApat.'! Experiments on the phenomenon of creep are 
today very important. In the industrial laboratories much work 
has been done during past years to determine the behavior of 
metals under stress at elevated temperatures. In most of these 
tests cylindrical specimens have been subjected to tensile loads 
and the extension of the specimens observed while the load was 
kept constant over a long period of time. The observation of a 
small longitudinal extension of a comparatively short gage length 
in a tensile test is difficult. Mr. P. G. MeVetty has called atten- 
tion to sources of error due to such arrangements. Small changes 
of the temperature of the bar may have a great effect on the 
observed elongation due to the inequality of the temperature 
between the test piece and the comparison strips of the extensome- 
ters; the thermal expansion of the latter introduces errors in 
the readings of the extensometer which may become serious. It 
is therefore a step toward the improvement of creep-testing 
methods used in industry to test materials, according to the 
suggestions of Professor Timoshenko, in torsion instead of in 
tension. Shear deformations are not affected by volume changes 
due to thermal expansion. The shear-testing apparatus designed 
by Dr. Everett might prove useful as it eliminates certain difficul- 
ties encountered in the usual methods in long-time testing. 

On the other hand, certain new difficulties seem to be intro- 
duced by the use of thin-walled tubes subjected to torsion on 
account of the instability of the equilibrium of such tubes. The 
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compressive stresses acting at 45 deg. to the axis of the tube might 
produce buckling. Thin-walled tubes at higher temperatures 
than those applied by Dr. Everett would probably buckle because 
of the known lowering of the critical buckling forces as soon as 
plastic buckling occurs, as compared with the critical values of the 
forces of purely elastic deformations. 

The work of experimenters who have investigated the plastic 
range of the deformations at normal and at elevated temperatures 
under various stress conditions, is closely related to the problem 
of creep investigated in the paper. Mention should have perhaps 
been made of some of the elaborate tests which have been carried 
out under combined stress and in which the rules of plastic flow 
at normal temperatures have been carefully studied. Among 
these tests are, especially, those made in England (several years 
ago), more reeent tests made in Germany (W. Lode!*) and in 
Switzerland (R6és and Eichinger'*) which might also be of interest 
in connection with the subject of the present paper, as some of 
the results of these tests might have their useful applications also 
to the phenomenon of creep. Torsion tests with metals at 
elevated temperatures have been made previous to those reported 
here by R. W. Bailey" in England. 

Referring now to some of the experimental results, mention 
should be made that the logarithmic rule as expressed by Fig. 18 
was discussed by P. Ludwik as far back as 1908.'®5 Presumably 
Ludwik was the first to propose the formula that the stress under 
which a metal yields slowly is proportional to the logarithm of the 
ratio of the velocities of deformation with which the bar is 
extending. This was found for metals having a low melting 
point and under room temperature, that is, perhaps under condi- 
tions which in some way may correspond to creep tests of steel at 
elevated temperatures. A logarithmic equation has been sug- 
gested independently by Cassebaum,'® expressing the ordinates in 
the ordinary tensile stress-strain diagram of steel taken for the 
same amount of deformation, but at various speeds of extension, 
referred to each other. From his torsion tests, R. W. Bailey 
finally arrived at a similar conclusion. This last investigator 
distinguishes also as Dr. Everett does between three phases of the 
creep test under constant load, and he finds from his torsion test 
that if he plots the logarithms of the rate of creep for what he calls 
the second stage of creep (this corresponds to Dr. Everett's 
“minimum creep rate”) as the abscissas and the stresses as 
ordinates, he obtains a straight line. 

In Section II, in the last paragraph, the author quotes the ratio 
0.6 as the value of the yield point in uniform shear to that in 
tension at normal temperatures," finding that this is in good agree- 
ment with the maximum-energy theory. If the full amount ot 
the maximum-strain energy, including that of the volume dil:- 
tation, was meant here, this statement needs to be corrected as it 
can readily be seen that the maximum-energy theory cannot be, 
in general, a correct criterion of the conditions of yielding. 

Although it would seem at first glance as if on account of simil:! 


12 Mitt. u. Forschungsarbeiten des V.D.1. Berlin, Heft 303, 192s. 

Proc. Eidgen, Materialpriifungsanstalt, Zurich. 

'4 These tests are reported in the Transactions of the International 
Power Conference, 1929, Tokyo, vol. 3, p. 1089, ‘Creep of Stee! 
Under Simple and Compound Stresses and the Use of High Initia! 
Temperature in Steel Power Plant.’ Compare also two valuable 
papers by Bailey, one on ‘Creep of Steel Under Simple and Com- 
pound Stresses,"’ p. 265, and the other on “Tubes and Cylinders 
Under High Pressures and Temperatures,”’ p. 772, in Engineeriny 
London, 1930, vol. 129. These papers not only contain very valuabl- 
experimental information but also present their applications for cor: 
puting stresses under creep in cylinders at elevated temperatures. 

16 “Elemente der Technologischen Mechanik,”’ Berlin, 1908. 

16 Annalen der Physik, 4 Serie, vol. 34, p. 106, 1911. 

17 The figure 0.6 mentioned may also depend on the ratio of the 
wall thickness of the tubes tested to their outer diameter, if com- 
puted according to the ‘‘Code for Design of Transmission Shafting,”’ 
Eng. & Ind. Standards, B17c-1927. 
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results obtained by independent investigators, consideration 
should be given to apply these results at once in practical work, 
the writer thinks that as far as creep at elevated temperatures is 
concerned, this at the present time might be still premature. 
The observations mentioned above with regard to rules combining 
stress and velocity of deformation refer to various modes of 
yielding, namely, plastic yielding of steel at room temperature 
(Cassebaum) and also to creep (Ludwik, Bailey, Everett). This 
seems at first astonishing, as it is assumed that the mechanism 
of plastic flow at normal temperatures in polycrystalline ma- 
terials such as steel may differ from that of such materials at 
elevated temperatures where the thermal] agitation of the atoms 
has more and more influence. Observations by Mr. McVetty 
at the Research Laboratories seem to indicate more and more 
definitely that certain very slow processes taking place in a metal 
exposed to elevated temperatures, may, over a period of months 
and perhaps years, depending on the conditions, still influence 
the creep characteristics of a metal subjected to a long-duration 
test. Much experimental work will still have to be done in in- 
vestigating these and similar factors until it is possible to estab- 
lish quantitative rules for the slow deformations of the metallic 
alloys at elevated temperatures. 

Although many points may need further approval in this 
difficult field of investigation of creep all new contributions 
should be much appreciated, especially the valuable work pre- 
sented by Dr. Everett, in which he has attempted to attack various 
points from new sides. It is hoped that by repeating such efforts 
it may be possible in the succeeding years to arrive at a more 
satisfactory understanding of the slow movements and deforma- 
tions of metals at higher temperatures. 


AvTHOR’s CLOSURE 


Mr. Jasper suggests that buckling of a thin tube in torsion may 
occur at stresses below the yield point of the material. The 
ratio of the thickness of the tubes used in the investigation 
discussed in the paper to the diameter was about 1 to 20,.and 
the matter of buckling of tubes with such proportions at stresses 
below the yield point is absolutely impossible. In discussing the 
information given in Table 2 and later in connection with Fig. 22, 
the author explained the results of representative experiments 
indicating that the stability of the thin tubes was maintained at 
least beyond the yield point. The problem of buckling was 
encountered in stresses well in excess of the yield point, as has been 
covered in Section II-3. 

The second point raised by Mr. Jasper considers the ultimate 
strength in torsion. Since stress concentration, although of great 
importance in brittle materials, does not enter into the problem 
of ultimate strength of a ductile material, a tubular specimen with 
a reduced section so short that buckling is impossible was in- 
vestigated. The cross-section of this short tubular specimen 
was identical with that of the long specimen, but the possibility of 
buckling was entirely eliminated by the shortness of the small 
section as can be seen in Fig. 8. 

The modulus of elasticity in shear at various temperatures was 
determined from the straight-line portion of the curve of shearing 
stress and shearing strain upon unloading the specimen. The 
effect of creep during unloading was found to be practically 
negligible, and a relatively long straight-line portion was ob- 
tained from which the modulus in shear was calculated with 
considerable accuracy. Care was exercised in providing uniform 
temperature conditions over the gage length of the tubular 
specimen. As can be seen by reference to the curve of Fig. 15, a 
variation of even +5 deg. cent., which is an extreme range, 
would not appreciably affect the character of the curve. 

In practice many designers adopt for ductile materials the 
maximum-shear theory—mentioned in the Introduction of the 
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paper—as being in most general agreement with analysis and 
experiment. In some cases other theories appear to fit the 
conditions more closely. Some of the results of the preliminary 
experiments made by the author coincide with the maximum- 
energy theory, as reported in Section II-2. 

Mr. Jasper mentions the work of Guest in a complimentary 
manner. Guest himself favored the maximum-shear theory as 
a basis for determining working stresses. 

In Mr. Kanter’s tests, the specimens were machined subsequently 
to the heating period, whereas the thin specimens studied for the 
effect of long-time heating and reported in the paper were tested 
“as heated.” In the latter the additional possibilities of weaken- 
ing by decarburization and oxidation of the surfaces formed the 
reason for selecting very thin strips having a large ratio of surface 
area to cross-sectional area, which paralleled the condition 
encountered with thin tubes used in the creep tests. Mr. 
Kanter’s tests compare as to the possibility that further releases of 
internal strains are not completely removed in the preliminary an- 
nealing and the growth of grains,with consequent weakening effect. 

Mr. Kanter’s generalization that higher temperatures have the 
same effect upon the physical properties as do lower temperatures 
operating over a longer times seems justifiable. It is known that 
internal strains which will become released after several months at 
ordinary room temperatures will be released to the same extent by 
placing the specimen in boiling water (100 deg. cent.). 

Regarding some of the questions propounded by Professor 
Priester, in determining the ultimate strength of carbon steels, at 
least, in tension at various temperatures, it is usual to find a 
maximum value in the vicinity of 200 to 300 deg. cent. A gradual 
improvement in tensile strength frequently precedes the maxi- 
mum point. Since the results obtained for the ultimate strength 
in shear appeared to disregard both of these characteristics, it is 
of interest to make this observation. We can usually look to 
what takes place in shear for an interpretation ot tension condi- 
tions, but in ultimate strength, necking in tension tests, in addi- 
tion, perhaps, to other factors, appears to contribute a further 
complication. 

Professor Priester suggests that greater accuracy is obtainable 
in locating the point of minimum rate of creep by considering the 
minimum rate of change of creep. Curves similar to that shown in 
Fig. 20 and mentioned in Section IV-1 were made as the tests 
reported in Fig. 17 and others progressed. From such curves the 
minimum rate of change (zero rate) was readily observed. 

Professor White has emphasized an important point in mention- 
ing the higher accuracy obtainable by torsion methods compared 
with those in tension as affected by temperature variations of the 
test specimen. 

Mr. MeVetty points out, and properly so, that the investigation 
of creep in tubes by R. W. Bailey deserves mention. The author 
has studied his work with considerable interest, but it appeared 
only in the early part of 1930 and the investigation discussed in 
this present paper had progressed considerably by that time. 
The complete bibliography in connection with the present investi- 
gation includes the contributions of Mr. Bailey. 

It appears important, as Mr. McVetty mentions, that a knowl- 
edge of the temperature at all points of the specimen be possessed 
In some preliminary experiments early in the investigation as 
much difference as 10 deg. cent. was observed over the gage 
length of 4 in., representing the very worst condition that has been 
found. This information on temperature was the result of 
placing three thermocouples on the specimen, at the gage points 
and the mid-point, and reading on one potentiometer. The error 
caused by a temperature differential along the length of the tube 
specimen only affects strain readings as a result of a different 
value of the modulus of elasticity in shear, Fig. 15, as the tempera- 
ture deviates from the correct amount, unless, of course, there is a 
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fluctuating temperature, in which case the discussion under 
Section V-3 applies. The error due to a constant temperature 
condition, admitting a small temperature differential along the 
gage length, is then seen to be really inconsequential. It means 
that the creep test is being conducted within a small temperature 
range, and that the creep readings are not caused to vary as a 
direct result of this. 

There is actually a generous transfer of heat by conduction 
outward through the grips which hold the specimen. Both the 
check of the temperature at three points along the specimen as 
described above and the relatively long furnace, which has a ratio 
of about three to one compared with the specimen, assure reason- 
able temperature conditions. During every experiment a thermo- 
couple attached to the mid-point of the specimen is connected to 
an indicating potentiometer which describes the temperature of 
the test. The thermocouple which leads to the automatic 
temperature control is fastened to the mid-point of the alundum 
tube of the furnace. Each furnace is equipped with its individual 
control instrument. 

Observations from the indicating potentiometer have shown 
no appreciable difference in the temperature during the evening 
or the day. The fluctuating results of shear strain reported in 
Section V-2 caused by jars to the apparatus disappeared upon 
mounting the machines on springs. 

Dr. N&dai mentions that volume changes due to thermal 
changes do not affect shear deformations. The author attempted 
to show in Section V-3 that changes in gage length and polar 
moment of inertia, and also modulus of elasticity in shear, 
combined to produce some possible error appearing in shear- 


strain measurements. Their combined effort is, fortunately, 
slight. 

The question of buckling was given much careful study both 
preparatory to and during the long-time creep tests. In Section 
I-3 some remarks are made to the effect that buckling of the tube 
walls, if present, was not measurable on specimens after creep 
tests by means of a micrometer. It appears from the author’s 
experiments that buckling takes place only after relatively 
large angular distortions, and that the amount of distortion during 
which creep data are obtained is in all cases considerably below 
any evident buckling condition. It is to be expected that higher 
temperatures will cause a lowering in the critical amount of 
buckling forces, but the shear stresses are also materially decreased 
in such creep experiments. 

Referring to the value of 0.6 for the ratio of the yield point in 
pure shear to that in tension as found from certain room-temper- 
ature experiments mentioned in the paper, it can be said that 
this value, in a general way, is approximately correct, considering 
total strain energy and also only that part due to distortion, lying 
somewhere betweeh the two ratios. 

Some reluctance appears to be expressed by Dr. N&dai in 
the matter of accepting creep data for design purposes. For 
industrial needs, however, information regarding creep phe- 
nomena is required and the available data, although insufficient, 
must be used. Such men as Baumann, Tapsell, and Hatfield 
believe that there are sufficient data available from which to draw 
some practical conclusions. 

The author wishes to thank those who have contributed to the 
the discussion of this paper. 
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Recent Advances in Photoelasticity 


And an Investigation of the Stress Distribution in Square Blocks Subjected to 


After discussing the principle of optical equivalence 
of stressed isotropic bodies, the author deals respectively 
with current methods to determine (P — Q); the fringe 
method; annealing of bakelite; fringe photographs of 
various models; membrane method to determine (P + Q); 
the photoelastic investigation of stress distribution in 
square plates subjected to diagonal compression; iso- 
clinics; trajectories; (P— Q) from fringe method; 
P and Q by graphical integration. He then summarizes 


the approximate theoretical analysis by the strain-energy 
method, gives comparative curves, discusses results, de- 
scribes new equipment, and in conclusion, derives funda- 
mental equations for the evaluation of P and Q by graphi- 
cal integration. 


HE growth of high-speed and large- 

size machinery, as well as the per- 

sonal influence of a few outstanding 
men, is beginning to convince industrial 
executives of the need and value of me- 
chanics as an engineering tool. With the 
general recognition of mechanics must go 
a special recognition of photoelasticity. 
Only the simplest problems in stress dis- 
tribution can be determined theoretically. 
Generally it is necessary to employ ex- 
perimental methods to this end, among 
which photoelasticity must rank first. 

The development of this branch of experimental mechanics 
has been retarded by the absence of a suitable material and 
by a certain mistrust among engineers in the validity of its 
results. 

The researches of Professors Mesnager, Coker, Filon, and others 
have gone a long way to dispel these doubts, and to build up 
a confidence in the results obtained by the optical method. 
It has been proved theoretically and substantiated experimen- 
tally that within the elastic limit and in simply connected bodies 
the stress distribution is independent of the physical constants 
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of the material. Professor Filon has shown that even in the 
case of multiply connected bodies such as connecting rods, the 
errors due to the difference between the materials of the model 
and the corresponding machine part or structural member are 
very small. The introduction of celluloid as a working material 
made photoelastic research not only possible but practicable. 

In very recent years interesting and promising developments 
have taken place, and it is the object of this paper to discuss 
some of these developments and their application. In particular 
the author will present, first, Dr. Tuzi’s fringe method for the 
determination of the difference between the principal stresses 
at a point; second, a new experimental method for the deter- 
mination of the sum of the principal stresses; third, a process 
for the annealing of bakelite which will restore this excellent 
material to photoelastic work; fourth, a photoelastic and 
theoretical investigation of the stress distribution in square 
plates subjected to diagonal compression; and fifth, photographs 
of new and inexpensive laboratory equipment which will demon- 
strate that a photoelastic laboratory is financially within the 
reach of industrial organizations and engineering schools. 


ESSENTIALS OF PHOTOELASTICITY 


The fundamental optical phenomenon underlying all photo- 
elastic investigations is that of double refraction. It explains 
what is transpiring in the crossed Nicols, the quarter-plates, 
as well as in the stressed model itself. 

When a ray of monochromatic light enters a doubly refracting 
crystal, such as Iceland spar, it emerges transformed in two 
important respects: first, it splits into two plane polarized 
rays, the ordinary and extraordinary, which vibrate in mutually 
perpendicular planes; second, the two rays travel through the 
crystal with different velocities, and therefore emerge from the 
crystal with a phase difference which depends on the wave 
length of the light and the length of the crystal. It is an experi- 
mental fact that a stressed element in an isotropic body behaves 
just like a doubly refracting crystal. To generalize: Within 
the elastic limit all isotropic bodies subjected to a two-dimensional 
stress system are optically equivalent to a set of a large number of 
doubly refracting crystals shaped so that their lengths at every 
point are directly proportional to the difference between the principal 
stresses at that point, and whose principal planes are set parallel 
to the stress trajectories. It is a further experimental fact that 
the relative retardation R between the ordinary and extraor- 
dinary rays produced at a point of an isotropic body due to its 
temporary doubly refracting character is given by the equation 


where c is an optical constant depending upon the material, 
and P and Q are the principal stresses at the point. Due to the 
above-mentioned facts a stressed, transparent model in a field 
of white, circularly polarized light gives a colored image each tint 
of which is a measure of (P — Q). This phenomenon is the 
foundation of the prevailing methods in photoelastic laboratories 
today. It is the basic idea in color matching and compensating. 
Both of these methods depend upon the color effect to determine 
the numerical value of (P — Q). 
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Tue Fringe Metuop 
If instead of white light a monochromatic source be used, then 
the relative retardation between the ordinary and extraordinary 
rays caused by the stressed model manifests itself not in color 
effects but in a change of intensity. Referring now to the rays 
emerging from the analyzer, let A = amplitude, A, = maximum 
amplitude, J = intensity, and /,, = maximum intensity. 


It can then be shown’? that A = A» sin rR................ [2] 


Since the intensity of light varies as the square of the amplitude, 
=A’=A, 
But 


2sin? rR 


hence 


where FR is given by Equation [1]. 
Inspection of Equation [3] shows that / will be zero for R 
equal to an integral number of wave lengths. For such values 


of R the light will be completely extinguished and a dark spot 
In this manner the use of mono- 


will be obtained on the screen. 


Fig. 2. FrRiInGe PHOTOGRAPH OF THE ESCAPING TYPE 


chromatic light results in alternate bright and black fringes, 
whose number and complexity depend on the material and loading. 

Fig. 1 shows a fringe photograph of a bakelite beam in pure 
bending. It will be observed that the fringes are straight, 
parallel, equidistant lines, this being due to the linear distribu- 
tion of the stress. From the known load conditions and the 
dimensions of the beam, the stress value of each fringe can be 
computed. 


2 See article by A. L. Kimball, Jr., on ‘Stress Determination by 
Means of the Coker Photo-Elastic Method,”’ General Electric Review, 
January, 1921, pp. 80-81. 


The difference between the principal stresses corresponding 
to each fringe of a stressed model of the same material becomes 
thus a known quantity, provided we know the number of wave 
lengths of relative retardation responsible for the particular 
fringe, that is, provided we know the fringe order. 


THe ForRMATION OF FRINGES 


The formation of fringes is a very interesting, though some- 
what complicated phenomenon. Dr. Tuzi classifies fringes 
into four types: the assembling, the converging, the diverging, 
and the escaping. The author proposes a simpler classification 
and will mention only two types of fringes: the escaping and 
the non-escaping. When all the fringes formed remain in the 
image, we have the non-escaping type. When some escape 
from the picture, we have the escaping type. The non-escaping 
type is best illustrated by pure bending, Fig. 1. The first 
fringes appear at the extreme fibers and approach the neutral 
axis as a limit but never reach it, since the stress at the neutral 


PHENOLITE Mopet SHow1nG Errect or INITIAL STRESSES 


Fic. 3 
axis always remains zero. The fringes crowd together, but 
do not escape. 

The escaping type is the more general of the two. A simple 
illustration of this type is afforded by the fringes formed in a 
narrow, rectangular block in compression. Here the fringes 
are born in the interior, spread toward the edges, and escape, 
leaving only fragments at the top and bottom. Fringes may 
escape through the interior as well as the boundary. Fig. 2 
shows a fringe photograph of the escaping type. 

In the non-escaping type a static picture reveals the fringe 
order. This is not the case in the escaping type. Here the fringe 
formation must be studied in order to determine the fringe order. 
By slow and repeated loading and unloading one can determine 
the points where the fringes originate and vanish. It is also 
possible to take moving pictures and thus reproduce the fringe 
formation on the screen at leisure. 

The fringe method for the determination of (P — Q) is simpler 
than color matching, and more accurate than compensating. 
The fringes are clearer than isochromatics, and can be traced 
with accuracy. It eliminates the strain and tediousness that 
necessarily go with compensating. This method has another 
important merit. It not only reveals clearly the stresses in the 
model, but it makes it practicable to photograph them and 
thereby to secure permanent and convincing evidence of the stress 
distribution. From a pedagogical point of view the author 
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Fic. 1 Fringe oF BAKELITE BEAM IN PURE BENDING 
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considers this of great importance. A picture carries a veracity 
which a sketch does not, and it is believed that with the help of 
the fringe method the dissemination of photoelastic knowledge 
should be materially accelerated. 


BAKELITE Beam UNpER CENTRAL Loap 


Fia. 4 


ANNEALING OF BAKELITE 


The success of the fringe method 
depends upon having a sensitive ma- 
terial, which will show many fringes 
under comparatively small loads. Dr. 
Tuzi used phenolite, which is the inven- 
tion of Professor Kita and Mr. Matui 
of the Institute of Physical and Chemical 
Research, Tokyo, Japan. This material 
is very sensitive and gives excellent re- 
sults, but is not obtainable in this 
country. 

Bakelite is a transparent material as 
sensitive as phenolite, and easily obtain- 
able. Its use as a photoelastic material 
has been retarded because it shows pro- 
nounced initial stresses in its unstrained 
state. It is therefore of some interest 
that the author found a method which 
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proved effective in the annealing of bakelite.* The main steps 


of this method are: 
1 Heating the models to a temperature of about 70 deg. 
cent., and 


3 Prof. L. N. G. Filon in his paper ‘‘On the Graphical Determina- 
tion of Stresses From Photo-Elastic Observations,’’ Engineering, 
October 19, 1923, states that a method for the annealing of bakelite 
was discovered by Mr. Jessop. He does not, however, give an 
account of it, nor does he give any reference to a publication where 
such an account might be found. 


Fic. 7 Purenouite Disk 


Fie. 8 BAKELITE Move. 
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2 Cooling them very slowly to room temperature. 

To procure uniform heating and cooling it is necessary to 
avoid direct contact between the models and the walls of the 
furnace. To this end it is advisable to placé the models between 
glass plates and support them on a block. 

The amount of time necessary for cooling depends on the fur- 
nace. In the author’s case it took sixteen hours. Caution 
must be exercised not to remove the specimen too soon. Good 
models have been spoiled by premature removal. The heating 
can be done rapidly. It took the author only fifteen minutes 


| 


Fie. 9 


to do it. In cases of stubborn stresses a second annealing will 
be found effective. The quality of the annealing obtained from 
this process can be judged from the photograph reproduced in 
Fig. 1. 

It will be observed that the fringes are straight, parallel, 
equidistant lines, which would not be the case had there been 
initial stresses. Fig. 3 shows a phenolite model without an- 
nealing. It will be observed that there is marked absence of 
symmetry in the fringes, and also that they meet the boundary 
in directions almost parallel to them. An annealed model is 
shown in Fig. 16 in which the fringes are symmetrical and normal 
to the boundaries. Figs. 4-8 show fringe photographs of different 
models annealed by the aforementioned process. 


A New METHOD FOR THE DETERMINATION OF (P + Q) 


A method giving the same data as the lateral extensometers 
of Mesnager and Coker but radically different in principle and 
construction is being developed in the laboratories of the Uni- 
versity of Michigan. 

The sum of the principal stresses (P + Q) in a two-dimensional 
system lends itself to representation by means of a surface.‘ 
This can be shown in the following way: The continuity equa- 
tion of a two-dimensional system is 


where ¢ represents the stress function. 
This can be put in the modified form as follows: 


4 This suggestion is due to Mr. Den Hartog of the Westinghouse 
Electric and Manufacturing Company, East Pittsburgh, Pa. 


The second factor of this equation represents the sum of the 
normal component stresses, i.e., 
0% 
which sum will be designated by the letter S. 
The continuity equation then assumes the form: 


es os 
oz? dy? = 0 + (7) 


and this is the equation of a membrane of small deflections whose 
boundary is subjected to uniform tension. 

At a free boundary one of the principal stresses vanishes, so 
that the sum of the principal stresses on such boundaries equals 
the difference, and can therefore be determined photoelastically. 
If now a surface be-constructed with boundary ordinates equal 


Fic. 10 Apparatus Usep In PHoTog.astic INVESTIGATION 
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Fig. 11 ARRANGEMENT OF APPARATUS SHOWN IN Fia. 10 
A—Light source E—Quarter-plate J—Quarter-plate 
B—Water cooler F—Lens; F = 150mm. K—Analyzer; 10-mm 
C—Lens; F = 100mm. G—Test model Ahrens prism 


D—Polarizer; 10-mm. H—Lens; F = 150mm. L—Camera or screen 
Ahrens prism. I—Lens 


to the boundary values of (P + Q), then the ordinates at all 
other points would represent the sum of the principal stresses 
at those points. This affords an experimental means of de- 
termining (P + Q). 

Several methods can be used to construct such a surface. 
A soap film is one possibility; a membrane formed by a stretched 
rubber sheet is another. Fig. 9 shows a rough attempt to con- 
struct a woven surface. The uniform boundary tension is 
produced by means of small weights attached to the ends of 
each string. The shape of the curves thus obtained follows 
very closely the actual (P + Q) curves. Work is in progress 
to obtain quantitative results. 


Tue 


The main problem of which this paper is the outgrowth was 
to find the stress distribution in a square plate subjected to di- 
agonal compression. The problem was investigated theoretically 
and photoelastically, and, as will be seen later, good agreement 
was obtained between the two sets of results. The photoelastic 


Hi 
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investigation will be first presented. The apparatus used and 
its arrangement are shown in Figs. 10 and 11. 
The optical solution of a problem consists of four steps: 


1 Determination of isoclinic lines 

2 Determination of stress trajectories 
3 Evaluation of (P — Q) 

4 Evaluation of P and Q separately. 


Isoclinics. The locus of points whose principal stresses have 
the same directions is called an isoclinie line. The simplest 
and general method to obtain such lines is by removing the 
quarter-plates from the polariscope and to turn the crossed 
Nicols 5 or 10 deg. at a time. The image obtained contains 
the isoclinics for the particular setting of the Nicols. It is of 
interest that this ingenious method was proposed by Maxwell 
when he was only nineteen and still a student at Edinburgh. 

Glass models, because of their transparency, give the clearest 
curves, and such models were used in the present investigation. 
The size of the model does not matter. The glass was 5/j in. 
thick and could sustain an average compressive stress of nearly 
one ton per square inch. To sustain that stress the load had 
to be uniformly distributed. This was attained by the use of 
soft copper pins which also prevented chipping. The original 
sketch of isoclinic curves was enlarged, and the final curves 
shown in Fig. 12 represent the averages of the enlargement. 

The author wishes to call attention to a possible source of error 
in sketching isoclinics. Not all the black curves from plane 
polarized light are necessarily isoclinics. A point of zero stress 
or a point of equal principal stresses will also cause a dark spot. 
To eliminate the possibility of error, one should compare the 
pictures with and without quarter-plates. The effect of the 
quarter-plates, among other things, is to remove the isoclinics, 


Fie. 12 Isocurnic Lines 


from direct observation ; broken lines: 
considerations. ) 


as can be seen from Figs. 13 and 14. The absence of the cross 
from Fig. 14 shows that it is an isoclinic, and likewise the presence 
of the circle in the same photograph shows that the circle is not 
an isoclinic.5 

* Professor Muira includes the circle among the zero isoclinics, 
but the author believes this to be an error. See the former's “Span- 
nungskurven in rechteckigen und keilférmigen Tragern,”’ p. 87. 


(Solid lines: from theoretical 


APPLIED MECHANICS 


APM-53-11 139 


An interesting use was made of the cross representing the zero 
isoclinic in symmetrical models. During the investigation the 
Ahrens prisms became loose in their mountings and turned 
about the horizontal axis. They were reset by crossing the 


Fie. 14 Wires Quarter-PLATes 


mountings in a vertical and horizontal position, and adjusting 
the prisms until the isoclinic curve of the symmetrical model 
gave the cross. 

Stress Trajectories. These were mapped in the usual manner 
and are shown by the full lines of Fig. 15. 

Determination of (P — Q). The difference between the 
principal stresses was determined in several ways. Celluloid, 
bakelite, and phenolite were used for materials, and color match- 
ing, tension compensating, and fringe counting as methods. 
But the author is so impressed with the simplicity and accuracy 
of the fringe method that the results will be presented in this 
form. First, two well-annealed models of the same strip of 
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y TABLE 2 COMPUTATIONS OF P AND Q ALONG OY 
(P — Q) 
in (P—Q) Ap Ax Mean 
fringe Ag = 0.08726 in > (p- 
order radians inches Q) Ax Q) Ax (F Q) Ax an 
A = (1) (2) (3) (4) (5) (6) (7) 
\ 0.0 4.17 0.3639 5. 00 0.0728 0.100 0.050 
0.10 4.20 0 3665 2.12 0.1728 0.240 0.120 
\ = 0.20 4.30 0.3752 1.03 0.3642 0.465 0. 232 
0.30 4.48 0.3909 0.60 0.6515 0.800 0.400 
040 4.79 0.4180 0 40 1.0450 400 0.700 
0.50 5.31 0.4634 00.26 1.7820 2.350 1.175 
0.60 6.20 0.5410 0.17 3.1820 4.400 2.200 
0.70 7.75 0.6763 «0.12 5.7800 6.950 1.740 
0.75 9.30 0.8130 0.097 8.3500 11.250 2.810 
0.76 9.70 0.8460 0.094 9.0000 8.700 0.435 
\ “AN 0.77 10.40 0.9080 0090 10.0300 9.500 0.475 
N 0.78 11.50 1.0030 0.087 11.5400 10.800 0.540 
0.79 12.50 1.0900 0.083 13.0600 12.300 0.615 
Z N 0.80 13.50 1.1790 0.080 14.7500 13.900 0.695 
4 N 
= Pin Qin Pin Qin 
‘ 2. fringe fringe Ib. per sq. in., Ib. persq.in., Mean P in 
J y/h order order fi = 283.88 fi = 283.88 Ib. per sq. in 
(1) (8) (9) (10) (11) (12) 
\ 0.0 0.9845 3.1855 279.5 904 3 277 
; 0.10 0.9645 3.2355 273.8 918 5 27: 
2 020 0.9445 3.3555 268.0 952.6 262 
0.20 0.8920 — 3 5880 253.2 1018.6 243 
lo” Le — 0.40 0.8020 — 3.9880 227.7 1132.0 208 
Jf \ 0.50 0.6220 4.6880 176.6 1330.0 140 
0.60 0 3370 5. 8630 95.7 1664.4 20 
0.70 —0 3130 — 8.0630 — $8.8 2289.0 122 
0.75 —0.5030 — 9.8030 —142.8 2783.0 100 
- ; 5 a 0.76 —0.5650 —10. 2650 160 4 2914.0 (Mean P 
¢ ? 0.77 —0.3400 —10.7400 96.5 3050.0 between 
; 0.78 0.2200 —11.2800 62.4 3202 0.75 
' 0.79 0.6050 —11.8950 171.7 3377.0 and 
Fie. 15 Stress Trasecrories (Heavy Lines) anv Isociinics 0.80 0.9100 —12.5900 258.0 3574.0 0.80 
(Light Lines) 
ds, 
bakelite were secured: a square plate and a beam, Figs. 16 and 17. (a2) P = P,— d¢ J P—Q—... [Sa] 
The sodium lamp which was used for isoclinics was then re- , Ay 
placed by the mercury-vapor lamp shown in Fig. 18, and the 
photographs shown in Figs. 16 and 17 taken. This gave all the (6) P=P.+ (P — Q) cot yg . [8b] 
optical data necessary to determine (P — Q). As a measure 
of safety a free-hand sketch of the fringes was made immediately ls 
after taking the picture. This took but a few minutes and no fo Q=Q.— Ag P—a@—.. . [9a] 
optical creep could be observed. The clearness and thinness 2 Ar 
of the fringes enable one to sketch these with accuracy. The . 
intersections of the fringes with the axes were noted, and curves () Q=Q+ (Q — P) cot vido... - [9b] 


were plotted with fringes as ordinates and axes as abscissas. 
Columns 2 in Tables 1 and 2 give the values of (P — Q) in fringe 
order for the X- and Y-axes. 

Determination of P and Q Separately. The principal stresses 
were determined separately by the use of Professor Filon’s 
graphical-integration method. The equations used in this 
method are given in the following two forms. For their deriva- 
tion see Appendix No. 1. 


COMPUTATIONS OF P AND Q ALONG OX 
(P—Q) X 


TABLE 1 


(P—Q)in (P—Q) Mean 


fringe Ag = 0.0873 Ayin 48 AB as 
x/h order radians inches 0) A (P—@Q) Ay Ay an 
(1) 2) (3) (4) (5) (6) (7) 
0.0 4.17 0.3639 © 0.0 0.120 0.060 
0.1 4.00 0.3490 1.690 0. 2065 0.268 0.134 
0.2 3.58 0.3124 1.000 0.3124 0.364 0.182 
0.3 3.00 0.2618 0.710 0.3687 0.382 0.191 
0.4 2.25 0.1963 0.510 0.3849 0.344 0.172 
0.5 1.47 0.1236 0.440 0. 2809 0.260 0.130 
0.6 0.88 0.0768 0.430 0.1786 0.132 0.066 
07 0.45 0.0393 0.370 0. 1062 0. 064 0.032 
0.8 0.20 0.0174 0.330 0.0527 0.028 0.014 
0.9 0.05 0.0044 0.240 0.0183 0.007 0.003 
Q in Ib. Mean Q 
P in lb. per sq. in., per sq. in., in Ib 
x/h Q fi = 283.88 fi = 283.88 per sq. in 
(1) (8) a * (10) (11) (12) 
0.0 0.9845 —3.1855 279.5 —904.3 — 895 
0.1 0.9245 —3 0755 262.5 —873.1 —837 
0.2 0.7905 —2.7895 224.4 —791.9 —735 
0.3 0. 6085 —2.3915 172.7 —679.0 — 596 
0.4 0.4175 —1.8325 118.5 —520.2 —428 
0.5 0 2455 —1.2245 69.6 — 347.6 —277 
0.6 0.1155 —0.7645 32.8 —217.0 —160 
0.7 0.0495 —0. 4005 14.05 —113.7 — 75 
0.8 0.0175 —0. 182: 4.97 — 51.8 — 25 
0.9 0.0035 —0.0465 0.99 — 13.2 — 3 
1.0 0.0 0.0 0.0 0.0 0 


Fie. 16 ANNEALED SQuARE PLATE OF BAKELITE 


The principal stresses were first determined along the diagonals, 
and for these lines Equations [8a] and [9a] are suitable. The 
notation is as follows: Referring to Fig. 19, Az and Ay are the 
coordinates of any point C on the first curved isoclinic; Ae 
is the difference between the parameters of the zero isoclinic 
and the first curved isoclinic. In the present case A¢ is 5 deg. 

In the foregoing equations the directions of s; and 8; are inter- 
related, 8: being obtained from s, by a counterclockwise rotation 
of 90 deg. 
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The steps involved in the determination of P and Q will be 
best understood by a study of Tables 1 and 2. The mean 
values given in columns 6 and 12, Table 1, were taken from curves. 

P was calculated first. The starting point was taken at A 
where P, is zero, Fig. 15, and integrated toward the origin 0. 
For 8; positive to the left, s2; is positive downward. It follows 
that Ay in Equation [8a] is negative for the 5-deg. isoclinic. 
In the calculations As; was taken as 0.5 in., as the author was 
working from an image with a diagonal of 10 in. divided into 
twenty equal intervals. Having determined P and knowing 
(P — Q) at the same points, it was a simple matter to find Q. 


Fic. 17 ANNEALED Beam or BAKELITE 


The stresses along the Y-axis were determined in a similar 
manner. The starting point was taken at 0, at which point 
both principal stresses were now known. Using Equation [9a] 
and starting with Q., values of Q were determined up to 0.82h, 
which represents the limit of the experimental results. All 
the steps and the final results are given in Table 2. 


The results thus far obtained are in terms of fringes. It is, 


however, a simple matter to convert these into pounds per square 


inch. The photograph of the comparison beam, Fig. 17, shows 
six fringes corresponding to a bending moment of 10.125 in-lb. 
For a loading as shown in Fig. 20, the ordinary beam equation 
S = Mbv/I is applicable and gives Si... = 1703.28 lb. per sq. in., 
or 283.88 lb. per sq. in., for fringe No. 1. 

By multiplying the fringe value of the principal stresses by 
283.88 we obtain these stresses in pounds per square inch. 

Verification of Results. The external load on the model was 
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179.66 lb. If, therefore, a section be made through the hori- 
zontal diagonal and one half of the block be considered as a 
free body, a static check of the work can be obtained. For 
equilibrium 

=0 


where 2h is the diagonal and ¢ the thickness of the model. For 
2h = 1.855, t = 0.255, and the mean values of Q as given in 
Table 1 the right side of Equation (10] works out to be 191 lb., 
which gives a check within 5.7 per cent. A portion of the dis- 
crepancy is probably due to the small initial stresses at the edges 
of the comparison beam. 


DETERMINATION OF PRINCIPAL STRESSES ON A GENERAL STRESS 
TRAJECTORY 


To show the generality of the photoelastic method, the principal 
stresses were also computed along the stress trajectory MN, 
Fig. 15. An enlargement of the photograph shown in Fig. 16 
was made and the stress trajectory MN superimposed upon it. 
The intersections of the fringes with this trajectory were noted 
and a curve plotted giving (P — Q) as a function of MN. The 
intersections of the isoclinics with MN are marked by the small 
letters a, b, c, d, e, f, and g, Fig. 15. 

To determine P and Q separately, Equation [8b] was used. 
A¢@ in this case is the difference between the parameters of 
two successive isoclinics. Thus in going from N to g, A¢ is —10 
deg., Fig. 15. 

y for any point on the stress trajectory is the angle between the 
tangents to the stress trajectory and the intersecting isoclinic 
measured counterclockwise. These were determined from Fig. 15. 
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The stress trajectory was followed in the direction of NM, 
starting from N where P, is zero. This made A¢ negative and P 
positive. The details of the work and the final results are given 
in Table 3. 


Check From Stress Trajectory MN. Another check of the 


correctness of the work from a point of view entirely different 
from statics is afforded by the results from the stress trajectory 
MN, Fig. 15. At point M there are two sets of values of the 
prineipal stresses. One set of these values is the result of 
integrating first along AO and then along 0M. These values 


in fringe order are: P = 0.8020, and Q = —3.988, see Table 2. 
The other set of values is the result of integrating along the 
path NM, which gave P = 0.824, and Q = —3.976 in fringe 
order, see Table 3. 

The P’s agree within 2.8 per cent and the Q’s within 0.5 
per cent. This agreement between the values of the principal 
stresses at a point obtained from different paths of integration 
constitutes the best proof of the correctness of the work. 


Summary OF APPROXIMATE THEORETICAL SOLUTION OF PROBLEM 


The problem discussed is approached from the point of view 
of an infinite wedge, and the author assumes the stress function :* 


* It is shown in texts on elasticity that this function satisfies the 
boundary conditions and the continuity equation. 
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TABLE 3 COMPUTATIONS OF P AND Q ALONG STRESS TRA- 
JECTORY MN 


P= Po + Pg (P — Q) cot ¢dg. In going from N to M, Agis nega- 
“P= jy (P — Q) cot ¥dg, a positive number 


tive, and Po = 0. . 


P in Qin 

(P — Q) Mean (P—Q) fringe fringe 

Deg. (P—Q) Coty xX coty (P—Q)coty coty. Ag order order 
0 4.80 0 Oo —0.69 —0.0602 0.8240 —3.976 
5 4.68 —0.231 —1.080 -—1.270 —0.1110 0.7638 —3.916 
10 4.35 —0.325 —1.415 —1.510 —0.1320 0.6528 —3.697 
15 3.82 —0.404 —1.540 —1.590 —0.1390 0.5208 —2.309 
20 15 —0.504 —1.580 -—-1.480 —0.1290 0.3818 —2.768 
25 70 —0.466 —1.260 —1.200 —0.1050 0.2528 —2.450 

2§ —0.940 —0.0820 0.1478 —2 


—0. 0658 0.0658 
0.0 


Note: Ag = 5° = 0.0873 radian everywhere except at 45°, where 
4¢ = 10° or 0.1646 rad. 


If from the infinite wedge we cut a square plate of a diagonal 
2h as shown in Fig. 21, then the sides BD and BC would be 
subjected to stress components which in terms of cartesian 
coordinates and boundary conditions reduce to: 


F (y+h)(h—y)? 
(h? + y?)? 


= 


+2) 


__ (2h — x)? 
(x + 2) [z* + (2h — z)?}* 


= 


Dy * Ty x 


Y 
Fie. 23 


(y +h)? (h—y) 


r=— [14] 
(h? + y?)? 
4F (2h — x)*z 
Combining o, with 7.,, and o, with r,2z, we obtain 
.....[16) 


oz + Tz = 


and 

(2h — 2h 
(w + 2) [z* + (2h — z)*}?? 


Gy tye = 


7 
| 
| 
Fig. 21 
V4 NN 
NOS 
AY 
oy Ty) 5 B 
(Gy + 
Fie. 22 


mations can be obtained with simpler and symmetrical functions: 
namely, 


PF 
Cz 0.195 (: cos h [18] 
2 
(0.50 — 0.1945 — 0.1031 cos = 
2 4nz\ F 
— 0.0564 cos — 0.01556 cos [19] 


Returning now to the infinite wedge, a square plate ABCD 
is cut from it whose free-body diagram is shown in Fig. 22. 
Suppose now that to the system of forces in Fig. 22 there is 
added a symmetrical system and boundary forces are obtained 
as shown in Fig. 23. The stress components for the combined 
system are: 


2 


(x +2) liz? t+ ty)? + 
4P (h + (h — y)? 
= 
(x + 2) (215 
and 


If to gz, a, and 7 are added the stress components due to a 
system of boundary forces equal and opposite to those shown in 
Fig. 23 the required stress distribution will be obtained, that is, 
the stress system in a square plate subjected to diagonal com- 
pression. This will be done by the use of Professor Timo- 
shenko’s Approximate Strain-Energy Method.’ 

The required stress function is assumed in the form of a series, 
thus 


= Po adi + ade [23] 


where 4 is a function so chosen that its corresponding stress 
system satisfies the boundary conditions, ¢, ¢2............ on 
are functions whose corresponding stress systems vanish on the 
boundary, and a,ay...... a, are constant coefficients deter- 
mined by the conditions that the strain energy at equilibrium 
must be a minimum. 

We shall limit ourselves to the first two terms of the series 
(23], i.e., 


The expression for the strain-energy V, assuming Poisson’s 
ratio » = 0, and the modulus of elasticity equal EZ is 


fw + + 2rzy*) X dedy..... [25] 


and for equilibrium 


It is proved in the theory of elasticity that in terms of a stress 
function F the stress components are: 


oF oF 
c=—; o =— and r=— 


dy?’ 


’ See his article in Phil. Mag., vol. XLVII, June, 1924. 
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It follows that the stress components in terms of our approxi- 
mate stress function # are: 


OP, 
Gy or? ay [28] 
r= ay ) [29] 
Oxrdy Oxroy 
It will be found that 
1 
((z + — h?}*[(y — z)* — [30] 


gives a stress system which vanishes on the given boundaries 
whose equations are 


z+y= =h... 


and therefore satisfies the conditions imposed upon it. 

Upon substitution of Equations [27], [28], and [29] and their 
respective derivatives with respect to a in Equation [26] and 
upon collecting terms in a we get 


Sf 
Dy? dz? dz? dxdy 


Letting X and Y stand for —(ez + rz,) and —(e, + tyz), 
respectively, we remove first the boundary forces defined by Y. 
In this case &, is a function of X only. It will also be found 
that within the given limits of integration 


h h—y h—y 
0 0 


Taking these into consideration, Equation [33] reduces to 


It is from this equation that we determine ~. The left side of 
Equation [35] contains about eighty integrals of the type 


S S 'dady 


These have been reduced to only sixteen by observing that 
within the given limits of integration 


S Sx'y'dady = f fx'y"dedy..... 
With this simplification 


(2521? — 78x%y? — 4+ 222h*28y? + + — 
116h*x*y* — — 34x%y® — 140h*r® + 109h‘x*y* + 55A8z* 
+ 76h*rty* + 5h8x*y? — 10hx* + 0.5h")dxdy = 0.1044997h". [37] 


2 

ifs) 
h fh 

ov de. 2rdrey 
—=0= oy — + — ] dedy. [26 
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The right side of Equation [35] is 


h h—y h h—y 
07g) 
— — dedy = — 3.52°+4.52%y! 


+ 4.5h‘x? — 7.52'y? — — 0.5y® + + + 


2 
0.5h*y? — 0.5h*) X (0.504 — 0.1945 = — 0.1031cos = 


2rz 4nx\F 
0.0564cos —0.01556 cos dxdy = —0.0070967 Fh’. [38] 
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Solving for a 
0.0070967 Fh? 
= — 0.06788 woo [39] 


The approximate stress function for the Y boundary forces thus 
becomes 


= — 0.06788 x [(z + y)? — X [(y — z)*? — h*}? 


In precisely the same way the approximate stress function for 
the X boundary forces is found to be 


F 
¥=vot 0.114249 x +y)? — h*}? X [(y — [41] 


where y and yo replace and #», respectively. Upon combining 
the two stress systems # and y and designating the resultant 
stress components by Po, Qo, and So, we obtain 


Yo F O¢1 
and 
F 
o= 0.04637 — 4 
oz? h? Ox? [43] 
h 
\ 
+ 349 Lb. 
\ 
~ 
Ns, 
0.4A) si Vo 
\ 
\ 
\ 
0.2 
\ 
0 
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Fic. 26 ComMPparATIVE CURVES OF THEORETICAL AND PHOTOELASTIC 
oF Q ALonG OY 


Denoting the resultant stress components in the square block 
by P, Q, and S, respectively, we obtain 


Table 4 gives the values of P and Q for the axes of symmetry; 
r = 2/hor y/h. 


TABLE 4 GIVING P AND Q ALONG X- AND Y-AXES 


Pins Qin Pin; Qin 
0.0 0.3668 —1.1900 0. 3668 —1.1900 
0.1 0.3520 —1.1300 0.3593 —1. 2040 
0.2 0.3100 —0. 9850 0.3379 —1. 2530 
0.3 0.2510 —0. 8000 0.3025 —1. 3420 
0.4 0. 1860 —0.6130 0.2573 —1. 4800 
0.5 0.1250 —0. 4300 0.2048 —1.7000 
0.6 0.0741 —0. 2600 0.1492 —2.0540 
0.7 0.0380 —0. 1270 0.0950 —2.6700 
0.8 0.0151 —0. 0498 0.0476 —3. 9360 
0.9 0.0045 —0.0170 0.0134 —7 . 7936 
1.0 0.0010 0.0116 0.0 o 


Discussion OF RESULTS 


The extent to which the theoretical results substantiate the 


te 
iy 
4 
i 
| 
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experimental ones is graphically represented by the curves of 
Figs. 24-26, inclusive. The only marked divergence is shown 
by the curve of Fig. 26 beyond 0.6h. The explanation for this 
discrepancy is found in the approximate character of the stress 
functions ® and y. It is felt that if more terms of the series 
|23] were taken this divergence would be minimized. All the 
other curves substantiate the photoelastic results. At the 
center and the extremities of the horizontal diagonal the agree- 
ment is almost perfect. It is therefore considered that the 
results from the photoelastic investigation represent a correct 
picture of the stress distribution in the square block. 

Referring now to this stress distribution it is observed first 
of all that fairly large tensile stresses are produced as a result 
of the diagonal compression. From an engineering point of 
view this is perhaps the most interesting aspect of the problem. 
The large tensile stress could hardly have been predicted on the 
basis of the ordinary theories of mechanics. At the center 
the maximum tension is 278.6 lb. per sq. in., or nearly one-third 
of the corresponding compressive stress. The maximum value 
of the tension, however, is at least 350 lb. per sq. in., this being 
the value obtained on the Y-axis at 0.82h. Square blocks 
weak in tension and subjected to diagonal compression should 
therefore show signs of failure at points on the loaded diagonal 
about h/5 from the corners. 

It may also be worth noting that the P-stresses are all tensile 
along what might be called the horizontal stress trajectories, 
but are of variable signs on the vertical stress trajectories. 
Thus on the Y-axis the P is positive from 0 to 0.655h, negative 
from this point to 0.775h, and again positive from there on to at 
least 0.82h. No computations were made beyond this point 
due to the inaccuracies in the measurements of the very small 
values of Az. It is of interest that (P — Q) in fringe order 
could be distinctly read even at 0.9h. 

The P-curve cannot rise much beyond the value of 350 lb. 
per sq. in. without having to make a sudden return and cross 
the axis again to assume compressive values. Assuming that 
the P-curve stays positive to 0.9h, and that the stress distribu- 
tion in the tip beyond 0.9A is essentially that of an infinite wedge, 
we get a static check on the loaded diagonal from horizontal 
summation of the forces, first, however, cutting out the loaded 
tips up to a radius of 0.1A, and replacing them by the horizontal 
thrusts which they exert, and which for our loads were found 


to be 34.9 Ib. 
h 
= 0, or 34.9 = [46] 
0 


Taking 2h again as 1.855 in., t as 0.255 in., and the mean values 
of P from Table 2, we get for the right side of Equation [46] 
53.96 Ib., or a static check within 2.7 per cent. 


PHOTOELASTIC EQUIPMENT 


The main equipment of a photoelastic laboratory consists of 


A polariscope 

A compensator 

A loading frame 

A camera 

A monochromatic lamp 

An electric furnace, and 

A special table for drawing isoclinics. 


on 


Fig. 10 shows a photograph of the polariscope used in the 
Photoelastic Laboratory of the Mechanics Department at the 
University of Michigan. It is imported from the Winkel-Zeiss 
firm at Géttingen. It uses Ahren prisms instead of Nicols, 
and gives satisfactory results. 


Fig. 27 shows a photograph of a compensator developed at the 
laboratory. The carriage of the compensator was designed 
by Dr. Donnell, formerly of the Mechanics Department of the 
University of Michigan. It is capable of a vertical, horizontal, 
and rotary motion. The spring, the beam compensator (Fig. 
28), the setting-up fixture, and other features were designed 
by the author. Considerable difficulty was encountered in the 
design of a spring which would be free from energy losses. The 
adopted design gives a linear relation between load and de- 
flection, and is the same during loading and unloading. In 
the fringe method the compensator is not used to determine 
(P —Q). It is used, however, to determine the sign of the stress. 


Fie. 27 COMPENSATOR 


It also makes an excellent tension machine, and the one shown 
could produce a tension of 150 lb., the accuracy of the reading 
being '/,lb. The spring constant is 1615 lb. 

The Loading Frame. The frame shown in Fig. 29 can produce 
tension, compression, and bending. The central frame is 
capable of a vertical and a horizontal motion. It can accommo- 
date many sizes of models and has means to produce perfect 
alignment of the supporting pins. When producing bending 
provision is made for self-centering, which automatically gives 
equal moment arms and loads. By means of a small eccentric 
operated by a wooden handle visible in the picture, the load 
can be quickly removed from the model. The springs reduce 
impact forces and absorb vibrations. The main lever rests 
against a knife edge. 

Camera. An ordinary Eastman 5 X 7-in. camera was used. 
The lens was removed, the front of the camera opened, and the 
image projected directly upon the film. To retain the use of 
the shutter it was mounted on a special pedestal and placed 
close to the analyzer. In selecting a camera for the fringe 


F 

4 

lt 
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method special attention should be paid to the provisions for 
adjusting the focal plane, as it is of utmost importance to secure 
good focusing of every part of the image. 

Lamp. For the fringe method a monochromatic lamp must 
be had. The one used was a mercury-vapor lamp, shown in 
Fig. 18. With the aid of a No. 77 Wratten filter, the yellow 
rays were stopped and a fairly pure green light obtained. Ortho- 
chromatic Eastman films were found suitable for the author’s 
purpose. 

Furnace and Isoclinic Table. The annealing work was done in a 
small electric furnace working at 12'/; amperes and 220 volts. 
Fig. 30 shows a three-in-one piece of equipment. The main 
function of this table was to provide a vertical glass drawing 
board on which to draw the isoclinics. By placing an enameled 
screen in the grooves provided in the uprights, a projecting 
screen is obtained which can be moved to any desired position. 
Also, upon removing the special frame used for the glass 
plate and attaching a wooden shelf through bolts in the back 
of the table, a satisfactory support is obtained for the camera. 


CoNcLUSION 


Aside from the results obtained for the stress distribution 

in square plates under diagonal compression which may have a 
' practical bearing in the design and understanding of the be- 
havior of double knife edges, this investigation affords an oppor- 
tunity to compare the several methods in photoelasticity and 
to contrast the photoelastic method with the theoretical. It is 
the author’s opinion that the fringe method, whenever it can 
be used, is superior to compensating or color matching both in 
accuracy and simplicity, and that with the successful annealing 


Fie. 28 Bream CoMPENSATOR 
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Fie. 29 Loaping Frame SHOWING ARRANGEMENT FOR BENDING 
(See Fig. 10 for compression.) 


Fie. 30 Compinep ProJecTtiInG Screen, VERTICAL DRawING 
Boarp, AND CAMERA 


of bakelite a suitable material is made available for this method. 

That the photoelastic results are reliable and agree with those 
from the mathematical theory of elasticity has been proved 
long before this. It is only desired to call attention to the 
vast difference in time and labor between the two methods. 
The summary of the approximate theoretical solution submitted 
fails to convey the amount of work necessary to get the results. 
Special tables of integrals have to be constructed, and many 
laborious and tedious computations have to be made which 
increase the danger of errors. It has been the author’s experience 
that the photoelastic method takes about as many weeks as the 
theoretical method takes months. 

The prevailing impression seems to be that the cost of 4 
photoelastic laboratory is too high for the average engineering 
college or industrial organization. It may therefore be o/ 
interest to note that all the equipment described in this paper 
cost less than $1500, and it is believed that $2000 is sufficient 
to equip a moderate but efficient laboratory for quantitative 
work. 

The main problem of this paper was suggested by Professor 
Timoshenko, who has kept in constant touch with this investi- 
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For p: & positive radius of curvature R, is positive that is 
upward, as can be seen from the figure. For equilibrium it is 
necessary that 


Hence 


hence 


and [47] becomes 


A 
(Ry + Ri) = 2p, = Prag 


Fie. 31 


gation and to whom the author is indebted for valuable advice ee 
He also wishes to thank Dr. Tuzi for the sample of phenolite 


used in the investigation, and the Research Department of the and 

Westinghouse Electric & Manufacturing Company for the 20> 

bakelite which they were good enough to supply for the research. Re = Qo — =~ ee [56] 
Appendix No. 1 

DERIVATION OF FUNDAMENTAL EQUATIONS FOR THE 


METHOD OF GRAPHICAL INTEGRATION 


Let s; and s, denote two stress trajectories meeting at point O, 
Fig. 31. 


Let s; be measured positive to the right of O and s, upward. 
Let p, and p, be radii of curvature of s; and 83, respectively, s— 
being measured positive if the tangent to the curve rotates — ——— 
A 


counterclockwise as s; and 8; increase. o c 
In the element of Fig. 31 OF = OF = As,, and OG = OH = r | 


As:* also the boundary consists of ares of the stress trajectories 
passing through points H, F, and G, and E. 

Let P and Q represent average boundary stresses, and let Fic. 32 
R,, Rs, Rs, and R, represent the resultant forceson the four sides 
of the element. 

Lastly, let Po and Q» represent the resultant forces on GOH Fr 
and EOP, respectively. 

If Ad is a small angle, the resultants R; and R; may be treated 
as tangents to EOF at E and F, respectively. Similarly R; and 
FR, may be taken as tangent to GOH at G and H, respectively, 
the errors being infinitesimals of higher order. It follows that 
R, and R, make angles with the X-axis equal to A¢/2. 


The Y-component of R, is R, sin ~ 


The Y-component of is sin 2 


and the sum, which will be designated by Ry, is 


Ad 


Ry = (Ri + Rs) sin = (R + 


4¢ being a small angle. 


Y 
Rs (Ry 3) [49] 
+Se2 (Re — Rs) = (Ri + (50) 
40 x and 
R, — = oP 
2 
i," 
\ Ay 
Z. 
\ 2 
ad 
Fie. 33 
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Combining with [53], 


— 2 — Ass = PoAd............... [58] 

or 

(59) 

OS2 
But as a first approximation 

and 


On substitution in [59], 


A 


but 
Ad 
As; = pi — 


hence [62] becomes 


re) Ad 
Ass = — AssPAd........ 63 
2 | > ) S2 Ad [63 


But A@ may be taken as a constant, so that [63] becomes 


ra) 
As, Ad = — As,P Ad [64] 
O82 
or 
[65] 
oq Opi 
— =—P............. 
[66 
In the limit 2°! = — 1, since Ap; = — As; and we have pi = -— 
O82 O82 
Q=—P 
P—@ 
De, + [67] 
Similarly, 
(68] 
08; 


It will be observed that Equations [67] and [68] do not contain 
the elastic constants. Therefore they hold beyond the elastic limit. 

If we start from any point O on the stress trajectory of P 
and follow it to any point A we obtain upon integration 


PA A 
Po p2 
or 
“(P—@ 
p2 
Hence 
A 


It must be remembered that in this derivation p; and p: were 
assumed positive if the rotation of the tangent to the curve 
is counterclockwise as the curves s; and 82 increase and that s, 


and s; are interrelated, s, being obtained from s, by counterclock- 
wise rotation of 90 deg. Thus in Fig. 32 if O is the origin and 
8, is measured positive to the right, p: is positive at all points 
between O and A, and p: is positive at O, B, and A, and nega- 
tive at C and D. 

In Fig. 32 if A is taken as an origin and s; is measured positive 
toward O, then p; is negative at all points; p: is negative at A, 
B, and O and is positive at D and C. 

Professor Filon* gives two methods to evaluate the integrals 
on the right-hand sides of Equations [71] and [72]: 


[71] 


Let point A be a point in a body under plane stress, Fig. 33. 
Through this point there are two stress trajectories s; and 8s, 
and an isoclinic J; of parameter ¢, where ¢ is the angle which 
the tangent to s; at A makes with the X-axis. 

Let J; be a nearby isoclinic of parameter ¢ + d¢, intersecting 
8, at Cand s,at D. Then 


1 dg 
AD = = AD [73] 
Also 
ds; = AC 
hence 
1 AC 


If y be the angle through which the stress trajectory of P 
has to be rotated (counterclockwise) in order to bring it upon 
the isoclinic J, then 


the negative sign being necessary because tan y is negative and 
AD/AC is positive. 
Upon substitution in [74], we have 


ds, 
= = — cot dg.......... [76] 
Substituting in [71] 
(P — Q) cot ydg......... 
Also 
do 
pid@ = AC, and 
ds. A 
do AC = do [78 
Upon substitution in [72], 
Qa (P — Q) cot dg....... [79] 
Bo 


The equations just discussed give good results when the angles 
y are large. For small values of y, Equations [77] and [79 


8 L. N. G. Filon, “On the Graphical Determination of Stress From 
Photo-Elastic Observation,”’ Engineering, Oct., 1923, p. 511. 


é 
= tan y (75] 
7 


become inaccurate as a small error in y makes a large error in 
cot y. In such case the intervals between successive isoclinics 
become large, and this adds to the inaccuracy of the method. 

Professor Filon therefore gives another treatment for such 
cases. Let Ay, Fig. 33, be the intercept measured perpendicular 
to the path of integration between two near isoclinics in the 
neighborhood of the point considered whose parameters differ 
by Ad. Then 

/ 

Ay 
The isoclinics are usually drawn for constant differences of 
say, 5 or 10 deg., so that A@ is a constant. 
Substituting this in [67] and [68], 


A 


which again enables us by graphical integration to determine P 
and Q. 

This last method is especially useful in cases of symmetry, 
in which the straight lines of symmetry are also isoclinics. Ay 
is then the intercept between this line and the nearest isoclinic, 
measured perpendicular to the path of integration. 
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Discussion 


T. McLean Jasper.’ The writer is grateful to know that 
some one has extended the work with polarized light and has de- 
veloped its use with bakelite, which offers a material much more 
suitable than celluloid. Glass, which is probably the most suit- 
able material from the optical standpoint, is so difficult to shape 
and therefore is not likely to yield answers to the most difficult 
problems in two-dimensional stress. 

Most of our complicated machinery problems are three-dimen- 
sional in degree. It would be very gratifying if the photoelastic 
method could be applied to such problems. The photoelastic 
method is attractive and elegant and should draw very good 
support. However, its limitations should be carefully stated and 
understood. 

The writer would like to suggest that the effect when using 
polarized light should be given by the following formula: 


R=c(P—Q)t 


in which the thickness of the material ¢t is not considered as a part 
of the constant c. In this way corrections for the thickness 
change due to stress or variation in the thickness of models can be 
considered. 

The writer also believes that a compensator such as the Babinet 
should be considered as part of the equipment of measurement and 
not trust to a tension specimen of the material for the work of 
evaluating the stress differential. In this way a much more 
refined gradation of stress measurement can be obtained. 


® Director of Research, A. O. Smith Corporation, Milwaukee, 
Wis. Mem. A.S.M.E. 
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J. N. Gooprer.'”° The writer would like to add his congratu- 
lations to the author on his achievements in obtaining such excel- 
lent fringe pictures and on his convincing demonstration of the 
virtues of this method of interpreting the photoelastic images. 
Criticism of the method can hardly be directed toward the 
determination of maximum shear stress, a quantity so important 
in practice and so readily revealed by the apparatus. But in the 
isolation of the principal stresses, as the author points out, the 
same accuracy may not be preserved, especially on account of the 
difficulties of graphical integration. This may conceivably be the 
cause of the discrepancy between the theoretical and photoelastic 
curves in Fig. 26. It is true that if the actual distribution were 
similar to the photoelastic version, the theoretical approximation 
(Fig. 24) would be by no means adequate to represent it, but on 
the other hand experience of similar stress systems leads one to 
regard the photoelastic curve, representing the tensions across the 
vertical diagonal of the square, improbable as a consequence of 
the boundary tractions represented in Fig. 23, and therefore to 
doubt the conclusions based on it, particularly those regarding the 


‘ situation and magnitude of the maximum tension. It would be 


very interesting to have an estimate of the possible error of the 
photoelastic results in the region 0.6 to 0.8h in Fig. 26. 


ArsHaG G. Souakrian.'! The paper is an important contri- 
bution to the science of the optical-mechanical method of stress 
determination. It is very encouraging that during the last ten 
years important research work along this line has been carried on 
in different institutions of the United States. However, based 
on his experiences and observations in the Photoelastic Labora- 
tories of Dr. E. G. Coker, of University College, London, and of 
Prof. A. Mesnager, of L’Beole des Ponts et Chaussees, Paris, and 
also including the considerable amount of research work in and 
publications about photoelasticity contributed by other European 
institutions, the writer is of the opinion that this interesting field 
should deserve more importance than is given to it by our physi- 
cists and engineers 

Some time last November, Prof. G. B. Karelitz and the writer 
built up a simple optical set at the Physics Labora‘ories of Colum- 
bia University for the study of shearing stresses in keys and key- 
ways of different types. Bakelite was adopted as the material 
used for the models, on account of its high optical sensitiveness 
in producing several color fringes for stresses within the elastic 
limit of the material. The method adopted for measuring the 
shearing stresses was exactly the same as that used by the author, 
the only difference being that a white source of light was used 
which produced color fringes of yellow, red, and green of several 
repeating orders. The author’s method of black-and-white 
fringes due to the use of monochromatic light undoubtedly has the 
advantage of the formation of an image that can be easily and 
cheaply photographed and printed. On the other hand, the color 
fringe method has the following merits: 

(a) With the black-and-white-fringe method it is very difficult 
to determine the order of a certain fringe for the evaluatien of its 
corresponding stress value. It requires slow and repeated loading 
and unloading of the material and counting of the number of the 
fringes passing a certain point. Tension tests run by the writer 
at the Materials Testing Laboratories of Columbia University 
have revealed the fact that bakelite under repeated loading and 
unloading is not free from the influences of permanent set and of 
creep phenomena, both of which are functions of time and inten- 
sity of stress. Hence, stress conditions of the elements in a bake- 
lite model under such loading are of a constantly changing nature. 
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With color fringes, the first-order yellow, red, and green bands are 
easily recognized by their brightness, relatively larger width of 
bands, and their location in the specimen. Hence the order of 
the others can be quickly determined by starting to count from 
the respective colors of the first order. e 

(b) The use of color fringes with three-color bands for each 
order against two bands in the black-and-white-fringe method 
has the advantage of increasing the optical sensitivity of bakelite 
in the ratio of 3 to 2. 

(c) Another difficulty encountered in the use of the black-and- 
white-fringe method is due to the presence of black bands corre- 
sponding to P— Q = 0, which, intermixing with the stress fringes, 
cause certain confusion in their determination. The use of 
quarter-wave mica plates to produce circular polarized light 
eliminates only the direction bands called isoclinics. In color 
fringes the black bands corresponding to P — Q = 0 are easily 
recognized and eliminated. 

The method of heat-treating bakelite, as adopted by the 
author to free the model from the effects of initial stresses, is 
similar to that used by the writer. Several trials at different 
temperatures have shown that a heating temperature of 75 to 85 
deg. cent., with a heating time of at least one hour and uniform 
cooling down to room temperature during a period of about 12 to 
14 hours, is very satisfactory to obtain the desired results. The 
writer is of the opinion that the presence of stubborn stresses re- 
quiring a second heat treatment for their removal, as suggested by 
the author, is greatly due to the very short time allowed for heat- 
ing (15 minutes) and the lower value of temperature used (70 deg. 
cent.). In this connection it might be of interest to point out that 
under no circumstances should one try a temperature of 110 deg. 
cent. or above this value during the annealing process of bakelite 
on account of the change of transparency of the materiai. At 
temperatures above 180 deg. cent. a piece of perfectly transparent 
bakelite became red and non-transparent. 

Both mechanical and optical tests run in the laboratories of 
Columbia University have indicated that the properties of bake- 
lite are affected by annealing. Hence the stress-fringe order re- 
lations will no more be the same for the material in its initial and 
heat-treated stages. However, by annealing the calibrating beam 
under the same temperature and time conditions as that of the 
model, any discrepancy of this nature will be eliminated. 

Observations of the stress fringes in the problem studied by the 
author give the impression to the writer that their very close 
spacing at points of stress concentrations might have produced 
stresses very close to the elastic limit of the material. Although 
bakelite, like most brittle materials, possesses neither a true elastic 
limit nor a distinct yield point, however time-creep tests of speci- 
mens of bakelite, both annealed and non-annealed, show that 
stresses within about 35 per cent of the maximum strength of 
the material do not produce an appreciable permanent set. 


H. F. Moore.’* At the University of Illinois a photoelastic 
apparatus has been developed using a petrographic microscope 
fitted with a Babinet compensator. The general appearance of 
the set up is shown in Fig. 34. The microscope is attached to the 
framework of a milling machine, and the specimen to be stressed 
and studied is mounted on the table of the milling machine and 
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Fie. 34 Top) Microscopr MounTED oN 
MILLING-MAcHINE FRAME 
(Loading apparatus shown at D, grips for specimen at C.) 


Fic. 35 (Rieut Borrom) PerrrocrapHic Microscope WITH 
BaBINeT COMPENSATOR J AND Cap Nico, K 
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can thus be moved in three directions by micrometer control. 
Fig. 35 shows the microscope in somewhat greater detail. The 
polarizer is located at G, and at J is the ordinary analyzer, which 
can be moved out of the way. The Babinet compensator, which 
consists of two quartz wedges which can be slid over each other by 
a micrometer screw, is shown at J. In use the specimen is placed 
under the microscope, and the microscope is focused with the 
cross-hairs intersecting on the point at which the stress is to be 
determined. The Babinet compensator is not in place when this 
is done, and the ordinary eyepiece is used. A general notion of 
stress distribution can be obtained by the use of the analyzer J, 
noting the color bands (or if monocromatic light is used, the 
fringes). After the microscope is thus focused, the analyzer J is 
moved out of the way, and the Babinet compensator J is put in 
place, as is a cap Nicol K which is put in place of the eyepiece of the 
microscope. Looking through K and J, cross-hairs are seen and 
bands of colored light with a dark line about in the middle. Using 
the micrometer on J, this dark line is brought to the inter- 
section of the cross-hairs. A definite load is then put in the 
specimen. The position of the dark line shifts, and it is again 
brought to the cross-hairs by means of the micrometer. The 
difference of micrometer readings with and without load is a 
measure of the difference of principal stresses at the point studied. 
The stress constant of the micrometer is obtained by a test on a 
simple tension specimen made of the same material and of the 
same thickness as that in which the stress is determined, and the 
direction in which tensile stresses cause the black line to move is 
also determined in this calibration test. The Babinet compen- 
sator was used for stress-distribution study some years ago by 
Mesnager. The testing rig used at Ulinois has been developed by 
Prof. T. M. Jasper and later by Prof. R. Michel and Mr. 8. G. 
Hall. 


M. F. Sayre.'* Great credit is due to Professor Kita and Mr. 
Matui in Japan and to the Westinghouse Research Laboratory 
and to Professor Frocht of the University of Michigan, in this 
country, for the development of satisfactory methods of preparing 
phenolite and bakelite for use in photoelasticity studies. Profes- 
sor Frocht in his fringe photographs has admirably brought out 
the advantages of these materials; for it is only the high sensi- 
tivity of these materials which has made possible the fringe method. 
With celluloid or glass the photoelastic sensitivity is so much less 
that two or possibly three fringes represent the maximum that 
can be obtained without exceeding the elastic limit. It is this 
fact which in practice has compelled the use of the color rather 
than the fringe method to date. 

One word of caution might be here interpolated for the benefit of 
novices. When dealing either with celluloid or bakelite, stresses 
must be kept within the elastic limit of the material to obtain 
accurate results. Jt is therefore desirable when starting work to 
find out experimentally the unit stress and the number of fringes 
corresponding to the elastic limit for one’s particular material, and 
to avoid going beyond that number of fringes, regardless of the 
temptation to do so in order to obtain an attractive picture. 


G. B. Kareuitz."* The difficulty of an analytical solution of 
complicated cases of a stressed state makes all methods facili- 
tating a visual study of stress distribution rather valuable. A 
number of analogies, such as the famous membrane analogy of 
twist, have been developed recently. Investigations of stresses 
in structures by the use of models have been also employed with 
success. However, the photoelastic method has given to date the 
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most powerful and illuminating presentation of stress distribution 
in loaded members, provided that cases of two-dimensional 
stress are considered. 

By the introduction of bakelite as a working material, the author 
has made a notable contribution to the art and should be con- 
gratulated on his achievement. The writer, together with Mr. 
A. Solakian, has been working at Columbia University on ques- 
tions of photoelasticity, and they have also used bakelite as their 
material. Our observations regarding the ease of annealing, 
procedure, and temperatures coincide with those of the author, 
which is highly gratifying. 

It seems to the writer that the author has not brought out with 
sufficient force the point that the fring» method, as described by 
him, is a powerful tool for designers. The main value of the 
photoelastic method is not in the possibility of determining the 
exact values of the principal stresses, but in obtaining at a glance 
the stress concentrations caused by irregularities in cross-section 
or loading. It helps also to form a correct idea about stress dis- 
tribution in loaded members, which makes it an indispensable aid 
to instruction. From the standpoint of “prac ical’ use the 
isoclinies are of no particular value, once bakelite is employed, 
the fringe picture itself giving sufficient information. 

It also may be added that there is some justification for the use 
of colored images instead of monochromatics. When a compli- 
cated fringe diagram is analyzed, there may be regions where a 
monochromatic (such as Fig. 8) does not show whether a valley or 
a hill is encountered in the shearing stress. With a colored image, 
the succession of colors gives this information. The colors of the 
fringes change, with increase of shearing stress, from red to yellow, 
green, gray, red, yellow, etc. It is therefore clear that stress in- 
creases in the direction from yellow to green and decreases in the 
direction from yellow to red. 

In conclusion, the writer wishes to express his admiration for 
the perfect photographs produced by the author. 


AvTHoR’s CLOSURE 


The author has read with interest and appreciation the dis- 
cussions of T. MeL. Jasper, J. N. Goodier, A. G. Solakian, H. F. 
Moore, M. F. Sayre, and G. B. Karelitz. 

Mr. Jasper’s suggestion to write the stress-optic formula 
in the form R = c(P — Q)t so that the thickness of the material 
would be shown explicitly would be of benefit in models of vari- 
able thickness. In models of constant thickness the variation 
due to stress can be neglected for all engineering purposes. In 
such cases it is simpler to include the thickness in the constant of 
proportionality. 

The author agrees that a Babinet compensator would be a valu- 
able addition to a well-equipped photoelastic laboratory and also 
that it is not desirable to trust the tension-strip compensator. 
He wishes, however, to emphasize that in the fringe or monochro- 
matic method employed by him the difference between the prin- 
cipal stresses is determined without resort to such a tension 
compensator (see Fig. 1). The accuracy of this method is good, 
the procedure simple, and there is considerably less labor in- 
volved then either with the Babinet or the tension compensator. 

The author shares Mr. Goodier’s opinion that it would be de- 
sirable to check the values of the normal stresses on-the vertical 
diagonal beyond 0.6h by a method other than that of graphical 
integration, and he plans to do so when suitable equipment is 
available. The 5-deg. isoclinic is asymptotic to the vertical axis 
of symmetry, Fig. 19. The distances marked AX thus become 
very small beyond 0.5h, thereby increasing the per cent error in 
the values of the normal stresses the accuracy of which depends 
on the degree of precision with which these distances are mea- 
sured. 

The author was very much interested in the comments made by 
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Mr. Solakian, as he raises the fundamental question of the superi- 
ority of the fringe or monochromatic method over that of white 
light. In paragraph (a) Mr. Solakian states: ‘‘With the black- 
and-white-fringe method it is very difficult to determine the order 
of a certain fringe for the evaluation of its corresponding stress 
value. It requires slow and repeated loading and unloading of 
the material and counting of the number of the fringes passing a 
certain point.” Leaving for the moment the question of diffi- 
culty involved in determining the fringe order, the author wishes 
to point out that even in the white-light method essentially the 
same difficulties exit. The process of counting is as necessary 
with white light as it is with monochromatic light, since the order 
of a color band must be known before a numerical value can be 
attached to it. The same is true about the need for slow loading. 
If the fringe pattern is of the escaping type, so is the color pattern, 
and to determine the number of escaping isochromatics, one has 
to watch their formation during slow loading. The determina- 
tion of fringe No. 1, as well as of the whole fringe order, presents 
in reality no difficulties. 

It is the author’s opinion that the existence of optical creep is 
really a strong point against the white-light method and in favor 
of the fringe or monochromatic method. It takes only a frac- 
tion of a second to take an accurate fringe photograph, and it 
may take an hour or more to sketch isochromatics with even a 
partial degree of accuracy. The existence of creep is therefore 
bound to affect the drawing of isochromatics vastly more than it 
does a picture. As a matter of fact the sharpness of the fringe 
photographs is evidence of the absence of effect of creep. For 
best results the fringe photograph should be taken immediately 
after the load is applied, and the determination of the fringe order 
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(Showing the vagueness of isochromatics of higher order. Compare with 
Fig. 8. The black curves represent the zero isoclinic.) 


should be carried out later. The presence of creep during the 
determination of the fringe order is evidently of no importance. 

In paragraph (b) Mr. Solakian concludes that the use of white 
light increases the optical sensitivity of bakelite in the ratio of 
3 to 2 by furnishing three bands of yellow, red, and green to two 
bands of black and white. It seems to the author that it would be 
more correct to say that the fringe method increases the optical 
sensitivity rather than the white-light method. Mr. Solakian has 
undoubtedly observed that isochromatics become narrower and 
narrower as their order increases. In fact, beyond the fifth green 
the colors become so crowded and washed out as to be of little 
value. Assuming that all isochromatics can be traced with ac- 
curacy (a task not always easy to perform, especially in the 
presence of creep), and taking as a practical limit the sixth green, 
we have a total of 18 isochromatic bands. With the fringe 
method the patterns are distinct even beyond the 15th fringe, 
which represents approximately the elastic limit of bakelite. We 


thus have within the elastic limit 30 bands with the fringe method, 
against 18 with white light, or an effect equivalent to an increase 
in optical sensitivity of more than 3 to 2 (see Fig. 36). 

The author agrees with Mr. Solakian that the use of white 
light brings out very clearly the points of P —Q = 0 by providing 
a colored background for the dark points or bands. A little 
experience, however, enables one to tell these points with relative 
ease when a mercury-vapor lamp is used. All one needs to do 
is to remove the color filter, and the dark bands come into relief. 

The author has had few occasions to go to temperatures higher 
than 70 deg. cent. to obtain well-annealed models, and because 
the changes produced in the bakelite increase with the tempera- 
tures, he prefers to anneal at 70 deg. cent., and only in excep- 
tional cases to go a few degrees above that. 

The points at which the loads were acting in the problem stud- 
ied by the author were undoubtedly stressed beyond the elastic 
limit. That, however, is inevitable if an appreciable optical 
effect is to be produced on the horizontal diagonal. Before 
closing, the author wishes to point out an aspect of the mono- 
chromatic method which has thus far been neglected—i.e., the 
directional effect of stress when white light is used. 

Consider two elements A and B in a body subjected to a two- 
dimensional stress system (see Fig. 37). Let us assume that the 
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principal stresses on these elements are equal in magnitude but 
differ in direction; i.e.,P = P’; Q =Q’. Ifaray of plane polar- 
ized light be transmitted through this body, it will be resolved 
into rectilinear components in directions of the principal stresses 
the magnitudes of which will depend on the direction of the 
plane of vibration of the impinging ray. The character of the 
emerging ray will thus depend on the direction of the principal 
stresses. If, for concreteness, the impinging-plane polarized 
ray be vibrating in a vertical plane, then the emerging ray would 
still be plane polarized at point A, while the one at B would gener- 
ally be elliptic. In such cases the optical effect of a stress system 
acting upon an element would depend on the direction of the 
stresses as well as their magnitudes. To obviate such a condi- 
tion the plane-polarized ray is replaced by a circularly polarized 
one, which breaks up into equal components regardless of the 
directions of the principal stresses. Such a condition is implied 
in the stress-optic law R = c (P — Q), which does not contain the 
directions of the stress system. Now, the most effective way to 
produce circular polarization is by means of a quarter-plate. 
But this quarter-plate has meaning only when used with mono- 
chromatic light. There can evidently be no quarter-plate for 
white light. If white light be merely the combined effect of the 
fundamental colors having different wave lengths, then obviously 
a quarter-plate can be made to fit one but not all of the colors 
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simultaneously. So that white light gives elliptic polarization 
and not circular, with a consequent result that there is a direc- 
tional effect of the stresses at a point. 

The author has made some experiments to verify this theory. 
Strips of celluloid and bakelite were subjected to tension and 
placed in the path of plane and circular rays, respectively. They 
were then rotated in the plane normal to the axis of propaga- 
tion of the ray of white light, and the changes of color were 
observed. 

In the plane-polarized field, both the celluloid and the bakelite 
showed marked changes in brightness, the maximum brilliance 
being at an inclination of 45 deg. to the plane of vibration. In the 
circularly polarized field the celluloid strip seemed to hold its 
color, but the bakelite strip showed pronounced changes. Start- 
ing with a deep green in the vertical position, the color changed 
and showed a clear tinge of red in the horizontal position, indicat- 
ing a possible error of approximately 20 per cent. What seemed 
to be evidence of circular polarization with celluloid thus proved 
to be evidence of its small optical sensitivity. There is therefore 
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a directional effect when white light is used. Such, however, 
is not the case with monochromatic light. Here a quarter-plate 
can be made to produce true circular polarization and thereby 
to eliminate directional effect and to increase the accuracy of the 
work. 

The fringe or monochromatic method has also the advantage 
that it makes the taking of clear moving pictures practicable, and 
thereby contributes an effective tool for many fields of investiga- 
tion, especially for the study of impact stresses. 

The author was glad to learn from H. F. Moore and M. YF. 
Sayer of the photoelastic work which is being done at their 
respective institutions. He also wishes to thank G. B. Karelitz 
for emphasizing the practical value of the fringe method for de- 
signers. While the author champions the fringe or mono- 
chromatic method, believing that it has genuine merits and that 
it will facilitate the dissemination of knowledge of photoelasticity, 
there are two occasions on which he uses white light as a source: 
one of these is when sketching isoclinics and the other when in- 
vestigating the signs of boundary stresses. 
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of Vibrating Machines 


This paper considers the elastic material for, and design 
of, elastic mountings intended for the prevention of 
transmission of vibration from electrical apparatus into 
the structure of buildings in which comparative quiet 
is desired. The effectiveness of such a support depends 
on the square of the ratio of the frequency of the im- 
pressed disturbance to the natural frequency of the ma- 
chine on its mounting. Thus the natural frequency of 
the machine on its mounting must be made low in com- 
parison with the impressed frequency. It is shown 
analytically that damping, or internal friction, in an 
elastic mounting causes additional transmission through 
the mounting. An apparatus was built to compare 
directly the effectiveness of materials proposed for elastic 
support. The detrimental effect of damping is clearly 
shown at high ratios of impressed frequency to natural 
frequency, causing the transmission to be doubled in the 
case of some samples. Therefore when choosing the 
elastic material for a support it is necessary to consider 
the damping present in the substance. Drift tests were 
also made to aid in determining the best material for this 
work. In several ways rubber appears to be well suited 
to use as an elastic support material. As an example, 
its incorporation in a mounting for a 15-hp. induction 
motor is described. 


HE present tendency toward lighter 

I building construction creates struc- 

tures which transmit noise and 
vibrations throughout their framework 
more readily than do buildings of the 
older types. Recently, elastic mountings 
have been placed under apparatus which 
creates objectionable disturbances in these 
modern buildings. Excellent results are 
obtained in preventing the transmission 
of vibration to the building by the use 
of such mountings, provided that th 
supports are correctly designed and applied. 

Elastic supports may be divided into two types: (1) Mount- 
ings intended for isolation from disturbances of any frequency 
or from shocks, and (2) mountings designed for isolation from 
vibration of one, or several, known and constant frequencies. 
Mountings of the first type are exemplified by the automobile 
suspension in which damping of some sort is known to be bene- 
ficial since road shocks may occur at the natural frequency of 
the vehicle on its springs. The present investigation deals 
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of the second type. A mounting constructed to prevent the 
transmission of electromagnetic noise from a three-phase in- 
duction motor to its foundation is described as an example of 
this second type. 


DEMONSTRATION 


An apparatus sketched in Fig. 1 gives an idea of the function 
of an elastic support. The mass M is supported through a 
spring k from a crosshead P moving with constant amplitude 
in approximately simple harmonic motion. At a very low 
cranking speed M moves through the same amplitude and in 
phase with P. As the speed increases the amplitude of M 
increases to a maximum at the resonant speed. 
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Fic. 1 APPARATUS FOR DEMONSTRATING THE EFFECT OF 
Exastic MountTING 


In this range the motions of P and M, which have been in 
phase, shift through 180 deg. and continue out of phase at 
higher speeds. Any increase in speed above the resonant speed 
tends to decrease the amplitude of M until it is found, at a 
speed several times the resonant speed, that the mass remains 
practically stationary in space. 

The curve marked 5 = 0 in Fig. 2 indicates the relation be- 
tween speed and amplitude, showing clearly that the elastic 
support of M is harmful until a speed of 1.41 times the resonant 
speed is reached, but becomes increasingly effective as the fre- 
quency is raised above that speed. At a speed of several times 
that at which resonance occurs, M moves with a small fraction 
of the impressed amplitude. 


THEory 


Fig. 3(a) shows schematically the essentials of the demonstra- 
tion apparatus with damping added. k is the stiffness constant 
of the spring in force per unit deflection, the mass M = W/g, 
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with the effect of damping in the elastic material of mountings 
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and the damping, assumed to follow the viscous-friction law, 
contains a constant b having the dimensions force per unit 
linear velocity. The disturbing force of frequency w and the 
resulting motions are assumed to be sinusoidal. 

If the transmissibility « of the system is defined as the ratio 
of the maximum amplitude of M to the maximum impressed 
amplitude, then the Appendix gives 
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is convenient to have the damping term given by a dimensionless 
quantity. For the cases in which the viscous-friction law holds 
(frictional resistance proportional to velocity) it is easily shown* 
that the logarithmic decrement, 6 = rb/1/(Mk). Substituting 
in [6], 
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Fig. 2 shows that the transmissibility in the range 


from w/we = 3 and up may be more than doubled by 
common values of 6. Thus damping is beneficial in 


suspensions of the first type in which the speed ratio 


| w/we May vary over an unknown range and hence be 


less than 1.41. On the other hand, damping is det- 


rimental in supports of the second type, in which with 


proper design the speed ratio will never be near 


unity. 


APPARATUS AND EXPERIMENTS 


Since it is not known what law is followed by the 
friction in. the various materials available for elastic 


support, or whether the stiffness of the material re- 
mains constant, it was thought advisable to make 


tests measuring the transmissibility directly. The 


‘ usual troublesome frequency encountered in electrical 


machinery is twice the fundamental electrical frequency 
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where we = +/(k/M), the resonant speed of the system. 

Elastic mountings of the second type are usually represented 
by the system shown in Fig. 3(b). - This case includes vibrating 
machines isolated from buildings by an elastic suspension. Here 
the transmissibility will be given by the ratio of the maximum 
value of the force transmitted to the foundation to the maximum 
value of the impressed force. In the Appendix it is shown that 
Equations [6] and [7] hold in this case as well as in the former. 

In order to obtain comparisons between various systems it 


or 120 cycles per second for 60-cycle power supply. 
By experience we have found that a speed ratio w/w. 
of 6 or 8 is desirable in isolating this vibration. In 
order to make the test results as applicable as pos- 
sible to practical problems, it was decided to make measure- 
ments over this range. Unit pressure and thickness of the tested 
materials were to be kept equal or near to those used in practice. 

In directly determining transmissibility in a system similar 
to that in Fig. 3(a), three measurements are necessary, namely, 
two amplitudes and a speed. Likewise, in the system of Fig. 
3(b) two forces and speed are necessary. Since for this case 
it is easier to measure small amplitudes than small alternating 
forces, the former system was chosen for test purposes. It 
has been shown in the Appendix that both systems give the 
same expressions for transmissibility. . 

Figs. 4 and 5 give some idea of the construction and arrange- 
ment of the test apparatus. The horizontal shaft S, motor 
driven through a belt and pulley at one end, carries a flywheel 
F at the other. Sunk in the face of F is a circular hole, eccentric 
with the shaft S. A disk D is held in this hole by the nut V. 
D carries a ball-bearing support at a distance from the disk 
center equal to the eccentricity of the hole in F. Hence, by 
changing the angular position of D, the eccentricity of its ball- 
bearing support may be varied from zero to twice the eccen- 
tricity of the support in D. A connecting rod R leads to 4 
crosshead carrying a table 7. Any slight rotation of T is pre- 
vented by the horizontal phosphor-bronze strip Q. 

Samples of isolating material O are placed on the table 7, 
and support the 48'/.-lb. weight W which is prevented from 
tipping by six horizontal wires. Speed is measured by 0 
electric tachometer U having a range up to 10,000 r.p.m. The 
two cathetometers, C; and C2, supported at points some distance 
from the apparatus, measure the amplitudes of the table and 
weight, respectively, by reading the apparent width of a point 
against a calibrated eyepiece scale. Distinct points were best 


2A. L. Kimball, Trans. A.S.M.E., 1929, APM-51-21. 


| 
| 
oid 
i— 
We 
va or, since we are not interested in phase, 
1 
—-)-1 
We 


= 


APPLIED MECHANICS 


obtained by strongly illuminating the surface tangentially and 
selecting one of a number of minute, brilliant points of light 
reflected by dust or metal particles adhering to the surface. 
A dial indicator (not shown) was used to read the weight ampli- 
tude near resonant speed. 

In performing the tests, the eccentricity was adjusted to 
produce a double amplitude of the platform of 12-15 mils. 
The thickness of the sample was initially chosen as that recom- 
mended by the manufacturer of the material and the area 
adjusted to conform with his recommended loading pressure. 
Readjustments of these dimensions were often necessary to 
give proper isolation. The prepared sample was placed centrally 
on the platform and the weight lowered upon it. 

As the speed was slowly raised, the platform and weight ampli- 
tudes and speed were read at frequent intervals. The first 
occurrence of interest was the maximum-amplitude point of 
the weight, which was carefully determined. Readings were 
taken at frequent intervals from this point up to the highest 
speed which would produce a readable amplitude of the weight, 
or until vibration in the microscope supports made further 
reading impossible. In certain cases the energy dissipation 
due to friction in the sample raised its temperature sufficiently 
to change its stiffness and friction coefficient. When this oc- 
curred the sample was run at a high speed until a temperature 
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w/wm. Sm, noted on each set of curves, is the frequency in vibra- 
tions per second corresponding with wm, an angular frequency. 
The solid line on each of the plots is the 6 = 0 curve from Fig. 2 
representing the transmissibility which should be obtained with 


Fic. 5 PxrorocrapH or Test ARRANGEMENT 


constant stiffness and no damping 
in the material. Steel springs fol- 


|. 


low the latter curve very closely. 
Experimental results from a 
dhigh-quality rubber compound, 
containing about 90 per cent pure 
rubber, are given in Fig. 6. 
Damping in the material is low, 
as is shown by the large ampli- 
tude at resonance; therefore the 
increase in transmissibility due to 
damping is small. 
i Fig. 7 indicates the results 
obtained from coarsely ground, 
compressed cork, and also dis- 
proves the popular fallacy that 
interfaces of unlike materials re- 
flect ‘‘vibration waves’’ analogous 
to the partial reflection of light 
on passing between bodies of 
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equilibrium was reached, the readings then being taken as the 
speed was decreased. 


ReEsvLts AND DIscussion 


Results were plotted as shown in Figs. 6-11. The trans- 
missibility ¢ is, as before, the ratio of the amplitude of the weight 
to the platform amplitude and is plotted on a logarithmic scale 
in order to magnify the situation at high ratios of impressed 
frequency to frequency of maximum amplitude of the weight, 


different refractive indices. Data 
taken with and without the steel 
plate between the cork samples fall along the same curve. 

The broken line of Fig. 8 shows results obtained from a natural 
cork, intended for isolation purposes, loaded in accordance with 
the manufacturer’s recommendations. Amplification occurs 
at frequencies up to 2900 r.p.m. Tripling the load per unit 
area gave isolation at frequencies above 2000 r.p.m. as shown 
by the solid curve. Fig. 9 shows the latter data plotted for 
comparison with the transmissibility which could be obtained 
for the same stiffness with no damping. 
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A material similar to hektograph-pad gel required 
four thicknesses at 30 lb. per sq. in., rather than the 
maker’s recommendations of one thickness, to produce 
satisfactory isolation (see Fig. 11). 
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In the case of a special hair felt made for isolation purposes, 


Fig. 10 shows that the transmissibility is doubled at a speed 
ratio of 8. 


11 


In the analyses given in the Appendix, friction was 
assumed proportional to the velocity of extension and 
compression in the material. Some idea of the degree 
of approximation in this assumption may now be obtained. 

When there is considerable damping present in a vi- 
brating system of one degree of freedom, maximum am- 
plitude does not occur at the value of speed given by we 
=+/(k/M), but is displaced in a direction and amount 
dependent on the type of system considered. 

In this case Equation [6] gives 


z b%w? + k? 


Solving for z, differentiating with respect to w, and sim- 
plifying, 


Thus, for this case, friction reduces the speed at which 
maximum amplitude occurs. 

A first approximation of k and b may be obtained by as- 
suming that we? = wm*. Then 


k = 


Equation [6] may now be solved for b, using the measured 
value of z/y at wm. Substituting these approximate 
values of k and b in [9] gives a value for w.?, from which 
more exact values of k and 6 may be obtained by re- 
peating the above process. It is found that this second 
determination of b is sufficiently accurate. The loga- 
rithmic decrement for the material may now be found 
using the previously given expression 
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Values for some of the substances tested are given in Table 1. 
TABLE 1 VALUES OF 4 FOR VARIOUS SUBSTANCES 


Material 6 
Special felt for supporting purposes...................... 0.69 
Cork, coarse ground and compressed................. . 0.68 
Gelatinous material similar to hektograph | 6 mo. old...... 1.93 
pad 
Natural cork loaded perpendicular to grain............... 0.88 


The broken-line curves in Figs. 6-11, excluding Fig. 8, show 
the values of transmissibility which would be obtained from 
these various materials based on the calculated 5 at wm, if these 
materials obeyed the viscous-friction law. 
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Apparently this law gives a general idea of the increased 
transmissibility for an average case in the frequency range of 
«/wm = 6 to 8, but may vary somewhat for particular cases. 

A comparison may be made on the basis of this theory be- 
tween two mountings, one in which 6 = 0 and the other in which 
6=1. 

The lower set of curves given in Fig. 12 shows the increase 
in transmissibility with increasing 5 for constant speed ratios, 


and brings out the fact that 5 has an increasingly greater effect 
as the speed ratio is raised. The upper group of two curves 
shows the amount by which the stiffness of a system having a 
certain 6 must be reduced below the stiffness of a system in 
which 6 = 0, in order to maintain a constant transmissibility. 
When elastically mounted machines are required to transmit 
torque to apparatus on a separate base, the mounting stiffness 
should be as high as possible, consistent with good isolation, 
thus requiring a low value of 6. 

Other damping laws might be considered, the solid-friction 
law,’ for instance, in which the friction loss per cycle is inde- 
pendent of frequency but proportional to the square of the maxi- 
mum stress in the material. Kimball? has shown in this case 
that for a sustained vibration 


b’ 


and that 6 = §£. Combining, 


This value when substituted for 6 in Equation [6], after dividing 
numerator and denominator by k?, gives 


The values of 5 computed by this expression and that of Equation 
{8] from values of z and y at wm will be very nearly the same 
since (wm/w.)? is close to unity. On the other hand, a large 
difference in the value of « does occur at speeds well away from 
resonance. 

The point marked with a triangle at w/w, = 8 on Fig. 11 
indicates the expected increase in transmissibility according to 
this law. The predicted increase is negligible, hence the law 
should be rejected for substances such as cork, gelatinous ma- 
terial, and felt. 

The damping law for each material tested is probably different. 
Assuming that the stiffness for each material remained constant, 
these laws for the particular conditions of the test could be dis- 
covered from the data presented. This is not thought worth 
while since the assumption of the viscous-friction law gives an 
indication of the amount which friction raises the transmissi- 
bility in the most important range. 


System or Two Dearees or FREEDOM 


Elastic mountings in the form of systems of two degrees of 
freedom offer interesting possibilities. Such a system was 
set up on the test apparatus using an additional elasticity and 
mass arranged as sketched in Fig. 13(a), rubber being used as 
the elastic medium. Fig. 14 shows the test points as well as 
a curve indicating the expected result when b = 0, obtained 
from Equation [14] developed in the Appendix. 

The steep slope of the curve above the second resonant speed 
indicates that the support is very effective at a short distance 
above this speed. For instance, the two-degree system gives 
a calculated ¢ of 0.02 at 266 radians per sec. A one-degree-of- 
freedom system would require a resonant speed of 38 radians 
per sec., which is less than either of the two-degree-of-freedom 
resonant speeds, to produce the same transmissibility. 


3A. L. Kimball and D. E. Lovell, Phys. Rev., vol. 30 (1927), 
pp. 948-959. 
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Drirt Tests 


Drift tests to determine the loss in thickness with time under 
load were made on samples of materials used in the above 
experiments. A simple apparatus was used (see Fig. 15) con- 
sisting of a 112-lb. 
weight, held in a ver- 
tical position by hori- 
zontal wires, under 
which the sample S is 
placed. The dial in- 
dicator I gives the drift 
in mils. Variation in 
stiffness with drift is 
obtained from mea- 
surements of the reso- 
nant frequency of the 
Ss weight on the sample 
at several times as 
the test progressed. 
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Samples were proportioned to give about the same load per 
unit area as was found necessary for satisfactory transmissibility. 
hig he upper curve of Fig. 16 shows the loss in thickness with 
time for a six-months-old sample of the gelatinous material, 
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which had become 1.6 times as stiff as the newer sample. Even 
at this high loading and consequent rapid drift, the resonant 
frequency is too high for proper isolation. 

Natural cork shows a small drift, but the resonant frequency 
is high. Two thicknesses should be used to reduce this fre- 
quency and obtain better isolation, in spite of the fact that the 
drift would be doubled in so doing. 

Two thicknesses only of the special felt were tested. Even 
with this low loading, the drift is great and the stiffening with 
time fairly large. If the test had been made with four thick- 
nesses the drift would have been twice as large and the per- 
centage change in stiffness the same. 

Rubber, at this low loading, shows practically no drift, al- 
though at higher loadings some loss in thickness would begin 
to appear. 

Ground cork, when loaded to a value just below the manu- 
facturer’s recommended range, shows a very large initial drift. 
The frequency increase is considerable also. 


RvuBBER IN A Motor Support 


In choosing the elastic material for mountings several con- 
siderations point to rubber as the most advantageous. Its 
damping is low, much energy may be stored in a small volume, 
protection from oil can be arranged, stiffness in various directions 
may be controlled by shape, drift is small at low pressures, and 
finally, its life, when compounded with antioxidants, is fairly 
long. 

As an example of the use of rubber, Fig. 17 shows a three- 
phase induction motor driving a ventilating fan in an office 
building. The sliding base under the motor is isolated from 
the foundation by rubber placed in the four symmetrically 
disposed metal boxes, two of which are visible in the foreground. 
An induction motor may have vibration components along 
each of its three coordinate axes, therefore the mounting must 
be elastic in all directions. A motor on such a mounting has 
six modes of vibration, and hence six natural frequencies, all 
of which should fall outside the running range of the motor. 
Since a floor is most sensitive to vibration in a vertical direction, 
the natural frequency of the motor on its mounting must be 
low in that direction. The fundamental frequency of the im- 
pressed force is 120 cycles per sec. for a 60-cycle power supply, 
hence the vertical natural frequency referred to above should 
be about 15-20 cycles per sec. The mounting shown isolated 
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the motor very satisfactorily, and also appeared sufficiently 
stable for good belt operation. 

It has not been found possible to make the mounting stiffness 
of motors transmitting torque to apparatus on separate bases 
sufficiently low to isolate from unbalance vibration unless the 
motor speed is high. Proper mechanical balancing will nullify 
this disturbance at the source. In machines which share a 
common base, such as motor-generator sets, the natural fre- 
quencies of the set on the mounting may be made sufficiently 
low to give adequate isolation from the unbalance vibration 
Of course all higher frequencies are isolated even more effectively 


SuMMARY 


Supports can be made to prevent the transmission of vibration 
to or from the mounted machine through its base, but cannot 
reduce the noise radiated directly to the air from the machine. 

In an elastically supported machine the speed ratio, that is, 
the ratio of the disturbing frequency to the natural frequency 
of the machine on its support, must be greater than 1.41 in 
order that the support be effective. For vibrations, such as 
those due to unbalance, having a frequency below the audible 
range, a speed ratio of 2 or 3 is sufficient. Vibration occurring 
at frequencies in the audible range, due to electrical disturbances 
for instance, requires a speed ratio of 6 or 8 for proper isolation. 

Damping has been shown, both by theory and experiment, 
to be detrimental to this type of support. For comparison 
purposes, damping has been assumed to follow the viscous- 
friction law. A table of 6, the logarithmic decrement of the 
material, is given for several substances in order that such 
comparisons may be made. All tests were carried out at values 
of pressure and frequency approximating service conditions. 

Several considerations point to rubber as the material best 
suited to supports of the type described. 

In conclusion the author wishes to acknowledge the sugges- 
tions and assistance given by Messrs. A. L. Kimball and W. C. 
Stewart of the Research Laboratory of the General Electric 
Company. 
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TRANSMISSIBILITY OF VARIOUS SYSTEMS OBTAINED 
BY THE MECHANICAL-IMPEDANCE METHOD 


ECHANICAL vibration problems may be solved for the 

steady-state conditions by a complex quantity method 
analogous to that used in solving electrical circuits.‘+* The 
electrical equivalents of mechanical quantities are tabulated 
below. 


ELECTROMECHANICAL EQUIVALENTS 


Mechanical Electrical 


v velocity current 
F foree...... voltage 
Z velocity impedance. impedance 
xz amplitude charge 

1 
capacity 
resistance 


& stiffness......... 


friction coefficient................ 
Zm mechanical impedance 


Nw 
N 


j=V-1 


Ohm's law states that 


4A. G. Webster, Proc. Am. Acad. of Science, vol. 5 (1919), p. 275. 

5 A. E. Kennelly and Nukiyama, Trans. A.I.E.E., vol. 38 (1919), 
pp. 651-699. 

*C. A. Nickle, Trans. A.I.E.E., vol. 44 (1925), p. 1277. 


and analogously 


In our problem the instantaneous values’ of displacement 
and velocity are 
= zsin wl 
and 


% = — = Zw COs wl 


Returning to maximum values, 
= 


Substituting in [2] and solving for z, 


Mechanical impedance, Z,, is found from the following known 
constants of the system in question: 


Frictional impedance (proportional to velocity) Jub 
Mass impedance 
Elastic impedance k 

Three general rules for combining these quantities may be 
given: 

1 When various components of a system have the same 
amplitude impressed upon them, their impedances are added 
directly to obtain the total impedance. 

2 If it is possible for two or more elements of a system to 
divide an impressed amplitude between them, depending on 
their impedances, then the reciprocal of their total impedance 
equals the sum of the reciprocals of the individual impedances. 

3 When dealing with systems of more than one degree of 
freedom, impedances of each part of the system are first obtained 
as indicated in 1 and 2. The total impedance of the system is 
then discovered by combining these impedances according to 
the above rules. 

The amplitude of a mass means, of course, the distance from 
the mid-position to a peak on the time vibration curve. The 
amplitude of an elasticity, or of a damping medium, is con- 
sidered as half the difference between the displacements im- 
pressed on the two ends of the element in question. 

This method will first be applied to the simple case of Fig 
3(b) by way of demonstration. The sinusoidal force F vibrates 
M, k, and b through the same amplitude, therefore their im- 
pedances will add directly. From [3] we may write 


Taking the absolute magnitude gives 
PF 
+ (k — Mot)? 


bw 
k— Ma’ 


where tan ¢ = 


Returning to the problem of the paper, the transmissibility 
¢ of this system will be given by the ratio of the maximum force 
passing through to the rigid foundation to the maximum value 
of the impressed force f/F. 


71. B. Crandall, “Theory of Vibrating Systems and Sound,” 
1926, p. 9. 
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= + k) 


Solving [4] for F and taking the ratio f/F gives 
f + k) 


FP zGwb + k — Mo?) 


+ k? 
+ (k — Mw?)?” 
In the system of Fig. 3(a) in which the foundation is moved 
through a constant amplitude y, causing a certain amplitude 
z to appear in M, the transmissibility will be given by the ratio 
z/y. A certain force F is required to move the foundation ends 
of k and 6b through the amplitude y. This same force is applied 
to M through k and b. Therefore from [3] we may write 
F 

Zm(mass)’ Zm(total) 

x Zm(total) 

y  Zm(mass) 

= 


[5] 


€ 


Zm (mass) 


From ryle 2, 
1 1 1 


Zam (total) + job 


— Mw*(k + jwb) 
+ k — Mo? 
y — Mw? 


Canceling and taking the ratio of the magnitude of the vectors, 


+ (k — Mot)? 


Equations [5] and [6] are identical.® 

The transmissibility of the two-degree-of-freedom system 
shown in Fig. 13(a) is z/z. Assuming the displacements z, y, 
and z positive, also that z > y > z, and, for brevity, that b = 0, 
we have from [3], 


_ — ki(y — 2) 
ky 


— 
Solving [12] for y, substituting in [11] and bringing z to the 

left-hand side, 

z kike 

z — w*(kyMy + + + MiMi 
To simplify, the expression may be divided through by the 

constants kik. The resonant speeds of the system, w.’ and 

we", are the roots of the denominator when it is set equal to 

zero. Then breaking up the denominator, using the sum and 

product of the roots, gives 


Z’ 


. [13] 


e= 


1 


An identical expression may be obtained for the transmissi- 
bility of the system shown in Fig. 13(b). Damping will increase 
the transmissibility in either case. 


*C. R. Soderberg, Elec. Jl., vol. 21 (1924), pp. 160-165. 
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Discussion 


Sruart H. Haun.’ The writer is much interested in hearing 
of the investigation that the author has been making, especially 
so because this work appears to antedate a somewhat similar 
investigation with which he has been connected for some months 
past. Thus the user of a material has, as often before, antici- 
pated its manufacturer in a study of some of its properties. 

The author is to be congratulated upon having designed and 
built a machine for general testing of elastic materials as mount- 
ings for the isolation of vibrating machines. The design is simple 
and the method of use is quite direct. So far as may be judged 
from the paper itself, however, the author appears to have 
neglected to consider entirely what we may term the form factor 
for comparatively incompressible materials which plays an impor- 
tant part in determining the properties of an elastic mounting. It 
is well known that rubber and more or less similar elastic materials, 
such as the gelatinous substance tested by the author, are only 
slightly compressible, so that when subjected to compression, as 
in a machine mounting, the material must bulge at the sides, 
undergoing tensile strains in planes perpendicular to the axis of 
compression. The elastic properties of a block of such material 
are thus dependent on more than the two factors of unit loading 
and thickness mentioned by the author; they depend very 
markedly upon the configuration and extent of the surface area. 
This discussion, of course, leaves out reference to other than solid 
elastic soft bodies with sides perpendicular to the loaded face. 

Thus the author’s figure of about 14 lb. per sq. in. for rubber 
may be applied only to blocks of such shape and composition as 
that used by him in his test set-up. In general, however, our work 
has pointed to loading figures for the various materials tested by 
the author, of about the same order of magnitude as the values he 
found most suitable for isolation of high-frequency vibrations. 
Our work, although so far performed on an entirely different scale 
from that adopted by the author, also indicates that damping 
factors of the various materials may be arranged in the same order 
as he has shown in his Table 1. Our work also corroborates his 
findings on the so-called gelatinous substance, which is, it is 
believed, a vulcanized vegetable oil. This material shows ex- 
ceptionally high hysteresis and was of practically no use as an 
elastic mounting in the thickness recommended by its manu- 
facturers. 

Rubber has been used as an elastic support in many forms for at 
least the past hundred years. It has long had a few special uses 
such as for the rubber buffers and springs in European railroad 
equipment (in which it is said to have longer life than steel springs) 
and for the landing gears of aeroplanes. This use has been 
developed widely in the past ten years with its general adoption as 
an elastic mounting for motors and other parts of automobiles. 
Its application to motor supports has been studied only by some- 
what empirical methods, and as a result there are almost as many 
rubber mounting designs as there are manufacturers. One of the 
most important types of motor mounts is that in which the rubber 
is stressed in shear. The shear mounting often has a considerable 
advantage of compactness for a given value of the elastic constant. 

The damping factor given by the author in Table 1 is of course 
a characteristic only of the particular rubber compounds which he 
tested. Both the damping factor and the elastic properties of 
rubber compounds may, as most engineers realize, be adjusted 
over quite a wide range by selection of compound. The writer’s 
company has, for instance, made rubber balls for incorporation 
into a rubber-metal combination universal joint and torsional 
vibration damper which had such high damping characteristics 
that they would rebound to a height of only about 10 per cent 


®’ Physical Research Laboratory, B. F. Goodrich Company, 
Akron, Ohio. Jun. A.S.M.E. 
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of the fall when dropped on a hard surface, as contrasted 
to a rebound of about 50 per cent for a solid ball of pure rubber 
composition. The elastic properties of soft rubber may also be 
varied over almost as wide a range. 

The method of studying elastic supports used in the writer’s 
own laboratory has been to apply the support to a fairly large 
special machine weighing about four tons which is used for punch- 
ing out small pieces from a wide web of rubber-fabric composition 
and to measure the building vibrations set up by the heavy impact, 
in several locations with a sensitive vibrograph of his own design 
and construction. Other full-scale tests have been and will be 
run, and laboratory studies on general properties of elastic sup- 
ports are contemplated. 


Frank M. Lewis.'"° The author has brought to attention the 
very interesting and important problem of the elastic mounting of 
generators. He divides elastic supports into two classes; those 
designed to protect against shock and those designed to isolate 
against a single frequency or a relatively small number of fre- 
quencies all higher than a certain fundamental. 

The author concludes that for mountings of the second type the 
transmission will be increased with damping and that the best 
type of elastic support would be one entirely without damping. 

The writer is rather hesitant to draw such a conclusion. 

The dynamic system which actually exists in the case of a gen- 
erator or other machine transmitting vibration to a structure is in 
actuality much more complicated than the simple system postu- 
lated by the author in Fig. 3 (a) or (b). It is assumed in Fig. 3 
(b) that the structure on which the generator is mounted is of 
infinite rigidity or mass. If such were actually the case, there 
would be no need to solve the problem, for no vibration would be 
transmitted to the structure. 

The essence of the problem is the elasticity of the structure and 
the resonant conditions which may exist in it due to this elasticity. 

The actual set-up more nearly resembles that of the author’s 
Fig. 13 (6). In this let M,k; represent the elastic system of the 
building on which the motor M; is mounted by the spring k2. In 
practice the frequency of the Mk; system alone will be in the 
vicinity of the disturbing periodic force and is not under control. 
The frequency of M,k; can be made low as compared with that of 
the disturbing force. 

Assume for the moment no damping in ky. 

If the damping in k, were made to approach infinity, it is evi- 
dent that M; and M, would vibrate together as a single mass and 
that a condition of synchronism between the periodic forces and 
the natural frequency of the elastic system would exist, resulting 
in excessive vibration. If the damping in k,; were made zero, the 
system would now have two natural frequencies. One of these 
would be relatively low, but the other might be in the vicinity of 
the frequency of the periodic force, and excessive vibration might 
again exist. Excessive vibration could then occur if the damping 
in the machine support was either very large or very small. 
There must exist, then, some optimum value of damping in the 
machine support for which a minimum amplitude of vibration 
would exist in the structure. 

This optimum value of damping may be found by setting up 
the equations for a system of two degrees of freedom, with damp- 
ing, and finding the damping for minimum vibration in M;, or 
the structure. The resulting equations will be, to be sure, rather 
cumbersome. 

In an actual case we will rarely know either the natural fre- 
quency or rather frequencies, for there are usually many, or the 
damping characteristics of the structure on which the generator 
is mounted. It may therefore not be possible in an actual case to 


10 Consulting Engineer, Webb Institute of Naval Architecture, 
New York, N. Y. Mem. A.S.M.E. 
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determine the optimum damping, but such an optimum neverthe- 
less exists. 

In actual practice the writer believes that the difference in the 
results obtained with various mounting substances, provided 
that the elasticities of the mountings are the same, may be very 
small. 

From the viewpoint of the suppression of noise directly from 
the machine frame, the writer believes that the mounting having 
a relatively high damping might prove superior. 

The question of the merits of damping in machine mountings is 
by no means settled, and it is hoped that it will continue to receive 
the author’s attention. 


J. Ormonproyp.'! Spring mounting for the elimination of 
the evil effects of vibration has been a thing very attractive to 
engineers over a long period of time. Mr. Akimoff discussed 
spring mounting in general terms in papers published by the 
A.S8.M.E. before the war. The condition of the art at that time 
was such that spring mounting made the job worse as often as 
it made it better. 

Mr. C. R. Soderberg brought spring mounting under scientific 
control by work done in 1923 and 1924, published in The Electric 
Journal at that time. In these papers he has defined the trans- 
mission factor e« and pointed out the fact that, above a certain 
speed, ratio damping was harmful rather than good. His 
definitions of transmission factor were the same as those given 
in this paper. The author’s valuable contribution lies in the 
laboratory test equipment and in the test curves from this 
equipment. 

The drift test is especially valuable in choosing material for 
flexible mounting, as it is very important that the material 
should not become progressively stiffer. It would be interesting 
to find from the author how the drift characteristics, changing 
thickness, and changing natural frequencies vary with the specific 
weights of the materials tested. Several years ago the writer 
had many static tests made on felts, corks, and rubber in which 
hysteresis loops were found. It was found that the results 
could be classified best for a given type of material by using 
the specific weight of the material. Since the specific weight 
of the material must be intimately connected with the internal 
structure, it must play an important role in the elastic, plastic, 
and damping properties of the material. 

The author’s test measurements were of such a nature that 
he should be able to give the energy dissipation per cycle for 
the materials tested. This should be given supplementing the 
logarithmic decrement figures given by him. 


AvuTHoR’s CLOSURE 


The behavior of rubber is as Mr. Hahn has stated; that is, 
the stiffness of a pad of given thickness does not increase as 
the first power of the area, but at some higher power. A very 
short discussion of this phenomena, including two curves, has 
been included in a previously presented paper.'? Discussion 
of this phase of rubber in elastic supports was purposely omitted 
as being outside the field of the present paper. The 14 lb. per 
sq. in. must not be taken as a recommended loading for rubber. 
It is merely the pressure on 1-in.-thick rubber of a certain grade 
necessary to give the mass used in the reported experiments 4 
desired frequency. Under other conditions the loading required 
to give the proper frequency may run to over 100 lb. per sq. in. 

Mr. Lewis states that in a system of two degrees of freedom 


11 Experimental Division Engineer, Westinghouse Elec. & Miz. 
Co., South Philadelphia Works, Philadelphia, Pa. 

12 “Plastic Supports for Isolating Rotating Machinery,’’ Hull and 
Stewart, presented before the A.I.E.E., Rochester, N. Y., April 
29 to May 2, 1931. 
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an optimum value of damping may be found. In order to 
investigate this point a fairly typical arrangement was studied, 
and calculations were made from the result. An induction 
motor, M, of Fig. 13(6), weighing about 600 lb., was elastically 
mounted with a vertical natural frequency at 15 vibrations per 
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second on a concrete building floor 9 in. thick having a vertical 
natural frequency at 20 vibrations per second. The following 
constants were obtained for the system: 


2 b-sec. 
M, = 1.3 x 100°, 
in. in. in. 
M; = 1,5 @ 14 10¢:, bs = Oor 
in. in. in. 
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The damping constant for the floor, b,, was obtained from the 
value of reinforced concrete, 6 = 0.075. That for the support, 
b:, is taken for comparison purposes first as zero and then as 
that due to an elastic foundation constructed of a material having 
6 = 0.8, such as cork. 

Expressions for the motion of the mass M,, the floor in the 
foregoing case, were worked out following the method given in 
the Appendix, and in the last part of the Appendix in particular. 

In Fig. 18 the relative amplitude of the floor, M,, is plotted 
against impressed frequency for the two values chosen for by». 
These results show that damping is beneficial in two frequency 
ranges only; from zero up to a point above the first resonant 
speed, and at the second resonant speed. Damping is detri- 
mental between the two resonant speeds and from a point just 
above the second resonant speed on up. In this case the base 
was designed to isolate a vibration of 120 vibrations per second 
or 753 radians per second from the floor. At this frequency 
the specified amount of damping in the motor support would 
cause the floor to vibrate through 2.5 times the amplitude that 
it would experience with no damping in the motor support. 

This effect of damping in a two-degree system is as its action 
in one-degree systems would indicate; beneficial below the 
first resonance and at resonance, detrimental at other times. 
In a closely coupled two-degree system such as the one cited, 
the frequency of the disturbing force will never be on or below 
the first resonant frequency of the system, and the second 
resonant frequency of the system should never be allowed to 
correspond with the frequency of the disturbing force. 

In a loosely coupled system containing, for example, an 
elastically mounted motor and a wall considerably removed 
from the motor, the amount of damping in the motor supports 
will affect the magnitude of the disturbing force transmitted 
to the structure and hence the amplitude of the wall, but could 
not affect the motion of the wall, as it would be far removed and 
small in comparison with other damping forces acting on the wall. 

Regarding Mr. Ormondroyd’s discussion, the author makes 
no claim to priority in the theory of elastic supports in systems 
of one degree of freedom. Mr. Soderberg’s work is included in 
the references. 

Referring to the suggestion that similar materials may be 
classified by density with regard to drift and changing stiffness 
under load, rubber and the gelatinous material may be taken 
as an example. The specific weight of this sample of rubber is 
0.0381 lb. per cu. in. and that of the gelatinous substance 0.0482 
lb. per cu. in., which would indicate that the latter material 
would drift less under similar conditions, thus leading to an 
erroneous result. 

In some cases the more dense samples of rubber have been 
found to give greater drift under load than those having a 
smaller density. 

On the sixth page of the paper is a short discussion showing 
that the solid friction law, in which the internal friction loss 
per cycle is independent of frequency, does not hold for the 
type of substance tested. However, the viscous friction law 
in which the friction loss is proportional to velocity does give 
a fair idea of the damping effect. In this case the energy dissi- 
pation per cycle depends, among other factors, on velocity, so 

that it cannot be stated as a constant for the material. 
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Thermal Stresses in Thin-Walled Cylinders 


The author, using Foppl’s method, investigates the 
stresses in (1) a cast-iron cylinder 30 in. long, 20 in. mean 
diameter, and 1 in. in wall thickness, with the tempera- 
ture 100 deg. fahr. higher inside than outside; (2) the 
same cylinder and temperature conditions, but with 
cylinder supported at the ends; and (3) a steel cylinder of 
same size with flat heads rigidly attached and subjected 
to 500 Ib. per sq. in. internal pressure. Constant and 
variable temperature gradients are considered, both in 


axial and radial directions. 


“. problem of the stresses in a 
long, hollow cylinder caused by a 
temperature gradient in the radial 
direction was first solved by T. M. C. 
Duhamel (1)? in 1838. The solution was 
presented in a memoir which laid the 
foundation for future study of thermal 
stresses. Later writers have brought the 
problem to its present-day form (5), (6), 
(10). The method is exact for an in- 
finitely long cylinder of any thickness 
and any temperature distribution in the 
radial direction only. It finds the principal planes of stress in 
such a cylinder to be in the radial, axial, and tangential direc- 
tions with normal stresses acting on each, and shows that stresses 
on a plane perpendicular to the axis are independent of the posi- 
tion of this plane. 

In order that the solution may be exact when a cylinder 
of finite length is chosen, boundary conditions require that 
external forces equal in value and distribution to the stresses 
in the axial direction act on the ends, In the usual case such 
forces will net be present, so that the stresses near the ends 
will be very different from those calculated by this method. 
The effect diminishes as we recede from the ends, and prac- 
tically disappears at a point sufficiently far away. Some writers 
have assumed that this point was located at a distance from 
the ends equal to the thickness of the cylinder wall, but its 
location really depends on the ratio of this thickness to the 
cylinder diameter. For such examples as the liner of a Diesel- 
engine cylinder this effect does not disappear until we have 
moved from the ends a distance equal to about twelve times 


‘ Head of Department of Mechanical Engineering, University of 
Arkansas. Mem. A.S.M.E. Professor Kent was graduated from 
Purdue University in 1915. His experience comprises three years 
with the Erie R. R.; two years as Ist Lieut. of Engineers, U. 8. 
Army; three years with the Westinghouse Elec. & Mfg. Co.; eight 
years as associate professor of Mechanical Engineering, University 
of Nevada; and, since 1928, as professor and head of department of 
mechanical engineering at the University of Arkansas. He has 
received the degrees of M.E. from Purdue (1927) and of M.S. from 
Iowa State College (1928). 

* Numbers in parentheses indicate references in the bibliography 
following Appendix No. 2. 

Presented at the National Applied Mechanics Meeting, Purdue 
University, Lafayette, Ind., June 15 and 16, 1931, of Tam AMBRICAN 
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the wall thickness. Since the tangential stresses at the ends 
may be as much as 35 per cent higher than those near the middle, 
it becomes important to investigate them. 

For determining the value of these stresses in thin cylinders 
Dr. August Féppl (21) turned to a method which had been in 
use for some time in the case of cylinders subjected to internal 
or external pressure. This was to treat an element cut from the 


cylinder wall as a beam on an elastic foundation. The method 
is not exact because it disregards radial stress, but it is suffi- 
ciently accurate for cases in which the cylinder diameter is at 
least ten times the wall thickness. 

Applying the method first to a cylindrical shell of finite length 
in which a temperature gradient exists in the direction of the 
radius only, it is found that the maximum tangential stress at 
the ends is 30 per cent higher than the similar stress in an in- 
finite cylinder. In a cast-iron cylinder of 1 in. thickness, 20 
in. mean diameter, and 30 in. length, the tangential stress at 
the ends produced by a temperature difference between inner 
and outer surfaces of 100 deg. fahr. is 7850 lb. per sq. in. Away 
from the ends the value of both the tangential and axial stresses 
is 6000 lb. per sq. in., which is the same as that in a thin plate 
subjected to the same temperature gradient through its thickness 
and prevented from bending. This stress is independent of 
the thickness of the plate, which seems to contradict experience, 
as it is usually considered that a thicker plate will be subjected 
to higher thermal stresses. For the same rate of heat flow this is 
true, but in that case the temperature difference will be higher 
across a thick plate than across a thin one, and thus give rise to 
higher stress. The cylinder walls are deflected outward 0.0022 
in. at the ends, which is the cause of the increase in tangential 
stress at this point. Fig. 6 shows the deflection of the walls 
and the distribution of tangential and axial stresses in the 
exterior surface. 

The actual curve assumed by the cylinder walls has the 
form of a damped wave which is identical with that of a beam 
on an elastic foundation acted upon by a moment at the ends. 
In the case of the cylinder a small longitudinal strip of the 
walls represents the beam, and its elastic support is furnished 
by the resistance of the wall as a whole to expansion or con- 
traction. Fig. 6 shows clearly how the moment produced by 
the thermal stresses has bent the end of the wall outward, and 
how this effect is damped out as one moves away from the ends. 

If the deflection at the ends of such a shell is prevented by 
rigid supports such as those shown in Fig. 8, tangential stresses 
will be reduced. In the case of the shell just considered this 
reduction amounts to 43 per cent, as the curves in Fig. 9 indicate. 
It is noticed that the axial and tangential stresses reach a constant 
value of 6000 lb. per sq. in. at a point about 12 in. from the ends 
in both Figs. 6 and 9. 

The supports at the ends do not entirely eliminate deflection, 
but they reduce its maximum value to less than 0.001 in. As 
the maximum axial stress is only 7 per cent above the normal 
“thin plate” value, one may conclude that for all practical 
purposes a cylinder so supported may be treated as of infinite 
length. The stresses in the wall will then be the same as those 
in the thin plate. Although the method does not apply to a 
thick cylinder, we may reason by analogy that the usual stress 
formulas for an infinite cylinder may be used with an equal degree 
of accuracy for a finite cylinder provided with similar end 
supports. 
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The stress will be reduced, of course, by any support whether 
or not it-is rigid, and its effect can be computed if its elastic 
properties are known. Obviously the stress at the ends under 
such conditions will fall somewhere between the 7850 lb. per sq. 
in. value of Fig. 6 and that of 4500 lb. per sq. in. of Fig. 9, with 
the values for the middle portion of the cylinder remaining at 
6000 Ib. 

In Example 3 the method is applied to a steel cylinder of the 
same dimensions and having the same temperature difference 
as the cast-iron cylinders considered. We now assume that 
heads of the same material as the walls are rigidly attached; 
that is, there is no bending in the joint between the head and the 
walls. An internal fluid pressure of 500 lb. per sq. in. is now 
introduced, though to avoid unnecessary complications in the 
calculations no opening is assumed. Such an opening should 
be placed somewhere within the middle 10 in. of the wall, where 
the cylindrical form is not interfered with by the application 
of heat or pressure. 

The head applies both a moment and a shear to the wall 
whose value is calculated from the slope of the head at the joint 
and its expansion in a radial direction under load. The head 
tends to be deflected outward by the pressure, but inward by 
the temperature strain and action of the walls. The tensile 
stress along any radius in the exterior of the head reaches a 
maximum of 28,000 Ib. per sq. in. at the center for a flat head 
1'/, in, thick. 

The curves of Fig. 11 indicate a complex stress distribution 
in the walls. The internal axial stress which normally is com- 
pression is changed to tension at the ends by the moment of 
the cylinder heads and reaches a maximum value of 26,550 
lb. per sq. in. The tangential stresses at the ends are kept 
low by the action of the heads in limiting deflection. 

At the middle of the cylinder the tangential tension reaches a 
maximum of 20,300 lb. per sq. in. on the exterior, 5000 Ib. of 
which is produced by the internal pressure and the rest is due 
to the temperature difference. Axial stresses here are lower 
since the internal pressure has a smaller effect on them. The 
deflection curve is a damped wave shifted from its normal 
position by the action of the moment and shear at the origin. 
At the middle the effect of the internal pressure is to prevent 
the deflection returning to zero as it did in previous cases. 

This example is intended to illustrate the fact that a great 
variety of end conditions may be successfully handled by this 
method, as long as there is a means of arriving at an expression 
for the moment and shear exerted on the cylinder walls at the 
ends. A flanged connection at the ends would also afford a 
good example of this. 

So far the discussion has been concerned with shells having 
a temperature gradient in the radial direction only. It happens 
in many applications that temperature gradients also exist in 
the axial direction. In an internal-combustion-engine cylinder, 
for example, heat is flowing radially through the walls, but the 
temperature of the interior varies at the same time in the axial 
direction. 

A case of very localized heating, such as that which is pro- 
duced in welding pipe, develops a large gradient in the axial 
direction. The method used in this paper is quite easily ex- 
tended to cases where the temperature along the axis varies 
with integral powers of the axial coordinate. This gives sufficient 
latitude for handling most practical cases. 

Suppose in the cast-iron cylinder of the first example, the 
interior temperature varies linearly along the axis from zero 
to 100 deg. fahr., while the exterior is held at zero. Since the 
cylinder walls are thin, a linear distribution can still be assumed 
along the radius. Fig. 15 shows the deflection and the stress 
distribution for this case. The maximum stress at the warmer 


end is slightly less than that of Fig. 6, and the maximum axial 
stress is some 1400 lb. per sq. in. less. 

Any constant temperature difference may be superposed 
directly on the curves of Fig. 15 to find the combined effect. 
If, for example, the internal temperature varies linearly over 
the length from 100 deg. fahr. to 200 deg. fahr. while the exterior 
is kept at zero, the stress and deflection curves are obtained by 
adding the curves of Fig. 6 to those of Fig. 15. 

If the temperature varies with the second power of the axial 
coordinate instead of the first, the problem may be handled in 
the same way. The stress curves obtained would differ but 
little from those of Fig. 15 at the end sections. The middle 
portion would be represented by a parabola instead of a straight 
line. 

A case of this type of temperature distribution occurs in the 
cylinder liner of a Diesel engine. From experimental measure- 
ments of temperatures obtained by Dr. Eichelberg (11) and Dr. 
Letson (12) the temperature curves of Fig. 16 were drawn. 
The measurements were made in each case by thermocouples 
embedded in the liner at a distance of 5 mm. from each surface. 
The equations of the curves are of the second degree in z, and the 
stresses produced may be calculated by this method. In Fig. 
16 the liner is shown pressed into its casing, which is assumed 
to exert a sufficient moment and shear on the liner to bring 
the deflection and slope at this end to zero. 

The maximum stress of approximately 6500 lb. per sq. in. 
occurs at the end. As we have seen before, when the deflection 
of the end is prevented the cylinder behaves much as if it were 
infinite in length. The stresses obtained by the usual formulas 
applying to infinite cylinders are about 150 lb. per sq. in. below 
the value just given. The actual stress will depend upon the 
exact amount of the deflection permitted at the end. The 
assumptions, first of free ends and then of fixed ends, establish 
the limits between which any particular case might fall. Nor- 
mally the end conditions will be much nearer to the fixed 
case. 

In the example chosen the sharp peak of stress at the origin 
could be much reduced by designing the press fit of the liner 
in its casing to permit an outward slope of about 0.001 in. per 
inch at the origin and to keep the deflection of the wall beyond 
its normal position as low as possible. To see the effect of this, 
imagine that the maximum tangential stress in Fig. 15 is reduced 
to about that at the origin in Fig. 9. If the moment is removed 
the axial stresses will be reduced to zero at the end. 


NOTATION 


= linear expansion coefficient 

c = mean radius of cylindrical shell 

E = modulus of elasticity 

é = unit tangential deformation 

h = thickness of cylindrical shell 

] = moment of inertia of strip of unit width and depth A 
K = modulus of foundation 

l = length of cylinder 
M = moment 

p = pressure, lb. per sq. in. 

r = radius of curvature 

or = stress in radial direction 

o: = stress in circumferential direction 

o: = stress in axial direction 

7 = temperature 

AT = temperature difference between interior and exterior 
surfaces of cylinder 
n = distance from neutral axis 
= Poisson’s ratio 
;¥; 0; a = functions of z, see Appendix No. 1. 
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Heat 
If the interior surface of a hollow cylinder be maintained at a 
temperature 7, and the exterior at a temperature 7), flow of 
heat takes place through the walls which after a sufficient time 
becomes a steady flow. The temperature of any point in the 
wall is then given by the solution of the differential equation :* 


eT 107 
or? 
where 7 is the temperature of any point whose distance from 


the axis is r. 
The solution is: 


(Ts 


Ts log 


7) log r + T, log re 
log r2 — log 


r, and ry being the inner and outer radii. 
This discussion is confined to thin-walled cylinders in which 

the logarithmic distribution above becomes practically linear 

and is given by: 

T T\)r + Tire Ti 


Let rm —-1r1 = h, and (ry + m)/2 = ¢ = radius of mid-plane of 
cylinder wall. Let» = r——c; thus 7 is measured from the mid- 
plane and positive outward. 

Let T: — = AT, = —AT/2, and T; = +AT7/2; thus 
the temperature is also measured from the mid-plane and positive 
outward. Since a uniform heating or cooling of the entire 
cylinder will have no effect on stresses, we may choose the 
temperature of the mid-plane as we like. For convenience let 
its temperature be zero. By these substitutions the temperature 
equation becomes: 


T =~ AT 
h 


when the temperature of the external surface is higher than that 
of the internal. When this condition is reversed and the heat 
flow is away from the center the temperature of any point is 
given by: 


This expression is the same as that for a flat plate of thickness 

h subjected to a constant temperature difference AT’. 
It is to be noted that neither the coefficient of linear expansion 
a nor the modulus of elasticity Z remains constant when the 
temperature varies. For temperature differences not exceeding 
200 deg. fahr., however, this variation will not seriously affect 
the result. One may express a as a function of the temperature 
and thus take care of its variation for temperature differences 
exceeding that mentioned (9). It is questionable whether the 
introduction of thiscomplex- 
& ity is warranted in view of 
the fact that an error of the 
A same order, due to the varia- 
tion of EZ, is still present. 
For purposes of this work it 
dail Mid-plane |/ will be assumed that a and 
| E are constant, choosing an 


average value for the tem- 
B perature range dealt 
Fria. 1 with. 


* Carslaw, p. 114, 
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Constant TEMPERATURE GRADIENT IN RADIAL Direcrion ONLY 


Consider an element of a flat plate of thickness A and sides 
unity, shown in Fig. 1. Let a constant temperature difference 
AT be applied to the surfaces A and B so that the temperature 
of any point is a function of its distance from the mid-plane 
and is given by Equation [1]. The element will then be bent 
to a spherical surface of radius:‘ 


This curvature will be removed by the application of the 
moments M, in Fig. 1, whose value is: 
EI aaT 


The stresses produced by these moments are: 


If a similar element is cut from a thin cylindrical shell and 
heated in the same manner, Equation [2] represents the change 
in curvature which it will experience. The moments required 
to remove this change and the stresses resulting are given by 
Equations [3] and [4], except that in the cylinder oe, is replaced 
by ot. 

In order that we may have such a stress distribution in a 
cylinder of finite length we must assume that at the ends are 
applied uniformly distributed moments of value M, per inch 
of circumference, as shown in Fig. 2(a). In such a cylinder or in 
one of infinite length the stress distribution due to the application 
of the temperature difference AT is given by Equation [4]. 

In the usual case the ends G }) 
of the cylinder are free. ; 
To accomplish this we shall 
have to apply to the cyl- 
inder ends @ moment equal 
and opposite to M, as shown 
in Fig. 2(6). On the tem- (a) 
perature stresses given by 
quation [4] we must super- 
pose the stresses produced 
by the application of the 
moment —M,, whose value 
we shall now determine. . 3) 

Consider the cylinder at a 
uniform temperature which 
we may take as zero. Let a strip of unit width of the thickness of 
the cylinder wall be cut from it as in Fig. 3. The moment 

-M, acts on the ends of this strip producing a deflection y, 
which is resisted by the radial component of tangential stresses 
set up by such movement, as shown in Fig. 4. Since all the 
strips composing the cylindrical shell are affected alike, there 
can be no shear between them. 

The value of the radial component of these tangential stresses 
produced by a deflection y, is (Zh/c*)y per unit length of strip. 
The moment at any point z in the strip due to these forces can be 
computed from Fig. 5. If K = Eh/c*, the force acting on the 
element of length du is Kydu and its lever arm about the point 
x is (x — u). The summation of moments about the poiat z 
gives: 


M, M, 


(b) 


Fic. 2 


f Ky(z — u)du = 0......... [5] 


* See Timoshenko, p. 487. 
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where M represents the internal moment at the cross-section 
mn, and is positive in a beam bent concave upward. The 
relation between moment and deflection in a thin strip is: 


El dy 


M = 
p? dx? 


This modification of the usual bending formula is caused 
by the prevention of lateral contraction, since no change can 
take place in the angle @ of Fig. 3. Substituting the values 


of M and M, in [5]: 
EI d 
Ky(x udu = 0... [7] 


EI aAT 


1—p, 


Kt --- 


un 
M, 
= $4 


Forces = Ky /b perin. 


Fic. 4 


This equation simply states the law of statics that the sum of 


moments acting about the point z must be zero. Differentiating 
this with respect to z: 
EI 
— Kydz = 0.. 
det + y (8) 
Differentiating again: 
EI dy 
+ Ky = 0..:... . 
These equations describe a beam on an elastic foundation bent 
AT 
by moments a — acting on the ends. The solution is: 


y = & (C, cos Bx + C2 sin Bx) + e~* (C, cos Bx + Cy sin Bz) 


4 4 
[ka — pa — 
where = and Ci, C2, ete., are 


constants of integration. 

We may dispose of two of these constants at once. As we 
move away from the ends of the cylinder the deflection of the 
wall, produced by a moment on the end, should decrease, and 
when z is large, should be practically zero. Under no circum- 
stances could it show the rapid increase produced by the terms 


5 An alternate derivation of this formula is given in Appendix No. 2. 
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multiplied by &*. Therefore we reason: C; = C, = 0. The 


deflection curve then takes the form: 
y = e~** (C, cos Bz + Cy sin Bz).......... {10} 


The analysis is valid for a cylinder of any length up to Equa- 
tion [10]. In placing C; and C, equal to zero it was assumed 
that the cylinder was long enough to permit the deflection and 
slope of the wall to become practically zero at the middle. 
Specific examples will show what this length must be, but in 
general a distance equal to 27/8, which is the wave length of the 
harmonic form assumed by y will be sufficient. 

To evaluate the constants C; and Cy, we may compute from 
{10] the values of d*y/dx* and d*y/dx* for z = 0 and substitute 
them in Equations [7] and [8]. By differentiation we find: 


d*y 


= — 28°C 
dx? (x = 0) 


Placing x = 0 in [7] and substituting this value for d*y/dz? 


1+ 
28? h 


By differentiation again, we obtain: 


d*y 
(x = 0) 


= 28°(Cs + Cy) 


and from Equation [8]: 


1+ yuaaT 


Cs = 


267 h 


Putting these values in [10], 


1+ : 1+yaAaT 
y= 23 (cos 6x — sin Br) = 23 {11} 


where y = e~** (cos 6x — sin Br) 


and: 
d*y 


where = e**(cos Bx + sin Bz). 

As noted above, 1/2 is assumed large enough to permit the 
effect of the moment on the ends to disappear at the middle of 
the cylinder. When both ends of the cylinder are free, the 
deflection, moment, stresses, etc., are symmetrical about the 
point z = 1/2. 

The axial stress in the shell owing to the deflection y is: 


I 


We may substitute in this the value of M from Equation (6), 
and of d*y/dz* from [12], giving 


To find the tangential stresses produced by the deflection we note 
that e& = y/c, where e is the unit tangential deformation. 
From Hooke’s law, 


1 


= 
= 
Fic. 3 
14 
Eh 
Fie. 5 
EaAaT 


Substituting the values of y and o,’: 


EaaT | 1—2 
~ AC 2% nup 


These stresses are due to the deflection y alone. We may 
now refer to Equation [4] and superpose the stresses existing 
in the shell owing to the temperature gradient to obtain the 
complete expressions for the stresses in a cylindrical shell, 
heated in the manner assumed and having ends free from ex- 
ternal forces: 


EaAT 13] 
EaAT - p? 
= 


Since ¢ = 1 for z = 0, this expression for ¢, satisfies the condition 
of free ends. 


When = h/2 


o: = ——— ( 


2(1 —- 

EaAaT + 
9 


when z is large, @ = ¥ = 0, and 


>) 


1 — 


v/3(1 — u?) 


when x = 0, max. o = 


[15] 


EaAaT 
91 


% 


It may be shown in the usual way that the maximum value 
of o occurs when z = 0 and » = h/2. The absolute value is 
less for » = —h/2. 

If we assume » = 0.25, we may compare the value of o at the 
ends with that for the region near the middle. Equation [4] 
then gives for the exterior surface, when z is large: 


EaAaT 
2 


(1.333) 


= 


For a similar point at the ends, Equation [15] gives: 


EaAaT 


max. o = (1.744) 

The peak stress at the ends is thus 30 per cent higher than the 
value near the middle. 

The maximum value of oz occurs at z = 7/8. Since the 
minimum value of ¢ = —0.043, by referring to Fig. 17, the 
maximum axial stress will be only 4 per cent above the value 
given by Equation [4]. 

Example 1, As an illustration of the preceding section, 
assume a cast-iron cylinder of 20 in. mean diameter, 1 in. thick- 
ness, and 30 in. length. Let the inside temperature be 100 deg. 
fahr. above the outside. Other constants are: 


= 15 X 10 lb. per sq. in. a= 6X 10~*in. per in. per deg. fahr. 
4 
3(1 — 
25 8 
The deflection at the ends is: 
1+ 


= 2.23 X 10~* in. 


max. y = 


28% Ah 
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The tangential and axial stresses away from the ends are 
EaAaT 
2(1 — ») 
per sq. in. tension and compression on the outer and inner sur- 
faces, respectively. A formula® taking into account the true 
logarithmic temperature distribution in the cylinder walls and 
applying only to the portion distant from the ends gives, at the 
outer surface, o; = oz = 5990 lb. per sq. in.; and at the inner 
surface, a = o, = —6100 lb. per sq. in. Thus for a ratio of 
h/c = 0.1, Equation [4] is very accurate. 
The maximum tangential stress is: 


max. o = 1 


given by Equation [4] and are: oz = o = = 6000 lb. 


V/3(1 gf per sq. in. 


tension on the outer surface at the ends. The maximum axial 
stress occurs at «/8 = 7.67 in. from each end, and its value is: 


max. oz = 6270 lb. per sq. in. 


| 
| 
ev... | = | 
£0001 + 
P 4 P Norma! Position of Mid-plane | 
TTT 
—+ + + + 
| | 
— Cr 
T | | | 
4,000 7 +--+ 
2,000 
© = 


Distance from End, Inches 


Fic. 6 Tension Outer Fisers or Cast-lRoN CYLINDER 


(Length, 30 in.; diameter, 20 in.; thickness, lin. Temperature of internal 
surface, 100 deg. fahr.; of externa! surface, 0 deg. fahr.) 


Fig. 6 shows the deflection of the cylinder wall from its normal 
position, and the variation in the tangential and axial stresses 
in the outer surface over one-half the length of the cylinder. 


Errect or CYLINDER HEApDs OR OrHER END CoNnNECTIONS 


An advantage of the method given is that it lends itself par- 
ticularly well to the solution of the problem of the cylinder 
with end connections or cylinder heads exerting moments and 
loads on the ends and subjected at the same time to temperature 
gradients. 

Let us again assume the cylindrical shell at a uniform tempera- 
ture and with the moments and loads M» and qo per unit of 
circumference applied at the ends. A unit strip of this shell 


Forces= Ky /b.perin. 
Fia. 7 


will then be loaded as in Fig. 7. Equation [10] gives the 
deflection curve. Evaluating the constants for the end condi- 
tions in this case, we have: ; 


1— 1— yp? My 


Cs 


6 Timoshenko, p. 554. 


5 
] |_| 
4 
4 
¢ 
- 
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and: 
1—,’ 1 qo 
where, @ = e~** cos Bx 
From [16] we find: 
12 
where a = e~** sin 8x, and 
Ey 


On these results will be superposed those in Equations [11], 
[13], and [14] to obtain the effects of a moment and load M, 
and go combined with temperature difference. 


Y 


UA 


Fie. 8 


Example 2. Consider the cylinder of Example 1 subjected 
to the same temperature difference but supported at the ends 
as in Fig. 8. Let these supports be sufficiently rigid that we 
may consider the deflection zero at the ends. Since there is no 
external moment at the ends, the load qo is determined from 
the fact that the sum of the deflections at the point z = 0 given 
by Equations [11] and [16] is zero: 


0 1+u aaT 1 — qo 


267 hh El 28? 
and 
EI aAT 
qo = — i B we —410 lb. per in. of circumference 
0.001 
= 
6000 
2 
= 2000 
3 


Distance from End, Inches 


Fie. 9 Tension OvTER Fispers or CYLINDER oF Fic. 6 
SUPPORTED AS IN Fia. 8 


To obtain the complete results for this case we may superpose 
on the curves of Fig. 6 the results of Equations [16], [17], and 
[18], in which My = 0, and qo = —410 lb. perin. Fig. 9 shows 
the deflection and stresses produced in the cylinder walls. 


Far from the ends the stresses are the same as those in lig. 
6. At the ends, however, the tangential stress has been reduced 
by the supports from a maximum of 7850 lb. per sq. in. in Fig. 6 
to 4500 lb. per sq. in. in Fig. 9. This reduction depends only 
on the value of u, and amounts to 42.7 per cent for « = 0.25. 

Example 3. Assume a steel cylinder of the same dimensions 
as the cast iron one of Example 1 and heated in the same manner 
In addition let it be subjected to an internal pressure of 500 Ib. 
per sq. in. and fitted with flat heads rigidly attached to the walls. 
The heads are of the same material but h, in. thick. The tempera- 
ture gradient is assumed to exist in the heads as well as the walls. 
The constants are: 


E = 30 X 10° lb. per sq. in. h = lin, 
a = 6.7 X 10~*in. per in. per deg. fahr. Ay = 1.5in. 
= 0.3 
= 0.407 in.~! 


The deflection and stresses in the cylinder walls owing to 
the moment and shear at the ends produced by the heads are 
given in Equations [16], [17], and [18]. To these must be 
added the effects of the internal pressure, p lb. per sq. in., which 
produces a constant deflection pe*/Eh. It increases the axial 
stress by an amount pc/2h, and the tangential stress by double 
this value. The deflection and stresses due to the temperature 
gradient may be taken from Equations [11], [13], and [14]. 

Mo and qp are determined from a consideration of the cylinder 
head for which the axes are taken as in Fig. 10. The moment 


- 0 
% 
di Cylinder Wall 
' 
Internal Pressure = p /b per sq in 
' 
| 
> 
Axis of Cylinder 
was 
x 
Fig. 10 


and load at the edges are equal and opposite to those acting on 
the wall. The formulas applying to the head, which is treated 
as a thin plate, may be taken directly from textbooks covering 
this subject. The extension of the radius of the plate produced 


by the load —q is — = (1 — u), which must be equal to the 
1 


deflection of the walls at the end when the two are brought 
together. The wall deflection is given by Equations [11] and 
[16] plus pe*/Eh. Equating these two expressions: 


a} 


The slope of the cylinder head will be influenced by three 
factors: the internal pressure; the temperature difference; and 
the moment —Mp at the edges. The slope at the edges owing 
to the internal pressure is: 

__ Spe%(1 — 
2Eh,* 


me 
| Vic 
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That due to the moment is 


12 My: 
Eh, 


That due to the temperature gradient may be determined from 
the radius of curvature of a thin plate as given in Equation [2] 
aAT 


from the slope of Equations [11] and [16], when z = 0: 
dy 1 p? 


1 1+yaaT 
(28M + qo) 
deat ( oT Yo 


EI B h 
When joined, the slope of the wall and the head will be the same: 


3pe*(1 — 
2Eh,* 


and is: The slope of the wall at the ends is determined 


1 1 + wadT 


aAaT 


Equations ja) and [b| determine Mo and qo as follows: 


Mo = 180 |b-in. per inch of circumference. 
qo = —1590 lb. per inch of circumference. 


These values substituted in Equations [17] and [18] give the 
stresses in the wall resulting from the moment and shear produced 
by the head. 

On these results we must superpose the deflection and stresses 
produced by the internal pressure as we!'l as those resulting 
from the temperature gradient as given by Equations [11], 
13], and [14]. The totals are: 


l 1+ yaAaT pe? 
= — —— (] - 38800 
EI | 80y )+ + 
12n pe 
r= (1 — - (1800 
y pe 
002 - 
© 00 — 
: Stresses on External Surface 
0 
Na Stresses on Interna ce a 
[AIL 
2 3 4 7 4 9 


3 
Distance from End ,Inches 


Fie. 11 Cy WALL oF ExaMpPLe 3 


lig. 11 shows the defleetion of the cylinder wall and the 
stresses on the exterior and interior surfaces. For the plate, 
the effect of the internal pressure must be added to that of the 
moment and shear at the edges. The tensile stress along any 
radius of the outer surface is given by: 


Cr (3 + (2cr — x?) 
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Fig. 12 shows the deflection and tensile stress along a radius 
of the outer surface of the cylinder head. 


VARIABLE TEMPERATURE GRADIENT IN RApIAL DrirRECTION 


Assume now that a hollow cylinder of the form we have been 
considering is heated in such a manner that its temperature 
gradient in the radial direction varies along its length. As the 
cylinder walls are assumed thin, this gradient still remains 
linear. In order to prevent deflection of the mid-plane of the 
cylinder its temperature must remain at a constant value which 


hes 


2) 
25000 3 
c 
20.000 
£15000 
«10,000 
hd 
5.000 
0 
Distance from Edge of Plate, Inches 
Fig. 12 Cyiinper Heap, Examp.e 3 
J2E 
/b. per in. 
B du x /b. per in. 
= lb. 
7 b. per in. 


| 
/b.perin 


Fie. 13 


we may take as zero. Let the temperature of the interior be 
given by the power series: 

| .. {19} 
where A, B, etc., are constants. 

Then the temperature of the exterior at any value of z is equal 
to —T;. The temperature difference between the two surfaces 
is 27;. This difference produces the curvature of the element 
shown in Fig. 1, and the radius of curvature is found, as in Equa- 
tion [2], to be: 

2aT7; 

Obviously this curvature is not now a constant in the X- 

direction. If the unit strip of Fig. 3 were bent by moments 


and loads to the form described by this equation, its internal 
moment at any point z would be: 


EI 1 


EI : 
+B=+C> + 


M, = = 
l—yur 1—yph 


allowing no change in the angle @, Fig. 3. To remove the curva- 
ture in the X-direction will require application of moments 


4 
ar 
By; 
ay 
+ 12: oe a 
Eh, 
4 
‘Sete 
Be 
¥ 
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and loads equal and opposite to those which produced the internal 
moment M,. The moment at the ends is My:, = 9) = A, where 


EI a iM, 
A is written for Le A; the load at the end le =e 
wh dx, = 0) 


2 
; the distributed load is ah a = of + 2. + .. pounds 
per unit length. The sum of these separate moments and loads 
represents the total forces acting on the strip. Fig. 13 shows 
- these forces, remembering that all the loads have a minus sign, 
and that the number of distributed loads depends on the number 
of terms in 7;. Summation of moments about the point z, 


as in Equation [7], gives: 


7 2 2 


1—ph l 
A 
+ Ky (a — u)du = 0 [20] 
0 
Differentiating, 
El dy El (2 ) 
P 
+f Kydx = 0 (21| 
0 
Differentiating again and transposing, 
El K BI 6D 12E . 
— = = 


Solving, after setting (,; = Cy, = 0, 


2c 6D 
y = e-®* (Cy cos Bx + Cysin Br) + | 


r+ 


provided 7; contains no powers of x higher than the fifth. The 
modification of this solution to take care of higher powers of x 
is easily made. Let us assume that 7; is limited to the first 
four terms of Equation [19] and obtain expressions for the 


stresses produced. Then: 
d*y 
= — 28 
dx*( = 0) 
From (20|, when x = 0, 
28°C = -A=0 
l—yu 
l+yua 
= 28° (C3 + Cy) 
and from (21): 
l+ua B 
Cc = A — 


l+yza B ahe? 2C 6D 


[23 | 


[24| 


To these stresses produced by the deflection y must be added 
those due to the temperature difference which are given by sub- 
stituting 27; for AT’ in Equation [4]: 


EB. 2 3 


uh 
N 
J 
Interior 


Exterior N 


N 


(Upward Load=N aperin 


Interior Temp. Exterior=-T 


{ttttitt 


2C+6D+--6 D+ 
Upward Load= 


NB 

4) x 

: 


Dx* 
Genera/ Case: Interior Temp.= 


Fie. 14 Moments anp Loaps on Section or WALL, | 
Unit Wipg, Propucep spy THERMAL TEMPERATURE OF 
Mip-PLange = 0 Dea. 


(In all cases the elastic foundation damps out deflection and stresses pro 
duced by moments and loads on ends before middle of cylinder is reached 


Equations [19] to [24] apply to the left end of the cylinder. 
We have assumed / large enough that the moments and loads 
acting on one end do not affect the other, and have indicated 
that this distance should be at least 27/8. Since the temperature 
difference is not now symmetrical about the point z = / 2, 
it will be necessary to develop new equations for the range 
l/2<2<l. This is easily done if we imagine the origin moved 
to the right end and measure x positive to the left. We must 
now replace x in Equation [19] with (1 — z) as follows: 


|- 


xz? z* 
+38D +68 +...) —(D +48 + 


We may then replace the brackets with new constants, |, 
B’, etc., as: 


x z* 
T= A’ — [B’]- 
[A’] — [ [D'l + 


Equations [20] to [24] might then be rewritten by placing 8 
prime on each of the constants, A, B, ete., and thus apply to 
the right half of the same cylinder, remembering that z is mes- 
sured positive toward the left. 

A temperature distribution such as has been assumed in this 


, By 
(25 | 
| 
N 
| 
Then 
| [28] 
J 


section would be rarely met with, Its usefulness lies in the fact 
that it produces no distortion of the mid-plane of the cylinder. 
We may then superpose on this case the stresses caused by a 
temperature gradient in the axial direction only, obtaining any 
desired temperature distribution on the two surfaces of the 
shell, assuming always that it has circular symmetry. Fig. 14 
shows the moments and loads applied to secure the condition 
of free ends for different cases of temperature distribution. 
These moments and loads produce the deflection y in this section. 


TEMPERATURE GRADIENT IN AXIAL DirEcTION ONLY 


Assume again a thin cylindrical shell of elastic material, of 
mean radius ¢ and of length 1. Let the temperature rise be a 
constant over any cross-section, but vary with the axial co- 
ordinate in a manner that may be expressed by the power series: 


Consider a unit strip cut from this shell as in Fig. 3. Let % 
be the average tensile stress in the tangential direction acting 
on the sides of the strip and y its displacement in the direction 
of the radius. The unit strain in the circumferential direction is: 


8 
asta gta 


Then 


= wat 


The force per unit length of each side of the strip is 


aha G ‘rat ) 
c 


The component of this force in the radial direction per unit 
length of strip is 


The change of sign indicates that for an outward deflection 
the force is inward. Referring to Fig. 5, there is now acting in 
addition to Ky the force (Eh/c)aT per unit length of strip, which 
is equivalent to a distributed load of that intensity acting on a 
beam supported by an elastic foundation. The differential 
equation becomes: 


The solution is, as before, 


(Cy cos Bx + Cy sin Br) + (4 


30F x 90G z* 


Assume T to be given by the first four terms of the series in 
Equation (26). From the condition that the ends are free, we 


find: 
d¥y ac 2C ac C 
=0 = + (gic — 3D) 
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d*y 3D ; 
= ac o) + (Sx + a) 


3D 
1) ap (82 + @) 


Ea| 3D — plc 
= ——— 0+—a 
2 


No stresses result from temperature gradients in this direction 
unless Equation [26] includes at least the second power of z. 
If no terms above the third power of z are present, the deflection 
curve away from the ends is the normal expansion curve of the 
cylinder wall for the temperature rise assumed. 

As in the preceding section, these equations apply only to 
the left end of the cylinder. For the right end we must again 
use the constants A’, B’, etc., and measure z positive to the left. 

By combining this case with the preceding one we may arrive 
at the desired distribution. There may also be superposed on 
these the effect of end connections or of pressure. Stresses due 
to gradients in the axial direction will be small, except in cases 
of localized heating as in welding. 


INTERIOR TEMPERATURE A LINEAR FUNCTION OF £ 


Let us now consider cases in which a variable temperature 
gradient exists in the radial direction accompanied by a gradient 
along the mid-plane of the cylinder in the X-direction. These 
will be solved by superposing the solutions already obtained 
in these two cases. Assume the external temperature of the 
cylindrical shell to be kept at zero and the interior to be held 
at a value: 7; = T7,2/l. In Equation [19], B = 7); all 
other constants are zero. In Equation [26], the temperature 
along the midplane is: 7 = (7',/2)z/l, so that B = 7, in this 
equation also, and other constants are zero. Substitute these 
values of the constants in Equations [22] and [27], which may 
then be added to give: 


Al 
In the same way, by adding Equations [23], [25], and [28], 
EaT, ( a) 


And by adding [24], [25], and [29], 


—phel 


These equations apply to the left end of the cylinder. 
the right end we must substitute A’, B’, etc., to obtain: 


For 


~»(+-§) + (r-$)] 


£ 
¥ 
ah Eh Eh ; Thay 
—aT——y 
1 + acT, x 
1+ ‘) aT, 
EaT, *( 
= 1—¢— —— 
1—yph 
_ 2 
-|1—- 
l 
When » = h/2 and x = 1/2, cae 
EaT, 4 
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This value is necessarily the same as that obtained from the 


equations derived from the other end. 
1+ 
1 
Bthe ( 


We should expect the values of the deflection and tangential 
stress at the end where 7; = 0 to be quite low, as may be 
shown by an example. 

Example 4. In order to compare the result with Example | 
we shall again assume a cylinder of the same material and di- 
mensions, but the internal temperature is to be given by: 


9 


EaT 
When x = 0, 0, = 0, anda = l 


where 7, = 100 deg. fahr., and the external temperature is zero. 
The stresses at the middle are, of course, one-half those in 


beflection of Walls 
000) 4 =e + - 4 
t 
5 6 8 10 4 20 22 24 26 28 30 


Distance from End, Inches 


Fie. 15 or Exampe 4 


the first example. The other results will differ at each end. 


At the end 7; = 0, 


aT’ 
28? l 


= 272 lb. per sq. in. 
2 B*hel 


At the end 7; = 7), 


T | 
28? A Bl 


1 : 
> Fhe (: = 7575 lb. per sq. in. 


Fig. 15 shows graphically the stresses and deflection in this case. 


INTERIOR TEMPERATURE A FUNCTION OF 2? 


If in Equation [19] we place C = 7) and all other constants 
equal to zero, we come to the case of parabolic distribution of 
the internal temperature in the direction of the axis. In Equa- 
tion [26], if the temperature along the mid-plane is 7’ = 7',x?/I?, 
which makes C = 7), and all other constants zero, we bring the 
exterior temperature to zero and the interior becomes 27’. 

After substituting these values for the constants we add 
Equations [22] and [27]: 


Adding [23], [25], and [28], 


h 
EaT, ( + c (1 = 


1—phP 


And from [24], [25], and [29], 


= 
l whl 6n 26» 


(1 + | 

By substitution of the values of the constants applying to the 
right end of the cylinder we obtain the equations for stress and 
deflection in this part. In general, the curves of deflection and 
stresses will be similar to those in Fig. 15, except that the stress 
curve connecting the two end portions now becomes a parabola 
instead of a straight line. 


Cases INVOLVING VARIATIONS OF Previous MetTHuops 


Cases of sudden changes in wall thickness may be investigated 
in the same way as this problem is handled in the ordinary beam. 
The strip is cut at the point of change of section and a moment 
and shear assumed at each of the cut ends. The magnitude 
of these is then determined by the conditions of continuity at 
the junction. For a slightly tapering wall thickness an average 
value may be assumed, since the wall thickness plays only « 
small part in determining the stress. 

A sudden change in the form of the function describing the 
interior temperature 7; might be handled in the same way.’ 
Usually such changes in the interior temperature will not occur 
suddenly, but merge into each other gradually, which requires 
no special treatment of the junction unless one portion be shorte: 
than the half-wave-length, r/ 
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TEMPERATURE AND Stresses CYLINDER LINER 
EXxamp.e 5 


Fic. 16 


An example of this kind occurs in the cylinder liner of a Diesel 
engine. Near the combustion end the temperature of both the 
gas and water side are represented by equations of the second 
degree for distances of one-third to one-half the stroke. [rom 
this point on the curves become linear with a slight downward 
slope. Dr. Eichelberg (11) calculated these curves from 4 
consideration of heat flow within the cylinder and later verified 
them by means of thermocouples embedded in the walls. Dr. 
Letson (12) also made experimental determinations of the 
temperature distribution in a liner, which agree with those of 
Dr. Eichelberg. Of course the maximum temperatures reached 
are far from being the same since these depend on the type of 
engine investigated, but the shape of the curves on both the 
gas and water sides were very similar. 

Example 5. Fig. 16 shows a portion of a cylinder liner with 
temperature curves for the two surfaces as determined in the 


7 Timoshenko and Lessells, ‘Applied Elasticity,” p. 146. 


When = /h/2, 
When » = h/2, 
2 q 
aT, he?* aT \c y) 
1 — 62 26°? 


experiments referred to. At the upper end the liner is pressed 
into its casing which is assumed to exert a moment and shear 
sufficient to bring the slope and deflection of the liner to zero 
at this point. At other points the liner is simply supported, 
no moment being exerted. The material is cast iron and the 
dimensions are: mean diameter, 10 in.; thickness, 1 in.; 
complete length, possibly 25 to 30 in. The temperature of the 
liner on the gas side is given by 


T, = 300 — 50x + 


and on the water side by 


Two = 190 — 20r + 1.82* 


The moment equation becomes, for the region between 0 < x < 7: 


El @ 
Ky(x-— w)du + Mo + qor 
J 


dx? 


The solution of this equation yields the following results: 


Moy = 1004 lb. in. per in. of circumference. 
qo = 294 Ib. in, per in. of circumference. 
y = 0.106601 @)10~ in. 


For 7 = h/2, 


= 60(110 — 30z + 3.22%) — 191.2y 
o = 60(110 — + 3.2z7) + 319.8(1 — — 47.8y 


The temperature of the mid-plane in this case will be, T = 
55 — 152 + 1.62%. Stresses resulting from the distortion of this 


plane will be 


The maximum value of o, in the above equations is —75 lb. 
per sq. in. in this example, and for o is 36 lb. per sq. in. The 
effect of the distortion of the mid-plane on stresses in this case is 
therefore small. 

Beyond the point z = 7 the temperature curve becomes a 
straight line, and its downward slope is so small that it may be 
neglected. The stress in this portion is then given by Ea- 
(7, Tw) /2(1 u), which corresponds with the value of 
taken from the equation above for the point z = 6. In the 
stress curves of Fig. 16 it is noted that o is slightly higher for 
this value of z, which is owing to the effect of the constant 
deflection produced by the parabolic temperature distribution. 

Because of the effect of the moment and shear at the end in 
limiting the deflection, the maximum stress in this case is only 
150 lb. per sq. in. above that calculated by the usual formulas 
applying to long cylinders with temperature varying only in 
the radial direction. Example 2 indicated similar results. The 
general effect of such moments and shears is, of course, to 
approximate the conditions of a long cylinder, but whatever 
the value of external forces or moments applied, the method 
developed in this paper enables the resulting stresses to be easily 
calculated. 


Appendix No. | 


pe ’M the curves of Figs. 17 and 18 may be taken the values 
of the expressions represented by ¢, y, 6, and a, which are 
required for the calculation of stresses and deflection of the 
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cylinder wall. The derivatives of these functions are required 
in many calculations and are given below. 
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Appendix No. 2 
ALTERNATE DERIVATION OF FORMULA [9] 


Fig. 2(a) shows a portion of a thin cylinder which is assumed 
to be infinitely long. Its internal surface is held at the constant 
temperature 7’, while the outside is kept at zero. The resulting 
axial and tangential stresses are the same as those in a thin 
EaT, 
1—uh 
We note that at the ends of the portion assumed, the axial stresses 
EI aT, 
—p h 
If we wish to investigate a cylinder of finite length we can pro- 
duce a condition of free ends by imagining a moment of opposite 
direction applied to them as in Fig. 2(b). The stresses pro- 


plate, similarly heated and not allowed to bend, that is, 


are such as to produce a moment whose value is 


177 


| 
= 
EI a 
= (T, — Tw) 
1 h 02 
02 
} As 
| 
o = Ea —a 
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duced by this moment may then be added to those already 
existing. 

To investigate the stresses produced by a moment acting on 
the ends of such a cylinder, we assume an infinitesimal parallelo- 


piped cut from its wall as in Fig. 19. In this figure the expression 
do, 
o,+... is an abbreviation for o, + = dr, and similarly for the 


stresses o, and r. 


Cylinder Axis 


Fie. 19 


The conditions of equilibrium in the radial and axial directions 
give the two equations: 


Let each of these be multiplied by dr and integrated between 
the limits a and b, which are the internal and external radii of 
the cylinder. We note that o, and r are zero at each of these 


limits. Then: 
a OF 
b 
Or 
— rdr — etr = 0...... [32] 
a Ox a 


Now multiply |30| by rdr and integrate in the same way: 


'b 'b 
rrdr = 0 
a OF a 


Take the partial of this with respect to z: 


'b 
Or 
a a OF 


and from [32] we have 


Now consider a strip cut from this cylinder as in Fig. 3, whose 
width is cdé. The condition that the axial stress over any cross- 
section of the strip shall form a couple, is: 


o,rdédr = 0 
a 


The agreement of this equation with [31] indicates that this 
is a possible stress condition. 
about any point is: 


The moment of this couple 
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M = 


b 
o,r*dédr 
a 


by choosing a point on the cylinder axis. 
(33): 


Then from Equation 


Now by geometry & = y/c, and from the equations expressing 
Hooke’s law for the two-dimensional stress condition, 


where & is the unit tangential deformation. Then* 


= E + MO; 
and since 


'b b 'b 
o.dr = 0, wf ody wf dr = ho 
a a c a c 


Equation [34] becomes: 


y 
= 
c 


For the bending of a thin strip, we have* 
EI dy 
1 — 
where J] = cdéh*/12. Then from [35]: 
dty  12(1 — u*) 
dx‘ h*c* 
and we have as before: 


y = e**(C, cos Bz + Cy sin Bz) 


M = 


At the ends the shear is zero and the moment is My = " 


By evaluating and we find C; Cy 
aT, 1+ 
h 267 
The axial and tangential stresses produced by the application 
of the moment alone are then found to be 


EaT\ » 


nf 
The total stress in the cylinder walls will be found by adding 
to these the stress already existing owing to the temperature 


gradient. This, of course, reduces o, to zero at the ends and 
gives for o:, as before,* 


EaT, 1 + 
+) 
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Discussion 


J. E. Boyp.* Determination of thermal stresses in hollow 
cylinders is of great importance for the design of modern high- 
pressure boilers and for internal-combustion engines. Some 
phases of the problem have been presented before the Society. 
At the Cleveland meeting, in May, 1924, O. G. C. Dahl gave a 
paper entitled, ‘“Temperature and Stress Distribution in Hollow 
Cylinders,” Trans., 1924, Vol. 46, pp. 161-208. This paper gives 
complete derivation of the equations for radial and tangential 
deformations for constant temperature differences and for tem- 
perature which undergoes a sinusoidal variation with time. The 
approximate theory is given on the assumption of a straight-line 
temperature gradient, together with the exact theory based on the 
logarithmic gradient. 

* Professor of Mechanics, Ohio State University, Columbus, Ohio. 
Life Mem. A.S.M.E. 
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Dahl’s Equations [71] and [72], on page 179, give the maximum 
tangential stresses at the inner and outer surfaces, calculated from 
the logarithmic temperature gradient. These stresses were com- 
puted on the assumption of zero axial stress. With axial deforma- 
tion equal to the tangential deformation, as is found to be the 
case at some distance from the ends, these equations must be 
divided by (1 —) to get the true combined stress in either direc- 
tion. (u = Poisson’s ratio.) 

Dahl's paper and the appendix together develop the subject 
from the beginning. The reader with limited library facilities 
will find all that he needs for the study of the radial and tangential 
deformation caused by constant temperature difference between 
the inner and outer walls. The problem of sinusoidal temperature 
difference demands considerable training in advanced mathe- 
matics. 

In addition to the tangential and radial deformations in a tube 
caused by a difference in temperature between the inner and outer 
surfaces, there is an axial deformation. If the ends are free to 
move, the entire tube elongates to a length which corresponds to 
the temperature approximately midway between the inner and 
outer surfaces. This temperature of a cylinder of filaments under 
zero axial stress may be represented by i. Filaments of tempera- 
ture ? have their expansion reduced by shear transmitted from 
filaments of lower temperature. Unit deformation of a length 
Az is calculated by subtracting the actual elongation from the 
elongation which corresponds with the temperature difference 
‘ — t, and dividing the remainder by the original length Az. The 
unit deformation is the change in unit length caused by forces 
from portions external to the element. Near the ends of an open 
tube the axial unit deformations are small, as the only external 
force is the shear over asmall area. A plane section near the end, 
which is normal to the axis under constant temperature, becomes 
a conical surface when a temperature difference is established be- 
tween the inner and outer surfaces of the tube. On the other 
hand, a length Az at a considerable distance from the free end is 
subjected to a compressive or tensile force which is equal to the 
entire shear acting on the element from the end of Az to the free 
end of the tube. At a relatively small distance from the end this 
direct force may produce a deformation in Az nearly equal to the 
expansion caused by {—?. A plane section then remains practi- 
cally plane, and the unit deformation is given by a(t —1), in which 
a is the coefficient of expansion. 

For any part of the tube at sufficient distance from the ends to 
keep plane sections approximately plane when a temperature 
difference is established between the inner and outer surfaces, the 
calculation of the axial unit deformation at any position is easily 
made by elementary calculus. Using the logarithmic tempera- 
ture gradient, the exact solution gives for the outer surface 


1 1 
and for the inner surface 
6 =at [37] 
1 2 log k 


in which ¢; is the difference of temperature between the inner and 
outer surfaces, a is the temperature coefficient, and k is the ratio 
of the outer radius to the inner radius. Since these expressions 
tor axial unit deformation are exactly the same as the expressions 
for tangential unit deformation, the resultant unit stress in either 


direction is found by multiplying Equations [36] and (37] by ; s 


in which uy is Poisson’s ratio. 


sk 
i 
| 
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At the outer surface 


1 


At the inner surface 


aEt, 1 k? 
1 — uw \2 log k k?—1 


in which S; is the tangential unit stress and S, is the axial unit 
stress. 

The derivation of these formulas may be found in some ad- 
vanced textbooks. For instance, the foregoing equations are 
written in slightly different form as Equations [159] and [160] on 
page 554 of Timoshenko’s “Strength of Materials.’’ These 
equations are given for the tangential stress, but it is shown below 
when b is substituted for r in Equation [161] for axial stress, the 
result is Equation [160], and when a is substituted for r, the result 
is Equation [159]. These equations then apply for both tan- 
gential and normal stress at the surfaces away from the ends. 

Incidentally, the writer is not able to check the figures at the 
top of the second column on the fifth page. He gets 5810 lb. per 
sq. in. at the outer surface and —6190 lb. per sq. in. at the inner 
- surface, instead of 5990 and —6100 lb. per sq. in. given by the 
author. In any case the deviation of the actual stress from the 
approximate value of 6000 lb. per sq. in. obtained from the straight 
line temperature gradient is little greater than 3 per cent. 

Since the equations for the stresses under uniform conditions 
away from the ends have been well established, the author has 
attacked the more difficult problem of the stresses at or near the 
ends. To solve this problem he imagines a longitudinal strip to 
be separated from the tube by two planes which intersect on the 
axis and make an angle with each other. When this strip is 


. [39] 


heated at the inner surface, it bends upward at each end as it 


would be bent by a positive moment. The solution of the prob- 
lem consists in finding the negative moment which will bend the 
strip considered as a beam back to its original straight form. 

The author uses the straight-line temperature gradient which 


has been shown to cause relatively small error for ratio of exter- 
nal radius to internal radius commonly found in practice. The 
problem is sufficiently difficult with the straight-line gradient; it 
probably would be impossible if the logarithmic gradient were 
used. The author has shown ingenuity and skill in setting up the 
physical equations and in their mathematical solution. The 
writer was struck by the method for disposing of the constants 
C, and C2. 

As was to be expected from the fact that axial deformation is 
free at the end, the author finds the axial tension in the outer 
fibers to begin at zero at the end and gradually increase (Fig. 6). 
On the other hand, the maximum tangential stress is at the end 
and is 30 per cent greater than the stress near the middle. The 
curves of Fig. 6 alone represent a large and important addition to 
knowledge. 

The author has also solved several problems of cylinder heads 
and other end connections and has investigated problems in 
which the temperature varies as the first and second powers of z. 

Since the writer has lacked time to study these solutions, he 
must leave their discussion to others. 

This paper forms a valuable contribution to the theory of an 
important practical problem. 


AvuTuHor’s CLOSURE 


Professor Boyd has shown how it is possible to take the stress 
equations given by Mr. Dahl applying to a thin disk and adapt 
them to that portion of a long cylinder not near the ends. In 
either form the solutions are well known, but in making use of 
them one must know the limits of their applicability. 

The numerical difference which Professor Boyd notes comes 
from the fact that the author used Equations [154] and [155] on 
page 553 of Timoshenko’s “Strength of Materials,’’ developed 
particularly for thin-walled cylinders. The results which Pro- 
fessor Boyd obtains take into account both the logarithmic tem- 
perature distribution and the radial stress. The error of the 
method used in the paper is seen to be larger than that given by 
Equations [154] and [155], but still small enough for practical 


purposes. 


| [38] 
ay = see 
gk k?—1 
‘ 
“ 
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Jets From Manifold Tubes 


By JAKOB KUNZ,' URBANA, ILL. 


After a brief reference to previous work on the subject, 
the author develops an expression for the discharge co- 
efficient. He then determines the flow of a sheet of water 
through a slot of infinitesimal width in the wall of a pipe 
by means of a variable and a constant discharge coefficient. 
The slot is then conceived of as a row of separate holes 
and the flow problem is solved by means of difference 
equations for a variable and a constant discharge coeffi- 
cient. A special case is also considered in which the pipe 
has a hole through its further (closed) end. 


Enger and M.I. Levy in the Journal of the American Water 

Works Association, Vol. 21, No. 5, May, 1929. In what 
follows the author proposes to carry Professor Enger’s investigation 
a little further, giving a higher approximation, considering special 
cases, and using difference equations as well as differential equa- 
tions. 

In a tube (Fig. 1) of cross-section A a stream of water enters 
with an initial velocity vo and escapes through a narrow slot of 
width b and length 1. The tube is closed at the further end. It 
is found that the height of the jet ho at the beginning of the slot 
is much lower than at the end where it ish,. This agrees quali- 
tatively with Bernoulli’s principle, where the velocity in the tube 
is high and the pressure low and vice versa; but we cannot simply 
apply Bernoulli’s principle here because the volume of water 
which passes through any cross-section of the tube per unit time 
depends on the distance from the beginning of the slot to the 
cross-section. At a given point distant z from the beginning of 
the slot, let us assume the velocity in the tube to be »v, the corre- 
sponding height of the jet, h, and the velocity of the issuing jet, 
w. Then conservation of energy gives Equation [1]: 


A N ANALYSIS of this problem was given by Prof. M. L. 


mv®) = d(mg') 


and 


whence 
v = 2g(hn — hb) 


The volume of water which flows per unit time through the slot 
bdz is equal to 


Adv = whdzc.... 


where c is the coefficient of discharge. By dimensional reasoning 
we see that this coefficient is a pure number, which depends at the 
same time on the height of the jet. The volume of water AV 
which flows with velocity w through an area a is equal to 


AV = wac 


‘he dimensional equation is 


‘ Professor of Physics, University of Illinois. 

Presented at the National Applied Mechanics Meeting, Purdue 
University, Lafayette, Ind., June 15 and 16, 1931, of THe AMERICAN 
“octeTy OF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their a::thors and not those 
of the Society 


L 

— Lc 

T 
hence c is a pure number. Consider now a volume dV which 
passes through a slot of length dz per unit time, so that 


dV = wdre 


Then the dimensional equation gives for c a length, say, h, whence 


c h 


c=kh, ca =kha, and =— 
Cn 


or, from Equation [2], 


This formula has been verified by Enger; the deduction here 
given involves at the same time the principle of similitude, as 
two slits of length dz and dz, and of the same width are compared. 

A more rigorous deduction would be expected from the theory 
of streamlines. In this case the height of the jet in the position 
zr is given by 


1/,mw? = mgh 


w= 2gh.. 


From [2], [3], [4], and [5] we obtain 


h . dz dh 
dy = —t — b — V 29h = —g 


—2 Vhah— hil" 


Jo he — he 


or by 


[6] 


4 


tte ho h 


This formula gives z as a function of h; but as we wish the inverse 
function, we write 


where 


or 
¢ = 4 
ha [4] 
1 
hn — y? 
29 
= 
ha 
or dh = — -vdv od 
g 
dh =ha—h = —- ody = 
h J» g 2 a 
or 
V hah — h? 
z=C—C, ——............. [6a] 
h 
:=— a = — Beer 
From [6a 
[6a], 
(C — 2)? + hn big 
Ce A 
or 
181 
>, 
al 
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which gives the curve of Fig. 1. Introducing the boundary con- 


ditions, for r = 0,h = ho, hence 


hy = 
C403 


and for r = l,h = ha, hence 


hal? 


ha 
+ C;? 


From this it follows that 
V hnho — he’ 


Cc=1=C 
ho 


If the tube and slot dimensions and the initial velocity of the 
flow of water are given, then h, and ho are determined as follows. 
From [2] we obtain 


Ve. = 2g(hn ho) 


+ 2gho 


h, = 


and from [11] 


A haho — ho’? 


l=— 


ben he 


or by [12], 


A 2gho 


From [12], 


ha and he are now determined. Let us next assume that the pipe 
has at the end z = / a hole of cross-section A: through which the 


water flows with the velocity vp so that Aim = Am; then we 


obtain from 
dh = 


h'n 
dh = - rf vdv = (v? = ha’ —h 
h g Jv 29 


h,' is the height of the new jet at x = /, and hy’ the initial height 
at z = 0, or 


l 
— 
g 


v? = 2g(ha’ — h) + vi? 
hence 


vo? = 2g(hn’ — ho’) + ui? 


But from [2], 


We can now obtain the curve by the equation: 


A | — he’? — 
h 


he’ 


V — h? 


Cc’ 
+ h 


h 


and the whole curve of the liquid sheet appears lowered with re- 
spect to the original sheet. It is easy to calculate the limiting 
heights of the sheet as before, the result being given by the 
equations 

(vo? — vi?) A? 


2g(lben)* 


(ben)? 


If we replace the slot by a row of holes each of area a, so that 


ho’ 


lb = Na and 2b = Nia 


where NV = n + 1 is the total number of holes and N;, is the num- 
ber of holes over the distance z, then the sheet will be broken up 
into isolated jets of variable heights h, so that we obtain from 


or 
— 
Pe re = ha’ — ho’ 
29 
Fie. 1 
hence 
ha’ — ihe’ 
n Vy 
——_ 
; 
or 
or or 
C;? ho 
¢ where 
C before 
as 
3 
and 
<9 
or 
lben \* _ hn 
A ho = - 
+ 
2ghe 
2g (Iden)? 
; ha = [18a 
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the equation 


(;) (N— Ni)? + 
b 
where now 
A Al 
ben Nala 
hence 
hn 
h= 
1+ A? (N — N,) 


If hy is the loss of height per unit distance through friction, then 


hn 2 
hy. 
1 + —— (N —N,)? 


A? 


= 


.. [15] 


Next put ¢ = c, = constant. Then, from [3], 


whdren 
dy = — 
A 
or 
b 
dv = — 2gh Cota 
From [2] 
“was 
V 2g(hn — hi 
hence 
2ben dh ( 2h ) 
A Jo eo V — h) hn] ho 
whence 
A ha 4 2ho hn 2h 
r= are sin ———— — arc sin . [16] 
2ben ha ha 
or 
c A ha — 2h 
= - n 
or 
in (C ) ben a 2h 
sin x he 


> 


hn 2hen 

at cin xr) ... 17] 
This equation is given by Enger. Let us now proceed to apply 
the method of difference equations to the given problem, assum- 
ing that the tube contains at equal distances Al holes of cross- 
section a, and that the water escapes in jets of heights ho, /, 
ho, Resi... he. Then hes, = he + Sh, and the velocity 
of the water through the hole k is we and through the following 


holek + 1is wse+,. The principle of conservation of energy leads 
to the equation 
- A('/ymv?) = A(mgh) 
A(v?) = — 2gAh 


or 


(v — Av)? — = — 2g Ah 
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or 
Ah = — [2v Av — [18] 
29 


Moreover 
= mgh, 


= V 2ghe 


The velocity of the water in the pipe arriving at the hole k is 
v (or ve), and leaving the hole it is ve +, or » — Av; the principle of 
conservation of mass gives the equation 


or 


— = 


he 
he Cn — 
2ghe i 


Instead of a we may write a = bAl; hence 


bal —h 
A Re 
and 
= mg(hn — he) 
or 
v = — he) 
and 
av = [Wha — (a + — Vhin — Il... [19] 
From the last two equations we obtain 
bAlen Wha — he — — (he + dh) 120) 
_ hy’/? 


The left-hand member of Equation [20] is a constant C, and if 
instead of ha we write a, the equation then assumes the form 


. [21] 


In order to put this expression into a more standard form of 
difference equation, let us write 


= @ he, he+i 


whence 

gi — ger: = Cla— .. [22] 
or 

If ho and go? = a — ho are given, then we can calculate from [23] 
the values g, and h; from h; = a —g,*. Having determined g,, 
we can use [23] again to calculate g,, and soon. In this way the 
problem is essentially solved. Equation [22] is a difference 
equation of the first order, but non-linear. For such a difference 
equation we have no general theory and no theorems as yet. If 
we consider g:+, as given, then it is more difficult to calculate g 
or hy. In order to take the first step let us assume /A, as given 
and calculate h,-,; by means of [20]; k = n — 1, and hy + 
Ah = ha, hence 


b* Al?c,? Ah ha — ha-1 ha l 
b? APC,” l 
Let a = he, 8 = 7h” and z = hea’ then we obtain the 


cubic equation 
. . [24] 


wily 
on 
. 
4 
2) 
or 
= 
Se 
q 
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We can obtain approximate values of x and ha-, by the following 
method, assuming C = C, = constant. Instead of [18] we ob- 
tain: 


b Alen 
Wy 


Av = 


and by means of [19] 


bAlen — he (he + Sh) 
he he 


or using the same abbreviations as before, 


Va 


Let 


2=a—he and =  ge+:? = 


ge = CVa— ge? 


+ ge+i? — — = O 


2 2— (2 
gu? - + + a 
1+ C? 1+ C? 


For every value gi+: we can calculate gx and hk = a — g,’. 


This value we can use as a first approximation and calculate a 
second approximation by means of Equation [20]. 


+1 Ca) 
1+ C? 


[27] 


Discussion 


W. E. Hownanpn.? The writer has been interested in this 
problem in its relation to the design of filter laterals through 
which water is forced into the bottom of a filter for the purpose 
of washing the sand. It is important to maintain an approxi- 
mately equal distribution of water in the base of the filter as 
expressed in rate of water applied per unit area of horizontal 
cross-section of sand. This means that for ordinary arrange- 
ments of piping the rate of water emitted per unit distance along 
the pipe should be approximately a constant. If the pressure 
distribution along the pipe were known, as well as the hydraulic 
characteristics of the orifice in the pipe under the conditions 
of the problem, then one could effect the desired uniformity of 
distribution either by varying the diameter of the holes or their 
spacing. 

The importance of a correct prediction of the pressure distri- 
bution curve is of fundamental importance to this practical 
problem. 

Such studies as this of Professor Kunz and the earlier one of 
Professor Enger throw considerable light upon the problem. 
The effect of the velocity in the main pipe upon the coefficient 
of the orifice shown by Professor Enger’s studies is especially 
valuable. Fortunately the practical problem which the writer 
has named is much simpler than the one considered by Professor 
Kunz. It involves a differential equation of an ordinary type, 
and the very interesting method so ably presented by Professor 
Kunz does not appear to be required. 

The fundamental hydraulics of the two problems are, however, 
the same. The assumptions made at the beginning of the analy- 
sis required further study, it is believed. 


? Assistant Professor of Civil Engineering, School of Civil Engi- 
neering, Purdue University, Lafayette, Ind. 
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Professor Enger’s formula for coefficient of discharge fits 
the values determined from his experiment very well, but ob- 
viously it could not be correct for all cases even though dimen- 
sionally consistent as implied by Professor Kunz. Consider the 
case where the pressure in the pipe was equal to the velocity 

head. Then the numerator in the equation ¢ = — 
zero. The formula would indicate that no water would flow 
from the pipe, and yet so long as there is static pressure at the 
hole, water obviously would flow from the pipe. This is not a 
criticism of the formula, but rather of the method used for ration- 
alizing it given by the author. 
It is to be noted that the author interprets the formula in 


a slightly different way from that given by Professor Enger. 
p? 
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According to Professor Kunz, the formula should be c = 4 


where h,, is the pressure at the closed end of the pipe. Considering 
the case where there is very considerable friction in the pipe—i.e., 
where the holes are widely spaced—then it is possible that at 
some orifice the pressure will be the same at the closed end of 
the pipe. If at this point the pressure were equal to the ve- 
locity head, as before, the formula would indicate no discharge, 
and yet surely there would be discharge from the orifice. 


ENERGY DISTRIBUTION AT THE ORIFICES 


Both Professors Enger and Kunz have assumed that the 
velocity energy of the water in the pipe is largely dissipated. 
Consider the energy of that portion of the stream within the 


pipe which is about to leave an orifice. It is equal to gw (1 + = ) 
y 


where q is the rate of flow from the orifice, w the weight of a cubic 
foot, A the pressure, and v the velocity. The author assumes 
that the water leaves the pipe at a rate proportional to h’ ’, 
as if the energy of the water leaving were pressure energy only 
This would imply that the remaining part of this energy qw 
is lost or is given to the stream of water in the pipe and remaining 
within the pipe. The author assumes that it is lost, for he says 
that the differential change in pressure along the pipe is merely 


(“) Here he is considering an orifice of differential area. 

This effect is entirely the result of the change in kinetic energy 


of that portion of the water which remains within the pipe, 
as may be shown in the following way: 

Let Q: be rate of flow of that portion of the water which re- 
mains within the pipe. The amount of energy possessed by this 
water will be considered a constant; i.e., the differential change 
in the energy of this water is zero. The energy of this water is 
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The writer believes that this assumption may sometimes b« 
wrong; that in many cases there is a significant transfer of 
energy from the side stream to the main stream which predomi- 
nates over the loss of energy in the main stream in the vicinit: 
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of the orifice, thus producing a significant increase in pressure 
in the main stream which the simple Bernoulli equation used 
by Professors Kunz and Enger cannot explain. The writer is 
aware that this statement may not seem plausible, and so it is 
repeated for emphasis. The simple Bernoulli equation in the 
form of head is wrong as applied to manifold pipes. Actually 
there is a greater increase in pressure along the line of flow than 
can be accounted for by means of this equation. The total 
energy equation must be used to explain the phenomenon. 

In support of this assertion the writer quotes the following 
experiments, with references appended: 

(1) The Malishewsky experiments can be explained by assum- 
ing a recovery of approximately */, of the initial velocity energy 
of the water of each side stream. The Enger-Kunz theory does 
not explain the results of the experiment. 

(2) The experiments of Professor Goodenough on the model 
of ventilation ducts of the Holland tunnel and subsequently 
upon the tunnel itself indicate that about 40 per cent of the 
initial velocity energy of the side streams is recovered. 

(3) The Enger experiments are well explained by the theory 
to which the writer is objecting, but when he applies the assump- 
tion that 30 per cent of the initial velocity energy of the side 
stream is recovered he obtains results which are in close agree- 
ment with the results of the experiment, and the disagreement 
is less than the experimental error. In other words, the effect 
which the writer is mentioning in this case is too small to be 
significant. 

(4) The experiments conducted at the laboratory at Munich 
under the direction of Thoma in divided flow on a single tee 
fitting show a noticeable gain in total head in the main stream, 
which the authors explain in the following way: “One can assume 
that through the side pipe a greater part of the slow-moving edge 
layers is scooped off.”’ 

This is a slightly different way of looking at the phenomenon 
from that of the writer and is believed to be of considerable 
merit, but in effect it is the same, for it assumes that the water 
leaving the orifice takes with it less than its proportion of the 
mean velocity energy and also that the water remaining possesses 
more than its proportional amount of energy. Thus it helps 
to explain the mechanism of transfer of energy from the side 
stream to the main stream. 

This viewpoint may also help to compose the differences be- 
tween the Enger and the Malishewsky experiments. In the 
Malishewsky experiments only about '/th of the total flow 
was taken through a single orifice, for there were 40 orifices; 
in the Enger experiments '/;;th. Thus in the Malishewsky 
experiments a larger portion of the “scooped off’? water was ob- 
tained from the edge layer. 

It is true, as shown by the experiments of Professor Enger, 
that cases do arise in which the effect which the writer is men- 
tioning is of no practical consequence. But in other cases, par- 
ticularly that of unequally spaced orifices designed to accommo- 
date the large flows now demanded in water works practice, 
this effect of an additional velocity-head recovery will probably 
be very significant. 

Further experimental studies of the problem are urgently 
needed. 
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winkligen Rohrverzweigungen,”’ by Franz Peterman (in heft II), 
both from Mitteilungen des Hydraulischen Instituts der Technischen 
Hochschule, Miinchen. 


M. L. Encer.* The discharge of jets from manifold tubes 
must be determined in many cases in engineering practice. 
When high velocities are used in manifold pipes, unexpected 
results will sometimes occur. The wash-water system of water 
filters should supply water uniformly over the entire filter area 
if the filter is to be washed effectively; and as it is often economi- 
eal to use high velocities in the manifold pipes, the problem has 


|_| Pipes 
36" long 


3 
2° Multiple outlet tee , 10-2" side outlets 
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Fig. 3 


been given much study in this connection. The problem of 
delivering the water uniformly beneath the filter bed has been 
solved in three different ways: (a) By the use of large mani- 
fold pipes, thus making the velocities small; (6) by the use of 
manifold pipes of a variable diameter, thus keeping the veloci- 
ties in the manifold nearly constant; and (c) by the use of 
variable spacing of the discharge openings from the manifold 
pipes. The first two methods are too expensive except in the 
ease of large, costly filter plants. 

Another application occurs in hot-water heating when a num- 


3 Professor of Mechanics and Hydraulics, University of Illinois, 
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ber of radiators are connected to one header. In this case the 
loss of head at the entrance is also a function of the velocity in 
the manifold as well as of the velocity of the diverted water. 

The converse problem occurs in the case of the wash-water 
collecting pipe for pressure filters. The method used by the 
author can be applied to this case. 

The writer is particularly interested in the derivation of the 
equation for the coefficient of discharge from openings in the 
manifold pipe in terms of the pressure and the velocity in the 
pipe. The equation is the same as the one derived by the writer 
from experiments and which was assumed to be purely empiri- 
eal. Further experiments will soon be undertaken to determine 
whether the equation holds over a wide range of velocities and 
pressures. 

An extreme case of the variation of pressure and discharge 
from a manifold pipe is shown in Fig. 2, which is from a photo- 
graph taken in the Hydraulics Laboratory of the University of 
Illinois. A diagrammatic sketch of the arrangement used is 
shown in Fig. 3. Ten 2-in. pipes, each 36 in. long, are connected 
to a manifold pipe, which was lined with cement to make its 
inside diameter exactly 2in. On the ends of the 2-in. laterals are 
caps in which 1-in. holes have been drilled. The end of the 
manifold was plugged. The water entered from the right and 
- flowed out of the 1-in. holes in the caps. The heights of the jets 
issuing from the holes in the caps indicated the quantities of 
water discharged from the various orifices. The heads on the 
orifices were indicated in 10 glass tubes which can be seen in 
Fig. 2. 


AvTHOR’s CLOSURE 


The discussion by W. E. Howland contains some valuable 
remarks, especially the bibliography of the subject, to which 
there should be added: “Friction Heads in One-Inch Standard 
Cast-Iron Tees,’ by F. E. Giesecke and W. H. Badgett, JI. 
Am. Soc. Hig. & Vent. Engrs. The results of this latter investi- 


gation have been recalculated and show that the loss of head due 
to water flowing out of the side of a tee can be expressed over a 
large interval by h = 0.91 v?/2g in accordance with our theory. 
In the paper the author has neglected the friction of the flowing 
liquid except in formula [15]. The analysis is therefore only a 
first approximation. Against the criticism of Mr. Howland, 
the author has to raise only few objections. 

(1) The discharge coefficient c is equal to: 


he 
c would only vanish if h were equal to zero. This cannot happen 
in the phenomenon studied; but if it did happen, then no liquid 
would flow through the given hole. 

(2) Bernoulli’s equation applies only to a given streamline, 
and not to dividing streamlines; it can therefore not be used in 
the present problem and Enger and the author have not used it. 

(3) The author cannot understand the statement by Mr. 
Howland that in many cases there is a significant transfer of 
energy from the side stream to the main stream, which predomi- 
nates over the loss of energy in the main stream in the vicinity 
of the orifice. How is this compatible with the principle of 
conservation of energy? 

(4) In the theory of N. Malishewski there are found the 
formulas 


K(Q + qzx)dz 


dh 
ds 


(Qi + 0.55Q:)? 
ds 
which the author does not understand. But the phenomenon, 
which he observed, agrees qualitatively at least with the author's 
theory. 
A comprehensive critical review of the present literature will 
be presented in a later paper, the author hopes. 
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The Yield Point of Mild Steel 


This paper is a review of some of the more important 
investigations made concerning the yield point, together 
with the effect of certain conditions on the yielding of 
mild steel. Recent investigations concerning the yield 
point are also described. The pronounced effect on the 
yield stress of grooves inclined at 45 deg. to the axis of the 
test piece is discussed. In addition, tests are included 
to show the effect of notches in the test piece on the yield 
stress. 


structures and machine parts made 

from ductile metals and subjected 
to static loading on the limit of plasticity. 
The limit of plasticity is, as its name im- 
plies, that stress at which plastic flow of 
the material begins. At this stress the 
deformations begin to become permanent, 
and increase at practically constant stress. 
It has been customary to call this limit 
the yield stress of the material. It is then 
obvious that one of the reasons for choos- 
ing the yield stress as a criterion in design is that such permanent 
deformations as those which occur at this stress are prohibitive 
in engineering practice. For structural-steel shapes submitted to 
a compressive stress such as columns and beams, buckling is 
likely to occur if they are stressed above the yield point. This 
is true since on the exceeding of the yield stress the modulus 
of elasticity Z can no longer be used in Euler’s simple column 
formula and the critical load under which buckling occurs is 
greatly reduced. It is therefore apparent that a more exact 
knowledge of what is taking place at the yield point and of 
the various factors affecting its value may be of considerable 
aid to the designer. 

The limit of plasticity, or yield point, has been a subject of 
much controversy, both in this country and in Europe. At differ- 
ent times many definitions have been proposed, and then sub- 
sequently revised. Moser? and Kérber*? have indicated the 
difference in significance of the definitions of a yield point based 
on an arbitrary amount of deformation and that based on the 
drop of the beam of the testing machine. They have pointed 


! Research Engineer, Westinghouse Elec. & Mfg. Co. Jun. 
A.S.M.E. The author was graduated from the University of Michi- 
gan in 1929 with B.S. degrees in Engineering and Mathematics. 
He studied under Dr. S. Timoshenko in applied mechanics during 
this time. After graduation he became associated with the Westing- 
house Research Laboratories under the supervision of Dr. A. Nddai 
of the Mechanics Division, who is also directing his graduate work 
at the University of Pittsburgh. 

*M. Moser, “Grundsatzliches zur Streckgrenze,”’ Forschungs- 
arbeit, V.DJI., 1927, p. 75. 

'F. Kérber, “‘Das Problem der Streckgrenze,’’ Internationaler 
Kongress fir die Materialpriifungen der Technik, Amsterdam, 1927. 

(Both authors use the term ‘‘Dehngrenze”’ to signify an arbitrary 
value of stress corresponding to 0.2 per cent plastic strain and the 
term “Streckgrenze” to signify the yield limit, or the common 
yield point observed in mild steels by the drop-of-beam method.) 

_ Presented at the National Applied Mechanics Meeting, Purdue 
University, Lafayette, Ind., June 15 and 16, 1931, of Tar American 
Soc'ety oF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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out that the yield stress of mild steel in tension based on the drop 
of beam is a natural limit or property of the material, while 
the other is only arbitrarily based on a conventional rule. In 
the following discussion, when the yield point is mentioned, refer- 
ence is made only to the limit of plasticity and not to that corre- 
sponding to an arbitrary amount of deformation. 

However, it is not the purpose of this paper to analyze the 
conventional methods of defining the yield point or to present 
new definitions in this connection. It is more the intention 
to review a few of the important investigations made by other 
experimenters concerning the physical aspect of the yield point 
and to contribute to this the results of a few tests that were made 
on the same question. These tests will show the effects of certain 
mechanical conditions, such as grooves and notches, on the yield 
stress. 


Previous WorK ON THE PuysicaL Sipe oF THE YIELD STRESS 
BY Oruer INVESTIGATORS 


Since the beginning of the twentieth century, much attention 
has been paid to the yield point. Among the first to investigate 
this question in Germany were Bach and Martens. Later such 
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men as Moser, Nddai, Kérber, Ludwik, and Sachs, with many 
others, took up this question. Recently Kiihnel, Kuntze, and 
Schwinning have been added to the list. The field of work 
covered by these many investigators is too broad to go into in 
much detail, and so only a few of the important results will be 
described. 

(a) Mechanism of Yielding. C. von Bach‘ seems to have been 
the first to notice the remarkable phenomenon of the upper 
and lower yield stresses present in mild steel. He defined the 
upper yield limit as the stress which, if exceeded, would start 
the flow process, and the lower yield limit, the lowest value of 
stress at which the extension proceeds still further. Thus, as 
represented in Fig. 1, the stress s, is the upper yield stress and 
8, the lower yield stress. 

In order to explain more clearly what is meant by the flow proc- 


*C. von Bach, Z.V.D.J., 48 (1904), p. 1040. 
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ess mentioned by Bach, the formation of Lueders lines, or slip 
layers, in mild steel will be briefly discussed. Many investiga- 
tors have studied these slip layers which begin to form at the 
upper yield stress s; and continue to form through the lower 
yield point s2. Among the early investigators of this question 
are included Hartmann,’ Lueders,* and Martens and Heyn,’ and 
others. 

It has been found that these Lueders lines consist of wedge- 
shaped slip layers which extend through the material and are 
not just a surface phenomena. They initially form at a point 
along the test bar where there is a slight concentration of stress, 
and gradually proceed along the bar until the entire length has 
become work-hardened. When this has been effected, the load 
can start to increase to its maximum value, since no more single 
layers are forming. These layers nearly coincide with the planes 
of maximum shear stress which are theoretically at 45 deg. to 
the bar axis, but which have been found by various investiga- 
tors to form at 47 deg. for tension and 43 deg. for compression. 

There is considerable variation in the type of yielding even 
among mild steels. Some of these metals exhibit a sharply 
defined yield point with considerable drop in load, while others 
have a more gradual transition from the elastic to the plastic 


. stage. The reasons for the difference in shapes of the various 


types of stress-strain curves near the yield point have not been 
definitely settled. An explanation for the difference in many 
cases has been suggested by A. Nddai* on the basis of the differ- 
ence in strength of the grain-boundary substance. It has 
been observed that materials which exhibit a sharply defined yield 
point in a tensile test with considerable drop in load usually 
have a fine grain structure, while those with a gradual transition 
from the elastic to the plastic states are often coarse-grained. 
Since the grain-boundary substance forms a rigid cement about 
the grains in a fine-grained mild steel, the ability for the flow 
layers to form is thus prevented until the skeleton-like structure 
breaks down. This means that yielding is prevented until the 
upper yield point is reached and a sharply defined limit is ob- 
tained. In coarse-grained materials, or metals having less grain- 
boundary cement, this latter substance is less effective in pre- 
venting the flow layers in forming, and earlier yielding occurs 
without a sudden break in the stress-strain diagram. 

This suggested explanation of A. Nddai for the variation in 
the types of transition from the elastic to the plastic states has 
found further corroboration through G. Sachs and W. Kuntze® 
and others. Kuntze and Sachs have emphasized that the yield 
point in mild steel is governed by the breaking down of a brittle 
constituent in the steel. They have observed that in the major- 
ity of cases yielding first begins near the head of the test piece, 
where more or less stress concentration’® may be present, depend- 
ing on the actual shape of the head of the bar. One would expect 
that when the yield point is reached in a ductile material, the 
stresses would become more evened out and not affect so much 
the yielding of the entire bar. However, they have pointed out 
that this phenomenon of first yielding at a point of stress con- 
centration is analogous to that which happens in the failure of a 
brittle material, in that brittle materials are much more subject 
to the effects of stress concentration than ordinary ductile metals. 

* L. Hartmann, “Distribution des deformations dans les metaux 
soumis a des efforts,’’ Paris; Berger-Levrault, 1896. 

* Lueders, Dingler’s Polytechnisches Journal, 1854. 

7 Martens-Heyn, Materialienkunde, 1, Aufl. 

A. Nddai, “Der Bildsame Zustand der Werkstoffe,”’ J. Springer, 
Berlin, 1927, p. 63. 

* W. Kuntze and G. Sachs, ‘‘Zur Kenntnis der Streckgrenze von 
Stahl,” Z.V.D.J., 1928, p. 1014. 

10 By stress concentration here is meant the raising of the stress 

by means of irregularities or sudden changes in the cross-section, 


above the average uniform value when the load is uniformly dis- 
tributed. 


Where in a brittle material cracks form due to stress concentra- 
tion, slip layers form due to the same cause in a ductile metal. 

At the same time that these slip layers are forming, the cross- 
section of the test bar is decreasing. Kuntze and Sachs'' have 
shown by very illustrative profile diagrams how the area of cross- 
section gradually decreases along the test bar with progressive 
yielding. 

(b) Effect of Certain Mechanical Conditions on the Yield Point 
It has been shown that mild steel exhibits the phenomenon of an 
upper and a lower yield point. The question of whether to use 
the upper or lower value of stress as a limit is, in many countries, 
not definitely settled. In Germany, Kiihnel and others advocate 
using the upper value, while Moser, Kérber, and others believe 
that the upper yield stress is unstable and can be affected by 
testing conditions. The latter therefore advocate using the lower 
yield stress. 

Many investigations have shown the effects of various condi- 
tions on the yield point. Some of the more important factors 
which have been found by other investigators to affect the value 
of the yield stress will be mentioned here. 

Velocity. This is a large question, and only a few phases of 
it will be discussed. Among a large number of tests may be 
mentioned those of E. H. Schulz and H. Buchholtz,'* together 
with those of F. Kérber.'* It was found that both the lower 
and the upper yield stresses increased with greater testing 
speed. However, the upper yield point showed itself much 
more unstable and affected by increasing velocity than the lower 
stress. 

In this connection the tests of Kiihnel'* may also be quoted 
He arrives at different results from those of the former tests 
mentioned. His test results seemed to indicate that the lower 
and upper yield stresses increased in a parallel manner with in- 
creasing speed. From this fact he concludes that the upper 
yield stress could hardly be called unstable and the lower stable 
However, by consulting his diagrams for St-48 steel tested under 
various mechanical conditions, it appears that the lower yield 
stress is much less affected by variations in testing conditions 
than the upper, indicating that the lower yield stress is the more 
stable of the two. 

Type of Head on Test Bar. It has been shown by F. Kérber" 
and M. Moser'* that the sharper the transition from the head of 
the test piece to the cylindrical portion, the lower will be the 
upper yield stress. The change of section from the head of the 
test piece to the cylindrical length does not affect the lower yield 
stress to any great extent. The effect of no head on the test 
piece is similar to that with a sharp transition. This follows since 
there is a sharp discontinuity at the point of the bar where it 
joins the grip of the testing machine, and consequently high stress 
concentrations similar to a sharp fillet exist. 

Notches in Test Bars. Among a large number of tests made on 
the effects of notches in test pieces the more recent tests of 
A. P. Ludwik and R. Scheu,* and W. Schwinning’ may 
Loe. eit. 

12 E. H. Schulz and H. Buchholtz, ‘Mitteilungen aus den Ver- 
suchsanstalten der Vereinigten Stahlwerke,”” Dortmunder Union- 
Hoerder Verein, 2 (1926), p. 1. 

13 F, Kérber, “Zwanglose Mitteilungen des D.V.M.,"" No. 
(1926), p. 91. 

14 Kithnel, Benutzung der Streckgrenze bei Berechnung und 
Abnahme,” Z.V.D.I., 1928, p. 1226. 

Loc. cit. 

6 Tbid. 

17 A. Nadai, “Untersuchungen der Festigkeitslehre mit Hilfe 
des thermoelektrischen Temperaturmessverfahrens,” Dr. Ing-Diss 
Techn. Hochsch., Berlin, 1911. 

18 P. Ludwik and R. Scheu, “Uber Kerbwirkungen bei Flusseise?.”’ 
Stahl und Eisen, Aug. 2, 1923, p. 126. 

W. Schwinning, “Beurteilung von Werkstoffen nach Kerb- 
versuchen,”’ Z.V.D.I., March 9, 1929, p. 321. 
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be mentioned. The effect of the raising of the ultimate strength 
by short notches in bars of mild steel is quite widely known. 
As this discussion is confined to the yield point, only those tests 
will be described which show an effect on it. Both A. N&dai 
and W. Schwinning have shown that the lower and upper yield 
stresses are increased by short notches, while the difference 
between the two is constantly decreasing. For very short notches 
they practically coincide. This fact may be noticed by reference 
to Fig. 16, which shows the load-deformation diagrams for bars 
containing grooves of different lengths. 

Cross-Section of Test Bars. In some of his early tests Bach” 
investigated the effect of the cross-section of the bar on the 
upper yield stress. His tests have shown that the highest upper 
vield stress was obtained with round bars, the next with rec- 
tangular bars, and the lowest with a double T-shaped cross- 
section. This is easily explained since the round bar has the 
most uniform distribution of stresses over the cross-section, 
and hence a higher value of yield stress may be reached due to a 
prevention of local yielding. In all cases the lower yield stress 
was not appreciably affected by a change of cross-section. 

Aging of Test Pieces.** Another factor influencing the yield 
point is the aging of the steel. Much work has been done on this 
question in the last few years by various men. Among them may 
be mentioned P. Ludwik and R. Scheu,?? who have illustrated 
how the yield point of various metals may be greatly increased 
due to aging. Steel bars were stretched to a few per cent elonga- 
tion, unloaded, heated to various low temperatures for a short 
time, and then reloaded. On reloading, the yield point was 
considerably raised. Many other importaat investigations have 
been carried on in this field which will not be mentioned here. 


Recent Tests ON THE YIELD PoINT 


In the following, tests will be described showing the changes 
which take place on polished surfaces of various steels at the 
yield point, and in addition the effect of surface conditions and 
notches in the test piece on the yield stress. 

(a) Sharpness of Transition From Elastic to Plastic States 
in the Stress-Strain Diagram in Relation to the Formation of Lueders 
Lines. The fact that the upper yield stress is associated with 
the formation of Lueders lines has been mentioned before. 
It has been noticed, however, that certain mild steels do not 
show these strain lines as well as others. In order to show 
that the most pronounced Lueders lines appear in steels which 
have a sharp transition from elastic to plastic states, tensile 
tests were made on four materials—namely, a bessemer steel, 
an open-hearth steel, an Izett steel,** and an arc-deposited weld 
metal. All of these metals were of low-carbon content. The 
stress-strain curves for each material are shown in Fig. 1. From 
these curves it is to be noticed that the bessemer steel shows the 
most sharply defined yield point. The materials may be listed 
in the order of sharpness of transition from the elastic to the 
plastic states in the following manner, those with the sharpest 
transition being placed first: bessemer, open-hearth, weld metal, 
and Izett steel. 

In order to correlate these results with the ability of each steel 
to show Lueders lines, or slip layers, tests were made on cylinders 


C. Bach, Z.V.D.I., 49 (1905), I, 615; Mitt. Forshungsergeb- 
nisse Heft, 29 (1905), I, 61. 

*! There are several other factors which have been found to affect 
the yield point which will only be referred to here. Such items as 
the type of machine used, the length of test piece, etc., are known to 
have some influence. 

““Werkstoffausschussbericht des Vereins deutscher Eisenhiitten- 
leute,"” No. 70, Diisseldorf, 1925. 

* Furnished by F. Krupp, Essen, Germany. 

* Formed by electrically depositing weld metal in the shape of a 
pad from which test pieces were cut. 


APPLIED MECHANICS 


APM-53-15 


of each material stressed in two different manners. In the first 
case, cylinders of Izett and bessemer steel with highly polished 
faces were compressed laterally between hard plates. The cyl- 
inders after they were stressed are shown in Figs. 2 and 3. A 
comparison of these photographs with the stress-strain curves of 
Fig. 1 indicates that the steel with the most sharply defined 
yield point shows many more Lueders lines than the other 
material. The Izett steel indicates a boundary of the elastic 
and plastic regions, but no individual slip layers. The other 
manner of stressing the test pieces was to press a small, hard 
cylinder axially on the polished surface of each. Fig. 5 shows 
the slip lines produced by this type of loading in the four different 
materials in the form of logarithmical spirals. The test pieces 
in each of these photographs originally came from the same 
material from which were taken the tensile test pieces whose 
curves are shown in Fig. 1. By comparing these last results 
with the curves of Fig. 1, it follows immediately that the material 
with the sharpest transition from the elastic to plastic states 
exhibits the most pronounced Lueders lines. It is more difficult 
to distinguish between the weld metal and the Izett steel, but 
for this material it appears that the weld metal has a sharper 
transition in the stress-strain curve and consequently shows 
more slip lines than the Izett steel. Somewhat better flow layers 
were exhibited by a test piece from a different bar of Izett mate- 
rial than that shown in Figs. 2 and 5. This example is shown 
in Fig. 4. 

Along this line of investigation tests are now in progress 
concerning the effect of nitrogen on the ability to etch these 
flow figures. This work is being done with the cooperation of 
Dr. Hensel, of the Metallurgical Division of the Research Labora- 
tories, and will be reported at a later time. 

(b) Effect of Surface Conditions of Test Bar on the Upper Yield 
Stress. It has been generally known for some time that small 
scratches will greatly reduce the strength of a brittle material. 
As mentioned in the discussion of the mechanism of yielding, 
the yield point of mild steel seems to be governed by the break- 
ing down of a brittle constituent in the steel. It is naturally 
not to be expected that for such a ductile metal as mild steel, 
small scratches would have much effect. However, it is still 
conceivable that if it is true that the yield point is governed by a 
brittle constituent, small scratches might still affect the upper 
yield point. 

It has been shown in many tests by A. Nddai that a slight stress 
concentration even in a ductile metal such as mild steel produces 
flow layers and local yielding. Fig. 6 shows a flat bar with 
grooves along the sides which has been tested in tension and from 
which it can be readily seen how the flow layers have originated 
at the corners of the grooves. This early local yielding means 
that the upper yield stress may be thus reduced by such stress 
concentrations. 

In order to try to determine the effect of small scratches and 
grooves on the upper yield stress, tests were made on several 
bars of the types shown in Fig. 7. The round bars a and b were 
highly polished and designed so as to have a very small amount of 
stress concentration. This was done by providing a very gradual 
change of cross-section at the heads. Test piece b is identical 
with a except that it contains four small grooves around the 
circumference of the bar in two places. These grooves are per- 
pendicular to the axis of the bar. The flat bar d is provided 
with a large number of sharp grooves inclined to the axis of the 
bar on the two faces at an angle of 45 deg. and perpendicular to 
the bar axis on the two sides. The results of the tests on these 
bars are recorded in Table 2. 

The highly polished bar of type a showed a large difference be- 
tween lower and upper yield stresses. The bar containing small 
grooves perpendicular to the axis b showed about the same vield- 
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Fig. 2 Cyiinper oF Izetr STEEL 
CoMPRESSED LATERALLY 


(Showing elastic and plastic regions with 
no definite slip layers.) 


Fie. 5 InpEntTATIONS ON PoLisHED SurFacEs oF Various By A Harp-Srezt 
(Showing slip layers in the form of logarithmical spirals. A, Bessemer steel; B, open-hearth steel; C, weld 
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Fig. 3 CYLINDER OF BESSEMER STEEL Fie. 4 INDENTATION oF Harp-STEEL 
CoMPRESSED LATERALLY CYLINDER ON PoLIsHED SURFACE OF 
Izett STEEL 


(This material not the same as that shown 
in Figs. 2 and 5.) 


(Showing many slip layers.) 


metal; D, Izett steel.) 


« 
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stress difference as type a. Hence, single small 
grooves perpendicular to the bar axis do not 
seem to decrease the upper yield stress appreci- 
ably. However, on close examination of bar b 
after unloading, some local yielding could be 
distinguished near the grooves. This means that 
although the grooves had some effect in causing 
local yielding, it was not great, enough to cause 
a lowering of the upper yjeld stress. It may be 
remembered in this connection that small holes 
through a test piece perpendicular to the axis of 
the bar have been shown in tests by A. Nddai to 
produce definite flow layers. The action of 
these grooves is similar to the case of the holes 
in producing yielding. 

A further test concerning the effect of small 
scratches on the upper yield pomt was made 
with bars of type c. These tests were included 
to show the effect, if any, of scratches due to 
the knife edges of the Martens extensometer 
equipment. Some of the bars were tested with 
the extensometer knife edges inside the part of 
the bar with reduced section, and others had the 
knife edges resting on the parts of the bar of 
larger diameter, the comparison strips spanning 


Fie. Typgs or Tensite-Test Bars Usep To SHow EFFEect oF 
a 
SuRFAcE Conpitions, SucH aS SCRATCHES AND GROOVES, ON THE Nos. 1 and 2 were tested together, and 3 with 4, and 5 with 6. Nos. 
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Fic. 6 Fuat Bar ContTatntna Two Grooves on 


(Showing how the flow layers originate from the corners of the grooves. A, after defor 
mation; B, before deformation.) 


50,000 


Stress, Lb per Sq. In. 


0 O75 10 15 
Scale for Deformation, Inches 


Ceformation, Inches 


Fic. 8 AvutToGrapHic Stress-DerorRMATION D1aGRAMS FOR Two 
Types or Bars 


the reduced section. The results were similar to those found for 
the bar with small perpendicular grooves, in that no appreciable 
effect on the upper yield point could be noticed. 

The results of tests on the flat bars of type d, however, were 
quite different from those obtained in the previous cases. In 
all of the flat, grooved bars tested, the upper yield stress showed 
a very marked decrease from that obtained for bars of type a. 
The lower vield stress for both types a and d, however, was prac- 
tically the same. Fig. 8 gives a comparison of the stress-defor- 
mation diagrams, obtained for these two types a and d, and shows 


TABLE 1 TEST RESULTS OF CYLINDERS WITH HELICAL 
GROOVES STRESSED IN COMPRESSION 


Maximum Maximum 
Total vertical lateral 
Test Final load vertical displacement displacement 
piece applied, displacement, of vertical of vertical 
No.@ Ib. per cent lines, in. lines, in. 
1 37,450 7.5 0.035 0.025 
0.065 0.025 


1, 2, 3, and 4 are short cylinders with helical grooves; Nos. 5 and 6 are 
long cylinders with helical grooves. 
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— 3 50,000 11.2 0.055 0.04 
a 4 50,000 11.3 0.085 0.04 
5 39,000 6.5 0.045 0.025 “9 
6 39,000 7.1 0.055 0.025 A 4 
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how the upper yield stress for the flat, grooved bar has approached 
the lower in value. Fig. 9 shows the type of stress-strain curve 


TABLE 2 TEST RESULTS SHOWING EFFECT OF SURFACE 
CONDITIONS ON YIELD POINT FOR VARIOUS TYPES OF TEST 
BARS 


Strain, mm. per mm. 
Fic. 9 Portion oF Stress-StTRAIN CURVE FOR RouND TENSILE- 
Test Bar No. 9 


(1, upper yield stress for flat, grooved bar No. 10, ss, lower yield stress 
or same.) 


The grooves in the flat bars have contributed to a marked 
degree in reducing the upper yield stress. Bach* has shown 
that the upper yield stress was reduced in changing from a round 
bar to one with a rectangular cross-section. This reduction, 
however, was not nearly so marked a decrease as has been ob- 
tained with the grooved rectangular bars. A comparison of 
the differences between the upper and lower yield stresses for a 
change from round to rectangular cross-section obtained by 
Bach with those given here 
shows thisclearly. Using data 
obtained from his tests, the 
ratio of the difference between 
the upper and lower yield 
stresses for rectangular bars 
to that of round bars is 0.59, 
while the same ratio for tests 
shown here is about 0.20. By 
referring to Fig. 10, the traces 
of the slip layers in the central 
non-grooved portion of the bar 


obtained for an unannealed round bar of type a indicating ew 
for comparison the position of the upper yield point of an un- Upper Lower upper and 
annealed flat bar of type d. It is thus seen that in every case Type Ene Panmey rae ey 
the upper yield stress for a flat, grooved bar ismuchlessthanthat .M* of Bar Ib. per Ib. per —per cent 
btained f dt terial bar No. sq. in. sq. in. of upper Remarks 
obtained for & round bar. ( a 1 32,100 23,800 25.8 Round bar, highly 
polished 
45,000 a 2 29,900 23,400 21.7 Round bar, highly 
polished 
b 3 31,000 23,200 25.1 Round bar, highly 
polished; eight 
grooves perpen- 
2; dicular to bar 
40,000 axis 
b 4 29,000 22,500 22.4 Same as for round 
bar No. 
d 5 24,600 22,900 6.9 Rectangular cross- 
section, grooved 
35,000 at 45° to axis 
of bar 
d 6 24,600 22,800 7.3 Same as for rec- 
\ tangular bar 
No. 5 
. 30,000 c 7 30,100 26,900 10.6 Round bar, highly 
polished; knife 
edges on re- 
duced section 
—~ Ans c s 29,000 25,900 10 7 Round bar, highly 
2 polished; knife 
: 25,000 edges not on re- 
a. duced section 
‘4 | a 9 44,200 27,200 38.5 Round bar, highly 
polished 
. d 10 29,000 25,700 11.3 Rectangular cross 
w 20,000 7 section; grooved 
“ } at 45° to axis 
e | d 11 31,800 28,200 11.3 Same as for rec 
- | tangular bar 
No. 10 
15,000 Note: Material 1, not annealed; material 2, anuealed; material 3, 
annealed. 
can be seen. These slip layers have followed the course pre- 
10,000 scribed for them by the grooves, which illustrates how the 
grooves have influenced the yielding of the bar with the reduc- 
tion of the upper yield point. With close examination of the 
5,000 slip layers it can be noticed that they bend away slightly from 
the direction of the grooves. This fact coincides with experience, 
since in most cases for tension the angle of inclination of the 
fe) ne ae slip layers to the bar axis seems to be slightly greater than 45 
0 0.001 0.002 0.003 J deg., or about 47 deg. 


The flat test bars containing grooves were loaded until failure, 
and Figs. 11 and 12 are included to illustrate the sliding of the 
material between the grooves during the necking of the test 
piece. The relative sliding of the layers can be seen in Fig. 11, 
and Fig. 12 shows how the layers have slipped until finally cracks 
formed between them. This should not, however, be confused 
with the slip layers occurring at the yield point. 

In order to further illustrate the effect of grooves along a 
direction of the bar coinciding with the direction of maximum 
shear stress, compression tests on the cylinders shown in Fig. 13 
were made. The cylinders with helical grooves allow the load 
to be applied on one-half of the cylinder only. Each test piece 
consists of two separate cylinders one above the other. In each 


Fic. 10 Groovep Trest Bar SHowine How THe Sup Layers FoLttow THE INCLINATION OF 


THE GROOVES 


* Loc. cit. (The slip layers may be seen in the central rectangular non-grooved part of the bar | 


case the upper and lower test 
pieces were grooved in oppo- 
site directions at 45 deg. to 
the axis of the bar. When 
the load was applied, the ma- 
terial between the grooves dis- 
placed itself in the same direc- 
tion in both cylinders, thus 
minimizing the effect of fric- 
tion at the common surface 
ofeach. Both test pieces have 
an axial hole bored along the 
entire length in order to sepa- 
rate the flow layers on opposite 
sides of the cylinder. Lines 
were drawn axially along the 
cylinder. Indentations were 
provided on the compression 
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faces of each cylinder in order 
to allow the material between 


— 


the grooves to slide. Fic. 11 Front View or Groovep Bar SHow1nc How THe Layers Siippep aT FRACTURE 


When the load was applied. 
the material between one pair 
of grooves displaced itself with 
respect to that between the 
adjacent pair. Fig. 14 shows 
how the test pieces deformed. 
The amounts of lateral dis- 
placement of the vertical lines 
are given in Table 1. This 
shows that the material dis- 
placed itself along the direc- 
tions prescribed by the grooves. 
By so designing the test piece, 
it is possible to thus produce a 
rotation of the material about 
the axis of the cylinder by the 
application of a pure com- 


Fic. 13 Compression-Trst Cy in- 
pers Wits Hevicat Grooves 


(a, before deformation; 6, after deformatio..) 


Fria. 12.) Sipe View or Groovep Bar SHow1nGe How THe Layers Suiprpep aT FRACTURE 
(a, before deformation: 


6, after deformation.) 


pressive force. The screw action of the material on opposite 
sides of the grooves is similar to that between a bolt and nut. 

The helical groove on each test piece is a curve whose osculating 
plane at every point coincides with a slip layer. In other words, 
the helical groove prescribes a course for the formation of 
an infinite number of slip layers. The surface of slip then in 
this case is a helicoid. On the basis of what has gone before, one 
would then naturally expect that these grooves should have a 
marked effect on the upper yield point. 

In order to show this, tests were also made on plain cylinders 
for comparison. Curves shown in Fig. 15 illustrate the difference 
in the type of yielding in the two cases. Although a well-defined 
yield point with considerable drop in load was obtained for the 
plain cylinder, the helically grooved cylinders showed a rather 
gradual transition from elastic to plastic stages. Local yielding 
in the formation of slip layers has caused the upper yield point to 
entirely disappear. 

From the tests on surface conditions so far completed it can 
then be concluded that small scratches do not appreciably 


reduce the upper yield stress of mild steel. The same is true 


of small grooves perpendicular to the axis of the bar. However, 
when grooves of sufficient depth are placed at 45 deg. to the axis 
of the bar, the upper yield point practically disappears. 

(c) The Effect of Notches in Test Piece. In the first part of the 
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paper, the effect of notches on the magnitude of the lower and 
upper yield stresses was discussed. From the autographic curves 
shown in Fig. 16, it can be readily seen that the notches do not 
only affect the magnitude of the stresses, but also the magnitude 
of the deformation. It is therefore the intention for the re- 
mainder of the paper to describe in more detail how the notches 
have affected the deformations. 

In order to facilitate the discussion of this question, it will be 
worth while to define in a short manner a certain quantity which 
will be repeatedly referred to. To show the effect of notches on 
the deformations at the yield point, it will be necessary to measure 
the projection of a certain line on the abscissa of the stress-strain 
diagram. This line consists in that portion of the stress- 
strain curve extending from the upper yield point to that point on 
the curve at which the load starts to rise to its maximum value. 


Fie. 14 


The projection of this line on the abscissa is indicated by A-B 
in Fig. 16. Hereafter, this length will be referred to as A-B. 

For the investigation of the per cent elongation of the length 
A-B with various widths of notches, tensile tests were made 
on seven bars. Five of these bars contained notches as shown 
in Fig. 18; the other two were of a uniform cross-section such as 
type a, Fig. 7. The load-deformation diagrams for these bars 
have already been shown in Fig. 16. The elongation of A-B 
was measured with the Martens extensometer, the knife edges 
resting on the section of the bar of larger diameter than that 
in the notch, with the comparison strips spanning the notch. 
The value of the elongation of A-B contributed by the cylindrical 
portion of the notch in each bar was then estimated. It was 
possible to obtain this value of elongation for A-B without know- 
ing how much of the total value measured between the knife 
edges was taken up in the fillets, ete. This becomes apparent 
from consideration of Fig. 18, bar No. 15. The total elonga- 
tion between X and Y on bar No. 15 to the upper yield point 
A of Fig. 16 consists approximately of an elastic elongation 
in each of the regions L, M, and N. After the upper yield point 
has been passed and the bar has stretched to point B, the regions 
L and N are still sensibly elastic, and their elongations have 
not changed appreciably, since the load is still about the same. 
Region M, however, has both an elastic elongation, and in addi- 
tion the plastic portion consisting of A-B, Fig. 16. If now the 
total elongation measured between X and Y to the upper yield 
point A and after the upper yield point is passed to point B 
are subtracted from each other, the result is the average plastic 


Cyrurnpers Hexicat Grooves AFTER DEFORMATION SHOWING 
Rewative oF MATERIAL ON Eacu Sipe oF GRoovE 


(a, view of entire test piece; 5, close-up view of material near the groove ) 
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elongation in the notch, or A-B. This elongation so found for 
each test piece was then divided by the cylindrical length of its 
respective notch, and the average per cent elongation plotted 
as a function of the length of notch in Fig. 17. 

In referring to this latter figure, it is noticed that the per cent 
elongation of A-B decreases as the length of notch increases until a 
certain length of notch has been reached. For short notches 
the lateral contraction of the cross-section is prevented. Thus, 
as the length of notch is increased, the gage length is increased 
at a faster rate than the amount of elongation, causing a decrease 
in per cent elongation. This effect continues until such a length 
of notch is reached that the prevention of lateral contraction of 
the test piece in the notch is no longer very effective over a larger 
portion of it. From this point on, as the length of notch is further 
increased, material is being added which is doing the same 
amount of extending in per cent as for the bar of 
uniform cross-section. Hence for bars with long 
notches, the per cent elongation of the quantity 
A-B approaches the case of the bar with a uni- 
form cross-section, as shown in Fig. 17. 

In order to get a clearer picture of how the per 
cent elongation changes in the neighborhood of 
the notch, tests were made on some flat rubber 
models of the bars shown in Fig. 18. After 
stretching these rubber models a certain amount, 
the per cent elongations were measured, both 
along the outside edges and along the middle. 
Fig. 19 shows the variation of the per cent elon- 
gation along the notch for a rubber test piece with 
a groove of 1 in. length, and it can be readily seen 
that the per cent elongations in the notched por- 
tion were far from uniform. This shows the 
effect of the prevention of lateral contraction in 
the portion of the bar of smaller diameter. 


SuMMARY 


A brief discussion has been given of the yielding 
of mild steel, together with a brief review of a few 
of the important investigations which have been carried on rela- 
tive to the upper and lower yield points. 

The effects on the yield point of velocity, type of head on 
the test piece, different kinds of cross-sections, etc. were briefly 
described. 

To this discussion were added tests both in tension and com- 
pression, to show the effect of scratches and grooves on the 
upper yield point. It was found that small grooves and scratches 
perpendicular to the bar axis did not appreciably affect the upper 
yield stress. 

However, if grooves were placed at 45 deg. to the axis of the 
bar, there resulted a marked change in the shape of the stress- 
strain curve in the neighborhood of the yield point. The upper 
yield stress was also greatly reduced. 

Tests were also included to illustrate how the sharpness o/ 
transition from the elastic to the plastic state affected the result- 
ing Lueders lines. It was found that materials having a sharply 
defined yield point showed the best slip layers. 

Finally, tests on notched bars were described showing the effect 
of notches on the per cent elongation of a portion of the stress- 
strain diagram after the upper yield point has been passed. 
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Discussion 


GerorceE C. Priester.** It is pleasing to note that the author 
has demonstrated the fact that there exists an upper and a lower 
yield point. Most American engineers assume that the stress- 
strain diagram is always a horizontal line representing the unit 
stress at the upper yield point. This is not the case for our 
ordinary low-carbon bessemer or open-hearth steel. The writer 
has tested many specimens of hot-rolled steel bars, round, square, 
and rectangular, in cross-section, and has obtained autographic 
stress-strain diagrams similar to type a in Fig. 8. The specimens 
were not polished or machined, but still retained the mill scale 
over their entire length. From this it is evident that the polish- 
ing of the specimen is not a factor in producing this type of a 
stress-strain diagram. 

The writer has also carried out tests on bars of rectangular 
cross-section in which holes had been drilled perpendicular to the 
axis of the bar. The stress-strain diagram for these specimens 
were similar to type d, Fig. 8, of the author’s paper. In test 
pieces in which there was placed a series of holes along the axis of 
the bar, the stress-strain diagrams were similar to the author's 
diagrams shown in Fig. 16. The shape of the diagrams varied 
when different-sized holes were drilled in the specimen. 

The author should be commended for his valuable contribution 
to the study of plastic flow in mild steel. It is hoped that he 
may find it possible to continue his studies along this line. 


J. A. VAN DEN Broek.” The paper raises a number of queries. 
The first one is on terminology. In the title there occurs the 
term “yield point.” In the fourth line of the first page the 
author introduces the term “plasticity.’’ Furthermore, by 
implication, he seems to suggest substituting the term “limit of 
plasticity” for the well-tried term “yield point’”’ and the word 
“plasticity” for the good old English word “ductility.” The 
writer cannot help but wonder whether a certain German in- 
fluence is not responsible for this change in our terminology. 
It may be that the German language has but one word, “‘plas- 
tizitit,”’ by which it describes the property of modeling clay 
as well as the property of mild steel when stressed past the 
yield point. The writer’s objection is twofold. In the first 
place, the author thus blurs a useful distinction, and in the 
second place, he impoverishes our language by rejecting the 
term “ductility” and by making the word “plasticity” less explicit. 

Further, when the author speaks of the limit of plasticity, why 
not mention a third limit? It would appear that what is meant 
in the paper by plasticity is what is graphically represented by 
the horizontal part of the stress-strain curve. How about the 
right extremity of this horizontal portion of the stress-strain 
curve? And further, how about the point S, on Fig. 1? The 
writer understands that there are two terms to describe the stress 
condition represented by S,, Fig. 1—namely, elastic limit and 
proportional limit. He fails to see any gain in offering some 
more terms, such as upper yield stress. On the first page, first 
column, line 16, the author states that in “columns and beams, 
buckling is likely to occur if they are stressed above the yield 
point.’”’” The writer had the idea that the essential characteristic 
of buckling of columns is that it occurs within elastic-limit 
stresses. 

In 1918 the writer published the results of some 250 tests on 
mild steel in the Carnegie Scholarship Memoirs of the British 
Iron and Steel Institute, Vol. 9. This paper was also published 
in Engineering, July 26, 1918. 


26 Professor of Materials of Engineering, University of Minnesota, 
Minneapolis, Minn. 

27 Professor of Engineering Mechanics, University of Michigan, 
Ann Arbor, Mich. 


The writer was very much interested in the amorphous-cement 
theory as an explanation of the effects of cold-working on the 
elastic properties of steel. In 1918 he found Bauschinger’s 
classic experiments of 1886 uniformly misinterpreted in American 
and English literature. Some of this misinterpretation persists 
till this day. See Rosenhain, in his “Physical Metallurgy,” 
1914, page 247. See also page 15 of the writer's paper referred to 
and also page 18, from which is quoted, “If the contentions set 
forth in this paper are correct, it would appear that the strongest 
evidence Rosenhain mentions against the validity of his favorite 
amorphous-cement theory is invalid.”” Pertinent matter may be 
found on page 27, “‘Tests on Steel Balls.” 

The paper mentions the fact that the specimens used were very 
highly polished. On the third page, second column, is discussed 
the effect of surface conditions, yet the author neglects to attrib- 
ute any weight to the highly polished surface. Jt would seem 
that, after the thousands of stress-strain curves of mild steel 
recorded during the last 60 years, little need exists for recording 
sti!l more unless new features are brought out and attempts are 
made to explain such new features. The writer regards Fig. 9, 
which shows an upper yield stress 66 per cent higher than the 
lower yield stress, as uncommon to say the least. He does not 
deny that they may be obtained. On the second page, second 
column, the author says, “The question of whether to use the 
upper or lower values of stress as a limit is in many countries not 
definitely settled.”” So far as the bridge-engineering and build- 
ing-engineering professions in America are concerned, the writer 
offers without much fear of contradiction by any one in responsi- 
ble charge of designing of either bridges or skyscrapers the state- 
ment that the question is quite definitely settled. It is recog- 
nized that by special test a condition may arise similar to one in « 
supercooled liquid, or possibly similar to the difference mani- 
fested by static as against dynamic friction. The writer does not 
believe that the American bridge engineer, one of the greatest 
users of mild steel, will accept the curve in Fig. 9 as representative 
of the behavior of material in his structure as a train thunders 
over it. The writer further feels that, in his efforts to eliminate 
concentration of stresses, the author has coated his specimens 
with a layer of exceedingly tough, amorphous steel which ma- 
terially affects the behavior of the specimen. Witness the results 
the writer obtained with his tests on steel balls previously quoted 
The tests recorded then are not so much representative of mild 
steel as the title of the paper leads one to suppose, but are tests of 
steel bars consisting of mild steel in the core, which core is ef- 
fectively supported by polished steel, or amorphous steel, 0: 
intercrystalline steel, whichever term one prefers, on the surface 


R. E. Pererson.* A series of tests of grooved specimens i- 
described in which the width of the groove is varied. It is not 
quite clear what happens when the notch width becomes zero 
in other words, a circumferential crack. From Fig. 17 it is not 
apparent what the percentage elongation of A-B becomes at zerv 
width of groove. If total elongation of A-B is plotted, the origi: 
may be used as a point on the curve. 

A series of fatigue tests was made by the writer some time ago 
in which circumferential cracks were produced in the test speci- 
mens by a method suggested by P. G. McVetty. A very narrow 
and deep groove was turned in a bar, which was then heated 
and compressed axially to close the groove and thus form an 
artificial circumferential crack. A few tensile tests were als. 
made. These tests indicate that failure is of a triple-tension type, 
producing a fracture of crystalline appearance. No apparent 
yielding occurs, and it is suggested that the stress at breaking i- 


28 Research Laboratories, Westinghouse Elec. & Mfg. Co., Eas! 
Pittsburgh, Pa. Assoc-Mem. A.S.M.E. 
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the cohesion strength” of the material and further that all 
ordinary strength properties (elastic limit, upper and lower yield 
points, true ultimate strength) approach the cohesion strength as 
a limiting value as the width of groove approaches zero. These 
are, of course, suggestions, and it is hoped that further tests will 
be made along this line. 


A. NApva1.*! The various interesting phenomena accompany- 
ing the yield point of mild steel as observed or determined in the 
standard tensile testing methods and the various factors which 
seem to have an influence on the magnitude of the stress under 
which the first permanent deformations of considerable magni- 
tude in steel are produced, deserve perhaps more attention than 
they have found until now. To the Verein deutscher Eisen- 
hiittenleute in Diisseldorf is due the credit of having stimulated 
a number of investigations several years ago among the engineers 
with the aim to determine the various mechanical and thermal 
factors which have an influence on the magnitude of the yield 
stress of mild steel. The main results of these investigations are 
contained in a number of valuable reports mentioned in the paper. 
Among these, particular attention may be called to the valuable 
contributions contained in the investigations of P. Ludwik,*? M. 
Moser,? and F. Kérber.* In these recent investigations and in 
tests made by other experimenters not quoted here, many points 
have been brought out concerning the conditions that have an 
influence on such an important mechanical material constant as 
the stress under which the permanent deformations start to 
develop in mild steel. It has been shown that besides the carbon 
content, which has its primary influence on the shape of the 
stress-strain curve at normal temperatures, a number of other 
factors must be taken into account for a more exact determination 
of the yield stress of steel. 

The influence of notches and of local stress concentrations in a 
tensile-test specimen on the upper yield point has been particu- 
larly studied by the author. It is a noteworthy result of his 
tests that he has carefully tried to correlate the occurrence of the 
drop of the load so characteristic for mild steel at the yield point 
to the appearance of the flow or strain figures. 

The yield point or yield stress as a mechanical characteristic 
and as an expression of one of the important qualities of steel will 
mean more for the designer and the engineer, who must base their 
calculations on certain standard quantities, if they will keep in 
mind, together with the limiting stress values, the more important 
mechanical behavior of the steel chosen for a given purpose. 
The engineer should perhaps not be satisfied to know that his 
working stresses are well below one or the other of the material 
constants on which, according to our present knowledge, he must 
base the dimensions in his constructions. He should consider 
rather the whole behavior of the material, as read from the stress- 
strain diagram, and should take into account all those factors 
described in the paper and in the references mentioned above. 
These various factors have a definite influence on the magnitude 
of the yield stress and on the shape of the transition curve from 
the purely elastic state to the plastic state of steel. A more 
complete study of the various modes of yielding will help finally 
to establish a more satisfactory knowledge of the factors limiting 
dimensions of machine parts in design than a more or less rigid 


*? Ludwik, “‘Die Bedeutung des Gleit- und Reisswiderstandes fir 
die Werkstoffpriifung,”’ Zeit. V.D.J., vol. 71, p. 1532 (1927). 

* Czochralski, “‘Die Grundlagen der Verfestigungsvorginge,” 
Zeit. fur Metallkunde, vol. 15, p. 7 (1923). 

*| Research Laboratories, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. Mem. A.S.M.E. 

* P. Ludwik and Scheu, ‘Uber die Streckgrenze von Elektrolyt- 
und Flusseisen,”” Werkstoffausschussbericht no. 70 des V.D.E. 
Disseldorf, 1925: ef. also Stahl und Eisen, 1925, and other papers 
by Ludwik and his collaborators. 
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adherence to a limiting stress or a similar material constant. 

Apart from the points reported in the paper, there are a 
number of other questions which may still be investigated in 
connection with the yield stress. One or two of these points 
may briefly be touched here. 

It has been shown by P. Ludwik that age hardening has a great 
influence on the upper yield stress. He has shown that a com- 
paratively small change of the temperature after a first tensile test 
may raise considerably the upper yield stress in a subsequent test. 
In this connection some further results obtained by W. Koester,** 
which point to the nitrogen content in steel as a determining factor 
of the magnetic age hardening, should be mentioned here. Small 
quantities of nitrogen (0.005 to 0.01 per cent) which can be dis- 
solved in steel or precipitated from it under various conditions 
seem not only to produce these variations (for example, magnetic 
aging) but also to affect the developing of the dark lines by Fry’s 
etching solution. On this point further work is in progress at 
the Research Laboratories of the Westinghouse Company. 

As a last point, which might perhaps also need further investiga- 
tion, should be mentioned the study of the conditions of stability 
in various testing methods. As was observed long ago by 
Considére and a number of other investigators, the static equilib- 
rium in a test bar subjected to pure tensile stresses becomes 
unstable. Under certain conditions when the load-extension 
curve reachés an analytical maximum (a test bar at the upper 
yield point is in such a condition), an unstable state of equilibrium 
results. It would be interesting to discuss the mechanical condi- 
tions of the equilibrium, or rather the dynamic conditions while 
the equilibrium is disturbed, after the upper yield point has been 
reached and during the period in which the stress decreases from 
the upper to the lower yield stress. 

From the metallurgical side some points deserve further 
investigation. For example, the strength of the boundary 
substance lying between the grains in the structure of mild 
steel influences the yield point. There are indications that to 
the excessive strength of the boundary substance enclosing the 
soft ferrite grains in mild steel may be attributed the cause for the 
sharp break in the stress-strain diagram at the yield point of mild 
steel. 

AvuTHOR’s CLOSURE 


The author wishes to thank Professor Priester for further 
emphasizing several important points brought out in the paper. 
It is interesting to hear that he has made tests which corroborate 
and check the results reported in the paper. The tests which he 
made show very plainly that the polish on the specimen has 
nothing to do with producing the peak in the stress-strain curve. 
In regard to the tests mentioned on flat bars with holes drilled 
perpendicular to the axis, local yielding in the formation of slip 
layers prevented the attainment of a high peak, and in this 
respect should produce diagrams similar to the notched-bar 
tests results plotted in Fig. 16. It is interesting to note that 
Professor Priester’s tests check this observation. 

* With regard to Professor Van den Broek’s remarks concerning 
the terminology used in the paper, the author wishes to say that 
the term “‘yield point” was employed throughout in the majority 
of cases, and was not discarded for another term. The expres- 
sion “limit of plasticity’? was used in certain cases in order to 
differentiate between the actual physical phenomenon taking 
place and that arbitrarily defined quantity corresponding to an 
arbitrary percentage of elongation. As was mentioned in the 
paper, the subject treated here deals only with that yield point 
which expresses a natural limit or a physical property of the 
material, and not with that stress which is based on an arbitrary 


33“*Zur Frage des Stickstoffs im technischen Eisen,” Stahl und 
Eisen, vol. 50, no. 19, p. 629, May 8, 1930, and subsequent papers. 
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rule. The term “limit of plasticity” expresses clearly and 
exactly what type of yield point we are then dealing with, and 
excludes the possibility of confusion with such conventional 
definitions as are used in the testing of materials. The upper 
yield point is in truth the limit of plasticity of the material. 
The term “limit of plasticity’’ expresses the fact that in such 


Fie. 20 Tenstte-Test Fie. 22 Rounp Type 
Bar or Type a HaviIne or Bar 
A Heavy Oxipe ScaLe Usep 1n Tgsts To De- 


TERMINE EFFECT oF 
POLISHING ON UPPER 
Y1evp 


Over Its SuRFACE 


40,000 

30,000 

A 

20,000 

ol 

10,000 
0.25 0.5 

Scale for Deformation, 
0 Inches 


Deformation, Inches 


Fic. 21 Portion or AvtToGrapHic Srress-DerorMATION D1a- 
GRAM FOR A TENSILE-Test Bar or Type a Havine a Heavy Oxipe 
CoaTING 


"metals as mild steel the permanent deformations begin to become 


of a large magnitude at this stress. This term is not a new one in 
the English language or in other languages, and the author does 
not claim in any respect to be responsible for originating it. At 
the present he has on his desk a few of the Engineering Index 
Service cards, and on looking through them he found the word 
“plasticity” mentioned several times. The term “limit of 
plasticity” may be found, for instance, on card number 25,458, 
serial No. 31, of recent publication, and also in a large number of 
recent publications which cannot be listed here. However, to 


further clear up this point the author would like to call to Profes- 
sor Van den Broek’s attention the statement on the first page of 
the paper: “It is not the purpose of this paper to analyze the 
conventional methods of defining the yield point or to present 
new definitions in this connection.” It was more the intention to 
contribute to the physical knowledge of the various conditions 
which have been found to have an influence on the magnitude of 
the yield stress in mild steel. 

Concerning the word “ductility,” the author preferred not to 
apply this word in this connection on account of the various 
meanings which are generally attributed to it in the testing of 
materials. 

Professor Van den Broek also states that “there are two terms 
to describe the stress condition represented by 8), Fig. 1, namely, 
elastic limit and proportional limit. He (the writer) fails to see 
any gain in offering some more terms such as upper yield stress.’’ 
Here the author wishes to remark that the terms “elastic limit” 
and “proportional limit’’ were not used for a similar reason as was 
stated above for the word ductility. Again, the author does not 
claim to introduce a new term in using the expression ‘upper 
yield point.” This term appears to have been introduced by 
C. von Bach, as was mentioned earlier in the paper, and has been 
used very frequently since that time. 

Concerning Professor Van den Broek’s remark regarding the 
buckling of beams, the author wishes to point out that the state- 
ment referred to in the paper in the first column of the first page 
refers to the well-known theory of buckling after the yield point 
has been passed. The phenomenon of the buckling of columns 
and beams is not confined to purely elastic deformation, as several 
cases have been treated in the technical literature in which buc- 
kling occurs after the yield stress has been passed.** 

In the oral discussion Professor Van den Broek brought up the 
fact that the stress-strain curves included in the paper seemed to 
be of an unusual shape. With regard to this, the author believes 
that this may perhaps best be answered by reference to a large 
amount of work already done in this same field. This previous 
work is described in the various papers published by M. Moser, 
F. Kérber, W. Kuntze, G. Sachs, P. Ludwik, R. Scheu, C. von 
Bach and others which were referred to in the paper itself. These 
various publications contain many stress-strain curves for mild 
steel having the same shape and form as those included in this 
paper, which indicates that they are not of an unusual shape but 
are the same as those usually received for mild steel. 

The author would like to also point out in this connection that 
the type of testing machine used plays an important part in the 
determination of the lower yield point. The hydraulic testing 
machine with a continuous equilibrium of the force-measuring 
device provides a much quicker determination of this lower yield 
point than does the beam-type machine. If the beam-type 
machine has been used by Professor Van den Broek, this may 
perhaps account to a certain extent for his difficulty in observing 
this drop in load at the yield point. 

The question of the effect of the polish on the test bar on the 
behavior of the specimen is next discussed by Professor Van den 
Broek. It is believed by him that in polishing the test bars so 
highly, the bars were thus coated with a layer of tough, amor- 
phous steel which seriously affected the behavior of the specimen. 
In other words, he believes that the steel bars were mild at the 
core, but that the core was supported by the amorphous steel 
which changed the behavior of the material under stress. 
Professor Priester mentioned several tests which he had made on 
hot rolled bars having a heavy mill scale on them. He obtained 


*4 For a discussion of some of these cases see A. Nadai, ‘Der 
Bildsame Zustand der Werkstoffe,”’ J. Springer, Berlin, 1927, p. 12%, 
and also H. M. Westergaard and W. R. Osgood, “Strength of Stvel 
Columns,” Trans. of A.S.M.E., vol. 49-50, p. 65. 
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stress-strain curves similar to that shown for the highly polished 
bar, type a in Fig. 8. This shows clearly, then, that the polish 
had no appreciable effect on the behavior of the material. 

In order to further check this since the paper was presented, 
several different tests have been made, as this question is rather 
important. 

First a round bar of mild steel of type @ was machined, and 
then annealed in the customary manner at 900 deg. cent. The 
annealing produced a heavy oxide scale over the test piece as 
shown in Fig. 20. This scale was Jeft on the bar, and it was 
tested in this condition. The autographic diagram is shown in 
Fig. 21. This shows that even with an unpolished bar that has 
only a heavy oxide scale over the surface, the same type of stress- 
deformation curve is obtained as with the highly polished bar in 
Fig. 8 and having a high peak of similar magnitude. Second, five 
round tensile-test bars were made similar to the one shown in 
Fig. 22. Three of these were highly polished, one was well 
machined but not polished, and one was only roughly machined 
and not polished. Two of the three well-polished test pieces 


were placed in concentrated hydrochloric anon 
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said, if polishing had any effect on increasing the load, there 
would be a sudden discontinuity in the curve at the point A in 
the figure. None was obtained on reloading in this case, however, 
since the curve continued along the same path it was traveling 
before being interrupted by unloading. 

From these various tests it seems apparent, therefore, that 
polishing had no effect in producing the peak in the stress-strain 
curves as thought by Professor Van den Broek. 

Further, in regard to Professor Van den Broek’s compression 
tests to determine the crushing strength of steel balls, it might 
be said that the results of these tests could hardly be applied 
here to the yield point, since the crushing strength in such cases is 
governed by a very complicated three-dimensional stress distribu- 
tion, and depends besides more on the ultimate or breaking 
strength than on the yield point determined in simple tension. 

It was mentioned in the oral discussion by Professor 
Timoshenko that through certain precautions the yield point 
could be raised even to the ultimate strength of the material. 
This no doubt refers to Ludwik’s age-hardening tests. The 


acid for 1 hour and 1'/, hours, respec- 
tively. In both cases the polish was com- 
pletely removed by the acid. When these 


bars were tested, stress-deformation dia- 4 30,000 


grams were obtained as shown in Fig. 
23. The results of the tests are tabu- 
lated in Table 3. It was found that there 


was no difference in the values of upper 4 ®°9° | 
yield point obtained for the highly pol- 
ished bar and the unpolished but well- 


machined bar. The rough-machined bar 
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showed a small decrease in the upper yield 
point due to the presence of a large 
number of stress concentrations produced 


| 


by the lathe tool. This effect in reducing Ot 
the upper yield point is somewhat similar 
to that produced in the grooved flat bars, 
type d, mentioned in the paper, but of 
smaller magnitude. Slip layers form at 
the grooves in both cases, and local yield- 
ing reduces the upper yield point. The 
- effect of the etching on the polished bars was of a similar nature. 
Minute stress concentrations here also tended to slightly reduce 
the upper yield point. In all of the cases, however, Fig. 23 shows 
essentially the same type of high peak with sudden drop in load, 
indicating that the polish had no effect whatsoever in producing 
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{(1) Highly polished bar. 


ished. (4) > 


TABLE 3 RESULTS OF TESTS ON FIVE DIFFERENT TENSILE 
TEST BARS WITH A VARIETY OF SURFACE CONDITIONS 


(All bars included here were round of the type shown in Fig. 22.) 


Diff. between 
upper and 
Upper yield Lower yield lower yield 
stress, stress, points, 
Type of test bar lb. per sq. in. Ib. per sq. in. ib. pers in. 
Highly polished bar.............. 37,900 28,400 
Well-machined bar (no polish)... . 37/900 28,200 9700 
Roughly machined bar (no polish). 35,700 28,900 6,800 
Well-polished bar etched for 1 hr. 
Well-polished bar etched for 1'/3 
36,000 28,600 7,400 


the peak. An additional test was made to further emphasize 
this. A eylinder of hard-drawn copper was annealed at 500 deg. 
cent. for two hours and then tested in compression. The copper 
was quite soft after this annealing treatment. The deformation 


Was measured by means of two dial gages. When a load of 
20,000 lb. was reached, the cylinder was unloaded, and the 
deformation was also measured during unloading. The cylinder 
was then polished highly on the lathe and reloaded. The stress- 
strain curve obtained is shown in Fig. 24. According to what was 
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author would also like to add in this connection that such pre- 
cautions as the careful design of the test piece in order to prevent 
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stress concentrations is very important to attain this high peak. 
If a test bar has sharp fillets between the head and the cylindrical 
length, both M. Moser and F. Kérber have shown that the peak 
will be greatly reduced, as was mentioned earlier in the paper. 

A very important additional point was brought out in the 
discussion by Dr. Nddai, in that the designing engineer should 
keep in mind not only the value of the yield stress, but also the 
various factors affecting it. In doing this the engineer will 
arrive nearer to the true condition present in his structure. It is 
also to be noted that Dr. Nadai has indicated a number of other 
interesting questions in this connection which may still be 


investigated, and it is hoped that more research will thus be 
stimulated in this field. 

It was pointed out by Mr. Peterson that it is not apparent from 
hig. 17 what the percentage of elongation of A — B becomes at 
zero width of groove. This fact is indeed true. The author, 
however, was more interested in the percentage of elongation as 
used in the ordinary stress-strain curve than in total elongation in 
an effort to compare the actual lengths of the portion A — B, as 
would be shown in the diagram. The total elongation, if 
plotted, would pass through the origin, as was suggested by Mr. 
Peterson. 
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Because of the difficulty of computing accurately the 
stresses in curved bars by the ordinary method, the author 
has derived simple formulas which give sufficiently reliable 
results with the use of a slide rule. The paper sets forth 
these derivations and gives several examples of the 
application of the formulas. 


Cont methods of computing 


stresses in curved bars are com- 
plicated and, unless carried out with 
extreme care, likely to give inaccurate re- 
sults. It is the object of this paper to 
describe simpler methods and to propose 
formulas which will give reliable results 
with the use of a slide rule. Statement of 
the formulas will be followed by illustra- 
tive applications, after which the methods 
of derivation will be described. 

Fig. 1 shows part of a curved bar above 
the cross-section G// in equilibrium under the action of a load 
P and the stress on the cross-section GH. The plane of the 
cross-section GH passes through the axis of curvature O of the 
centroidal axis of the bar. The load P is applied in a plane 
of symmetry of the bar and perpendicular to the cross-section 
GH. In this figure and in Figs. 2 and 3, let 


R = radius of curvature of the centroidal axis of the bar 
A = area of the cross-section GH 
dA = area of an elementary strip 
S = unit normal stress on the element dA 
r = radius from O to the element dA 
v = distance from centroidal axis of A to element dA 
x = distance from neutral axis (S = 0) to element dA 
(both v and z are positive when measured toward O) 
x, = distance to centroidal axis from neutral axis 
M = moment of P about the centroidal axis of A 
My = moment of P about the axis of curvature O 
h = radial depth of the cross-section, and 
n = the ratio R/h of centroidal radius to depth of section. 


The proposed formula for unit stress at any point in the cross- 
section is 


A RF 


in which 


' Assistant Professor of Mechanics of Engineering, Sibley School, 
Cornell University. Mr. Perkins received the M.E. degree from 
Cornell University in June, 1915. After a year as machinist in 
the toolroom of the Morse Chain Works at Ithaca, N. Y., he was 
appointed instructor in mechanics in Sibley College. He was for 
one year instructor in the Department of Heat Power in Sibley 
College and one year as instructor in the Department of Mechanics 
of the University of Wisconsin. 

Contributed by the Applied Mechanics Division and presented 
at the Hartford, Conn., Meeting, June 1-3, 1931, of Tas AMERICAN 
Society oF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Stresses in Curved Bars 


By H. C. PERKINS,' ITHACA, N. Y. 


201 


The limits of integration are such as to include the entire area A. 
Since F appears in the denominator of the expression for bending 
stress and its units are those of area, F may be called the effective 
area of the cross-section for bending about the centroidal axis, 
or simply “the effective area.”’ 


CONVENIENT APPROXIMATE FoRMULAS 


Integration yields such awkward forms for F that the following 
formulas are to be preferred both for convenience and probable 
accuracy of result, provided that the least value of r for the given 
section is greater than one-tenth of the depth of section h. This 
limit is seldom likely to be exceeded. 

For the effective area of a rectangle use 


An? 
> 


F = 
12(n? + 0.04)(n? — 0.188) 


[2] 
The value of n should not be less than 0.6. 
For the effective area of a circular or elliptical section use 


= An? 
16(n? + 0.035)(n? — 0.161) 


(3) 


The value of n should be not less than 0.6. 

For the effective area of a triangular section, base parallel to 
the axis of curvature, vertex directed toward the axis of curva- 
ture, use 


A A 
18(n? — 0.145) 135 n(n? — 0.342) 


[4] 


The value of n should not be less than 0.77. 


EXAMPLES 


Example 1. To illustrate the use of these formulas, consider 
the curved bar in Fig. 4. Compute the maximum unit normal 
stress on the cross-section GH, which is circular. P = 5000 lb., 
A = 12.57 sq. in., R = 4in., h = 4in., n = 1, M = 40,000 
lb-in., and M/R = 10,000 lb. 

To evaluate F, use Equation [2], or 


12.57(1) 


F= = 0.904 sq. in. 
16(1 + 0.035)(1 — 0.161) 


The maximum tensile stress is at H. Substituting this value in 
Equation [1] and taking v = 2, r = 2 
5000 — 10,000 — 10,000 (2) 
S = = —398 + 11,050 
12.57 0.904 (2) + 


= 10,652 lb. per sq. in. tension 


The maximum compressive stress is at G. Substituting in 
{1], with vy = —2 andr = 6, 
5000 — 10, 10,000 (—2 
S = ane + a = —398 — 3685 
12.57 0.904 (6) 


= —4083 lb. per sq. in. compression 


In case the section is a composite of several standard parts, 
such as a 7’--section composed of two rectangular parts, it is 
necessary to obtain the effective area of each part for bending 
about the centroidal axis of the complete section. The effective 
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area of the composite section is then equal to the sum of the 
effective areas of the parts when referred to this axis. 


To find the value of the effective area F’ for bending »bout an 
axis at radius R’, from the area A, whose centroid is at radius R, 
and whose effective area is equal to F,, use the formula 


A, 
Po — +—( —R,)...... 
(e (6) 


Example 2. To illustrate the use of formulas [5] and [6], 
find the maximum unit normal stress on the 7’ cross-section 


tp 


Figs. 1-3 


of Fig. 5 when P = 4000 lb. For the rectangle at the left, 
A; = 6 sq. in., R; = 6in., hy = 6in., and nm, = 1. From [2] 
6 (1) 

12(1 + 0.04)(1 — 0.188) 


Transferring to the combined axis, R’ = 4.6 in., and using 
Equation [6], 


P, 


= 0.592 sq. in. 
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0.592 6 
F’ = (40) + (40 s) = — 0.946 sq. in. 
For the rectangle on the right, A: = 4 sq. in., R, = 2.5 in., 
he = Lin., and nm, = 2.5, whence 

4 (6.25) 


F, = = 0.0547 sq. in. 
* 726.25 + 0.04)(6.25 — 0.188) 


Transferring to the combined axis, R” = 4.6 in., 


F’ — 4.6} + : 4.6 — 2.5 3.467 i 


The effective area of the T-section is therefore 
F = F" + F’ = 3.467 — 0.946 = 2.52 sq. in. 


and the maximum tensile stress, for which v = 2.6 in., and r = 
2 in., is, from Equation [1], 
4000 — 7480 | 7480 (2.6) _ 
10 2.52 (2) 


S= —348 + 3860 
= 3512 lb. per sq. in. 


For the maximum compressive stress, » = —4.4 in., andr = 
9 in., so 


1000 — 7480 7480 (—4.4) 
pate 10 2.52 (9) 
= —348 — 1452 = —1800 lb. per sq. in. 


Example 3. As a further illustration, consider the hook 
described in article 133 of Morley’s “Strength of Materials.” 
The section is trapezoidal as shown in Fig. 6. P = 1.25 tons 
applied through the axis of curvature O, A = 3.375 sq. in., and 
R = 3 in. Regard the trapezoid as composed of two parts, 
a positive rectangle 2 in. X 2.25 in., and two negative triangles 
(treated as one part) each of 0.5 in. base X 2.265 in. altitude. 
For the rectangle, A; = 4.5sq.in., Ri = 3.125in., n; = 3.125/2.25 
= 1.389, and n,? = 1.929. Substituting in Equation [2], 


4.5 (1.929) 
~ 12(1.929 + 0.04)(1.929 — 0.188) 


= 0.2109 sq. in. 


Transferring to the axis of the trapezoid, using Equation {6}, 


F’ = 0.2109 le + AC ~ 3.125) = 0.2027 — 0.18 


3.125 3.125 
= 0.0227 sq. in. 
For the triangles together, Az = —1.125 sq. in., R, = 3.5 in., 
ny = 3.5/2.25 = 1.556, and n.? = 2.42. Substituting now in [4] 
P —1.125 -1.125 
. 18(2.42 — 0.145) 135(1.556) (2.42 — 0.342) 
= —0.0275 — 0.00258 = —0.0301 sq. in. 


Transferring to the axis of the trapezoid, using Equation [(), 


(3 — 3.5) 
3.5 
+ 0.1607 = 0.1349 sq. in. 


F” = (—0.0301) + (—1.125) = —0.0258 


The effective area of the trapezoid is then 
F = 0.0227 + 0.1349 = 0.1576 sq. in. 


The maximum tensile stress occurs where v = 1 and r = 2. 
Substituting in Equation [1] P = 1.25 tons, M = 1.25 
3 ton-in., and M/R = P = 1.25 tons, 


= 
| 
| 
| | 
| | 
| 
an 
| 
| ‘ 
| / | 
/ 
/ FIG. | 
if 
| 
| | 
| 
if 
Section GH | 
| 
He 
| | 
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_ 1.25 — 1.25 
3.375 


1.25 (1) 


0.1576 (2) 


= 0 + 3.97 tons per sq. in. 


The maximum compressive stress occurs where » = —-1.25 and 


r = 4.25 in., or 


1.25 — 1.25 
3.375 


8 — 


1.25(—1.25) 
—_ 

These stresses differ from 
Morley’s by about three 
per cent. It is an unex- 
pected demonstration of the 
comparative reliability of 
the new formulas to dis- 
cover that the error is in 
Morley’s numerical work. 
Computing the value of A’ 
from his figures, A’ = 
3.5328, so that his value for 
the effective area should be 
A’ — A = 0.1578 sq. in., 
which makes the unit 
stresses, respectively, 3.96 
and 2.33 tons per sq. in. 
The magnitude of the error is of course too small to affect the 
practical value of the result, but it does demonstrate that the 
older formulas are very sensitive to small errors of computation 
and likely to yield inaccurate results. 


DERIVATION OF EquaTIOn [1 


Fig. 3 represents a short portion of the bar included between 
two successive cross-sections GH and (before loading) mn. 
After loading, the section mn has rotated about its neutral axis 
into a new position m’n’, thus extending each longitudinal fiber 
of the bar in proportion to its distance z from the neutral axis. 
The original length of each fiber is proportional to its distance 
r from the axis of curvature O, so the unit deformation of each 
fiber is proportional to the ratio r/r. Within the elastic limit, 
unit stress is proportional to unit deformation, so, in terms of a 
constant of proportionality K, 


S=K 


For equilibrium, the moments of all forces in Fig. 1 taken about 
the axis 0 must be equal to zero, or 


My = frSdA = K = Kx,A 


One conclusion to be drawn from this equation is that the 
action line of a load P’, which bends the bar in such a way that 
the neutral axis passes through the centroid of A, must pass 
through O for x,’ = 0, consequently M,’ = 0. Since 2’ = v 
for this case, Equation [7] may be written 


Summing vertical components of the forces applied to the bar 


P’ = f tas = K'F 


in which the value of the integral F depends only upon the form 
of « given curved bar. Solving for K’ and substituting in [8], 
pre 


S’ = ig! 
..'9 
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To make use of this result, resolve P in Fig. 1 into two parallel 

components, P’ acting through the center of curvature, and 

P” acting through the centroid of the cross-section. Writing 
moments about C, P’R = M, so 

M 

P’ =— 

R 


and, from a force summation, 
M 
Pp’ = P—-— 
R 


Since P” acts through the centroid of A, it produces a uniform 
stress at all points of the cross-section, or 


(10) 


The stress at any point in the cross-section may now be written 
in the desired form. 


S = + 


Derivation or Equations [2], [3], [4] 


For a rectangular cross-section, area = A, depth = h, and 
radius from center of curvature to centroid = R, a value of F 
may be found by integration: 


og 
Fie. 5 4 
| 
i | | 
6 
A 
Substituting the value of P’ = — in [9], et 
R 
Mv 
RFr 
r 
h 
A R +5 
F = — log| —— A.......... 
Rh h 
| aay 
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This expression requires careful calculation with the aid of tables 
and is quite unsuited to use with a slide rule. The more con- 


venient form [2] may be obtained as follows. Expand [11] 
in the form of a series, or 
Ah? Ah® 
F {lla] 


~ J2R? SOR‘ 
Place the series in the denominator by division, giving 


A 


F = [11d] 


R? h? 
— 1.8 — 0.0516 + 
Neglect further terms, adjust the constants empirically for best 
agreement with [i1], factor for convenience in computation, 
and put R/h = n, giving 
r= An? 
12(n? + 0.04)(n? — 0.188) 


When R/h = n is greater than 1, this expression gives results 
which differ from results of [11] by less than 0.2 per cent. The 
greatest errors, when 7 is less than 1 but greater than 0.6, are 


- less than 0.6 per cent. 
Equation [3] for an elliptical or circular section may be de- 


rived as follows, integration shows that 


R{R [Re 
p= F028) — a... .. [12] 


Expansion, division, adjustment, and factoring as for the rec- 
tangle result in the form 

An? 
~ 16(n? + 0.035)(n? — 0.161) 


F = .. [3] 
When n = 0.6 this expression differs from [12] by about 0.7 
per cent in value, the error decreasing to 0.2 per cent and less 
when n is greater than 1. 

Equation [4] for a triangular section with vertex toward O 
may be obtained as follows. By integration, 


R 3R — 2h 3R +h 
24 3h log a... {13] 


Expanding in series, 


An* + An’ An‘ + [13a] 


Summing the even-powered terms and odd-powered terms 
separately and dividing, 
A A 


= + [136] 
18n? — 2.4+ ...... 


F 


Neglecting further terms and adjusting the constants, 


A A 


P= — 0145) * 135 n(n? — 0.342) 


Values obtained from this expression will differ less than 0.5 
per cent from the corresponding value of [13], if n is less than 
0.77. 

Formulas for other forms of cross-section could be derived but 
would be less useful than Equations [2], [3], and [4]. In par- 
ticular, an expression for the effective area of a triangle with the 
vertex directed away from O would be similar to [4] with the 
negative sign between terms but inferior to [4] in range and 
accuracy. 
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Derivation oF Equations [5] anv [6] 

For a composite section, the integral F may be extended over 
the parts separately and the results added, for integration is a 
form of addition. 

Pa +.......... [5] 

Given the value of the effective area F, = ff: aA for bending 

r 


about a centroidal axis at radius r = R,, to find the value of the 


effective area F’ = f? dA for a parallel axis at radius r = R’. 


Put for z its value R’ — r, then 


v r 
dA F’'+A 


, and for the special case where z = p 


r R’ 
R, 
Solving for F’, there results the desired expression, 


The effective area may be evaluated graphically or by approxi- 
mate integration, using Simpson’s Rule. Morley expresses 
the effective area as the difference of two areas A’ — A, and 
in article 131 of his “Strength of Materials” describes a graphical 
construction. In using Simpson’s Rule it will be seen that rv 
changes sign at the centroidal axis, so some terms in the rule 
will be negative. This may be avoided if desired by using the 
expression, 


.. [14] 


which may be derived as follows: f‘vddA = 4A = 0, so that 


v v v v 1 v? 
=e -dA — —dA = -— }dA =— —dA 


Discussion 


EK. O. Waters.? The author’s formula [1] is very interesting, 
by way of showing how a given mathematical process may be 
simplified for purposes of computation. Theoretically, the 
standard formulas, such as those on p. 483, Marks’ Handbook, 
3d ed., which are derived from Morley, should give identical 
results. Actually, however, it is necessary to compute three 
differences in these formulas, as against one difference in the 
author’s formula. The difficulty of obtaining accurate results 
from formulas involving the differences of two or more terms is 
well known, when the slide rule is used for computation. Even 
with five-place tables and computing machines, the percentage 
error of the result is appreciable, if the differences are small 
in comparison with the magnitude of the separate terms. 

Apparently, this desirable transformation has been secured 


by replacing the integral R Fj = (Morley’s “modified” area) 
r 


with the integral ; dA (the author’s “effective” area), th: 
r 


two being related by the equation: 


2 Associate Professor of Mechanical Engineering, Yale University, 
New Haven, Conn. Assoc-Mem. A.S.M.E. 


1 vy? 
RJ 
— 


dA 
r r 


Another form in which the equation for stress in a curved 
bar is sometimes written is (using the author’s notation) 
Mz 
— 
A Axn(R + x) 


R 


S = 


This looks simple, but before it can be used it is necessary to 
calculate not only the location of the centroidal axis, but also 
that of the neutral axis in pure bending. 

In contrast with the foregoing, it would seem that the author's 
method for evaluating the “‘effective’’ area of irregular shapes, 
while theoretically sound, would introduce as great a chance of 
error as is obviated by using formula [1]. It also seems pertinent 
to ask on what basis the constants in Equations [2], [3], and [4] 
have been empirically adjusted. In making such adjustments, it 
is likely to be the case that high accuracy over a certain range 
of the variable in question is obtained only at the expense of 
considerable inaccuracy beyond this range. 


C. H. Kent.* No exact solution of the problem of stresses 
in curved bars applicable to all sections has so far been dis- 
covered. For the special case of a thin rectangular section, an 
exact solution based on the theory of elasticity was obtained by 
Golovin in 1880. The approximate solutions in general use 
which neglect radial stresses are based on the work of Winkler 
published in 1858. These solutions also make the assumption 
that a cross-section of the curved bar remains plane as the bar is 
bent, which the exact solution for the section referred to shows 
to be actually the case. 

The author has presented an approximate solution in a form 
which is at once easy to demonstrate and reliable to use. He is 
no doubt familiar with the following equation presented by the 
writer‘ in a different form from his own, but similarly derived: 


where 
ly e 
A eX 
r, = radius of curvature of gravity axis 
= distance from center of curvature of bar to line of action 
load 


R=A = radius of curvature of neutral axis 


and other terms have the same meaning as in this paper. 
ln this form the equation has the advantage that the value of 


Professor of Mechanical Engineering, Pennsylvania State Col- 
lege, State College, Pa. Present address, Ann Arbor, Mich. Mem. 
A.S.M.E, 


Vachine Design, March, 1931, pp. 30-32. 
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f — is readily obtained for regular sections, making unneces- 
r 


sary the use of the approximation for F as in this paper. It has, 
however, the disadvantage of additional complexity and sen- 
sitivity to numerical errors. The equation for R shows at once 
that the neutral axis coincides with the centroidal axis when e 
is zero, as the author has pointed out. 

When applied to Example 1 of this paper, Equation [15] gives 
stresses of 10,350 and —4010 lb. per sq. in. at the points H and 
G, respectively. In applying this formula it should be re- 
membered that ein Example 1 is negative. Comparison with the 
author’s results indicates the accuracy of the expressions he has 
given for F. 

One may compare the results of these formulas with the 
exact solution for the case of a thin rectangular section. Let 
n = 1.5, and assume that the line of action of the load passes 
through the center of curvature. The exact solution in this case 
gives S = 12.88P/A. Equation [15] gives S = 12.63P/A. 
The author’s Equation [1], using his approximation for F and 
V/F = '/., gives S = 12.60P/A. 

We may conclude that formula [1] and the approximations for 
F which have been given are sufficiently accurate for practical 
purposes and possess the distinct advantage of vielding reliable 
results with the use of the slide rule. 


AuTHOR’s CLOSURE 


After the interesting and pertinent comments of Mr. Waters 
and Mr. Kent, further discussion would seem to be unnecessary, 
but for the question of the method of adjusting the constants in 
Equations [2], [3], and [4]. As to the effect of this adjustment, 
it should perhaps have been stated that the adjustment is small 
and does not appreciably affect the results in most practical cases. 
In Equation [116], for instance, the third term in the denominator 
is usually small enough to neglect, but in the unusual case where 
n is less than 1, this term becomes important. It is therefore 
possible to select a suitable value for this term, which with an 
extremely small change in the second term will permit the use 
of the final formula for all values of n greater than 0.6, and 
without introducing appreciable error into the range where n 
is greater than 1. It is true that the result is very much in 
error for values of n less than 0.6, but no engineer is likely to 
meet such an extreme case (inside radius of curvature less than 
one-tenth of the depth of section). 

Mr. Waters also suggests that computations for the effective 
area of an irregular section are subject to chances of error when 
computed by the method used in Examples 2 and 3. The main 
advantage of that method is its similarity to that used in com- 
puting the moment of inertia of a composite section. An engi- 
neer who can compute the moment of inertia of a composite 
section should be able to obtain equally reliable results when he 
uses this method of computing effective area. It is also well 
to keep in mind the advantages of Simpson’s Rule, especially 
when used in connection with Equation [14]. 


s 
\ 
P R\ A—eX 
S = 1— — [15] 
A A—r,X 
dA 
X= — ae 
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Strength of Thin Cylindrical Shells Under 


External Pressure 


By HAROLD E. SAUNDERS! ann DWIGHT F. WINDENBURG,? WASHINGTON, D. C. 


The scope of existing formulas for the design of cylin- 
drical tubes and vessels under external pressure, especially 
with regard to the determination of empirical constants 
and coefficients by systematic and comprehensive experi- 
mental data, is rather limited. The introduction and 
expansion of industrial processes, involving the treatment 
of materials under a vacuum, or within double-walled 
chambers whose jackets are filled with steam under high 
pressure, has, in conjunction with reduction in operating 
costs by the use of large units, resulted in the building of 
cylindrical vessels of great size, in the design of which 
engineers have had to be guided largely by what little 
past experience they could muster. The dimensions 
and proportions of these units fall far beyond the scope 
of any previous experiments. With fabrication costs so 
high and with satisfactory performance in service so 


HE lack of scientifically proved 

and generally accepted formulas for 

the design of cylindrical vessels that 
must withstand external pressure is the 
result not so much of lack of ingenuity 
or enterprise in the theoretical treatment 
of the design problem, but of the rather 
limited field of application and the dearth 
of comprehensive experimental data which 
would permit the establishment of satis- 
factory constants and coefficients in ex- 
isting formulas. 

To be sure, certain portions of the field 
have been carefully explored and are well covered. For example, 
the seantlings of tubes and cylindrical furnaces for fire-tube 
boilers are being selected by reference to simple formulas which 
have been proved by many years of practical experience. In 
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important an item, the use of inadequate formulas can 
hardly be justified. Engineers called upon to execute 
these designs very rightly feel that they must have at 
their command workable scientific formulas, based upon 
logical application of accepted theories and capable of 
establishing proportions which will result in proper dis- 
tribution and economy of material. It was because of 
the lack of adequate design formulas of this kind that the 
A.S.M.E. Special Research Committee on the Strength 


‘of Vessels Under External Pressure was organized. This 


F. WINDENBURG 


paper represents the first attempt of the committee to 
meet the needs of designer and engineer. It is being 
published in advance of completion of research work on 
this project, to fill urgent needs in the profession and to 
bring forth suggestions, comment, and criticism from 
those interested in this work. 


these cases, however, the design is so in- 
volved with allowances for fabrication, for 
corrosion, for unequal heating, and for 
varying degrees of auxiliary support, that 
the fundamental strength formulas can 
scarcely be recognized. 

The classic experiments of Fairbairn, 
Stewart, Carman, Cook, and others pro- 
vide simple and useful design formulas 
for pipes subjected to external pressure, 
but for the most part they apply only to 
commercially manufactured tubular mem- 
bers of moderate diameter and long length, 
which are in many cases assumed free from end or axial loading 
and from other restraints. Specifically, the diameters covered 
by these tests are 12 in. or less, and the tubes generally have 
a length-diameter ratio of 4or more. The thickness-diameter 
ratios, however, are in every case so small that the pipes may 
be expected to collapse by instability. 

The present-day problem involves diameters of the order of 
20 to 50 ft., length-diameter ratios of from 4 down to 1 or less, 
and working conditions which in almost every case involve 
end loading. The problem then becomes one of the strength of 
thin shells of pressure vessels rather than the resistance of long 
pipes and tubes to external pressure. The simple conventional 
formulas are found no longer applicable when the length-diameter 
ratio falls below about 6, since the collapsing pressure rises 
very rapidly with a decrease in this ratio. For the majority 
of modern designs, the thickness-diameter ratio may be assumed 
to lie below 0.020, and the ultimate collapsing pressure, for a 
tube of infinite length, below 500 lb. per sq. in. These limits 
will be adhered to in the present paper. 


GENERAL THEORY 


The two-dimensional collapse of an infinitely long, thin tube 
has been carefully investigated. The formula 
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given by Bryan (1)* is generally accepted. Here, 


Pe = collapsing pressure 

E = Young’s modulus 

1/m = Poisson’s ratio 

t = the thickness of the tube 

d = the diameter of the tube to the neutral axis (middle 


of the shell or wall). 


All units are given in inches and pounds per square inch. 
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Fig. 1 RELATION BETWEEN COLLAPSING PRESSURE AND t/d Ratio 


t 
IN THE ForRMULA p, = 66 X 108 7 


This is essentially the same as the well-known Féppl formula 
for the buckling of a circular ring under external pressure: 


=—...... 
[2] 
where 
p = collapsing pressure 
I = moment of inertia of the cross-section of the ring 
r = radius of the ring to the neutral axis 
L = length of the ring. 


When the ring is of rectangular cross-section and unit length, 
Equation [2] reduces to 


This latter differs from Equation [1] only by the factor —— 


which is approximately 1.1 when 1/m (Poisson’s ratio) = 0.3. 


* Numbers in parentheses are those of references given at the end 
of the paper. 


The pressures represented by these formulas are attainable 
only with geometrically perfect tubes, when the basic assumptions 
are fulfilled. For thin steel tubes, where 1/m = 0.3 and FE = 
30 X 108 lb. per sq. in., Equation [1] becomes 


t 3 
pe = x 


Stewart's corresponding empirical formula for commercial 
lap-welded steel tubes (2) and Carman’s formula for thin seam- 
less steel tubes (3) is 


where D is the outside diameter instead of the diameter to the 
neutral axis as given in all theoretical formulas. This value is 
some 25 per cent lower than that given by Equation [la], but 
it must be remembered that Equation [4] represents the average 
of a great many commercial tubes taken at random from stock. 
In several individual tests the values predicted by Equation 
{la] were obtained. For example, as pointed out by Slocum 
(4), Stewart’s tests Nos. 92 and 94 (2) give the following: 


——Collapsing pressure— 


Test No. t/d ratio By experiment By [la] 
92. 0.0312 2030 2004 
94.. . 0.0323 2200 2224 


A graphic representation of Equation [la] for general use 
is given in Fig. 1. 

Theoretical solutions to the problem of collapse of short 
tubes have been obtained by Lorenz (5), Southwell (6), and 
von Mises (7). Southwell developed a formula for the col- 
lapsing pressure of a short tube, taking into account the effect 
of limited length on the elastic behavior of the cylinder. He 
obtained an expression involving not only all the usual factors, 
but the number of lobes n and a constant Z, which latter was 
dependent upon the type of end constraints. This equation 
is as follows: 


zor! Z d m? “2 
— 1) \L 3 m? — 1 n 


where n is the number of lobes in a complete circumferential 
belt at collapse, and Z is a factor depending upon the type of 
end constraints. 

The preceding formula gives distinctly separate curves for 
successive integral values of n when p is plotted against 1 /d 
with a constant ratio t/d. Theoretically, the number of lobes 
will be that value of n which will produce the minimum collapsing 
pressure by Equation [5] for any given length. Southwell 
(8), however, showed that the single hyperbola 


represented very closely the envelope of the family of curves 
given by various values of n in Equation [5], and that this 
hyperbola could be used with safety to determine the collapsing 
pressure of short tubes. 

Later, Cook (9) evaluated the constant Z for an ideal type 
of end constraints. He obtained the value Z = 2‘/16, and 
showed a very remarkable experimental verification of Equation 
[5] when this value of Z was used. 

If we assume this value of Z and substitute the values E = 
30 X 10% lb. per sq. in. and 1/m = 0.3 in Equation [6], we obtain 


d é 
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P 


Curve C of Fig. 2 represents the hyperbola of this equation 
for t/d = 0.003. 

The vertical scale represents the collapsing pressure of a tube 
of given L/d ratio in multiples of the collapsing pressure of a 
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Curves ILLUSTRATING COMPARATIVE THEORETICAL AND 
EXPERIMENTAL DaTa 

Curve C, Southwell’s single hyperbola, Equation (61; D, Equation [9] for 
critical length = 6D; E, von Mises’ Equation [10]; F, experimental curve 
for best models. These curves are for t/d ratios of approximately 0.003.) 


Fig. 2 


similar tube of infinite length. Denoting this multiplying factor 
by M, we may then write 


where p is the collapsing pressure of any tube and p, is the col- 
lapsing pressure of a tube having the same t/d ratio but of in- 
finite length. However, if we divide Equation [6a] by Equa- 
tion [la], we obtain 


[t is evident that Equation [8] will give a different curve 
for M against L/d for each value of t/d. This is actually seen 
to be the case from the experimental data obtained by Cook (10). 
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It will also be noted that Equation [8] can be written as 


Pe d 
=— kd 


where the factor kd*V/ d/t is the expression for the “critical length” 
given by Southwell (6). Equation [8a] then becomes 


. [8a] 


Pelee 
L [9] 


where L, is the critical length, defined as the minimum length 
beyond which the resistance of the tube to collapse is independent 
of the length, and p, is the pressure at which a tube of critical 
length will collapse as calculated by Equation [1]. 

This is identical with the expression given by Carman (11). 
Carman, however, says that the critical length is equal to 
about 6D, and hence is independent of the t/d ratio. Curve 
D, in Fig. 2, shows the hyperbola represented by Equation [9] 
when the critical length is placed equal to 6D. If this hyper- 
bola were used for the ratio t/d = 0.003, the experimental values 
would exceed the theoretical by as much as 400 per cent. 

Cook’s experimental work (10) seems to confirm Southwell’s 
theoretical expression for the critical length, but he obtains 
the numerical value 1.73 for the constant k, instead of 1.11 as 
indicated by Equation [8]. Cook’s values of t/d ranged from 
0.0097 to 0.0146. The values used in the tests conducted thus 
far at the Experimental Model Basin are from 0.003 to 0.004. 

The first to develop a theoretical expression for the pressure 
at which short tubes under end load as well as circumferential 
load would collapse by instability was von Mises (12), who gave 
the following: 


The evaluation of this formula is rather complicated, for 
its use involves finding the value of n which gives the lowest 
collapsing pressure. 

Curve E, Fig. 2, represents values calculated from von Mises’ 
Equation [10]. 

Curves C, D, and E, Fig. 2, cannot be extended indefinitely 
to low values of the ratio L/d because, under these conditions, 
collapse by pure instability will no longer occur. Von Sanden 
and Giinther (12), who have made a theoretical investigation 
of this phase, find that collapse of very short tubes (L/d less 
than about 0.20) is brought about by development of high stresses 
adjacent to the stiffening or supports, which stresses exceed the 
proportional limit and reach the yield point of the material. 

Actual measurements on many models, similar to those listed 
in Table 1, having low L/d ratios (of about 0.15), indicate that 
collapse is brought about by overstressing the material before 
there is any indication of the lobe formation which precedes 
collapse by instability. 

Since all the preceding formulas contain E, they cannot be 
expected to hold strictly under such conditions. Von Kérman 
(13) has brought out to excellent advantage the variation in 
modulus of elasticity in the vicinity of the yield point. These 
matters, however, pertain to a fundamentally different type of 
collapse, and it is proposed to defer discussion of them to a 


subsequent paper. 
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NEW) TABLE 1 


Model 
dentifica- 
tion pe 

number, t, d, pPby Eq. M= 
series III in. in. in. t/d L/d expt. [la] p/pce 
2000D50T1 0.0500 16.0 32.0 0.00312 2.00 26.5 2.00 13.2 
1500D50T1 0.0530 16.0 24.0 0.00331 1.50 41.5 2.39 17.4 
1500D50T2 0.0510 16.0 24.0 0.00319 1.50 35.5 2.14 16.6 
1000D50T1 0.0530 16.0 16.0 0.00331 1.00 58.0 2.39 24.3 
938D50T1 0.0500 16.0 15.0 0.00312 0.938 53.5 2.00 26.8 
750D50T1 0.0505 16.0 12.0 0.00316 0.75 64.5 2.08 31.0 
546D50T1 0.0476 16.0 8.75 0.00297 0.54 64.5 1.73 37.3 
500D50T1 0.0520 16.0 8.0 0.00325 0.50 94.0 2.27 41.4 
500D50T2 0.0510 16.0 8.0 0.00319 0.50 96.0 2.14 44.9 
5OOD50T3 0.0490 16.0 8.0 0.00306 0.50 83.5 1.89 44.2 
375D50T1 0.0510 16.0 6.0 0.00319 0.37 106.0 2.14 49.5 
250D50T1 0.0516 16.0 4.0 0.00323 0.25 134.0 2.22 60.4 
250D50T2 0.0518 16.0 4.0 0.00324 0.25 140.0 2.24 2.5 
250D50T3 0.0512 16.0 4.0 0.00320 0.25 163.0 2.16 75.5 
188D50T1 0.0493 160 3.0 0.00308 0.188 168.0 1.93 870 
125D50T1 0.0450 16.0 2.0 0.00281 0.125 195.0 1.46 133.6 


Maximum Angle 
variation in between Angle 
radius ex- maximum be- 
pressed in and tween 
fractions of minimum cen- 
thickness radii ter of 
first 
Re- Re- lobe 
-—— Number of lobes —— gion gion and 
ps Pio -—Calculated——. Entire of Entire of mini- 
Eq. E By Eq. Eq. Eq. cir- one cir- one mum 
(5) {10} expt. {12] (5) [10] cum. lobe cum. lobe radius 
20.8 21.7 5 4.88 5 5 0.47 0.47 ae? Ge? 8° 
33.2 34.6 6 5.55 6 6 ‘ 
29.6 31.4 6 5.60 6 6 0.53 0.53 23° 23° 4° 
44.9 467 7 7.24 7 7 0.33 77° 42° 
57.9 60.4 9 7.94 8 8 0.30 0.16 144° 24° ied 
68.8 71.8 9 9.50 9,10 9 0.50 0.50 25° 25° 6° 
94.0 99.3 10 9.65 1 9 0.43 0.37 130° 36° 10° 
89.5 94.6 9,10 9.70 10 9 0.33 0.25 105° 30° 45° 
80.5 85.8 9.10 9.80 10 9 0.26 0.18 73° 30° 95° 
118.5 128.1 11 11.30 ll 11 0.43 0.33 113° 14° 35° 
182.0 204.7 13,14 13.67 14 13 0.17 O.11 49° 9° + 
183.0 205.8 13,14 13.66 14 13 0.19 0.19 78° 8° 3° 
180.5 202.3 13,14 13.72 14 13 0.18 0.13 166° 9° 20° 
218.5 252.6 16 15.96 16 14 0.29 0.22 66° 23° 6° 
260.6 323.0 19 20.02 20 17 0.23 0.16 37° 19° 6° 


E = 30 X 106 tb. per sq. in. 1/m (Poisson's ratio) = 0.3 Al! models subject to full axial as well as circumferential loading. 


Evastic BEHAVIOR OF A CYLINDRICAL VESSEL UNDER EXTERNAL 
PRESSURE 


When a long, thin tube is subjected to external pressure, it 
first contracts uniformly around the circumference; that is, 
the circumferential elements of the shell, loaded similarly to long 
slender columns, will suffer uniform contraction or shorten- 
ing before bending. 


Fie. 3 Mopet or Tarn CyLinpricaL Vesse, CLOSELY 
Spacep INTERNAL StiFFeNING Rinos, SHOowING SYMMETRICAL LOBE 
ForRMATION AT COLLAPSE 


oo 


Fic.4 Diagram RepresENTING SHaPe oF THIN CyYLINDRICAI 
AND oF CoLuapsE BY INSTABILITY 

(Full line, original contour of middle of shell; broken line, contour just 

prior to collapse. Position of lobe formation of entire model is influenced 

by position of lobe at the point 1, where the original local variation in radius 

was great. Collapse finally —— = — land at the two adjacent 

As the pressure is increased, the circular elements will assume 
elliptical forms and will eventually collapse by instability. The 
tube will flatten out, with two bulges extending outward beyond 
the original circular form and two extending inward, forming 
what is known as two-lobe collapse. 

If circumferential supports are provided in the tube, at a 
distance apart less than the critical length, the presence of these 
supports causes a reduction in the length of the equivalent cir- 
cumferential columns. This is analogous to the well-known 
subdivision of a simple slender strut into bays, with the actua! 
neutral axis crossing the original axis at intermediate points. 

The circumferential elements of the tube between supports 
take the form of long, thin plates, loaded longitudinally and 
stiffened along their edges. These plates will buckle into numer- 
ous bays or lobes, depending generally upon the proportion of 
width to length of the plates. 

The subdivision of the original circumferential columns in 4 
cylindrical vessel evidences itself in an increase in the number 
of lobes above two, and a considerable increase, as in the simple 
column divided into numerous bays or bulges, of the collapsing 
or buckling load. It is this phenomenon which gives rise ‘0 
the increased strength of a tube with decrease in length. 

Von Sanden and Giinther (12) state that Equation (10! 
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“has always given the number of bulges on the circumference, 
and, for isolated bulges, the calculated length of the bulge has 
always checked with the observed length, even in cases where 
the experimental bodies were far from being ideal in form and 
scantlings.”” On the other hand, Cook (9), in referring to 
Equation [5] declares that “the number of lobes in the collapsed 
tube does not correspond with that indicated by theory. .... 
It is to be expected that the observed number of lobes will 
usually be less than that predicted by theory, and this is actually 
seen to be the case.” 

The tests thus far conducted at the Experimental Model 
Basin, as shown in Table 1, have in nearly every case given 
the correct number of lobes as predicted by both Equations [10] 
and [5]. The one notable exception is the model No. 1000D1 
shown in Fig. 4, where the actual number of lobes is seen to be 
8, while Equations [10] and [5] both predict 7. Thus, the 
number of lobes is grealer than predicted by theory. 

It is possible that Cook, who states that “in most cases the 
collapse was fairly symmetrical,’ may have been misled by the 
fact that all the lobes in any one circumferential belt did not 
appear upon collapse, for it is by no means certain that a com- 
plete circle of bulges will be found. The photograph, Fig. 3, 
represents a typical case, where only a few bulges appear. If, 
however, the center-to-center distance for each pair of bulges 
is stepped off around the circumference the correct number of 
lobes (in this case 16) will be found. 

The number of lobes will in service be found to vary from 2 
for a long tube to as high as 17 for tubes with closely spaced 
circumferential stiffeners (14). 


Errective UnsuprorteD Leneta or A AND Meruop or 
ST1IFFENING 


It is fairly well established that the length L may be taken 
as the length of the unsupported cylinder between adjacent 
transverse or circumferential supports, whether those supports 
are the solid ends of the vessel, whether they are bulkheads or 
partitions, or whether they are only circumferential rings or 
stiffeners, provided they possess rigidity in their own plane 
relatively greater than the shell of the vessel, and provided they 
extend continuously around the circumference. Hemispherical 
ends may be reckoned effective in preserving the circular section 
at their point of junction with the cylindrical shell, in the same 
manner as flat or dished ends. 

As a measure of the necessary rigidity for a circumferential 
stiffener, recourse may be had to Equation [2] by inserting for 
the factor L the length of the unsupported wall or shell between 
stiffeners. This will give the required moment of inertia for a 
continuous stiffening ring of uniform section which will collapse 
by instability simultaneously with the shell. It has been cus- 
tomary, however, to make the stiffener 10 per cent stronger 
than the shell (14), in which case the formula becomes 1.lp = 
3EI/rL, or 

0.37 
E 


‘The stiffening rings may take on manifold forms as shown in 
Fig. 5. Cireumferential supports for trays, platforms, and 
other accessories may be made to serve as stiffeners, but for 
this purpose they should be continuous and attached to the shell. 

Frames, stiffening rings, and supports may be either internal 
or external, and may be attached by riveting, welding, or other 
convenient means. In special cases where the shell must remain 
intact, it may be possible to design the internal stiffening rings 
80 that they simply rest against the shell. Shell connections 
to external rings must be substantial enough to cause the rings 
to contract under load with the shell. 
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Errect or VARIATION From True CyLinpRIcaL Form 


One would not expect columns with varying amounts of 
eccentricity to support equal loads before collapse, nor to support 
the maximum load of which a straight column is capable. It 
should not therefore be expected that cylindrical tubes or vessels 
having variations from circular sections will withstand external 
pressure alike nor to the maximum degree of which the material 
is capable. 

This is borne out by the experience of many experimenters, 
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Fie. 5 Forms ror Stirrenine Rines 


(The hatched portions of the shell represent approximately the amounts 
which may be reckoned effective in calculating the moment of inertia of 
the frame. Note that for riveted construction, reckon only that portion 
of shell effective which lies under the faying flange. Compare types / and 
D. Types shown as riveted may also be welded. Welding need not be 
continuous; should preferably be intermittent in many cases. A, bulb 
plate, welded. Probably the lightest, simplest, and most effective design. 
At present this section is only rolled abroad, but should be introduced into 
this country. 3B, channel, riveted (or welded). Simple design but un- 
balanced section, which will tip under heavy load. C, I-beam, riveted (or 
welded). Symmetrical, but probably unnecessarily heavy and difficult 
to fabricate. D, bulb angle, riveted. section except for unsym- 
metrical position of web and bulb. FE, angle, riveted. Simple but un- 
balanced, in that the neutral axis lies too close to the faying flange. F, 
flat-plate ring, welded. Light, simple, and effective. G, T-bar, welded on 
stem. Good section, but somewhat difficult to fabricate. H, channel, 
welded on toes. 
involving dead space for corrosion. 


Attractive design, but probably needlessly heavy and 
I, bulb angle, welded. Good section 
‘ 1 J, angle, welded on 
Will tip under extreme load.) 


except for unsymmetrical position of web and bulb. 
toe. Simple but lacking in symmetry. 
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notably Stewart and Carman, who found it necessary to reduce 
the coefficient 66 X 10° in the rational Equation [1] to about 
50 XX 106 for average commercial tubes. Numerous tubes in 
Stewart’s tests (2) collapsed at much lower pressures, which 
led Slocum (4) to state that “instead of substituting the actual 
radius of the tube in Equation [1], there should be substituted 
its radius of curvature at the flattest portion. Considering 
the tube to be elliptical in section, this will be the radius of 
curvature of the ellipse at the extremity of its minor axis, 
which is R = a*/b, where a and b are the semi-axes. Since 


Dex Duin. 
a = —— and b = 5 this becomes 2R = = 


, and substitut- 


min 


ing this corrected value of the diameter in Equation [1] it becomes 


Dein. 
pe = Wie [1b] 


This correction is of course only approximate, but should give 
good results for the range of eccentricities in question.” 

This was a step in the right direction, but it probably applies 
only to two-lobed collapse, although this feature was not brought 
out at the time. For the case of collapse of tubes into higher- 
lobed formations, it is readily seen that an initial dent or bulge 
approximating the shape and size of one part of a lobe will be 
the equivalent of eccentric column loading at that point. 

In the model whose cross-section is given in Fig. 4, there 
were noticeable departures from the circular form in the vicinity 
of the seam. There was, however, no appreciable reduction 
in the collapsing pressure, because the variations from circular 
form were not excessive as compared with the thickness of the 
material. 

On early models, having variations of the order of twice the 
shell thickness, collapse occurred irregularly at pressures much 
lower than those calculated, so that the tests had no value 
whatever for comparative purposes. 

This leads to the conclusion that for short tubes, simple varia- 
tion in diameter is a less important factor than is local variation 
in the region of one bulge or lobe. This is strikingly evident 
in tests which have been made on both small- and large-scale 
models, up to 8 ft. diameter, at the U. S. Experimental Model 
Basin, Washington, D. C., and at the Navy Yard, Portsmouth, 
N. H.; so much so that the point of initial failure can generally 
be predicted from a careful inspection of the diagram depicting 
the exact initial form, as in Fig. 4. However, experimental 
work at these two establishments has not yet progressed to the 
point where the quantitative effect of local or general variations 
from cylindrical form can be predicted. 

In practice, the departure from circular form is found to in- 
crease as the size (diameter) decreases. Working allowances 
and tolerances decrease at a lesser rate than the size or scale 
of the tube or vessel; stiffening rings and supports are generally 
omitted in the smaller sizes, and dents and bulges are of more 
common occurrence. Fortunately, allowances for hot and 
cold working, corrosion, and the like are greater on small than 
on large tubes, so that some compensation is thereby obtained. 

It is perhaps somewhat premature to set up any definite 
tolerances for the fabrication of tubes and vessels subjected to 
external pressure, especially of the built-up variety, but it may 
be safe to state that for thin tubes the fotal variation in radius 
at all points shall not exceed the shell thickness; that the 
middle of the shell plating in any circular section shall lie be- 
tween two circles representing the outside and the inside di- 
ameter, drawn from the geometrical center of the shell. Further- 
more, as brought out previously, extreme variations in radius 
within the region of any one bulge are to be avoided. 

For comparative and systematic tests on models and structures, 


the fabrication tolerance should be reduced to one-half—or 
better, to one-third—of this amount. The model from which 
the data in Fig. 4 were taken complies with the latter requirement. 

Manifestly, the establishment of such a requirement involves 
the use of some method whereby compliance with the given 
specifications or whereby variation in circular form of existing 
structures may be indicated. A simple device of this kind, 
as shown in Fig. 6, has been developed and used at the Navy 
Yard, Portsmouth, N. H. It consists of a temporary central 
bar or spindle upon which is mounted a swinging arm of pipe 
or tubing, carrying at its outer end a tracing wheel with pointer 
and multiplying mechanism, and a chart. The chart is gradu- 
ated in radial lines representing degrees or divisions of a whole 
circle, and in concentric circles representing given absolute 
radial displacements of the tracing wheel. 

A belt (or chain) mounted on two pulleys, one clamped on 
the central spindle and one on the chart holder, maintains the 
chart in a given direction in space as the arm is rotated. The 
simple operation of rolling the tracing wheel around the inside 
of the tank causes an automatic record, to a magnified scale, 


Fie. 6 Device ror Tractnc Contours oF SEcTIoNs 


to be made of the exact shape of the section corresponding to 
the heavy full line on Fig. 4. By moving the arm along the 
spindle, similar records may be made at other sections. 


Errect oF Loca. STIFFENING, CONCENTRATED Loaps, Erc. 


Much more extensive study and research than have already 
been undertaken will be necessary before definite answers can 
be given on this phase of the subject. 

For guidance, however, it may be stated that since the shel! 
or wall of a cylindrical vessel contracts nearly uniformly under 
external pressure to about the elastic limit of the material, any- 
thing which prevents the shell from contracting in this manne: 
may cause unnatural deformation and may result in the equiv:- 
lent of eccentric loading, thus weakening the structure. Hence 
the paradox that very stiff frames or rings, numerous solid 
bulkheads, and heavy longitudinal seams may result in a re- 
duction of the collapsing pressure. The best and most eco- 
nomical design is that in which the various members are eac!i 
just strong and rigid enough to carry the designed collapsing 
load. 


Scate Errecrs 1x Tests oF AND IN EXTRAPOLATION 
or Data 


Since ¢, L, and d in the various formulas are all functions o! « 


pr 
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linear dimension, the constant k, as found by a relation such as 


2 
50.2 X 108° = k 7 E, as well as the factor Z for types of 


end constraints, are both non-dimensional. Collapsing pressure 
p is therefore independent of scale so long as geometrical simi- 
larity is maintained and so long as the physical properties E 
and 1/m of the material remain constant. To comply with 
the requirements for geometrical similarity, variations in form 
should be of the order of the scale. For example, the diagram, 
Fig. 4, would apply equally to any tube or vessel, whether 1 in. 
or 100 ft. in diameter, simply by expanding the scale. Available 
data on reliable tests with models and cylinders of various sizes 
verify the conclusion that scale effect is practically non-existent. 


EXPERIMENTAL Data 


The experiments of Fairbairn (15) were made with riveted 
steel pipes, which do not represent geometrically similar models 
of the pressure vessels being constructed at the present time. 

The tests of Stewart (2) were conducted on commercial 
lap-welded steel tubes, which were probably inferior in respect 
to adherence to cylindrical form to those being turned out 
today. 

The tests of Carman (3 and 11) were all with quite small 
tubes of various metals, and those of Cook (9 and 10) were 
on small tukgs of brass and steel. 

The tests made in Germany during the World War (14), 
although on a scale more nearly commensurate with the large 
cylindrical vessels under discussion in this paper, were made on 
admittedly inferior models, and the results show it. The 
German experimenters (16) stated that owing to unavoidable 
departure from circular form the collapsing pressures as found 
by Equation [10] should be reduced by the use of coefficients 
as low as 0.4, 0.5, and 0.6. It is to be noted, however, that they 
were applying this formula to very low values of L/d where, 
as stated above, instability formulas such as Equation [10] 
are not directly applicable. 

The great majority of the published data are for pipes or 
tubes having an L/d ratio of 4 or more; hence they are of little 
assistance in this problem. Physical characteristics of the 
materials used are in general not given, although they may be 
assumed with reasonable accuracy. 

The great stumbling block to careful analysis of previous 
experimental data is the almost total lack, especially for large 
diameters, of information as to “out of roundness.” For ex- 
ample, the German experimenters (14) report that their vessels 
were not strictly circular in cross-section, but they do not 
describe in detail such irregularities as were found to cause 
2-to-l variation in collapsing pressure for nearly identical 
models. 

Table 1 gives the results of tests made on structural models 
! simple cylindrical forms by the U. S. Experimental Model 
Besin, Washington, D. C., under the cognizance of the Bureau 
of Construction and Repair, Navy Department. The models 
are built of high-grade sheet steel as used for metal-furniture 
manufacture, to obtain uniform thickness and curvature through- 
out. 

They are made with heavy jigs which serve to hold the 
shell in correct shape during assembly. Difficulties are ex- 
perienced in obtaining the proper curvature adjacent to the 
longitudinal seam, but the irregularities are probably no greater 
than those obtaining in the best commercial practice. Charts 
similar to Fig. 4 are constructed for several stations in each 
model, and curves showing variation in circular form are drawn 
for successive pressures. 

Curve F of Fig. 2 represents values of the multiplier M for 
these models, based upon the experimental collapsing pressure 
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and Equation [la]. The ¢/d ratio for the present series has 
been limited to about 0.003; it is hoped to give similar data 
for other ratios in subsequent papers. 

It will be noted that for values of the L/d ratio greater than 
0.5, the experimental collapsing pressure is considerably above 
the theoretical pressure for ideal tubes, while for values of the 
L/d ratio below 0.5, the experimental pressures fall below the 
theoretica!. 

In all computations, the values E = 30 X 10° lb. per sq. in. 
and 1/m = 0.3 were assumed. The shell plating of the models 
so far tested is rather thin to permit accurate determination of 
these physical properties. 

It will also be noted (by reference to Table 1) that those 
models which collapsed at pressures below the theoretical values 
were inferior in adherence to circular form. 

It must be emphasized that in experiments and analyses of 
this kind, the matter of geometrical and physical similarity 
amounts to very much more than fine talk on the subject. Non- 
conformity to cylindrical form and non-similarity between 
specimens is unquestionably responsible for 90 per cent or more 
of the discrepancies found by experimenters in the past. For 
this reason, experimenters in the future should always determine 
and give the exact shape of the cylinders they are testing and 
the physical properties of the material they use. 


Factors oF SAFETY 


It will be noted that, throughout this discussion, the working 
pressure of the tube or vessel has not yet been mentioned. It 
is considered preferable to execute the design upon the basis 
of collapsing pressure, as having a much more direct bearing, 
for example, upon the physical properties of the material and 
as offering an opportunity for confirmation by model tests. 

The designed collapsing pressure may be arrived at by a 
combination of the working or test pressure and the factor of 
safety. 

The latter is to be selected by judgment or by experience, 
embodying allowance for reduction in actual overcalculated 
collapsing pressure due to unavoidable out-of-roundness, un- 
known effects of local or non-uniform stiffening, and indeter- 
minate stresses due to loads or forces foreign to the static pressure 
load. 

In this case, p = FP, where F is the factor of safety and P 
is the working pressure. 

For the selection of the factor of safety F in his empirical 
formula, Stewart (2) gives some excellent general rules. It 
must be remembered, however, that the numerical values of 
the factors which he gives must be modified for use in the 
rational formulas recommended in this paper. For example, 
for steel tubes, the coefficient of Stewart’s Equation [4] would 
be 50.2 X 10°, whereas that of the rational formula for ideal 
tubes would be 66 X 10. Definite rules for the selection of 
this factor can hardly be given,, since the complex circumstances 
surrounding each design will have to be considered and properly 
evaluated. 

It may be pointed out here that careful study of the influence 
of variation of circular section on factor of safety shows that a 
decrease in that factor with an increase in diameter is entirely 
reasonable. As previously brought out in somewhat different 
form, it will be found that tolerances of several per cent of the 
diameter are customary and perhaps necessary on small di- 
ameters of the order of 1 ft., whereas it will be economically 
possible to limit variations on large vessels, of a diameter of 
10 ft. or more, to fractions of 1 per cent. Likewise, any devia- 
tion from circular form due to damage or excessive pressure 
is much more easily detected on the larger than on the smaller 
sizes. 
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PRACTICAL APPLICATION OF DeEsiGN FORMULAS 


For the present it appears advisable to use the combination 
of Bryan’s rational formula, Equation [1], for tubes of length 
greater than the critical length, and Southwell’s approximate 
hyperbola, Equation [6], for shorter tubes. This was the 
suggestion of Southwell in 1915 (8), but at that time he had 
not determined a value for Z and had no experimental veri- 
fication of his formula, Equation [6]. A comparison of the 
curves C and E with the experimental curve F (Fig. 2) shows 
that either Equation [6] or Equation [10] can be used with 
safety for values of L/d between 0.50 and 2.0 and for a t/d ratio 
of 0.003. 

It must be emphasized that these curves represent only one 
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value of t/d. However, this value was chosen at random, and 
there is no reason why any other value should not fit the theo- 
retical formulas as well. Nor is there any reason to believe 
that the theoretical formulas will not hold when the range of 
L/d is extended to the critical length. However, more compre- 
hensive tests should be made. 

From the present meager data available, there seems to be 
little choice between Equations [5], [6], and [10]. Equations 
[5] and [10] are undoubtedly more accurate than [6], which, 
as previously stated, was intended only as a hyperbolic curve 
approximating the envelope represented by Equation [5]. 
However, the simplicity with which Equation [6} can be used 
in making computations is very desirable. When Z is replaced 
by 2‘/16 and the proper values for EF and 1/m are substituted 


for the material used, an equation of the type [6a] is obtained, 
which can be expressed as 


d constant 


where the constant for any particular material is given by 


2 
2.28 — 


For steel tubes where E = 30 X 106 lb. per sq. in. and 1/m = 
0.3, the constant takes the value 73.4 < 10 as given in Equation 
[6a]. 

When the design conditions have been stated and p, L, and 
d are known, X can be evaluated and the correct thickness 
determined from the relation 


[6b] 


t 
log- = - X 


or from the curve, Fig. 7. 

Equations [5] and [10] have the great inconvenience that 
they cannot be solved directly for t. However, once t has been 
calculated by Equation [6], it is desirable to use them as a 
check on the collapsing pressure. As already stated, their 
use involves finding the number of lobes n which cause the 
collapsing pressure to be a minimum for a given t, L, and d. 

It can be shown that the relation 


determines approximately the required value of n in Equation 
[5]. Since n represents the number of lobes, the integral number 
nearest to the value of n given by Equation [12] should be used. 
Methods for finding the required value of n in Equation [10) 
have also been developed. 

The exact values of n obtained by the use of Equation [12] 
are given in Table 1, together with the integral values of n by 
Equations [5] and [10], and the number of lobes obtained by 
experiment. 

The discrepancies in integral values of n in Table 1 are more 
apparent than real, since n is determined for a minimum value 
of p at a point where the variation of p with n is small. Sub- 
stituting either value of n in the formulas will be found to give 
approximately the same value of p. 

The only case where neither Equation [5] nor Equation [10)} 
gave the correct number of lobes is model No. 1000D1. This 
is as yet unexplained. 


APPLICATION TO PRACTICE 


Example 1. Required: To design the shell of a closed 
cylindrical steel tank, working under full vacuum. 

Given: D = 10 ft., L = 12 ft., P = 14.7 lb. per sq. in. No 
stiffeners or supports except the ends. Take F = 4, FE = 30 » 


«106 Ib. per sq. in., and 1/m = 0.3. 


Solution: 
p = 4 X 14.7 = 58.8 lb. per sq. in. (say, 60 lb.) 
d 120 in. (approximately) 
L 144 in. 
L/d = 144/120 = 1.2 
Since E = 30 X 10 lb. per sq. in., and 1/m = 0.3, the constan' 
in Equation [6b] becomes 


1 
constant = 2.28 «K 30 x 108 (2) = 73.4 < 105 


214 
0 70 
0.020 
0018 
006 
3 4 
= 
djd 
0.010 
; 0.00 | 


ai 


-( ( 6 x12\" 
73.4 X 108 73.4 X 10° 


= (0.9809 


From# Fig. 7, t/d = 0.00393, whence t = 0.47 in. Analytically, 
from formula t/d = (X)*/*, 
log t/dj= X log (0.9809 10~-*) = 0.4(3.99162 — 10) 

t/d = 0.003950 
whence 

t = 0.00395 X 120 = 0.474 in. 
Check by Equations [5] and [10]. 

From Equation [12], 


* 7.06 7.06 4 
n= = = 1241 
\ L (1.2)? 0.00395 
dj ad 
= 5.94 
n= 6 
4 
Substituting in Equation [5] and assuming Z = _ 
t Z a\‘ 1 mt? tt 
16 1 


= 2X 3 10° 0.003950 
P 1296 X 35 (1.2)* 


1.1 
x 35 (000908) | 


237,000 (0.0000647 + 0.0002002) 
= 237,000 X 0.0002649 = 62.8 lb. per sq. in. 
A similar substitution in Equation [10] gives 
p = 65.6 lb. per sq. in. 
Since t/d = 0.00395, we have, by Equation [1] 


m? t\’ 


66 X 10* X 0.06163 x 10~* 
= 4.07 lb. per sq. in. 
By Fig. 2, the multiplier M for L/d = 1.2 from curve C is 16.6. 


p = Mp. = 16.6 X 4.07 = 67.6 lb. per sq. in. 


It must be remembered that this method gives only a rough 
check when t/d differs appreciably from 0.003, for which the 
curve C of Fig. 2isdrawn. For higher values of t/d this method 
gives collapsing pressures which are too high. 

Example 2. Required: To determine the thickness of the 
cylindrical inner shell of a jacketed heater, reinforced by stiffening 
rings spaced to suit local conditions. 

Given: D = 6ft., L = 2 ft., P = 150 lb. per sq. in. Take 
F = 6. The material of the shell and stiffening rings is nickel 
alloy, for which EF = 26 X 10% and 1/m = 0.3. 


Solution: 
Pp = 6 X 150 = 900 lb. per sq. in. 
d = 72 in. (approximately) 
L = 24in, 
L/d = 24/72 = 0.33 
E = 26 X 10® lb. per sq. in. 
= 0.3 


APPLIED MECHANICS APM-53-17a 215 


Using Equation [6] 


constant = 2.28 26 108 = 63.6 10 


*/s aa\*/s 
L/d 900 X 0.33 
(ga) = (= = (4.67 10-*)*/* 


t 
d 63.6 X 108 63.6 < 108 


From Fig. 7, t/d = 0.0074, whence t = 0.53 in. Analytically, 
from formula t/d = (X)’/*, 


log t/d = */, log (4.67 X 10~*) = 0.4(4.66932 — 10) 
t/d 0.00737 


whence 


t 0.00737 X 72 = 0.53 in. 


Check by Equations [5] and [10]. 
From Equation [12], 


* 7.06 1; 7.06 
n= __- = = = 
(4) 0.1089 X 0.00737 


djd 


n = 10 
Substituting in Equation [5], we get 
p = 954 lb. per sq. in. 
Substituting in Equation [10], we get 
p = 1086, forn = 9 
and p = 1149, forn = 10 
By Equation [1], p- = 57.2 10® (0.00737)* = 22.9 Ib, 
per sq. in. 
The multiplier from Fig. 2 for L/d = 0.33 from curve C is 61, 
whence 


p = Mp. = 22.9 X 61 = 1397 lb. per sq. in. 


As stated under Example 1, the collapsing pressure thus 
obtained is too high, because the t/d ratio greatly exceeds 0.003 
for which curve C is drawn. 

To calculate the required moment of inertia of the stiffening 
rings, assuming they are of the same material as the shell, we 
have, from Equation [11], 


_ 0.37 X (36)* xX 24 x 900 
26 X 108 


I = 14.34 in.‘ 


After selection of a type, as in Fig. 5, the necessary scantlings 
for the rings can be determined by application of the rules there 
given. 

For example, suppose a channel frame is desired for riveted 
construction. The American standard 5-in. channel C-8 has 
the required scantlings, thus: Area of section, 2.63 sq. in.; 
width of flange, 1.885 in.; moment of inertia, 8.8 in.4 We 
consider a strip of the shell plating equal in width to the flange 
of the channel to work with the channel as a portion of the 
stiffener; it is therefore reckoned effective in calculating the 
moment of inertia of the ring as a whole. (See B, Fig. 5.) The 
centroidal axis of this compound section is shifted from the 
center of the web of the channel toward the shell a distance of 
0.761 in., while the total moment of inertia of the compound 
section becomes 14.358 in.‘, distributed as follows: 


I of channel about new axis = 10.323 in.‘ 


I of shell about new axis = 4.035 in.‘ 
I of compound section = 10.323 in.* + 4.035 in.* 
= 14.358 in.‘ 


| 
¥ 
4 2 
4 
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CONCLUSION 


In the last analysis, the acceptability of any formula or pro- 
cedure used by engineers for design purposes rests largely upon 


the degree of exactitude with which results can be predicted. 


To permit the final selection of a suitable formula or formulas 
for the strength of vessels under external pressure and the in- 
sertion of the correct constants and coefficients, it will be neces- 
sary to accumulate many times more data than are available 
at present. 

This can be accomplished only by the active cooperation 
of all who have designed, built, used, and tested structures 
of this kind. 

The submission of complete data by which Table 1 might 
be filled out for each such example or installation would enable 
analysis of these data and preparation of a definite code to 
proceed at once, with hope of a satisfactory conclusion in the 
not distant future. 
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Discussion 


{A discussion of this paper jointly with the one by T. McL. Jasper 
and J. W. W. Sullivan, from R. G. Sturm, will be found in the dis- 
cussion of the latter paper, immediately following. ] 

Ernest F. Mitier.‘ This appears to be the first attempt to 
evaluate the effect of circumferential reenforcement of the shell. 
The writer’s interest is its direct application to the design of 
vacuum apparatus, particularly steam condensers. Until very re- 
cently condensers of medium and large sizes have been made of 
cast iron, and in a large majority of cases, the wall thickness de- 
termined by the casting requirements was sufficient to render 
the problem of collapse to be of little importance. 

Many condensers are today being fabricated from steel plate, 
a process that permits the use of the minimum wall thickness 
determined by the theory of stability. 

It is necessary in the construction of medium and large con- 
densers to provide intermediate support for the cooling tubes. 
These supports may be utilized to reenforce the shell and to re- 
duce the L/d ratio to small values. 

The adaptation of formula [11] to the design of reenforcing 


4 Development Engineer, Westinghouse Flee. & Mfg. Co., South 
Philadelphia, Pa. Jun. A.S.M.E. 


rings is a distinct contribution. The degree of support obtained 
by circumferential bracing in relation to the ideal has heretofore 
been considered as the relation to a support of infinite rigidity. 
It is gratifying to find that this is not the case. 

The restriction of limiting the total variation in radius to one 
shell thickness seems to be rather severe for commercial practice. 
In one design with which the writer is familiar the diameter 
is 24 ft. and the wall thickness is */, in. The external pressure is 
one atmosphere. This thickness was determined with an ample 
factor of safety so that greater discrepancies should be permis- 
sible. 

There are two problems in the design of condensers that the 
writer wishes to present for consideration. One problem is the 
discontinuity of the cylindrical shape at the steam inlet. Here 
the cylinder becomes tangent to or joins a flat surface. To re- 
duce the possibility of collapse, it has been a practice to reinforce 
the flat surfaces so that the bending moment due to the pressure 
loading approaches zero at the junction of the flat and the cyl- 
inder. The other problem is that of supporting the weight of 
a horizontal condenser by feet attached to the shell. No doubt 
the structure is reenforced more than necessary at these points 
because of a fear that the radial components of the load will 
initiate a collapse. 

The authors promise that such problems as these may be ade- 
quately handled in the near future. It is hoped that this may be 
a small contribution to a work so well undertaken. 


D. 8. Jacosus. The authors should be commended for the 
care and skill with which they conducted their experiments and 
for presenting rational rules for the design of certain types of 
vessels under collapsing pressure. Recommendations for the 
relative strength of the reenforcements, the bringing out of the 
fact that very stiff reenforcements may weaken the shell, and 
the specifying of the allowable tolerance in the diameter add much 
to the knowledge of the subject. The proof that the law of geo- 
metric symmetry holds if care is taken to make the proportionate 
amount of out-of-roundness the same in the model as in the full 
sized vessel is a very notable feature, and taken all in all the paper 
is a most valuable contribution in a field where data are much 
needed. 

The conclusion is reached that, to permit the final selection of 
a suitable formula or formulas for the strength of vessels under 
external pressure with correct constants and coefficients, it will 
necessitate the accumulation of more data than are available at 
present. As stated in the preamble of the paper, the lack of 
adequate design formulas led to the formation of the A.S.M.E. 
Special Research Committee on the Strength of Vessels Subjected 
to External Pressure. There is a need of more comprehensive 
formulas of the sort for inclusion in the A.S.M.E. Boiler Code. 
It is hoped that the committee will be in a position to recommen: 
such formulas without an undue amount of delay. 


D. B. Rossuerm,® F. G. Kierer,’ anp C. D. Reap.* The 
authors are to be complimented on their paper on the stability 
phase of this problem which finds almost daily application in 
the design of vacuum and jacketed vessels, boiler flues, etc 
With the work of von Sanden, Giinther, von Mises, Southwe!!, 
and Cook available for many years, it is surprising that so many 
engineers adhere to old empirical formulas, which while known 
to be safe within certain limits, usually err greatly on large- 
diameter vessels with bracing rings spaced at intervals much 
smaller than the vessel diameter. 

This company has designed large towers (21 ft. in diameter) 


§’ Advisory Engineer, Babcock & Wilcox Company, New York, 
N. Y. Mem. A.S.M.E. 
6 78M. W. Kellogg Company, Jersey City, N. J. 
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Fie. 10 Curve E, Bryan’s Equation; 


of considerable height in accordance with the formula of von 
Mises, with entire satisfaction. Vessels of this size containing 
hot inflammable liquid and gas involve considerable expense 
and hazard, so that to insure absolute safety in operation and 
economy in design, much time has been spent in investigating 
and developing data on the many phases of this subject. Also 
to accelerate calculations and design of such vessels, it has been 
necessary to compile tables and graphs of the various formulas 
and equations, which for the most part are somewhat awkward 
and involve trial and error methods of solution. Three of these 
curves are presented as Figs. 8, 9, and 10. 

Graph A is the approximate Southwell equation for collapse 
of a short, thin tube under external radial pressure, as follows: 


_ 32 
9 Ld 36\ —1) \a 
where 
Z= 16 (Cock) 


In this case a family of curves of constant S/r are plotted with 
an abscissa of p and an ordinate of L/r. 

Graph B is von Mises’ equation for collapse of thin closed 
cylinders under equal unit radial and end pressure, as follows: 


\ 


rr 


n? S + n? + at mE 
€ L 12 nL m?*—1\r 


In this case a family of curves of constant S/r are plotted with 
an abscissa of p and an ordinate of l/r. 

Curve E is the Bryan equation for the collapse of an infinitely 
long, thin tube under external load, as follows: 


Curve F, Stewart's Equation 


mE 
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Curve F is Stewart’s equation for collapse of commercial 
lap-welded steel tubes under external pressure, as follows: 


S\8 
= 50.2 x 108 ( — 


m? 


Nomenclature: 

p = collapsing pressure (lb. per sq. in.) 
E = Young’s modulus = (28 X 10°) 
S = thickness of cylinder or tube wall 
r = mean radius of cylinder or tube 
d = mean diameter of cylinder 
D = outside diameter of cylinder or tube 
L = length of unsupported ring or tube 

1/m = Poisson’s ratio = (0.3) 
n = number of lobes resulting in the minimum collapsing 

pressure. 
The three discussers have compiled the greater part of « 


treatise on this subject which is believed to cover many phases 
to which little or no attention has been given heretofore. This 
will be in shape for presentation in the near future. 


1 


( 


Avutsors’ CLOSURE 


Tr 
Additional tests made at the U. 8S. Experimenta! 


Model Basin since the paper was prepared have 
given results that should be included. These are shown 
in a new graph for Fig. 2 and in additions to Table 1. [Nore: 
The new graph mentioned has been substituted for the former 
Fig. 2 of the paper, and the new Table 1 is given herewith 
—Epiror. | 
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The Collapsing Strength of Steel Tubes 


In this paper the authors present a method for deter- 
mining the collapsing strength of steel tubes on the basis 
of the physical and elastic properties of the metal in the 
tube, and the dimensions, out-of-roundness, and varia- 
tion in thickness of the tube. This method applies to 
long, short, thick, or thin tubes. It was developed by 
considering the collapse of tubes in terms of compressive 
stress rather than external pressure, by reevaluating the 
work of other investigators, and from experimental re- 
sults of the authors. Its application to the determination 
of the collapsing strength of commercial tubes is shown by 
illustrative examples. 


I—INTRODUCTION 


HE object of this paper is to present a method for de- 

termining the collapsing strength of steel tubes on the 

basis of the physical and elastic properties of the steel 
in the tube, the tube dimensions, and the out-of-roundness and 
variation in thickness of the tube. The collapsing strength 
can be determined in terms of (a) the maximum compressive 
stress in the tube walls at the moment of collapse, or (b) the 
external pressure on the tube at the moment of collapse. This 
method applies to tubes that are sometimes designated as “‘long,”’ 
“short,” “thick,” or “thin.” 

The physical and elastic properties of the steel used in the 
construction of tubes which are of importance in determining 
the collapsing strength of tubes are the yield point, modulus 
of elasticity, and Poisson’s ratio. The tube dimensions which 
are of importance in determining the collapsing strength consist 
of the length, diameter, and thickness. The out-of-roundness 
also affects the pressure necessary to develop collapse. 

In order to arrive at a method for determining the collapsing 
strength of steel tubes, an investigation was made of the factors 
that influence the collapsing strength of the tubes, and tests 
were performed in which the effects of these factors were evalu- 
ated. 

In addition, a study of the experimental work and theo- 
retical considerations of other investigators on the collapsing 
strength of steel tubes was made. 

The method for determining the collapsing strength of steel 
tubes which is presented in this paper, however, has been derived 
largely from experimental results. Theoretical considerations 
have been relied upon only in so far as they have been sub- 
stantiated by experimental evidence. 

The application of this method to the determination of the 
collapsing strength of commercial tubes is indicated in this 
paper by illustrative examples. 


Il FACTORS THAT AFFECT THE COLLAPSING STRENGTH 
OF A STEEL TUBE 


As a result of the experimental work of the present and previous 


' A. O. Smith Corporation. Mem. A.S.M.E. 

* A. O. Smith Corporation. 
_ Contributed by the A.S.M.E. Special Research Committee on 
Strength of Vessels Under External Pressure and presented at the 
Hartiord, Conn., Meeting, June 1 to 3, 1931, of THe AMERICAN 
SocleTY OF MECHANICAL ENGINEERS. 


Nore: Statements and opinions advanced in papers are to be 


understood as individual expressions of their authors, and not those 
of the Society. 
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investigations (1, 2)° the following factors have been found to 
influence the collapsing strength of a steel tube. 


a_ Ratio of length of tube to diameter, L/D 

b Ratio of diameter of tube to wall thickness, D/T’ 

ec Variations in thickness 

d_ Yield point of the steel in the tube 

e Elastic constants of the steel in the tube, represented by the 
modulus of elasticity and Poisson’s ratio 

f Variations in roundness 

g Method of manufacturing the tube. 


In this section the influence of these factors on the collapsing 
strength of steel tubes will be presented in a general way, and in 
subsequent sections will be discussed in detail. 

As the ratio L/D of length of tube to diameter of tube increases 
up to about 8, the collapsing strength decreases; above 8 the 
collapsing strength is practically unaffected by this ratio. For 
the purposes of this paper, tubes having an L/D ratio of less 
than 8 will be considered as “short’’ tubes, and those having an 
L/D ratio of 8 or over as “long’’ tubes. 

When the ratio of diameter to wall thickness, D/T7’, increases, 
the collapsing strength decreases; the actual relationship be- 
tween this ratio and the collapsing strength being also affected 
by the yield point of the steel in the tube for the lower D/T 
ratios. Tubes having lower D/T ratios are sometimes desig- 
nated “thick” tubes, and those having higher ratios, “thin” 
tubes. The dividing line between the lower and higher D/T 
ratios, which separates the thick and thin tubes, is governed by 
the yield point of the steel in the tubes, as will be subsequently 
discussed. 

Variations in thickness below the average thickness tend to 
weaken the tube and adversely affect the collapsing strength; 
whereas variations above the average thickness, under special 
conditions, may strengthen the pipe and tend to increase the 
collapsing strength. 

The yield point of the steel in the tube has a limiting effect 
on the collapsing strength for the lower D/T ratios. 

The elastic constants of the steel in the tube, represented by 
the modulus of elasticity and Poisson’s ratio, affect the collaps- 
ing strength at the higher D/T ratios. But the effect upon the 
collapsing strength of variations in these constants, for the 
several types of steel used in tubes, is small. 

Variations in the diameter of the tube produce out-of-round- 
ness which tends to lower the collapsing strength. 

The method of manufacturing the tube influences the collaps- 
ing strength in so far as it affects the roundness and uniformity 
of thickness of the tube. Methods of manufacturing which 
tend to increase or decrease the yield point of the steel also 
have an influence on the collapsing strength of thick tubes. 


III—ANALOGY BETWEEN THE COLLAPSE OF A LONG 
TUBE AND THE FAILURE OF A LONG COLUMN 

In this section there will first be discussed the equations of 
Sturm and Timoshenko for determining the collapsing strength 
of steel tubes, the curve of Euler for determining ‘the collapsing 
strength of steel columns, and experimental results on the collapse 
of tubes and columns. A comparison will then be made of the 
collapse of a long tube and the failure of a long column on the 


3 Numbers in parentheses are those of references given in section 
X of the paper. 
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basis of the theoretical considerations of Sturm and Euler and 
the experimental results on tubes and columns. 


a Strurm’s AND TIMOSHENKO’S EQUATIONS FOR DETERMINING 
THE COLLAPSING STRENGTH OF LONG TUBES 


On the basis of the elastic constants and tube dimensions 
the following equations have been developed by Sturm (3) 
and Timoshenko (4), respectively, for determining the collapsing 
strength of long steel tubes. 

Sturm’s Equation: 


20 E — N* + a'K? + a*K(2N? — 


3 Ds N2(1 — m?*) 


where P = collapsing pressure, lb. per sq. in. 

E = modulus of elasticity of steel, taken as 30,000,000 lb. 
per sq. in. in this investigation, because it is appro- 
priate to the metal used in the experimental work 

t = thickness of tube, inches 

D = outside diameter of tube, inches 

N = number of lobes in which the tube collapses, taken 
as 2 for long tubes 

K = r*R?/L?, where R = outside radius of tube, inches, 
and L = length of tube, inches 

a = a parameter for end conditions, taken as 1 for long 
tubes; and 

m = Poisson’s ratio, taken as 0.260, which is appropriate 
for the class of steel used in the tubes. 
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CoMPRESSIVE STRESS AT COLLAPSING PRESSURE AND D/T, FOR 
A. O. Smita Arc-WELDED Pipes 


1—Calculated from Sturm’s equation. 
2—Plotted from experimental results. 
(Yield point of steel, 52,000 Ib. per sq. in.) 


For the long tubes tested in the present investigation, this 
equation reduces to 


P = 5,360,000 (12 + K? + 7.74 K) 


where K = 0.000488 R?. 
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Timoshenko’s Equation: 


3 
Pp = Et 
4(1 — 


where the meanings of the terms are as previously indicated 
for Sturm’s equation. Sturm’s and Timoshenko’s equations 
give practically the same values of collapsing pressure for long 
tubes. 

By means of the following Equation [C] the maximum com- 
pressive stress in the tube at the collapsing pressure may be 
determined (5). 

2PR;? 
S = [C] 
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1—Calculated from Euler's equation. 
2—Plotted from RO results on Tetmajer’s columns 
(Yield point of steel, 39,200 Ib. per sq. in.) 


where S = maximum compressive stress (at inner surface of 
tube), lb. per sq. in. 
P = collapsing pressure, lb. per sq. in. 
outer radius of tube, inches, and 
R; = inner radius of tube, inches. 


= 


The theoretical collapsing strength of long steel tubes having 
various D/T ratios can be obtained from Sturm’s Equation 
[A] and Equation [C]. If the collapsing strengths thus obtained 
are plotted against the D/T ratios of the corresponding long 
tubes, a curve results of the form indicated in Fig. 1. This 
curve will hereinafter be referred to as Sturm’s curve. In Fig. | 
there are also plotted the experimental results of one brand of 
commercial tubes tested in the present investigation. (In 
Appendix No. 1 there are described the methods and apparatus 
used in measuring the specimens for out-of-roundness and 
variations in thickness, and the apparatus and procedure em- 
ployed in the collapsing tests.) 

It is evident in Fig. 1 that Sturm’s curve and the curve of 
experimental results are in agreement for the higher D/T' ratios 
but not for the lower ones. The explanation of this fact is that 
at the higher D/T ratios the collapsing strength of a steel tube 
is controlled by one set of factors, whereas at the lower ratios 
it is controlled by another set, as will be shown later in sectiou 
IV. 


b Curve For DETERMINING THE COLLAPSING STRENGTH 
or Lona Street Cotumns Pivorep at ENps 


In Fig. 2 there is plotted the curve calculated from Euler's 
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equation for determining the collapsing strength of a long steel 
column pivoted at both ends. The maximum unit load that 
may be withstood by the column is plotted against the slender- 
ness ratio; the former being the ratio of total load to cross- 
sectional area, and the latter being the ratio of length of the 
column to the least radius of gyration of the cross-section. 
There are also plotted the experimental results of Tetmajer’s 
mild-steel columns with pivoted ends (6). 
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2—Plotted from experimental results. 
(Yield point of steel, 59,600 Ib. per sq. in.) 


It is evident ingF ig. 2 that Euler’s and Tetmajer’s curves are in 
agreement for the higher slenderness ratios, but not for the lower 
As in the case of the steel tubes represented in Fig. 1, 
the collapsing strength of the steel columns is governed by one 
set of factors at the higher slenderness ratios, while at the lower 
ratios it is governed by another set. 


ones, 


¢ COMPARISON OF THE COLLAPSE OF LonG STEEL TUBES AND 
THE FarLure or Lone Steet CoLumns Pivorep at Boru Enps 


Only long tubes (L/D 2 8) will be considered in this com- 
parison. The collapse of short tubes will be discussed in a subse- 
quent section. In comparing the collapse of long steel tubes 
with the failure of long steel columns pivoted at both ends, 
the ratio D/T of the tubes is analogous to the slenderness ratio 
of the columns. Hence thin tubes may be compared to columns 
having higher slenderness ratios, and thick tubes to columns 
having lower slenderness ratios. 

In Figs. 1 and 2 it is evident that the theoretical curves of 
Sturm and Euler conform to the experimental results on thin 
tubes and columns having large slenderness ratios. It would 
therefore appear that the elastic properties of the steel and the 
ratio D/T control the collapsing strength of thin tubes, and that 
the elastic properties of the steel and the slenderness ratio 
L/R control the collapsing strength of columns having large 
slenderness ratios and which are pivoted at both ends. 
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For thick tubes and columns having small slenderness ratios, 
however, the theoretical curves of Sturm and Euler do not 
conform to the experimental results. In Figs. 1 and 2 it is 
apparent that the collapsing strengths of thick tubes and columns 
having small slenderness ratios approach the yield point of the 
steel as the ratios D/T and L/R decrease. It would therefore 
appear that the yield point of the steel in these structures controls 
the collapsing strength. The effect of yield point will be dis- 
cussed further in the following section. 

In the cases of steel columns and thin and thick long steel 
tubes, failure results from buckling. The slightest degree of 
eccentricity in the loading of a column lowers the stress at which 
buckling begins; while in a tube that is subjected to external 
pressure, out-of-roundness lowers the pressure at which collapse 
occurs. Also variation in the thickness of a column or tube 
affects the stress at which failure occurs. 

From the foregoing considerations it may be concluded that 
the collapse of a long steel tube under external pressure is analo- 
gous to the failure of a long steel column under a compressive 
load. 

The analogy between the collapse of a tube and the failure 
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PIPEs 


1—Calculated from Sturm's equation. 
2—Plotted from experimental results. 
(Yield point of steel, 37,000 Ib. per sq. in.) 


of a column is discussed because the relationship between the 
theoretical considerations and experimental evidence is so well 
established for column failure. 


IV—FUNDAMENTAL RELATIONSHIP BETWEEN (a) THE 

COLLAPSING STRENGTH OF A LONG STEEL TUBE AND 

(6) THE RATIO D/T, THE ELASTIC CONSTANTS, AND THE 
YIELD POINT OF THE STEEL 


This fundamental relationship is based upon the experimental 
work of three independent investigations by Carman (2), Stewart 
(1), and the A. O. Smith Corporation on the collapsing strength’ 
of long steel tubes, that is, tubes having an L/D ratio of 8 or 
over. 
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a CarMman’s ExperiMENTAL RESULTS 


In Fig. 3 there are plotted results of Carman’s tests on 21 
cold-drawn seamless steel tubes. These tubes were 1 in. to 3 in. 
in diameter, 0.014 in. to 0.065 in. thick, and 7.6 to 14.1 diameters 
long. The D/T ratios of these tubes ranged from 42.8 to 68.7. 
The dimension ratios and collapsing strengths of these tubes 
are listed in Table 1.4 These tubes were carefully selected and 
machined to the desired dimensions, and consequently the 
out-of-roundness and variation in thickness were exceedingly 
small. The average yield point of the steel in these tubes was 
59,600 Ib. per sq. in. 

The curve of experimental results in Fig. 3 is drawn through 
the experimental points at the higher D/T' ratios and extra- 
polated back to the yield point through the lower D/T' ratios. 
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Fic. 5 Rewation Between Maximum COMPRESSIVE STRESS AT 
CoLLaPsInG Pressure AND Ratio D/T, ror CoMMERCIAL TUBES 


Note: Tubes are 8 or more diameters in length and of uniform round 
ness and thickness. 
1—Calculated from Sturm's equation. 


It is evident in this figure that the experimental curve and 
Sturm’s curve are in close agreement at the higher D/T ratios. 


6 Srewart’s EXPERIMENTAL RESULTS 


In Fig. 4 there are plotted the results of Stewart’s tests on 
256 lap-welded steel tubes. These tubes were 3 in. to 13 in. 
in diameter, 0.11 in. to 0.51 in. thick, and over 8 diameters long. 
The D/T ratios ranged from 12.3 to 63.0. The average yield 
point of the steel was 37,000 lb. per sq. in. The dimensions 
and collapsing strengths of these tubes are listed in Table 2. 
The average variation in thickness [(T'avg. — T'min.) X 100/T avg. | 
was 12 per cent, while the average out-of-roundness 
(Dax. — Dia.) X 100/Dmin was 1.4 per cent. These varia- 
tions were based on measurements made at the collapsed section 
of the tubes. 

The curve of experimental results in Fig. 4 does not conform 
to Sturm’s curve so closely as does the experimental curve in 
Fig. 3, for the higher D/T ratios. At the lower D/T ratios 
it is evident that the curve in Fig. 4 approaches the yield point 


* See Appendix No. 3 for tables. 
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of the steel in the tubes. The lack of agreement between 
Sturm’s curve and the experimental curve in Fig. 4 is due to the 
out-of-roundness and variation in thickness of the tubes. The 
quantitative effect of out-of-roundness in reducing the collapsing 
strength will be discussed in a subsequent section. 


c A. O. Smrra Corporation's RESULTS 


In Fig. 1 there are plotted the results of A. O. Smith Corpora- 
tion’s tests on 14 arc-welded tubes. These tubes were 85/, in. 
to 16 in. in diameter, 0.25 in. to 0.38 in. thick, and over 8 di- 
ameters long. The D/T ratios ranged from 34.3 to 61.5, and 
the average yield point of the steel was 52,000 lb. per sq. in. 
The dimension ratios and collapsing strengths of these tubes 
are listed in Table 3. The average variation in thickness* 
of these tubes was 2.5 per cent, while the average out-of-round- 
ness was 0.77 per cent. These variations were based on measure- 
ments made at the collapsed section of the tubes. The genera! 
direction of the experimental curve in Fig. 1 for the lower D/7T 
ratios was further established by eight additional tests on tubes 
having D/T ratios of 24.4 to 25.9. The results of these tests 
are not classified with the foregoing group of 14 because of the 
slightly different method of manufacture. 

As mentioned in the foregoing section, the curve of experi- 
mental results in Fig. 1 is in agreement with Sturm’s curve at 
the higher D/T' ratios, but not at the lower ones. At the lowe: 
ratios, the experimental curve approaches the yield point of 
the steel in the tubes. 

In Fig. 5 there are plotted the results of A. O. Smith Corpora- 
tion’s tests on 4 seamless tubes. These tubes were 8*/, in. to 
9 in. in diameter, 0.40 in. to 0.50 in. thick, and over 8 diameters 
long. The D/T ratios ranged from 18.0 to 21.5. The average 
yield point of the steel in two of these tubes was 77,300 lb. per 
sq. in., and in the other two, 66,600 lb. per sq. in. The dimen- 
sion ratios and collapsing strengths of these tubes are shown in 
Table 4. The average variation in thickness of the first two 
was 4.8 per cent, and of the second two, 11 per cent, while the 
average out-of-roundness of the first two was 0.23 per cent and 
of the second two, 0.27 per cent. 

The experimental results of these tubes at the lower D/7 
ratios lie in a curve drawn similarly to the experimental curves 
in Figs. 1 and 3, thus indicating that at the lower D/T ratios 
the experimental curve approaches the yield point of the stee! 
in the tubes. 


d FUNDAMENTAL RELATIONSHIP BETWEEN THE COLLAPSING 
Srrenetu or Lona TuBES AND THE Facrors ConTROL- 
LING STRENGTH 


From a consideration of Sturm’s equation and of the exper- 
mental curves in Figs. 1 and 3, it is evident that Sturm’s curve 
approximately defines the collapsing strength of long steel tubes 
at the higher D/T ratios. As Sturm’s curve is based upon the 
elastic properties of the steel and the dimensions of the tube. 
it follows that the elastic constants and the D/T' ratio are the 
controlling factors in determining the collapsing strength 0! 
tubes having the higher D/T' ratios. 

The elastic constants are represented by the modulus o! 
elasticity and Poisson’s ratio. The effect upon the collapsing 
strength of variations in these elastic constants, for the sever! 
types of steel used in tubes, is small. The controlling factors 
in determining the collapsing strength of long steel tubes having 
the higher D/T ratios therefore reduce to merely the ratio D/7 
itself. 

Since the maximum stress in the tube at the collapsing pres- 
sure varies directly as the collapsing pressure for a given ratio 


* The variation in thickness was measured at the collapsed section 
of the tube, and is equal to [(Ta.g. — Tmia.) X 100/T avg. 
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D/T, it follows that the ratio D/T controls the collapsing pressure 
of tubes having the higher D/T' ratios. 

Referring to Figs. 1, 3, 4, and 5, it is evident that the maximum 
stress in the tubes at the collapsing pressure approaches the 
yield point of the steel in the tubes, as the ratio D/T' decreases. 
It also appears that the higher the yield point the greater the 
maximum stress, at the lower D/T7’ ratios. Thus, for a ratio 
D/T = 25, the yield point and maximum stress of the tubes 
represented in Figs. 1, 3, 4, and 5 are set forth in the order of 
increasing maximum stress in Table 5. The effect of the yield 
point on the maximum stress becomes more pronounced as the 
ratio D/T decreases. 

On the basis of Table 5 and the curves in Figs. 1, 3, 4, and 5, 
it appears that for steel tubes having the lower D/T' ratios, 
increasing the yield point raises the maximum stress that may 
be withstood by the tubes under external pressure. Since the 
maximum stress varies directly with the collapsing pressure for * 
given ratio D/T, it follows that for long tubes having the lower 
D/T ratios, the yield point of the steel and the ratio D/T are the 
controlling factors in determining the collapsing pressure of the 
tubes. In developing the foregoing relationships, the following 


assumptions have been made: 


1 The tubes consist of homogeneous steel, and are uni- 
formly round and uniformly thick 

2 The yield point of the steel in compression is assumed 
to be equal to the yield point in tension 

3 For very low values of the ratio D/T, the collapsing 
strength approaches the ultimate strength of the steel 
in the tube. 


The fundamental relationship between (a) the collapsing 
strength of a long steel tube and (b) the D/T ratio, the elastic 
constants, and the yield point of the steel, for tubes of steel 
having various yield points, is set forth in Fig. 6. 

From the foregoing discussion it is concluded that the con- 
trolling factors in determining the collapsing strength of long 
steel tubes are: (1) the elastic constants and the ratio D/T 
for tubes having the higher D/T ratios; and (2) the yield point 
of the steel in the tube and the ratio D/T for tubes having the 
lower D/T ratios. 


V—FUNDAMENTAL RELATIONSHIP BETWEEN (a) THE 

COLLAPSING STRENGTH OF A SHORT STEEL TUBE AND 

() THE RATIOS L/D AND D/T, THE ELASTIC CONSTANTS, 
AND THE YIELD POINT OF THE STEEL 

In the foregoing section the fundamental relationship between 
the collapsing strength of a long steel tube and the factors that 
control this strength was presented. In this section the effect 
of the ratio L/D of length of tube to diameter as an additional 
factor in controlling the collapsing strength will be considered. 
It has been shown that for steel tubes having a ratio L/D of 8 
or more the collapsing strength is practically unaffected by this 
ratio (1) (2). This section will therefore concern tubes having a 
ratio L/D of less than 8. 

No tests on short tubes were performed by A. O. Smith Corpo- 
ration, as the results of an investigation on short tubes by Car- 
man provided sufficient data to enable the effect of the ratio 
L/D on the collapsing strength to be determined. Carman’s 
work on short tubes was selected as a basis for determining the 
efiect of the ratio L/D on account of the great care exercised 
in preparing the specimens and in performing the collapsing 
tests. 

Before discussing the effect of the ratio L/D on the collapsing 
strength of short tubes, a review will be made of the factors that 
affect the collapsing strength of such tubes in order that Car- 
— data may be properly evaluated. These factors are as 
ollows: 
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Ratio of length of tube to diameter of tube, L/D 

Ratio of diameter of tube to wall thickness, D/T’ 

Variations in the thickness of the tube 

Yield point of the steel in the tube 

Elastic constants of the steel in the tube, represented 
by the modulus of elasticity and Poisson’s ratio 

Variations in the diameter of the tube, and 

Method of manufacturing the tube. 


On account of the care with which Carman had his specimens 
machined, the effect of variations in the diameter and thickness 
on the collapsing strength of the tube may be considered as 
negligible. Since the effect of variations in the elastic constants 
of commercial steels on the collapsing strength of steel tubes is 
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Norte: Pipe is 8 or more diameters in length and of uniform round 
ness and thickness. 
1—Calculated from Sturm's equation. 


small, the fifth factor may be considered as constant. All of 
Carman’s steel tubes were made in the same way and from the 
same quality of material; consequently the effect of the method 
of manufacture may also be considered as constant. Accord- 
ingly, there remain for consideration the effects of only three 
factors on the collapsing strength of Carman’s short steel tubes, 
namely, the ratio of length of tube to diameter, L/D, the ratio 
of diameter to thickness, D/T, and the yield point of the steel 
in the tube. 


a APPLICATION OF CaRMAN’s Data TO Sturm’s Equation 


The effect of the ratio L/D on the collapsing strength of short 
tubes was investigated by applying Carman’s experimental 
data to Sturm’s equation for determining the collapsing strength 
of steel tubes. These data cover tubes having an L/D ratio 
of 1.74 to 6.09. In order to determine the effect of the L/D 
ratio on the collapsing strength of tubes on the border line be- 
tween short tubes and long tubes, additional data were used on 
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tubes having an L/D ratio of 7.60 to 8.08. These data are set 
forth in Table 6. 

In applying Sturm’s equation to short tubes, the term N 
(the number of lobes into which the tube collapses) is the only 
unknown variable. It is entirely logical that N should be 
represented by either a whole or compound number. In order 
to evaluate this term, the foregoing data on the collapsing 
pressure of short tubes were substituted in Sturm’s equation, 
and N was determined for several L/D ratios. The results of 
these determinations were plotted in a series of intermediate 
curves, of which Fig. 7 represents the final result. In Fig. 7 
the value of N is plotted against the ratio L/D for various D/T 
ratios. On the basis of the value of N shown in Fig. 7, the 
collapsing strengths of short tubes having L/D ratios of 1'/, 
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From Fig. 8 it is concluded that the collapsing strength of short 
steel tubes is controlled by the elastic properties and the L/D and 
D/T ratios for the higher D/T' ratios; and by the yield point of 
the steel and the L/D and D/T ratios for the lower D/T' ratios. 

Since the collapsing pressure varies directly with the collapsing 
strength, it follows that these relationships also apply to the 
collapsing pressure. 

In order that the information contained in Fig. 9 may be used 
more readily, the curves have been replotted for the individual 
L/D ratios, in Figs. 9 to 15. 

As in the case of the long tubes discussed in the previous 
section, the following assumptions apply to the fundamental 
relationship between the collapsing strength of short steel tubes 
and the factors that control this strength, namely: 
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to 7 were calculated. The results of these calculations are shown 


in Table 7. 


b FUNDAMENTAL RELATIONSHIP BETWEEN THE COLLAPSING 
Srrenera or Saort Sree, Tuses aNp THE Facrors TuHar 
STRENGTH 


On the basis of the determination of the collapsing strength 
of short steel tubes obtained by substituting the proper value 
of N in Sturm’s equation, and on the basis of the experimental 
data on short tubes, the collapsing strengths of short steel tubes 
were plotted against the D/T7' ratios for yarious L/D ratios, 
as shown in Fig. 8. The collapsing strength was determined 
by solving Sturm’s equation for collapsing pressure, and then 
substituting this value of pressure in the following formula. 

PD 


sS=—.. 
oT 


maximum compressive stress in the tube, lb. 
sq. in. 

P = collapsing pressure of the tube, lb. per sq. in. 

D = outside diameter of the tube, inches 

T = thickness of the tube, inches. 


The simplified formula [D] may be used in place of the 


where S = per 


Norte: 


fundamental formula [C], given in section III, for D/T' ratios of 32 
or more without incurring an error greater than 3 per cent. 


1 The tubes are made of homogeneous steel, and are uni- 
formly round and uniformly thick. 

2 The yield point of the steel in compression is assumed to he 
equal to the yield point in tension. 

3 For very low values of the ratio D/T, the eollapsing 
strength approaches the ultimate strength of the steel in the tube 


c Errecr or Enps on THE COLLAPSING STRENGTH OF SHOR! 
Sree, 


The parameter a in Sturm’s equation concerns the end con- 
ditions of the tube. The experimental data used in developing 
the effect of the ratio L/D on the collapsing strength of short 
tubes were derived from simply supported tubes, for which a = |. 

In determining the collapsing strength of short tubes with 
ends, the value of a might conceivably be increased somewhat. 
It is suggested that further tests might be made which would 
indicate the value of a to be used for vessels having ends of a 
certain degree of fixity. 

However, it is considered that designs based on the curves 
shown in Fig. 8 will always be on the side of safety. 
VI—EFFECT OF OUT-OF-ROUNDNESS ON THE COLLAP>- 

ING STRENGTH OF STEEL TUBES. 


The experimental data obtained from A. O. Smith Corpora- 
tion’s tests on tubes did not reveal the effect of out-of-roundness 
on the collapsing strength of the tubes. The degree of out-0!- 
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roundness in some of the tubes was too small to be evaluated; 
and in others the effect of out-of-roundness appeared to be 
repressed by the method of manufacturing the tube. Conse- 
quently Stewart’s data (1) on the collapse of long tubes were 
selected to reveal the effect of out-of-roundness on the collapsing 
strength. 


Errecr or Ovut-or-ROUNDNESS IN REDUCING THE COLLAPs- 
ING STRENGTH OF STEEL TuBEs, AS INDICATED BY THEORETICAL 
CONSIDERATIONS 


An investigation of the effect of out-of-roundness on the basis 
of theoretical considerations was first made, which later served 
as a guide for interpreting Stewart’s data. The effect of out-of- 
roundness as indicated by theoretical considerations, however, 
did not conform quantitatively to the experimental evidence. 
It did, however, conform qualitatively to the experimental 
evidence, in so far as it indicated that the effect of out-of-round- 
ness in reducing the collapsing strength of steel tubes increases 
as the ratio D/T of diameter to thickness increases. 

Because of the lack of quantitative agreement between the 
effect of out-of-roundness based upon theoretical considerations 
and that indicated by the experimental evidence, the latter was 
used to evaluate the effect of out-of-roundness in reducing the 
collapsing strength of steel tubes. 

A study of the effect of out-of-roundness based upon theo- 
retical considerations was made by means of Timoshenko’s 
analysis of an elliptical ring submitted to uniform pressure (7). 
The results of this calculation are presented in Fig. 16. 
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Fic. 16 Errect or IN REDUCING 
Maximum Srress in Tuspe at CoLuapstnc Pressure, as INpI- 
CATED BY THEORETICAL CONSIDERATIONS 


In this figure the percentage reduction of stress in the tube 
a! the collapsing pressure (due to out-of-roundness) is plotted 
against the ratio of outside diameter to wall thickness, D/T’, for 
various percentages of out-of-roundness. The percentage of 
out-of-roundness is determined by dividing the difference be- 
tween the maximum and minimum outside diameters by the 
average outside diameter and multiplying this result by 100. 

lt is evident that the effect of out-of-roundness in reducing 
the collapsing pressure (as derived from the foregoing theoretical 
considerations) increases as the ratio D/T increases (see Fig. 16). 
It should be noted, however, as will subsequently be shown, 
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that as the ratio D/7 increases and the collapsing strength 
becomes controlled by the elastic properties of the tube rather 
than by the yield point of the steel in the tube, the effect of out- 
of-roundness decreases. 


AppiicaTION OF Stewart’s Data TO THE DETERMINATION 
OF THE Errect or IN LoNG Street TuBEs 


Stewart’s data are not ideally suited to an investigation 
on the effect of out-of-roundness on account of wide variations 
in the thickness of his specimens. The difference between 
the collapsing strength of his tubes and that of perfect tubes 
consequently represents the effects of variations in both round- 


c 
a 
a 
a 
30 — 
R= > 
a 
| 
20 
| 
E | | 
| | | 
0 10 20 30 40 50 60 70 


Outside Diameter + Wall Thickness = D/T7 


Fie. 17 Between Maximum Compressive STRess AT 
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1—-Calculated from Sturm's equation. 


ness and thickness. These data were not sufficiently complete 
to enable the effects of variations in thickness and roundness 
on the collapsing strength to be readily separated. 

However, on the basis of calculations made with these data, 
it is clearly indicated that the effect of the variations in thickness 
prevalent in these specimens is in large measure subordinate 
to the effect of variations in roundness in reducing the collapsing 
strength, and that the out-of-roundness has a much greater 
effect than the variation in thickness prevalent in Stewart's 
tubes. 

Since the effects of variations in roundness and thickness 
are difficult to separate, the total effects of both variations 
were considered to be a safe evaluation of the maximum effect 
of out-of-roundness. 

The determination of the effect of out-of-roundness pre- 
supposes a knowledge of the collapsing strength of perfect tubes, 
that is, homogeneous tubes of uniform roundness and thickness. 
The collapsing strength of tubes of steel having the same yield 
point as the steel in Stewart’s tubes, namely, 37,000 lb. per sq 
in., is indicated in Fig. 17. This curve is derived on the basis 
of the fundamental relationship between (a) the collapsing 
strength of long steel tubes and (6) the ratio D/T, the elastic 
constants, and the yield point of the steel, which relationship 
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is set forth in Fig. 6. In Fig. 17 the maximum compressive 
stress in the tube at the collapsing pressure is plotted against 
the ratio D/T of diameter to thickness. As discussed in a pre- 
vious section, at the lower D/T ratios, the curve marked “Y. P. = 
37,000" determines the collapsing strength; while at the higher 
D/T ratios the curve calculated from Sturm’s equation de- 
termines the collapsing strength. 
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Fie. 18 SHow1ne Errect or 0.56 Per Cent Ovut-or-ROUNDNESS 
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Fie. 19 Ssowrne Errect or 0.99 Per Cent Ovut-or-RouNDNESS 
RepvuctInG THE COLLAPSING STRENGTH OF STEWART’S TUBES 


The maximum stresses in Stewart’s tubes were calculated by 
means of formula [D], Section V, and are set forth in Table 8. 
The maximum stresses in perfect tubes, having the same D/T 
ratio ag Stewart’s tubes, were read off the proper curve in Fig. 
17, and are listed in Table 8. 

The percentage of out-of-roundness in Stewart’s tubes varied 
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from less than 0.25 to more than 2.00. In order to evaluate 
the effect of this range of out-of-roundness the data were classified 
into zones of the following percentages, as shown in Table 9: 
0.25-0.75, 0.75-1.25, 1.25-1.75, and 1.75-2.25. The average 
effect of each of these zones in reducing the collapsing strength 
was plotted in a series of intermediate curves shown in Figs. 
18-21. 
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Fig. 21 Ssowine Errect or 2.03 Per Cent Out-or-ROUNDNESS 
IN RepucING THE COLLAPSING STRENGTH OF Stewart's 


In Figs. 18-21 the percentage reduction of stress in Stewart's 
tubes at the collapsing pressure is plotted against the ratio 
D/T for percentages of out-of-roundness ranging from 0.56 to 
2.03. 

The numbers accompanying the plotted points indicate first, 
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the average percentage of out-of-roundness of, and, second, the 
number of tubes represented by, the point: thus, in Fig. 18 
the point having the coordinates of 9.9 per cent reduction in 
stress and D/T = 18.5 represents four tubes whose average out- 
of-roundness is 0.58 per cent, and whose average D/T ratio and 
average percentage reduction in stress are indicated by its 
coordinates. 

In Figs. 19, 20, and 21 there are plotted the data on tubes 
having D/T ratios between 45 and 65. While there are not 
enough data at these higher ratios to evaluate quantitatively 
the effect of out-of-roundness, it is nevertheless evident that this 
effect decreases after attaining a maximum in the vicinity of 
D/T = 40. From a study of the factors that affect the collapsing 
strength of tubes, it has been concluded that this maximum 
is located at the point of tangency between the curve of the 
yield point of the steel in the tubes and the curve calculated 
from Sturm’s equation. These curves and their tangent point 
are shown in Fig. 17. (In interpreting Fig. 17, it should be noted 
that the average yield point of the steel in Stewart's tubes is 
37,000 lb. per sq. in.) In other words, the maximum effect 
of any given percentage of out-of-roundness occurs at the ratio 
D/T at which the yield point of the steel in the tube ceases to 
control the collapsing strength, and beyond which the collapsing 
strength is controlled only by the elastic properties of the steel 
and the tube dimensions. This ratio D/7' is 43 for Stewart's 
tubes. 

Since there are insufficient data available to evaluate quan- 
titatively the effect of out-of-roundness at the higher D/T 
ratios, a horizontal broken line is drawn to indicate that the 
effect of out-of-roundness beyond the ratio D/T = 43 does not 
increase. 

For purposes of design, the effect of out-of-roundness, in 
reducing the collapsing strength of tubes having D/T’ ratios 
greater than that of the tangent point, may safely be taken 
as that indicated by the ordinate of the horizontal broken line 
corresponding to the given out-of-roundness. 

The curves shown in Figs. 18 to 21 were consolidated into the 
lower set of curves in Fig. 22. In the upper part of Fig. 22 
there are drawn the curves showing the collapsing strength of 
two sets of perfect tubes having various D/T ratios, the steel 
in one set having a yield point of 35,000 lb. per sq. in., and 
that in the other of 75,000 lb. per sq. in. It is evident in Fig. 
22 that (a) as the ratio D/T increases up to the tangent point, 
the percentage effect of out-of-roundness in reducing the collaps- 
ing strength also increases; and (b) the percentage effect of out- 
of-roundness in reducing the collapsing strength decreases for 
tubes having higher D/T ratios as the yield point of the steel 
in the tubes increases. 


c COMPARISON OF THE Errect or Out-oF-ROUNDNESS BaseD 
Upon THeoreticaL CONSIDERATIONS AND THAT INDICATED BY 
THE EXPERIMENTAL RESULTS 


\ comparison of Figs. 16 and 22 indicates that the percentage 
effect of out-of-roundness based upon theoretical considerations 
is greater than that indicated by the experimental results. A 
small part of the discrepancy arises from the fact that the 
effect of out-of-roundness indicated by the experimental evidence 
is diminished by the variation in thickness, more specifically 
by the thicker portions of the tube. 


d Errecr or Ovut-or-RouNpNEsS IN A SHort STeet Tuse 


The foregoing data on the effect of out-of-roundness in re- 
ducing the collapsing strength of steel tubes were obtained 
from long tubes, that is, tubes having a ratid of length to di- 
ameter (L/D) of 8 or over. The data available on short tubes 


were not sufficient to reveal the effect of out-of-roundness on the 
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collapsing strength of these tubes. However, it is believed 
that the effect of out-of-roundness in short tubes does not exceed 
that in long tubes because of the supporting action of the ends, 
and consequently the effect in long tubes may be regarded as the 
safe maximum which the effect of out-of-roundness in short 
tubes does not exceed. 
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Since all short tubes in which the stress condition is of im- 
portance have closed ends, vessels may be considered as short 
tubes if their L/D ratios are less than 8, and as long tubes if 
their L/D ratios are 8 or over. 
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VII—EFFECT OF OTHER FACTORS ON THE COLLAPS- 
ING STRENGTH OF STEEL TUBES 


a VARIATION IN WALL THICKNESS 


The variation in wall thickness of the tubes tested by A. O. 
Smith Corporation did not appear to affect the collapsing 
strength. The average of the variations in thickness 
{(T ave. — T min.) X 100/T min. of the collapsed sections of the 
tubes plotted in Fig. 1 was 2.5 per cent. 

The data on Carman’s tubes do not include the percentage 
variation in wall thickness. On account of the care with which 
his specimens were selected and machined, it is probable that the 
variation in thickness was so small as not to have a noticeable 
effect on the collapsing strength. A comparison of the curve 
of the collapsing strength of his tubes and Sturm’s curve, shown 
in Fig. 3, indicates that the effect of variation in thickness in 
Carman’s tubes may be neglected. 

The data on Stewart’s tubes indicate an average variation 
in wall thickness between the average and minimum thicknesses 
of about 12 percent. As discussed in the section VI on the effect 
of out-of-roundness, these data are not sufficiently complete 
to enable the effects of variations in thickness and roundness 
on the collapsing strength to be readily separated. However, 
the out-of-roundness prevalent in these tubes appears to have a 
greater effect in reducing the collapsing strength than the varia- 
tion in thickness. 


b Meruop or MANUFACTURING THE TUBE 


The method of manufacture affects the collapsing strength 
of a tube in so far as it affects the roundness and thickness of 
the tube and the yield point of the steel. 

The average out-of-roundness of the tubes plotted in Fig. 
1 is 0.77 per cent. According to Fig. 22, this degree of out-of- 
roundness (for a tube of steel having a yield point of 52,000 lb. 
per sq. in.) should produce a maximum reduction in collapsing 
strength of 18.2 per cent.* It is evident in Fig. 1, however, that 
the experimental curve is not below Sturm’s curve, and that 
this degree of out-of-roundness does not appear to affect the 
collapsing strength. The explanation of this lack of effect seems 
to concern the method of manufacture. 

The tubes plotted in Fig. 1 were cold-sized externally after 
being welded. It is believed that this cold sizing represses the 
effect of out-of-roundness in reducing the collapsing strength of 
the tubes, on the basis of the reasoning presented in the following 
paragraphs. 

When the sizing press is closed, the tube is almost perfectly 
round. After the press is released, the tube may become 
slightly out of round on account of small changes in the elastic 
recovery, which are produced by slight variations in wall thick- 
ness. If uniform external pressure is again applied to the tube 
(as is done in the collapsing tests), it is believed that the tube 
will regain its nearly complete roundness before it eventually 
collapses. The fact that the slight out-of-roundness in the tubes 
of Fig. 1 does not affect the collapsing strength therefore appears 
to be due to the beneficial effect of external cold sizing in 
tending to preserve the roundness under subsequent compres- 
sion. 

This external cold sizing also increases the yield point of the 
metal in compression, and therefore tends to increase the collaps- 
ing strength of tubes having the lower D/T ratios. 


* This value is obtained by noting that in Fig. 1 the tangent 
point between the experimental curve and Sturm’s curve would 
theoretically lie at about D/7’ = 37.5, and that in Fig. 22, at D/T = 
37.5, 0.77 per cent out-of-roundness would produce a reduction in 
collapsing strength of about 18.2 per cent. 
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VIII—DETERMINATION OF THE COLLAPSING STRENGTH 

OF A STEEL TUBE BY MEANS OF THE FUNDAMENTAL 

RELATIONSHIPS BETWEEN THE COLLAPSING STRENGTH 
AND THE FACTORS THAT AFFECT THIS STRENGTH 


In this section illustrative examples will be presented of the 
determination of the collapsing strength of long and short tubes, 
both thick and thin, made of steel of various yield points. 

It is believed that on the basis of the following procedure 
the collapsing strength of any commercial steel tube can be 
determined from its dimensions, the yield point of the steel, 
and its degree of out-of-roundness. 


a COLLAPSING STRENGTH OF A LonG, THick Street Ture 
(Havine a D/T Ratio) 


Let it be assumed that this tube is 8 or more diameters long, 
has a D/T ratio of 25, a yield point of steel of 35,000 lb. per sq. 
in., 1 per cent out-of-roundness, and a negligible variation in 
thickness. The collapsing pressure of this tube will be found 
from the following procedure. 

1 Determine the maximum stress in the tube at the collapsing 
pressure by consulting Fig. 6. Follow the curve marked “Y. P. = 
35,000” until the ratio D/T = 25 is reached. At this point 
read off the maximum stress of 28,800 Ib. per sq. in. This is 
the maximum stress that can be withstood by a homogeneous 
tube of uniform roundness and thickness, having the afore- 
mentioned physical properties. 

2 Determine the amount by which the maximum stress 
should be reduced on account of 1 per cent out-of-roundness by 
consulting Fig. 22. Note that the ratio D/T = 25 is less than 
the tangent-point ratio D/T = 43.5, between the curve marked 
“Y. P. = 35,000” and Sturm’s curve. Hence the percentage 
reduction of maximum stress may be read from the intersection 
of the ordinate D/T = 25 with the 1 per cent out-of -roundness 
curve, and is found to be 13.9 per cent. 

3 Solve for the collapsing pressure of the tube by substituting 
in the proper one of the following formulas. Use formula | 
for tubes having a D/T ratio of 32 or over, and [F] for D/7 
ratios of less than 32. 


(100 A) ST 
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where P = collapsing pressure of the tube, lb. per sq. in. 
A = percentage reduction of the maximum stress due to 
out-of-roundness 
S = maximum compressive stress at the collapsing 
pressure of a tube with no out-of-roundness, !! 
per sq. in. 
T = thickness of the tube, inches 
R, = outside radius of the tube, inches 
R. = inside radius of the tube, inches. 


Using formula [F], the collapsing pressure is found to be 1900 
Ib. per sq. in 


b Co SrrenetH or a Lono, THIN 


(Havine a Larce D/T Ratio) 


Let it be assumed that this tube is 8 or more diameters long, 
has a D/T ratio of 50, a yield pomt of steel of 35,000 Ib. per sq. 
in., 1 per cent out-of-roundness, and a negligible variation in 
thickness. According to the steps outlined in the previous 
example: 

1 Determine the maximum stress in the tube from Fig. © 
by locating the intersection of the curve marked “Y. P. = 
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35,000” and the ordinate D/T = 50. This stress is found to be 
13,400 Ib. per sq. in. 

2 Determine the reduction in maximum stress due to out-of- 
roundness by consulting Fig. 22. Note that the ratio D/T = 50 
is greater than the tangent-point ratio D/T = 43.5 for steel 
having a yield point of 35,000 lb. per sq. in., and consequently 
the percentage reduction is determined by the intersection of 
the ordinate D/T = 50 with the horizontal broken line drawn 
from the intersection of the tangent-point ratio D/T = 43.5 
with the 1 per cent curve. The percentage reduction in stress 
is found to be 24.2. 

3 Solve for the collapsing pressure of the tube by substituting 
in formula [{E]. The collapsing pressure is found to be 406 
lb. per sq. in. 


c Srrenata or A SHort, Tuick Sree. Tuse 
(Havine a D/T Ratio) 


Let it be assumed that this tube is 4 diameters long, has a 
D/T ratio of 20, a yield point of steel of 60,000 Ib. per sq. in., 
0.80 per cent out-of-roundness, and a negligible variation in 
thickness. 

1 Determine the maximum stress in the tube by consulting 
Fig. 12 for L/D = 4. The maximum stress is determined by 
the intersection of the curve marked “Y. P. = 60,000” with the 
ordinate D/T = 20, and is found to be 54,200 Ib. per sq. in. 

2 Determine the reduction in maximum stress due to out-of- 
roundness by consulting Fig. 22. Note that the ratio D/T = 20 
is less than the tangent-point ratio D/T’ = 38.7 between the curve 
marked “Y. P. = 60,000" and the curve of L/D = 4. Ac- 
cordingly, the percentage reduction is determined by the inter- 
section of the ordinate D/T = 20 with the 0.80 per cent out-of- 
roundness curve, and is found to be 9.9 per cent. 

3 Solve for the collapsing pressure of the tube by substituting 
in formula [F]. The collapsing pressure is found to be 4640 
lb. per sq. in. 


d COLLAPSING STRENGTH oF A SwHort, THin Street Tuse 
(Havine A Larce D/T Ratio) 


Let it be assumed that this tube is 4 diameters long, has a 
D/T ratio of 55, a vield point of steel of 60,000 lb. per sq. in., 
0.80 per cent out-of-roundness, and a negligible variation in 
thickness. 

1 Determine the maximum stress in the tube by consulting 
Fig. 12. The maximum stress is determined by the intersection 
of the curve marked “Y. P. = 60,000” with the ordinate D/T = 
55, and is found to be 22,200 lb. per sq. in. 

2 Determine the reduction in maximum stress due to out-of- 
roundness by consulting Fig. 22. Note that the ratio D/T = 
55 is greater than the tangent point ratio D/T’ = 38.7, for steel 
having a yield point of 60,000 lb. per sq. in., and consequently 
the percentage reduction is determined by the intersection of 
the ordinate D/T = 55 with the horizontal broken line drawn 
from the intersection of the tangent-point ratio D/T = 38.7 
with the 0.80 per cent curve. The percentage reduction in 
stress is found to be 19.2 per cent. 

3 Solve for the collapsing pressure of the tube by substituting 
in formula [E]. The collapsing pressure is found to be 652 
lb. per sq. in. 

IX—CONCLUSIONS 

The method for determining the collapsing strength of steel 
tubes presented in this paper was developed from the following 
considerations. 

1 The collapsing strength of a steel tube is affected by the 
following factors: 

a Ratio of length of tube to diameter, L/D 
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b Ratio of diameter of tube to wall thickness, D/T 
ce Variations in thickness 
d Yield point of the steel in the tube 
e Elastic constants of the steel in the tube, represented 
by the modulus of elasticity, and Poisson’s ratio 
Variations in roundness 
Method of manufacturing the tube. 


2 The collapsing pressure of long steel tubes (having an 
L/D ratio of 8 or over) is controlled by the elastic properties 
and the ratio D/T for the higher D/T ratios; and by the yield 
point of the steel and the D/T ratio for the lower D/T ratios. 

3 The collapsing pressure of short steel tubes (having an 
L/D ratio of less than 8) is controlled by the elastic properties 
and the L/D and D/T ratios for the higher D/T ratios; and by 
the yield point of the steel and the L/D and D/T ratios for the 
lower D/T ratios. 

4 The effect of out-of-roundness in reducing the collapsing 
pressure of steel tubes increases as the ratio D/T7’ increases, 
up to the tangent point of the curve of the yield point of the 
steel in the tube and the curve calculated from Sturm’s equation; 
beyond this point the effect of out-of-roundness does not increase 
as the ratio D/T increases. The effect of out-of-roundness in 
reducing the collapsing pressure decreases, for tubes having 
higher D/T ratios, as the yield point of the steel in the tube 
increases. 
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Appendix No. 1 


EXPERIMENTAL WORK OF A. O. SMITH CORPORATION 
ON THE COLLAPSING STRENGTH OF STEEL TUBES 


(a) Method of Testing Tubes for Collapsing Pressure. The 
experimental method employed for determining the collapsing 
pressure of tubes is essentially that used by Stewart, which it is 
believed was very well thought out by him (1). It consisted 
of subjecting the outside of the tube to gradually increasing 
uniform hydrostatic pressure until the tube was permanently 
deformed through collapse. The rate of expulsion of air from 
the inside of the tube was measured to indicate the approach 
of collapse. The maximum pressure attained was the collapsing 
pressure. It was read off two calibrated gages by two observers 
so as to minimize instrumental and observational errors. The 
lower of the two pressures was taken as the collapsing pressure. 
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The tubes tested were selected at random and were repre- 
sentative of commercial tubes. 

Before testing the tube, thickness and roundness measurements 
were taken over a zone within which it was expected that collapse 
would occur. After testing the tube a section was cut through 
the collapsed portion and the thickness of the collapsed section 
measured. By these means the roundness and thickness of the 
collapsed section were accurately determined. 

(b) Description of Roundness-Measuring Apparatus. The 
roundness of the tube is measured by means of the apparatus 
shown diagrammatically in Fig. 23. The tube P is revolved 
on the rollers R and upon rollers at the other end of the tube 
which are not shown in the figure. Differences in outside di- 
ameter from point to point on the periphery are determined by 
the gage G. The gage is attached to the upper arm UA through 
the holder H. The upper arm is rigidly connected to the lower 
arm LA through the post V. A counterweight W maintains 
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ratus shown diagrammatically in Fig. 24. One half of the tube 
P is supported by the rollers R and the other half, which is not 
shown in the figure, by rollers at the other end of the tube. 
The measuring device M is rolled along the track T to the point 
at which a thickness measurement is desired, so that the upper 
arm UA is on the outside and the lower arm LA is on the inside 
of the tube. The measuring knob N is held in contact with 
the inner wall by the counterweight W. The wall thickness 
in thousandths of an inch is indicated on gage G. 

The arms of the measuring device are adjustable on the vertical 
post V, so that the thickness can be measured for tubes of various 
diameters. 

The carriage C enables the measuring 
device to be rolled back and forth along 
one half of the tube. The thickness 0! 
the other half is determined after the tube 
is reversed. 

The wall thickness at various points 
on the periphery is measured after the 
tube is revolved on the rollers R. 

(d) Description of Apparatus for De- 
termining the Collapsing Pressure of Tubes. 
The apparatus for determining the collaps- 
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the lower arm in contact with the tube at B, which is diametri- 
cally opposite the gage G. 

The upper arm is adjustable on the post, so that tubes of 
various diameters can be measured. 

In order to measure roundness at intervals along the tube, 
the apparatus is mounted on the carriage C and run along 
the tracks 7. The gage reads to 0.001 in. 

(c) Description of Thickness-Measuring Apparatus. The 
wall thickness of the tube P is measured by means of the appa- 


ing pressure of tubes is shown diagram- 
matically in Fig. 25. The pressure cham- 
ber A consists of an upright steel cylinder 
closed at the lower end, and resting on a concrete base D 13 [t. 
below the floor level. The chamber extends 3 ft. 3 in. above (he 
floor level. Tubes 12 ft. long and up to 17 in. in outside diameter 
can be tested in this apparatus. 

The screw cover C and secondary cover S are removable, 
so that the tube P may be lowered into place. Water under 
pressure is delivered to the chamber through the inlet W. Air 
between the tube and inner wall of the chamber is released 
through the valve V. The wooden blocks B and wedges 7 hold 
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the tube in place. The fittings required to make the apparatus 
watertight are not shown. Gages G indicate the pressure on 
the tube to the nearest five pounds per square inch for the lower 
ranges of pressure, and to the nearest ten pounds per square 
inch for the higher ranges. 

Before a tube is tested, the ends are closed with the plugs M. 
A hole in the upper plug connects the inside of the tube with the 
right arm of the U-tube U. This tube is partially filled with 
water, and its left arm is open to the atmosphere. The function 
of the U-tube is to indicate the approach of collapse of the tube 
by revealing the rate at which the volume of expelled air changes 
with respect to pressure. At the approach of collapse, the 
amounts of air expelled increase for equal increments of pressure. 
The slightly inclined part of the left arm of the U-tube is ad- 
justable, so that the expulsion of very small amounts of air can 
be detected. When collapse occurs, the water in the U-tube 
is forcibly ejected, and at the same time the pressure on the tube 
drops rapidly. 


Appendix No. 2 


WORK OF PREVIOUS INVESTIGATORS ON THE 
COLLAPSING STRENGTH OF STEEL TUBES 


In the following discussion no attempt is made to evaluate 
the work of previous investigators. Their work is discussed 
only in relation to the development of the method of determining 
the collapsing strength of tubes which is presented in the paper. 

(a) Stewart. In Stewart's investigation of the collapsing 
strength of commercial lap-welded steel tubes, the following 
factors were considered to have an influence on the collapsing 
strength of the tubes (1) (8). 


1 Diameter of the tube 

2 Length of tube between transverse joints or end con- 
nections tending to hold it to a circular form 

3 Thickness of the wall 

4 Deviation of the tube from perfect roundness 

5 Physical properties of the material out of which the 
tube is made 

6 Method of manufacturing the tube, in so far as it affects 
the uniformity of dimensions of the tube. 


The empirical formulas for determining the collapsing strength 
of tubes that were developed in this investigation were based 
on the relationship between the collapsing pressure and the ratio 
of thickness to diameter (7'/D). Asa result of the investigation 
of the effect of the length of the tube upon the collapsing strength, 
it was concluded that the length has no practical influence on 
the collapsing pressure so long as it is not less than about six 
diameters. The extensive out-of-roundness measurements made 
in this investigation indicate that out-of-roundness was con- 
sidered to have an influence on the collapsing strength of tubes. 
In the discussion of the physical properties of the steel in the 
tubes there were mentioned the yield point and ultimate strength. 
The method of manufacturing the tubes was considered to have 
an influence on the roundness and variation in thickness of the 
tubes. 

Of the foregoing factors, the influence of the ratios L/D and 
T/D on the collapsing strength of lap-welded steel tubes were 
evaluated quantitatively. 

(6) Cook. In Cook's investigation of the collapsing strength 
of “solid drawn” short, thin steel tubes, the ratios L/D and T/D 
and variation in thickness were considered to be important 
factors in determining the collapsing strength of steel tubes (9). 
On the basis of this investigation it was believed that the ratio 
L/D, above which the collapsing strength is unaffected by in- 
crease in length, probably varied from 13 to 18. 
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(c) Carman. In Carman’s investigation of the collapsing 
strength of cold-drawn short steel tubes, the ratios L/D and 
T/D, out-of-roundness, and variations in thickness were con- 
sidered to be important factors in determining the collapsing 
strength of steel tubes (2). From the results of this investigation 
it is evident that for steel tubes having an L/D ratio of 8 or 
more, the collapsing strength is practically unaffected by this 
ratio. In a previous investigation by Carman and Carr, the 
relationship between the collapsing strength of long, thin seam- 
less tubes and the ratio 7/D was indicated in the form of an 
Equation (11). 

(d) Southwell. In Southwell’s mathematical analysis of 
the collapse of short, thin tubes, an equation was developed for 
determining the collapsing pressure which took into considera- 
tion the dimensions of the tube, the modulus of elasticity, and 
Poisson’s ratio (10). 

(e) Sturm. Sturm’s equation for determining the collapsing 
pressure of steel tubes has already been discussed in detail, so 
far as the dimensions of the tube, the modulus of elasticity, 
and Poisson’s ratio are concerned. 


Discussion 


R. G. Srurm.’? As Messrs. Jasper and Sullivan have pointed 
out, there are two distinct limitations upon the strength of thin 
shells under external pressure. One is that of purely elastic 
instability, and the other is that of instability resulting from the 
plastic yield of the material of which the shell is made. The first 
limiting condition is reached when the elastic distortions of the 
structure become relatively large under a slight increase in load. 
The other is reached when the strains in the material increase 
very rapidly with a slight increase in load. This is purely a case 
of plastic action, and the first signs of failure are indicated by 
the ordinary static-stress relationships. Between these two cases 
lies the range which cannot be figured by formulas for either 
case, because a combination of both actions really takes place. 

Dr. H. M. Westergaard has divided the field of elastic action 
into three general classes:* orthostatic action, as in ordinary 
beams or tension members; astatic action, as in very long and 
thin columns or thin tubes; heterostatic action, as in crooked 
columns, columns with transverse loads, or thin tubes under 
similar conditions. 

The field of heterostatic action in connection with the eol- 
lapse of shells includes cases of partial hydrostatic pressure or 
concentrated loads resulting from supports and of concentrated or 
distributed loads resulting from appurtenances attached to the 
shell. Both papers show that their authors recognize this 
action. 

Another classification of the actions of a shell subjected to 
external pressure may be made on the basis of the type of loads 
applied. In each general classification of loading just mentioned 
the loads may be applied in a number of ways. The buckling 
loads or pressures may be radial, axial, or a combination of 
both, thereby giving rise to biaxial buckling. The first type of 
loading is represented by that of a fire-tube boiler or a long pipe 
under partial vacuum. The shells referred to in the paper by 
Messrs. Saunders and Windenburg were subjected to both 
radial and axial pressure, uniform pressure being applied to both 
the sides and ends of the cylinders tested. This case is exempli- 
fied by the loading to which a submarine is subjected when it is 
submerged. A third case is that in which the end thrust is main- 
tained and the radial pressure is removed. This case is exem- 


7 Research Engineer, Aluminum Company of America, New Ken- 
sington, Pa. 

§ “Buckling of Elastic Structures,"’ by H. M. Westergaard, Trans. 
A.S.C.E., 1922, vol. 85, p. 577. 
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TABLE 5 SHOWING THE RELATION OF MAXIMUM COM- 

PRESSIVE STRESS AT THE COLLAPSING PRESSURE TO THE 

YIELD POINT OF THE STEEL rc THE TUBES, FOR THE RATIO 
OF D/T = 25 


Maximum 
compressive 
stress at col- 
lapsing pressure, 
Ib. per sq. in. 


Yield point 
of the steel 
in tubes, 
Ib. per sq. in. 


Designation 
of tubes 
Stewart 
A. O. Smith 
B 


Figure No 


A 


TABLE 7 SHOWING THE VALUES OF MAXIMUM STRESS COR- 

RESPONDING TO VARIOUS VALUES OF N (A TERM IN STURM’S 

EQUATION), FOR VARIOUS RATIOS OF LENGTH TO DIAMETER 
(L/D) AND DIAMETER TO THICKNESS (D/T) 


Maximum 
compressive 
stress in the 
tube at the 
collapsing 
pressure 
Si 


Ratio of 

length to diameter to 

diameter, thickness, 
L/D l D/T 

70 


Ratio of 


5 
5 
5 
5 
5 


S252 


70 


‘ S ts calculated by means of the following formula: 
PD 
2T 
Et [N* — N? — k? + k(2N? — m) 
D [ — m?*) ] 
N4 — N? + k? + k(2N* — m) 
D? [ — m?*) ] 


See Section IIIa for explanation of terms. 


plitied by the action of short, thin tubular struts subjected to end 
loads. 

The effect of end conditions upon the elastic instability is of 
great importance for short tubes, but is practically negligible for 
long tubes. A separate classification of tubes according to end 
conditions is necessary for each of the subdivisions previously 
mentioned. 

The tests made by Jasper and Sullivan covered the range of 
plastic action and extended into the range of elastic action of 
long, nearly hinged ended tubes, in which case the end thrust is 
hot a significant factor. The tests made by Saunders and 
Windenburg were in the elastic range of short, practically fixed- 
ended tubes, in which case the end thrust is a controlling factor 
incollapse. It may be seen, then, that while the results presented 
in these two papers appear to be quite different, they each fit into 
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TABLE 6 SHOWING SUMMARY OF DIMENSION RATIOS, COL- 
LAPSING PRESSURES, AND MAXIMUM STRESSES OF CARMAN'S 
SHORT STEEL TUBES 
Maximum 
compressive 
stress at 
collapsing 
pressure, 
Ib. per sq. in. 
S 


Ratio of 
outside 


Ratio of 
length to 
outside diameter to 
diameter thickness 
L/D D/T 
.74 
.78 


Collapsing 
pressure, 
Ib. per sq. in. 
P 


53,300 
43,700 
35,400 
21,400 


44,100 
32,200 
23,000 
10,200 


29,800 
21,800 
18,900 

6,120 
27,200 


00 


to 2 


Gr or Gr on 


co w 


SS 


46. 


the particular parts of the general behavior of tubes indicated 
by a general theory of the elastic and plastic behavior of tubes 
under external pressure. 


D. 8. Jacosus.* This is a valuable paper, and the authors 
should be complimented on the complete way in which they have 
analyzed and correlated the experimental data and for making 
additional experiments where most needed. The results will be 
useful in rationalizing the tube sizes for use under external 
pressure. 


Rei T. Stewart.” This paper makes free use of the results 


* Advisory Engineer, Babcock & Wilcox Company, New York, 
N. Y. Mem. A.S.M.E. 

10 Professor of Mechanical Engineering, University of Pittsburgh, 
Pittsburgh, Pa. Mem. A.S.M.E. 
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TABLE 9 
Group C-3 
Per cent 
red. of 
Stewart's Per cent max. stress 
test out -of- Ratio due to out- 
number roundness D/T  of-roundness 
221 1.50 36.3 41.8 
225 1.34 36.4 44.7 
291 1.68 35.9 20.6 
208 1.52 44.5 32.5 
211 1.68 35.6 31.1 
301 1.29 40.4 28.1 
303 1.67 40.3 27.9 
304 1.29 40.5 39.6 
218 1.34 35.8 35.6 
436 1.29 41.8 29.7 
437 1.29 45.2 16.5 
243 1.50 35.4 35.9 
438 1.43 43.3 18.4 
Average 1.45 39.3 30.9 


Key to Classification of Groups D and E: 


Range of ratio 


APPLIED MECHANICS 


APM-53-17b 


(Continued) 
Group C-4 
Per cent 
red. of 
Stewart's Per cent max. stress 
test out-of- Ratio due to out- 
number roundness D/T  of-roundness 
302 2.05 39.6 40.5 
403 2.13 43.3 32.4 
404 2.13 43.5 36.1 
435 2.03 43.6 17.6 
401 2.28 42.4 33.7 
402 2.28 43.9 26.0 
464 2.28 35.0 38.4 
2 


oa 
tw 


Range of percentage 
out-of-roundness 


Group D/T of tubes of tubes 
D-2 45-55 0.75-1.25 
D-3 45-55 1.25-1.75 
D-4 45-55 1.75-2.25 
E-4 1.75-2.25 


Per cent 
red. of 
Stewart's Per cent max. stress 
test out-of- Ratio due to out- 
number roundness D/T of-roundness 
201 0.84 47.4 20.1 
202 0.84 46.3 14.2 
203 1.01 46.3 19.4 
205 1.01 46.0 22.8 
Average 0.93 46.5 19.1 


Group D-3 


Group D-4 


.02 51.7 18. 
.92 


97 


oo 


Average 


of an extensive investigation of the collapsing properties of bes- 
semer-steel lap-welded tubes published by the writer in 1906 
Transactions of this Society. The purpose was to produce a 
dependable formula that could be readily used to determine the 
probable collapsing pressures of commercial tubes as then manu- 
factured. The undertaking was meant to ve of the most prac- 
tical nature, but the writer spent much time in an effort to apply 
theory to the problem. In the end, however, he was obliged to 
resort to empiricism. 

The authors of this paper seem to consider seriously the effects 
of the out-of-roundness of the tubes as reported by the writer. 
He is somewhat surprised at this, as he abandoned all idea of 
incorporating out-of-roundness in a formula after studying some 
5000 experimental graphs made in this investigation. If the 
out-of-roundness had been elliptical in cross-section for a length 
of at least six diameters, the problem might have been com- 
paratively simple. But most of the tubes were out of round 
in the most complex manner, not approximating even remotely 
to the theoretical elliptical section. Then, too, the characteris- 
ties of two adjacent sections are sometimes very different. The 
short diameter of one may roughly be at right angles to that of 
its neighbor, thus tending to lessen the weakness that would be 
caused by each alone. Many of the tubes did not fail at the place 
of greatest departure from roundness. 

Even should a dependable formula be devised for the effects 
of out-of-roundness, which is not at all likely at present, of what 
possible use could it be in a commercial sense? The writer has 
spent many years in measuring, in a specially equipped labora- 
tory, the out-of-roundness of tubes. With this experience in 


Group E-4 


Per cent 
red. of 
Stewart's Per cent max. stress 
test out-of- Ratio due to out- 
number roundness D/T  of-roundness 
446 2.22 60.1 26.5 
447 2.01 60.5 19.3 


Average 2.12 60.3 22.9 


mind, it is inconceivable how any manufacturer of tubes could 
be persuaded to adopt a system of testing for out-of-roundness 
applicable to commercial tubes that are intended to resist col- 
lapsing pressures. This statement is made in view also of hun- 
dreds of comparatively recent tests on seamless-steel tubes manu- 
factured for well casing. The results of these tests show, even 
to a more marked degree, the impracticability of considering out- 
of-roundness in the selling and buying of steel tubes. Of course, 
the writer is limiting his statements to out-of-roundness as found 
in legitimate manufacture and not to tubes that become unduly 
out of round due to subsequent rough handling. 

Regarding the customary variations of thickness in the tube 
wall, as found in commerce, the less that engineers talk about the 
matter the better it will be for all concerned. Tubes of homo- 
geneous material invariably fail at the thinnest part when sub- 
jected to internal fluid pressure. But this is not at all the case 
for similar tubes subjected to external fluid pressure. Both 
the results of tests reported by the writer in 1906 and those of 
recent tests on seamless-steel tubes, so far as he has worked over 
the results, show that the “axis of collapse’ is not noticeably re- 
lated to the thinnest portion of the tube wall. Its consideration 
has no place in engineering calculations. 

Formulas based upon the theory of elasticity, such as Sturm’s, 
given prominence in this paper, are generally useless for indus- 
trial calculations. The writer has been applying collapse for- 
mulas for about 25 years and does not recall a single instance in 
which such formulas were applicable, because of their limitation 
to the relatively thin walls, in which he was not concerned. 
Simple empirical formulas based directly upon actual tests of 


239 
D-3 
317 1.58 45.6 18.1 = 
437 1.29 45.2 16.5 > i 
200 1.35 48.9 21.4 i 
204 1.35 45.9 22.8 
Average 1.45 46.5 20.6 
| 
6 
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commercial tubes, both welded and seamless, are entirely satis- 
factory for all cases of thickness divided by outside diameter 
greater than 0.023, which corresponds to the author’s manner of 
expressing it of D/t less than 43, which covers the entire commer- 
cial range that the writer thus far has experienced. 

In view of the foregoing, the writer cannot accept the authors’ 
method of calculating the collapsing pressures of steel tubes, 
because he believes the procedure, in the light of present knowl- 
edge, is impracticable. It is not apparent just how the authors 
constructed the curves in Fig. 6 marked Y.P. 25,000 to 80,000, 
all of which are tangent to curve 1 calculated by Sturm’s equa- 
tion. 

This chart is stated to apply to pipe that is perfectly round and 
uniformly thick. Presumably this chart is based upon Carman’s 
tests on 21 cold-drawn steel tubes, 1 to 3 in. in diameter, which 
were machined in order to make their diameters and wall thick- 
ness uniform. 

Unfortunately Carman did not test specimens cut from the 
same tubes, with the customary variations in diameter and wall 
thickness, in order to determine the direct relation of properties 
of the actual commercial to the machined perfect tubes. The 
authors therefore go to the writer’s report of 1906 on an entirely 
different product, manufactured by an entirely different process — 
namely, bessemer-steel lap-welded tubes, 3 to 12 in. in diameter— 
for correction data on out-of-roundness to apply to calcula- 
tions on the perfect tubes. In view of the numerous tests that 
the writer has made to date, both on welded and seamless steel 
tubes, the meagerness of Carman’s data, and the inapplicability 
of the writer’s out-of-round data, the authors’ methods of cal- 
culating collapsing pressures seems to be ill-advised and un- 
warranted. 

Near the bottom of the first column of the twelfth page there 
is the statement: ‘‘When the sizing press is closed, the tube is 
almost perfectly round. After the press is released, the tube may 
become slightly out of round on account of small changes in the 
elastic recovery, . . If uniform external pressure is 
again applied (as is done in the collapsing tests), it is believed that 
the tube will regain its nearly complete roundness before it eventu- 
ally collapses.” The writer would like to ask the authors on 
what principles of mechanics this belief of theirs is based. Those 
who know their mechanics will agree, the writer feels sure, that 
this belief is entirely false, as uniform pressure was not applied 
by the sizing press in rounding up the tube, as inferred by the 
authors. In rounding up the tube the high portions would of 
necessity be subjected to great pressure, while the low portions 
at the same time would be subjected to very little or no 
pressure. 

Only thus could the tube be squeezed into roundness. When 
subjected afterward to an external fluid pressure, which of course 
is uniformly distributed, any out-of-roundnesss in the tube will 
not decrease, as stated by the authors, but will increase. If the 

‘authors belief were correct, a tube could not possibly collapse. 
It would keep round all the while as the fluid pressure increased 
and would begin to fail only when the compression strength of 
the steel was reached, when the wall thickness would begin to 
increase and continue to increase with increase of fluid pressure. 


GitpErt Coox."' A survey of the investigations which 
have been carried out in the subject of the collapse of tubes by 
external pressure reveals the comparatively small part which 
elastic theory has played in the framing of formulas and rules 
for practical design. The majority of experimenters in this 
field in former years have been content to devise empirical for- 
mulas to represent the results of their tests, a procedure which 


11 Professor, King’s College, London, England. 
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was, however, inevitable in the absence of an adequate theory. 
The disadvantage of an empirical formula is that its application 
must be limited to the conditions of the tests upon which it is 
based, and it gives no indication of the effect of any change in 
those conditions. While therefore it has been known that varia- 
tions in thickness and imperfections of shape must affect the 
collapsing pressure of a tube, it has not been possible to predict 
the extent of their influence. 

The mathematical theory of the stability of a cylindrical tube 
of uniform thickness was first worked out by Bryan in 1888, 
and he gave the formula [B] quoted by the authors. Previous 
to this, as long ago as 1875, Unwin had pointed out the analogy 
that existed between the collapse of a tube and the failure of a 
column under a compressive load, and obtained by this means a 
formula differing from [B] only in the numerical coefficient. 
The more complete theory given by Southwell covered the short 
as well as the long tube, and although the utility of Southwell’s 
formula for the ordinary conditions of practice was diminished 
by the uncertainty regarding a numerical constant, it was the 
first successful attempt to indicate the manner in which the 
three variables of length, diameter, and thickness were concerned 
in the problem of collapse. The writer has demonstrated experi- 
mentally the accuracy of the formula for the particular end condi- 
tions for which the value of the constant was known. 

It is interesting to observe that Southwell pointed out that the 
effect of the length of a tube, in so far as elastic stability was con- 
cerned, depended upon its relation to the quantity +/(D*/7). 
It is not strictly correct to regard simply the L/D ratio as the 
criterion for a long or short tube. It is a convenience to do so, 
and may in normal circumstances be sufficiently accurate, but it 
is analogous to taking the slenderness ratio of a column as the 
ratio of length to transverse width, and ignoring the shape of the 
cross-section. It is probable that where elastic breakdown rather 
than instability is the cause of collapse, the effect of length is 
quite different, and should be expressed in terms of ¥/(DT). In 
either case the thickness cannot be entirely ignored in any true 
representation of the conditions. 

The authors have made considerable use of a formula by Sturm. 
An account of the derivation of this formula does not appear to 
have been published, and it would be interesting to know in what 
way it is superior to that of Southwell. 

Unfortunately the theory of elasticity has very little to say 
about the effect of variations in shape and thickness, which is the 
main theme of the author’s paper. Experiment alone can, at 
present, give any reliable information in this important matter, 
and the authors have performed a most useful service in the care- 
ful analysis they have made of existing data. There are, how- 
ever, one or two statements which call for comment. In Sec- 
tion II it is stated that “Variations in thickness below the aver- 
age thickness tend to weaken the tube and adversely affect the 
collapsing strength; whereas variations above the average thick- 
ness, under special conditions, may strengthen the pipe and tend 
to increase the collapsing strength.’ The meaning of this 
paragraph is obscure, as the definition of ‘‘average’’ implies 
variations both above and below. 

The explanation given for the effect described by the authors in 
Section VII (6) does not appear to be sound. For a given perime- 
ter, the figure of greatest area is the circle. In order there- 
fore that a tube initially out of round should become circular 
there must be an increase in area, and accordingly the work done 
by the external pressure would be negative, which is clearly im- 
possible. Reverting to the column analogy, it is equivalent to 
the assertion that a column initially bent may become straight 
under the application of a compressive load. Is it not more 
likely that the yield point of the material has been underesti- 
mated? 


4 
Bit 
sin, 


Cyrit O. Ruys.'*? The general method followed in investi- 
gating pressures and stresses in tubes when about to collapse 
makes considerable use of the analogy between the failure of a 
column and the collapse of a tube. For a column, it is shown that 
Euler’s equation, 

F R? 


Max. unit load = 


total load on column 

cross-sectional area of column 

Young’s modulus 

length of column 

least radius of gyration of cross-section 


" 


agrees with experiment for long columns, but diverges from ob- 
served results for short ones. This is of course because Euler’s 
equation is based on failure by bending, and short columns fail 
by direct crushing. Taking Tetmajer’s experimental results 
for short columns, it is shown, in Fig. 2 of the paper, that these 
can be combined with Euler’s equation so as to give a smooth 
curve, representing the relation between maximum unit load and 
slenderness ratio L/R. In the foregoing no allowance is made for 
eccentric loading. 

Very much the same procedure is followed, in the paper, for 
tubes. Substituting the equation of Sturm or Timoshenko for 
that of Euler, and the results of pipe tests for Tetmajer’s experi- 
ments, curves such as that of Fig. 2 are plotted showing the 
relation between maximum compressive stress and the ratio D/T 
or outside diameter + wall thickness. The tubes are supposed to 
be straight, round, and of uniform thickness. Variations in these 
properties are allowed for by other charts such as Fig. 16 and 
Fig. 22. Equations [E] and [F] show how chart readings are 
combined to calculate collapsing pressures for various cases. 

Returning to the column analogy, for short columns, the load 
which will produce rupture is fA, if f is the ultimate compressive 
stress, or 


which is true for both long and short columns, since, when L/R is 
large, the 1 can be neglected and Euler’s equation results, and 
when L/R is small the term containing it can be neglected, leaving 

Equation [3] is the well-known Gordon equation much used 
in column design. It is plotted on Fig. 26, accompanying this 
discussion, as well as the curve representing Euler’s equation 
and Tetmajer’s results. As will be seen, Gordon’s equation is 
somewhat on the safe side, some allowance being thus made for 
unpredictable eccentricities in loading. 

Using Gordon’s equation as an analogy, an equation of the 
sume general type as [3] can be applied to the collapsing of tubes. 
For very thick tubes, the collapsing pressure can be expressed 
by equation [C] of the paper in the form 


he. Mechanical Engineer, Standard Oil Development Company, 
anden, N. J. 


APPLIED MECHANICS 


APM-53-17b 241 


where K = &,/R:. Combining this with Timoshenko’s equa- 
tion [B] in the paper, to get a form like [3], there results, 


E (K — 1)? 
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(1, from Timoshenko's equation; 2, from experimental! results: 
analogy with Gordon's equation. ) 


3, from 


This is true for thick or thintubes. Forathick tube or K very 
(K + 1) 2S(1 — m?) 
(K — 1)? E 

is very small, and the equation reduces to [4]. For a very thin 
tube or K approaches 1, the second term in the denominator 
gets very large, the 1 can be neglected, and Timoshenko’s equa- 
tion results. 

Fig. 27 of this discussion shows maximum compressive stress 
at collapsing pressure plotted against ratio D/T, for steel pipe 
having various yield-point values. As will be seen, the curves 
plotted from Equation [5] give safer values than the curves com- 
posed of the results of tests combined with Timoshenko’s equa- 
tion. This makes some allowance for the reduction due to out- 
of-roundness and other factors. The difference between the 


large, K approaches unity. The quantity 
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solid and dotted curves meeting at (0,40), for instance, varies 
roughly with D/T, as does reduction in stress due to out-of-round- 
ness shown in Fig. 22 of the paper. 

As an illustration of this, if we take example a on the twelfth 
page of the paper, the maximum compressive stress given there 
is 28,800 lb. per sq. in. This has to be reduced by 13.9 per cent 
on account of 1 per cent out-of-roundness, leaving 25,000 lb. 
per sq. in. Using Fig. 27 of this discussion, there is obtained 
21,500 lb. per sq. in. using curves plotted from Equation [5]. 
Had the out-of-roundness been 2 per cent, 21,500 Ib. per sq. in. 
would have been obtained in each case. 

For example b of the paper the stress is 13,400 lb. per sq. in. 
This is reduced by 24.2 per cent, giving 10,200 lb. per sq. in. 
Using the curve of Fig. 27, the stress is 9600 lb. per sq. in. This 
would correspond with a percentage of out-of-roundness of 1.25 
per cent instead of 1 per cent. 

Comparison is not made with the extremely short tubes of 
examples c and d. For these Sturm’s equation no longer agrees 
with Timoshenko’s equation, and time does not permit, at pres- 
ent, of the application of the Gordon formula analogy to Sturm’s 
equation for the proper conditions. 

From what has been shown, however, it would appear that 
for tubes of ordinary lengths, the curves plotted from Equation 
[5] on Fig. 27 of this discussion would be very suitable for practi- 
cal design. The collapsing pressures could be computed from 


K?—1 K 1 
Equation [5]. Tables of —" and K eae would reduce 


the work to a minimum. 
In checking over the examples a, b, c, and d of the paper, the 
tube radii are not given, and the relations 
T 


2 


R? — _ 2T 
oR: D D 


have to be used. It is suggested that the right-hand sides of 
these equations be substituted for the left-hand sides, at present 
appearing in Equations [E] and [F] of the paper. 

In the discussion by Prof. Gilbert Cook it is stated that the 
effect of length should probably be stated in terms of the quan- 
tity \/(DT). Inaninvestigation of the strength of vacuum drums 
it has been necessary to find an expression for the critical length 
between reinforcing rings. This has led to the development of 
the following theory, which is believed to be new. Although it 
may fogm part of a future paper, it is given here as it is of inter- 
est in connection with Professor Cook’s discussion. 


¥ 


Fie. 28 CoLuapse or on Drum Between REINFORCING 
RInGs 


Fig. 28 represents a length of tube or drum between reinforcing 
rings. Supposing the rings to be rigid and sufficiently strong 
to resist the external pressure, it is still possible for the tube to 
collapse, as indicated in the figure, by bending in the plane of the 


paper. 
Using some well-known bending relations (see “‘Applied Elas- 
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ticity,’ Timoshenko and Lessells, Chap. V[), we are led to the 
differential equation 


d4w +4 0 
ant nw = 
and its solution w = e~™ (asin ns + 6 cos ns).......... [6] 


where s = distance measured from a mid-section of the tube, L 
= length of the tube, w = deflection, and n = the quantity 
3(1 — _m?) 
Rote 
Poisson’s ratio. 
Differentiating [6] gives the slope anywhere, or, 


R = tube radius, ¢ = thickness, and m = 


dw 


qs - b) cos ns — (a + b) sin ns} 


= ne~—“*[(a 
This is 0 when s = 0, from which a = b, and it is also 0 when 
s = L/2 or sin Ln/2 = 0. The least root of this is given by 
Im/2 = —x, orn = 2n/L. 
Substituting the expression for n, with Poisson’s ratio taken as 
0.3, 


L = 49 V/(Rt) = 3.46 


which is of exactly the form indicated by Professor Cook. L 
is apparently the critical length below which the tube can only 
collapse as a ring collapses. Applications of the formula to a 
number of existing structures show the distance between rein- 
forcing rings to be from '/, to */; of L, as calculated above. 


Georce C. Priester.'* The authors present a very practical 
method of determining the stress and the collapsing strength of 
steel tubes. The writer is pleased to note that the authors have 
regarded the collapsing strength of a steel tube to be due to two 
causes depending on the ratio of the diameter of the tube to its 
thickness. When this ratio is small, the failure is due to local 
deformations where the unit stress has exceeded the yield point 
of the material; when this ratio is large, the failure is an elastic 
failure similar to the failure of a long column. To make use of 
the analogous buckling phenomenon of columns in determining 
the collapsing strength of tubes is therefore both rational and 
logical. 

The presentation of sufficient data to calculate the strength 
of a steel tube of any reasonable length, size, and thickness is a 
valuable contribution to engineering literature. 


H. E. Saunpers'* anp D. F. WinpensurG.'® Attention is 
called to an apparent inconsistency in the paper. Equation [A], 
due to Sturm, is used for obtaining the collapsing pressures of 
tubes shorter than the critical length. 

For the shorter lengths, the number of lobes into which the 
circumference of the tube divides itself at the time of collapse 
is greater than two. Theoretically, the number of lobes N will 
be integral, and the tube will collapse into that number of lobes 
which makes the collapsing pressure a minimum. Experimen- 
tally, the lobes are not always of equal length, especially when 
these lengths are measured after collapse. 

It is easily possible to obtain the value of N, which will make 
Equation [A] a minimum by differentiating with respect to \, 
equating the result to zero, and solving for N. Whence, 

13 Professor of Materials of Engineering, University of Minnesota, 
Minneapolis, Minn. 
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In the paper the value of N is determined from existing experi- 
mental data. Quoting: “In order to evaluate this term [N], 
the foregoing data on the collapsing pressure of short tubes were 
substituted in Sturm’s equation, and N was determined for 
several L/D ratios. The results of these determinations were 
plotted in a series of intermediate curves, of which Fig. 7 repre- 
sents the final result. In Fig. 7 the value of N is plotted 
against the ratio L/D for various D/t ratios. On the basis of 
the value of N shown in Fig. 7, the collapsing strengths of short 
tubes having L/D ratios of 1'/, to 7 were calculated.” 

The Fig. 7 referred to shows distinctly separate curves for 
D/t ratios of 30, 40, 50, 60, and 70. From these curves, it is 
seen that N depends upon t/D, increasing as D/t increases for a 
constant value of the length-diameter ratio L/D. However, 
Equation [7a] shows that, in Sturm’s equation, N is a function of 
L/D only and is independent of t/D. That is, according to this 
equation, two tubes of the same length and diameter will col- 
lapse in the same number of lobes, even though one tube is very 
thin and the other very thick. Evidently, then, Sturm’s equa- 
tion will not predict the correct number of lobes, and hence it 
cannot safely be used for calculating the collapsing pressures of 
short tubes. This is especially significant, since the equations 
developed by Southwell and von Mises give the correct number 
of lobes in practically every case. 

Under Figs. 1, 3, 4, and 5, it is stated that curve 2 (broken line) 
is “plotted from experimental results.” Actually the range of 
D/T values in the experiments quoted by no means covers the 
range for which curve 2 is drawn, with the exception of Fig. 4. 
It would be illuminating to have the experimental spots indicated 
in the figures. Furthermore, to be exact, there should be a 
series of curves No. 1 for various L/D ratios. 

The choice of the term “collapsing strength,”’ which has been 
used extensively throughout the paper to denote calculated unit 
stress at collapse, seems rather unfortunate. It is suggested 
that some more definite or descriptive term be substituted for it. 

With regard to the last paragraph of Section IV and other simi- 
lar paragraphs, it is felt that the limiting boundaries for the 
regions controlled by various factors should be more definitely 
given, if the paper is to be of the maximum benefit to the de- 
signer. 

It would be instructive to have the reasons behind the state- 
ment in section V that “‘it is entirely logical that N should be 
represented by either a whole or a compound number.” If N is 
calculated from a formula, it will rarely.come out an integral 
value; on the other hand, why should a column collapse in a 
fractional number of bays? 

Under section Vla, it should be pointed out that variation 
from circular section within the region of one lobe is the con- 
trolling feature in premature collapse. Any analysis based upon 
the behavior of an elliptical ring is almost sure to break down 
when the number of lobes is greater than two. 


Henry Fowter."* In section VII of the paper, an average 
variation in wall thickness of 2.5 per cent (for tubes tested by 
A. O. Smith Corporation) is said to have no effect on the collaps- 

© Assistant to Vice-President (Research and Development), Lon- 
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ing strength of the tubes; and in Section VI, an average varia- 
tion in wall thickness of 12 per cent (Stewart’s data) is assumed 
to be of considerably less account than an out-of-roundness figure 
varying from 0.52 per cent to 2.17 per cent. 

While this assumption may be of value in determining the 
absolute maximum effect due to out-of-roundness, and in this 
way provide a factor of safety for design purposes, the writer 
does not think that it is justifiable to state that variation in wall 
thickness can be left out of account. 

For example, using the method set out in the paper, a calcula- 
tion for a tube with, say, 2 per cent out-of-roundness will in- 
directly cover any variation in wall thickness coming within or- 
dinary manufacturing tolerances, but any greater variation will 
not be covered; and a calculation for a perfectly round tube will 
give an optimistic value for the pressure that can be withstood, 
as no allowance is made directly or indirectly for variation in 
wall thickness. 


A. Ono." As stated by the authors, the relation between 
tubes and struts is very close. This can be seen also in the caleu- 
lation of the critical stress of a tube wall which fails by inelastic 
collapsing. As to the inelastic buckling of struts, Dr. Th. von 
K4rm4n showed clearly by theory and experiment that the stress 
in a strut may be found from the stress-strain relation observed 
in compressing the material of the strut under a stress beyond 
the elastic limit. A similar consideration may be applied to the 
case of a tube, and a formula deduced may serve for estimating 
the collapsing stress. As the deduction is very similar to the 
case of struts, a brief account of the calculation will be sufficient. 

Let us denote the outside radius by r and the thickness of the 
wall by ¢, respectively. If the tube is truly circular, and the 
thickness is small as compared with the diameter, the stress is 
equal to pr/t, p being the intensity of the fluid pressure. If the 
pressure becomes high, the wall, which is assumed to be infinitely 
long for the present, undergoes collapsing with an additional 
bending stress. Denoting the distance from the neutral axis 
by n, the bending stress is approximately given by the following 


equation: 
1 1 
r 


where H stands for the constant m?E/m? — 1 (E the modulus of 
elasticity and m the reciprocal of Poisson’s ratio). Different 
values of H should be taken for the positive and the negative 
sides of n, as the stress-strain relation is not the same. 

The bending moment per unit length of the tube is M = 
JS ondn taken over a section of the wall. Introducing the foregoing 
expression for the stress, and using the condition that fodn = 0, 
we obtain in the same way as in the case of a strut 
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H and H, refer to the positive and the negative parts of », re- 


spectively. 
With this expression for the bending moment, the calculation 


of the critical pressure may be performed. (See Timoshenko, 
“Applied Elasticity.”?) The result of the calculation is, ob- 
viously, as follows: 


17 Professor, Institute of Strength of Material, Kyushu Imperial 
University, Fukuoka, Japan. 
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Accordingly, with S = pr/t, the critical stress is given by the 
formula: 


This formula gives the critical stress in a long cylindrical tube 
under a right condition. Any defect such as out-of-roundness, 
local weakness of material, etc., may of course reduce the critical 
stress. So the deviation of a test result from the theoretical 
value may be taken as a sign of imperfection existing in some 
points. 

Autuors’ CLOSURE 


The aim of the paper was twofold: (1) to gather theoretical 
and experimental material on the collapse of cylinders and en- 
deavor to put it together in a manner which might be useful in 
the analysis of structures subjected to collapse; and (2) to differ- 
entiate in a practical manner between the influence of the physi- 
cal properties and elastic properties of steel on the behavior of 
cylinders under external pressure. Had the latter not been 
aimed at, considerable difficulty would have resulted in dealing 
with tubes made of steels of widely varying yield points, so as 
to bring them under a rational analysis. In the use of available 
data there has been no desire to depreciate the work of other in- 
vestigators nor to duplicate it except to coordinate it, but rather 
to recognize and use the careful work which has been done by 
others. The authors are therefore extremely grateful that such 
a mass of good experimental data was available for this purpose. 

It is not presumed that this paper is anything but a stepping 
stone to a more complete analysis of the behavior of cylinders 
subjected to collapsing loads. Nor is it presumed that all of 
the ideas presented are free from controversy, but to the best of 
the authors’ belief at the present time, the essential ones are. It 
might be appropriate here to state that the authors have applied 
the methods outlined to the design of large autoclaves under 
collapsing pressures and have followed the behavior of such equip- 
ment under test to the point of being exceedingly well gratified. 
The field of the very slender cylinder has been studied also from 
the experimental angle, and it is hoped that this will yield to an 
extension of the same general treatment which was applied to the 
less slender cylinder. This will be presented eventually as a 
supplement to this paper. There are many data available on 
slender cylinders which have not been used because they fall 
mainly outside of the range of D/T ratios presented in the paper. 
Particularly is this true of the valuable work done by Professor 
Cook of King’s College, London,” which is being used for the 
extension of the method of analysis here applied. 

It is believed by the authors that the mathematical treatment 
of a problem needs tests to supplement it; and that when tests of 
several investigators can be used which fall into line in a rational 
manner, a satisfaction is lent to the problem which otherwise 
could not be obtained. However, this particular problem in its 
entirety can be only partially analyzed by the available mathe- 
matical set-up; and to apply mathematics to the whole range of 
the problem would seem to be impracticable at the present time. 

The derivation of Sturm’s equation has not been produced be- 
cause its author is preparing it for a Doctor's thesis to be pre- 
sented at the University of Illinois. It is hoped that it will be 
available to those interested within the very near future. The 
development of this formula will therefore not be discussed. 

Mr. Sturm has introduced the term “plastic yield” in His discus- 
sion. The authors have not been able to adjust themselves to 
such a term. It is believed that at or below the appropriate 
curves shown for a steel of definite physical properties and with 


18“The Collapse of Short Tubes by External Pressure,’ Phil. 
Mag., vol. 28 (1914) pp. 51-56. . 
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definite dimensions of a tube, no plastic action is possible in the 
material. In the action of a tube under collapse the possibility 
of elastic buckling is freely admitted; and except for very stiff 
tubes the point at which buckling starts is well below the yield 
point of the material. It is believed that plastic yielding does 
not occur until the yield point of the material is reached. The 
authors are quite in agreement with Mr. Sturm’s statement of 
Dr. Westergaard’s conception of the division of the field of elastic 
action. 

The authors are grateful to Professor Cook for drawing their 
attention to the fact that Bryan is responsible for the formula 
which was labeled as Timoshenko’s. In 1913 Professor Cook 
pointed out that no universal formula had been found to cover 
the entire range of the behavior of tubes under collapse, and that 
it was unlikely that such a formula could be devised which would 
be sufficiently simple to be of practical value."* The authors 
are in entire agreement with him on this point, and the resort to 
curves has been made in recognition of this fact. Professor Cook 
also draws attention to the value of bringing mathematical studies 
into direct application by the use of actual tests. Such tests not 
only clarify the mathematical results, but also can be used (and 
have been used by the authors) to draw attention to the degree of 
perfection available in commercial tubes of today. 

Referring to that part of Section IT which is quoted in Profes- 
sor Cook's discussion, ‘‘variations in thickness below the average 
thickness’’ concern the thin portions of a commercial tube, and 
“variations above the average thickness’ concern the thick por- 
tions. Ina uniformly round tube subjected to external pressure, 
the circumferential stress will attain a maximum at the thin por- 
tions, and the tube will collapse at a lower pressure than if it were 
both round and uniformly thick. In an out-of-round tube, the 
circumferential stress may or may not attain a maximum at the 
thin portions, depending upon the locations of these portions with 
respect to the greater diameter of the tube. If the thin portions 
are at the extremities of this diameter, the circumferential stress 
will attain a maximum at these points. However, if the thick 
portions of the tube are at the extremities of the greatest diameter, 
the circumferential stress may not always attain a maximum at 
these points, although the bending moment is greatest at these 
points, but rather at other points where the bending moment is 
less. Whether or not the circumferential stress will attain a maxi- 
mum in the thick portions of the tube will depend upon the rela- 
tive thickness of the thick and thin portions and the respective 
bending moments at both the thin and thick portions. 

With reference to the first part of Professor Cook’s closing 
paragraph, on the possibility of an out-of-round tube’s becoming 
more round under collapsing loads, there can be a serious differ- 
ence of opinion. This possibility was considered by the authors 
in conjunction with the test results obtained on tubes which were 
sized in a die that was as perfectly round as it could be made. In 
carrying out the sizing operations the portions of the pipe which 
were slightly thinner were strained a larger amount, and the yield 
point stress at those points raised above the value it would attain 
in the thicker portions. The greater amount of elastic recovery 
at the thinner portions therefore produced a slightly greater cur- 
vature at these portions. On subsequent reloading in the testing 
apparatus, the authors believe the following to be the explanation 
of the recovery of roundness. As the load was gradually applied, 
the bending moment at the thinper portions was slightly less 
than at the thicker portions; but the stress at the former was 
greater than at the latter, and therefore the curvature of the 
thinner portions tended to decrease and approach the roundness 
assumed by the tube when the sizing dies were closed. As the 
load continually increased there was of course no opportunity 


19 “The Resistance of Tubes to Collapse,’”’ British Association Rep. 
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for further elastic recovery, and the tube eventually collapsed. 
This seems to be confirmed by the test results as indicated in 
Fig. 1. 

With reference to the last part of Professor Cook’s closing para- 
graph, the tubes tested for collapse by the authors were tested 
for physical properties after they had been completely fabricated, 
so that the reported yield points represent the values in the tubes 
when tested in collapse. ° 

Messrs. Saunders and Windenburg, in their discussion of lobes, 
state, ‘Theoretically, the number of lobes N will be integral, and 
the tube will collapse into that number of lobes which makes the 
collapsing pressure a minimum.” The authors are in agreement 
with the latter part of this statement, but not with the former 
part. 

Theoretically, the number of lobes will not necessarily be in- 
tegral, as the lobing is not a discontinuous function of collapsing 
stress; if it were, the number of symmetrical lobes would abruptly 
change from one whole number to the next. 

The tube will have a natural lobing tendency, and the maxi- 
mum collapsing pressure that a tube can sustain will be controlled 
by this natural tendency. It is quite possible that the natural 
length of a lobe may not divide into the periphery of the pipe 
an even number of times, and at least there may result one hybrid 
lobe which represents a whole natural lobe and part of another. 
This is shown by the unsymmetrical forming of lobes. 

The authors have taken the expermmental data for short tubes 
and assumed for each set of dimensions that the value of N is an 
unknown quantity. Solving for this unknown quantity in 
Sturm’s equation will result in the curves for N which are given 
in Fig. 7. Fig. 7 was interpolated for values of N, and these lat- 
ter values were then substituted in Sturm’s equation to provide 
stress values for Fig. 8. Fig. 8 is directly applicable to tube- 
strength analysis under collapsing pressure when the yield point 
of the steel, L/D, and D/T are known; and from this figure the 
collapsing stress can be determined. 

It is not clear to the authors how Messrs. Saunders and Win- 
denburg arrive at the conclusion that ‘‘Equation [7a] shows that, 
in Sturm’s equation, N is a function of L/D only and is indepen- 
dent of t/D.”’ Presumably, in the partial differentiation of 
Sturm’'s equation the ratio ¢°/D* is considered to be constant. 
But if it is so considered, the deduction, made by Messrs. Saun- 
ders and Windenburg that “according to this equation, two tubes 
of the same length and diameter will collapse in the same number 
of lobes, even though one tube is very thin and the other very 
thick,” is incorrect. In the partial differentiation (°/D* was 
made a constant, and this implies that while this ratio is kept 
constant N will vary only with L/D according to the mathematics 
shown. 

Concerning Sir Henry Fowler’s discussion, the authors wish 
to state that the question of thickness is not considered to have 
no effect on the collapsing strength. It is believed, however, with 
the present methods of pipe making (which use fairly umform 
thicknesses of steel), that this factor is very much less effective 
than the question of ouv-of-roundness, and can be neglected for 
all practical purposes. This conclusion was reached after a con- 
siderable study of tubes which were very round, but in which 
the thickness difference in the tubes was the maximum tolerance 
allowed in the plates purchased for tube making. 
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It is gratifying to read the kind remarks of Dr. Jacobus and 
Professor Priester. 

Professor Ono and Mr. Rhys have both been very helpful in 
their discussions in clarifying the analogy which the authors have 
drawn between columns and tubes. 

In his reference to Gordon’s formula, Mr. Rhys has suggested 
a more conservative series of curves for tubes. The authors 
believe, however, that while Gordon’s formula is a reliable con- 
sideration for columns because of the difficulty in avoiding ec- 
centric loading in service, it does not strictly apply to tubes under 
collapse. In the very principles applied to tube making, this 
degree of eccentricity (which is represented by out-of-roundness) 
need not be present in modern methods of manufacture. The 
degree of out-of-roundness found in commercial tubes today is 
very small. In order to get information on out-of-roundness the 
authors had to study data on tubes made by old tube-manufac- 
turing methods. These methods have been so much improved 
that today the importance of out-of-roundness is reduced to a 
minor position. Nevertheless, an evaluation of out-of-roundness 
in tubes has been made in this paper; and can be applied to proc- 
esses of manufacture which demand it. The effect of out-of- 
roundness becomes increasingly important in studying large ves- 
sels under collapsing loads, such as autoclaves and the like. 

Concerning Professor Stewart's discussion, the authors believe 
that his generalizations on commercial tubes and on the impracti- 
cability of evaluating the effect of out-of-roundness and variations 
in thickness would be more helpful if they were substantiated by 
specific test results on modern tubes. 

In 1906 he made a splendid contribution to the study of the 
collapse of tubes and revealed the superiority of the prevailing 
methods of manufacturing tubes over those existing in 1858 
when Professor William Fairbairn published his investigation on 
riveted tubes. Professor Stewart’s tests, however, were made 
on tubes which were more out-of-round and had greater varia- 
tions in thickness than is commercially necessary at the present 
time. It is therefore logical to suppose that his results can be 
bettered by those on commercial tubes of today. 

While industry is approaching nearer to the ideal in tube manu- 
facturing, it is helpful to have some kind of calibration to reveal 
what this ideal is, and to demonstrate how near commercial 
tubes can come to this ideal. Professor Carman’s tubes were 
machined to nearly perfect roundness and uniform thickness; 
and the test results are shown in Fig. 3. Although these tubes 
cannot be classed as commercial, reference is made to Fig. 1 for 
tubes selected at random which were made commercially to the 
extent of over 1,000,000 tons within the past few years. The cor- 
relation of results between Carman’s almost perfect tubes (Fig. 3) 
and those shown in Fig. 1 will indicate the degree of perfection 
possible in commercial tubes at the present time. A close study 
of the experimental curves in Figs. 1 and 4 will show particularly 
in the elastic range of the curves the degree to which modern manu- 
facturing methods have progressed toward the ideal tube. 

It is believed that the technical points raised by Professor 
Stewart are covered in the author’s remarks bearing on Professor 
Cook’s, Sir Henry Fowler's, and Mr. Rhys’s discussions. 


20“'The Resistance of Tubes to Collapse,”” Philosophical Trans. 
of the Royal Society of London, vol. 148 (1858), pp. 389-413. 
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Spiral Springs 


The paper presents a new theory relative to the stress, 
strain, and energy functions of spiral springs. This 
theory differs from the current one in that it takes into 
account the large deformations implied in the action of 
spiral springs. In the light of the theory, definite recom- 
mendations are made with reference to the design and 
mounting of spiral springs. It is suggested that springs 
may be loaded in such a manner as to eliminate all locally 
overstressed points as well as all friction between leaves. 
No grease or graphite, therefore, need be employed and 
the efficiency of spiral springs may thus be increased: 
(1) By the utilization of space otherwise occupied by a 
lubricant, from 10 to 20 per cent; (2) by the elimination 
of all friction between leaves, from 20 to 40 per cent; 
and (3) by the elimination of locally overstressed points, 
from 40 to 100 per cent. 


i OR a number of years the author 
no? * has been giving a discussion of spiral 


4 <a springs before his classes at the Uni- 


versity of Michigan. He was aware that 
his analysis differed from those of Féppl, 
Morley, and Castigliano, and while writing 
a chapter on Resilience for his text ‘‘Elastic 
Energy Theory” (John Wiley & Sons, 
Inc., 1931) this disagreement became all 
the more apparent. Hence this paper is 
presented with a view to offering oppor- 
tunityfor discussion. The same arguments 
used in his class work and as given in the text just referred to, 
are more or less followed in the present discussion. The prob- 
lem, however, is dealt with in more detail. Furthermore a 
rational application of the theory to practical problems in design 
is suggested. 

A distinction is made between four essentially different con- 
ditions of loading of spiral springs, which include most of those 
of practical importance at the present time. These four load- 
ing conditions are discussed separately under cases I, II, III, 
and IV. 

After having established what appears to be the most desirable 
condition of loading of the spiral spring, practical means of 
obtaining it are considered in the light of the theory. 


1 Professor of Engineering Mechanics, University of Michigan. 
Mr. Van den Broek received his B.S. degree from University of 
Kansas, in 1911, and Ph.D., University of Michigan, 1918. At 
first he was employed on railway location and railway construction. 
He was structural designer with the Boston Bridge Works and with 
the Bridge Department of the Canadian Pacific Railway. He 
is author of “Effects of Cold Working on the Elastic Properties of 
Steel,”” Carnegie Scholarship Memoirs, Vol. 9, reprinted in Engineering, 
July, 1918, and Zeitschrift far Metallkunde, Vol. 12, and of “Elastic 
Energy Theory,” John Wiley & Sons, Inc., 1931. 

Presented at the National Applied Mechanics Meeting, Purdue 
University, Lafayette, Ind., June 15 and 16, 1931, of Tae AMERICAN 
SocteTy oF MECHANICAL ENGINEERS. 
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Case I—OuvrTer Extremity OF FrEE To MovE IN DireEc- 
TION OF Raprus, BUT RESTRAINED AGAINST ROTATION AND 
Motion at Rigut ANGLEs TO Raprivs. 


Given: A beam in the shape of a spiral and loaded only 
through both its extremities (points A and E, Fig. 1). The 
beam is a coplanar structure, that is, the center line of the beam 
and the loads or reactions lie in a plane. The conditions of 
restraint are such that, as a couple M, is applied to the inner 
extremity, both extremities, points A and EF, remain on the 
original line connecting them. Furthermore the beam at point 
A is assumed to be restrained against rotation, that is, the 
tangent at A remains permanently vertical. 

To find: The reactions, Q and M,; the maximum elastic 
energy the beam is capable of storing; the relation between 
applied couple M,, the dimensions of the beam, the elastic 
constants of the beam, and the maximum stresses and deforma- 
tions involved. 

The problem being a coplanar one, the most general condition 
of loading is a horizontal and vertical force as well as a couple 
acting at both extremities, points A and EZ. The conditions 
of restraint are such as to insure zero rotation of the tangent at 
A and zero vertical displacement of one extremity relative to 
the other. There being no restraint in a horizontal direction, 
there are no horizontal forces or reactions acting at either point 
A or point E. 

In his book “Elastic Energy Theory,” the author follows a 


Fie. 1 


different line of argument. There he proves that, if the ex- 
tremities of the spring are restrained sidewise, the horizontal 
reaction is very small, practically zero, provided the spring 
may be considered as composed of a large number of concentric 
coils. 

It should be kept in mind that no distinction can be main- 
tained between loads and reactions. The structure shown in 
Fig. 1 is in equilibrium under the action of all the forces shown. 
Consideration of the equation =F, = 0 leads to the conclu- 
sion that the vertical reactions at both points A and E are neces- 
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sarily equal and opposite. Assuming an z-y coordinate system 
imposed on the system as shown in Fig. 1, the actual bending 
moment M, at any point in the structure is given by the ex- 
pression M, = M, + Qz. In this expression the signs are 
used in conformity with the conventions of analytic geometry. 
The effect of M, throughout the length of the beam is the same 
in intensity and sign. M, causes the curvature of the spring 
at all points to be increased, and the radius of curvature at all 
points to be decreased. The effect of Q is to cause change of 
curvature of the spring in the sense of M;, for positive values of 
x, and bending in a sense opposite to M, for negative values of z. 

The structure is once redundant. That is, the beam may be 
assumed held at A and loaded with M, at EZ. If the point EZ 
is not restrained, the structure would be statically determinate, 
that is, the moment at all points would be equal to M,. The 
structure, however, is restrained at E, that is, the limiting con- 
ditions as given at the outset are to the effect that the vertical 
displacement of point E relative to point A is zero. This may 
be mathematically expressed as follows: 


AE, = 0 


The presumption is that reaction Q is necessary at points E and 
A to satisfy these conditions of restraint. In terms of the 
elastic-energy theory this is expressed as:* 


M,Mgds 
PEI 
P is an auxiliary load applied at E in the direction of AE,. 
M, is the moment caused by P. In this case M, = Pz, there- 


fore 
zM,ds 
= 0 


E and J, being constant, may be canceled. Thus, /“rMgds = 0. 
Substituting the value of Mq from the preceding paragraph, we 
obtain: 


fxrds + Qf = 0 


The integration is to proceed over the entire length of the spring 
from Eto A. J zds is the sum of the moments of all elementary 
lengths ds about the y-axis. This is the length of the spring 
multiplied by the distance of its centroid from the y-axis. If 
the spring consists of a large number of coils, it may, without 
appreciable error, be regarded as a number of concentric rings, 
the centroid of which is at E on the y-axis. f zds, therefore, 
is zero, and consequently 0 + Q f2%ds = 0. f2x%ds is the 
moment of inertia of the length of the spring about the y-axis. 
Since this cannot be zero, it follows that Q is zero. 

Thus, a spiral spring restrained against vertical displacement 
as well as against rotation at its outer extremity, point A, and 
loaded with a couple at its inner extremity, point EZ, is loaded 
throughout with a constant moment, and with a constant 
moment only. The energy due to bending is 


where L = length of the spring. 

To express the elastic energy stored in a spring in terms of 
stress, we substitute for M its equivalent S//C. For a spring 
made of a flat leaf of rectangular cross-section bt, 


2 For a detailed proof of the equations here employed, the author 
refers to his text ‘‘Elastic Energy Theory,”’ John Wiley & Sons, Inc., 
1931, or to a pamphlet published by him in Ann Arbor entitled 
“Elementary Elastic Energy Theory.” 
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For a spiral spring made of a solid circular wire, 
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where V = volume of the spring. 

The angular displacement @ of the tangent to one extremity 
of the spring relative to the tangent to the other extremity is 
given by the expression 


Mds 
El 


M being constant, 


—........ . [3] 


Expressed in terms of stress S instead of M, 
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and for a spring of rectangular cross-section bt, 
5 


The stress-strain analysis of spiral springs is interesting be- 
cause, in the theory of the strength of materials, it exemplifies 
the elastic behavior of structures, which is at variance with the 
behavior generally encountered. Two major assumptions com- 
monly underlie the analysis of most problems in strength of 
materials, assumptions which bear close watching: 


1 Material is elastic 
2 The principle of superposition holds. 


Our analysis of the spiral spring is based on these two assump- 
tions. 

In the analysis of redundant structures, where the theory of 
elasticity finds its widest application, the assumption is generally 
made that the deformations of the structure are of a relatively 
small order of magnitude. Without this assumption it could 
generally not be maintained that the principle of superposition 
is valid. 

In the analysis of spiral springs, large deformations are implied. 
In disregarding large deformations the analysis is not complete. 
Any theory we advance, in order to be valid, must hold true for 
the entire range of stress from zero to the elastic limit. Assuming 
the spring to be built of elastic material, we have still to consider 
the question whether or not our analysis holds true for the entire 
range of loading. In other words, is the second assumption valid 
in spite of the large deformations in the structure which are 
involved? 

It is proposed to show that, provided certain conditions are 
satisfied, the foregoing theory is correct and the derived formulas 
are strictly applicable to spiral-spring analysis or design, regard- 
less of the large deformations involved. 

Formulas [1] to [5] give expression to elastic energy stored 
in and to deformation of spiral springs in terms of loads M, 
and stress S, volume of spring -V, and modulus of elasticity £. 
It is a very significant fact that all five formulas are independent 
of the overall dimensions of the spring, particularly are they 
independent of the radius R (Fig. 1). That is, the formulas 
hold true in both close-coiled and loose-coiled springs, and in 
springs both heavily and lightly loaded, with equal validity 
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This is true provided the limiting conditions of restraint as stated 
at the outset are satisfied. 

Under case III it will be shown that this ideal condition of 
loading is approached fairly satisfactorily in spiral springs 
mounted in agreement with common practice. Later, under 
“Suggested Improvements,” it will be shown how the ideal 
condition of loading, discussed under case I, may be practically 
realized. 


Case I] —Ovrer Extremity or Sprina Free to Move 
Drrection or Raprus AND TO RorTaTE, BUT RESTRAINED 
Morion at Riagut ANGLES TO Raprivs. 


Given: A beam in the shape of a spiral and loaded only 
hrough both its extremities (points A and £, Fig. 2). The 
beam is a coplanar structure, the center line of the beam and 
the loads or reactions lie in a plane. The conditions of restraint 
are such that, as a couple M is applied to the inner extremity, 
both extremities, points A and E, remain on the line AE. 


Fig. 2 


To find: The maximum elastic energy the beam is capable 
of storing. 

Case II differs from case I essentially in the mode of support 
of the outer extremity of the spring, point A. The end A of the 
beam is restrained to move on the line AE. The tangent to the 
beam at the point is free to rotate. Furthermore, point A is 
free to move in the direction AE. 

In his book ‘‘Elastic Energy Theory,” the author proves that, 
in case point A is restrained in a horizontal direction as well as 
in a vertical direction, the horizontal component of the reaction 
at either A or E is zero, provided the spring may be considered 
as composed of a large number of concentric rings. This proof 
is omitted here as it is not essential to the present argument. 

Under the conditions of loading, as stipulated, the beam is 
statically determinate, or 

M =QR 
If we conceive of an z-y coordinate system imposed, with the 
origin at A and with the z-axis horizontal and passing through 


the center point EZ (Fig. 2), then the general expression for Mg, 
the bending moment at any point, is: 


M, = 


The elastic energy stored in the spring is: 


Meds 


The term § x%ds is the moment of inertia of the spring about 
the y-axis. This moment of inertia is equal to a moment about 
an axis parallel to the y-axis and passing through the centroid, 
plus the length times the square of the distance between the two 
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axes. The moment of inertia of the spring about an axis through 
the center of gravity is equal to the length of the spring times 
the radius of gyration squared. Provided the spring consists 
of a large number of coils, its radius of gyration squared will, to 
all intents and purposes, be equal to the square of the radius 
of gyration of a circular area, and is thus equal to R*/4. There- 


fore 
2 
fv = Le + = 2 


(The square of the radius of gyration of twenty concentric rings 
varying in radius uniformly by one inch (from a ring with a radius 
of 1 in. to one with a radius of 20 in.), about a line tangent to the 
outer ring is 505 in.? instead of 500 in.? as the formula would give. 
The error here involved in this assumption is therefore of the order 
of magnitude of 1 per cent. ] 


The total elastic energy stored in the spring is: 


The maximum bending moment occurs at C and is equal to 2QR. 
The maximum stress in a spring of rectangular cross-section bt is: 
_ Mc 6M 12QR 
bt 
Thus QR = Sbi*/12. 
The elastic energy stored in the spring, expressed in terms of 
this maximum stress at point C, is: 


_ BULS? 


%E  %E re 


Assuming the spring to be sufficiently stiff and rigid for the 
loading conditions to remain unaltered until the elastic-limit 
stress at point C is attained, the maximum elastic energy that 
can be stored in the spring is: 


5VS,? 
 96E 


where S, is elastic-limit stress at point C. The maximum elastic 
energy that can be stored in a spring under the conditions of 
loading discussed under case I, was expressed by Formula [2], 
and is equal to 


16VS,? 
W 


6E 

The mounting of a spiral spring in agreement with the conditions 
set forth under case I is thus seen to be 16/5 times as effective 
(as far as the capacity for storing elastic energy is concerned) 
as mounting it in agreement with those set forth under case II. 


Norte: In the analysis of the problem discussed in this example 
various authorities commonly disagree in their conclusions, although 
their premises are essentially the same. Thus, August Féppl, in 
his ‘“‘Vorlesungen iiber die Technische Mechanik,”’ and Morley in 

4 


his “Strength of Materials,"’ give the value instead of 
5 SV . 
aE for the elastic energy stored in a spiral spring under a con- 


dition of loading as here assumed. It would seem that Féppl made 
the error of equating the angular displacement at the arbor to the 
angular change between the two extremities, thus ignoring the fact 
that the tangent to the outer extremity also rotates. Morley in 
part of his analysis assumes “the spring at A to remain sensibly 
normal to CA,” which is a contradiction of the condition that the 
tangent to the spring at A is free to rotate. 

S. Timoshenko in his ‘Strength of Materials,"’ vol. II, page 445, 

M?L 


SEI’ which is the same 


arrives at an expression for energy, W = 
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as that found in case I for a spring with the outer extremity re- 
strained against rotation. He further concludes that the maximum 
moment, namely, /@, = 2QR, is at C. Certainly these two con- 
ditions cannot coexist. 

Castigliano in “Theorie der Biegungs und Torsions-Federn,” 
1888, page 26, gives a formidable analysis without, however, clearly 
stating his premises or end conditions. He carefully includes the 
shear forces and direct compression, only to ignore them later on. 
His analysis applies to a condition of loading and support. similar 
to but not identical with those of case I. His limiting conditions 
are not expressly stated. Various conditions of loading or support 
of spiral springs he does not discuss. In common with subsequent 
writers, he fails properly to evaluate or discuss changed conditions 
as the loading progresses and the outline of the spring changes. 


Not only is the maximum elastic energy in a spiral spring 
stored under conditions of loading and support as here stipulated, 
at most less than one-third the amount possible under conditions 
as outlined in case I, but in the majority of springs the condi- 
tions of loading and support will be radically changed long before 


the elastic-limit stress at point C is reached. Spiral springs 
such as mainsprings in clocks and phonographs are so flexible 
that, if loaded and supported in the manner indicated in Fig. 2, 
they readily deform, the leaves come in touch with each other, 
and finally all come to bear against the arbor (see Fig. 5). 
The instant two leaves are brought in contact the loading con- 
ditions as stipulated at the outset of this example are violated 
and the theory developed on the assumption that the spring is 
in the shape of a spiral with all leaves separated becomes invalid. 
In his text on “Elastic Energy Theory,” page 187, the author 
computes that in case of a clock spring of maximum radius 
R = 5 in., length L = 160 in., width b ='1 in., and thickness 
d = 0.022 in., consisting of 14 coils (see Fig. 8) the outer leaves 
of which are separated 1 in., a force of '/,s lb. is sufficient to 
bring the outer leaves in contact with each other. In a test 
of a spring of these dimensions, the spring being mounted on a 
drawing board, the friction factor involved made it impossible 
to check the value of '/is lb. exactly. It was found, however, 
that the force necessary to bring the outer leaves in contact 
under a condition of loading as here assumed (Fig. 2) is of the 
order of magnitude of somewhat less than one ounce. With a 
load Q of 1/13 lb. in the spring, the elastic energy stored is '/s of 
1 per cent of the energy that can be stored if the loading conditions 
were kept constant, or 1/2 of 1 per cent of the energy that may 
be stored if the loading corresponds to that outlined in case I. 
The ultimate condition, when the loading assumed in case IT 
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is maintained until all the leaves bear on the arbor, is probably 
the most important and representative condition of loading and 
support of spiral springs. This case is discussed in detail under 
case III (d). 


Case III—(a) OvrerR Extremity or Spring Loapep sy Two 
Equal AND Opposite Forces To A Riaip Bar; 
(b) Loapep BY Two Equat Forces APPLIED 
To Last QUARTER-BEND OF SPRING; (c) SPRING PINNED AT 
Ovurer ExTREMITY AND SuppoRTED BY ROLLER '/, TuRN 
Away; (d) Sprina Prix-Supportep at EXTREMITY AND 
BEARING ON ARBOR. 


Under case III it is proposed to discuss several analogous 
cases of loading. 

(a) Given: A coplanar beam in the shape of a spiral. The 
outer end of the spiral beam (Fig. 3), point B, is clamped to a 
rigid bar BA. Compared with a flexible spring, the bar may be 
assumed of infinite rigidity. The spring is loaded with a moment 
M, and a horizontal force H at its inner extremity, point Z, and 
with two equal and opposite forces Q applied to the two ex- 
tremities of the bar AB as well as a horizontal force H along 
AB. The limiting conditions are such that the line connecting 
B and E remains permanently at right angles to the bar AB. 
Point EZ, however, is permitted to alter its linear distance BE. 

If we assume an z-y coordinate system introduced with its 
origin at EF and the y-axis coincident with BE, then the actual 
bending moment M, is expressed as M, = M, — Hy. If bar 
AB is assumed to be held permanently horizontal, then the fact 
that E is restrained to move along the y-axis BE may be ex- 
pressed as 


In terms of elastic energy 


M,M,ds 
AE, = —— 
PEI 


M, is the moment in the beam caused by an auxiliary load ? 
applied at E in the direction z. M, in the above equation there- 


fore is M, = Py. AE, = 0 then becomes 
PyM eds yM 
PEI 


Substituting the expression for Mq and canceling E/, we obtain 
M, S yds —H Sf y*ds = 0 


It has been previously shown, provided the spiral beam may 
be regarded as a number of concentric rings, that - rds = 


Therefore 
H Jf = 


Since { y*ds is the moment of inertia of the outline of the 
beam about the z-axis, and since this cannot be zero, it follows 


that 
H = 


Therefore, M, = QL. Thus the beam‘is loaded with equal and 
opposite moments at its two extremities. Therefore, the con- 
dition of loading here discussed is identical with that discussed 
under case I. 

(b) Given: The same spiral beam discussed under case 
III (a) (Fig. 3) with the rigid bar AB replaced by a quarter- 
bend of the flexible beam (Fig. 4). 

To find: The stress-strain relationship of the beam as a 
function of the loads. 

In the analysis of the previous example, case III (a), we 
assumed bar AB of infinite rigidity as compared with the flexi le 
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spiral beam. This, in turn, insured the z-y coordinate system 
to be permanently fixed with the y-axis vertical and the z-axis 
horizontal. 

Suppose the bar AB (Fig. 3) is not rigid. For example, AB 
may be considered as the end of the spiral beam. Then, if 
points A and B are assumed held on a straight horizontal line, 


Fig. 4 


the tangent to the beam at point B will rotate somewhat as the 
structure is loaded. If we define the y-axis as being permanently 
perpendicular to the tangent to the beam at point B and define 
the loads Q and H as permanently parallel to the y- and z-axes, 
respectively, then, for any stage of loading, the analysis given 
under case III (a) holds good. 

If, finally, the outer end of the spiral beam be considered a 
quarter-bend of a circle and loaded with two equal and opposite 
forces at points A and B (Fig. 4) with a horizontal force at 
point B, and a moment and horizontal force at Z, all the fore- 
going arguments of case III (b) apply here with the same force. 

The assumption that the z-y coordinate system be allowed to 
rotate slightly and the direction of the forces be allowed to 
rotate with it so as to be always parallel to the z- and y-axes, 
is possibly an unusual condition, and in this case a hypothetical 
one. The arguments, however, are thought to be entirely 
sound, This condition of loading has been analyzed as a basis 
for the discussion of the following two conditions which have 
practical significance. 

(c) Given: A spiral spring mounted on an arbor at £E, 
pinned at A, and supported on a roller at B (Fig. 4). The re- 
action at B is in the direction BE. Point B is free to move on 
the line BE. 

To find: The stress-strain relationship of the beam as a 
function of the loads. 

In cases III (a) and III (6), points A and B were assumed 
fixed in space while point Z was restrained to move on the y-axis. 
In case ‘III (a) the y-axis is permanently vertical, while in case 
Ill (6) it is allowed to rotate slightly to compensate for the 
curvature induced in the loading end of the spring BA. In 
these cases the spiral spring is loaded with a constant moment, 
which is the same condition of loading discussed under case I. 
A constant moment means constant change of curvature. There- 
fore a spring which has the form of a number of essentially con- 
centric rings to begin with maintains this form as the loading 
progresses. The rings become smalier in diameter and increase 
in number, but essentially they remain concentric rings through- 
out the loading process. Point E in cases III (a) and III (b) 
thus approaches point B along the y-axis. In the present 
ease (with point E fixed in space) the same condition of loading 
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will prevail, provided bar AB, Fig. 3, is permitted to approach 
E, remaining at all times parallel to its original position, or 
provided point B, Fig. 4, is permitted to approach EZ. If the 
portion BA, Fig. 4, is a flexible beam, the z-y coordinate system 
must in this instance be permitted to adjust itself to the change 
of curvature in the portion AB of the beam. The loading con- 
dition here discussed may be obtained by supplying a roller- 
bearing support at B and allowing it to move freely to the left 
as the spring is loaded. As the loading progresses, the direction 
of the reaction at A will change so as to be always parallel to 
BE, while B moves slightly to the left as well as toward E. 
With equal parallel, and opposite forces applied at A and E, 
the spring remains open as the loading progresses. 

(d) Given: A flexible spiral spring mounted on an arbor at 
E and its outer extremity A attached to a string which is sup- 
ported at EZ. (See Figs. 2 and 5.) 

To find: The stress-strain relationships of the spring as a 
function of the loads and reactions. 

In cases III (a) and III (6) the points A and B were assumed 
fixed in space and point EF was free to approach B along the 
line EB. 

In case III (c) the point EZ was fixed in space and point B 
was subjected to a reaction equal and opposite to the reaction 
at A. 

In the case under discussion, the spring is loaded as given under 
case II. Case II shows that, with flexible springs, the leaves 


Fie. 5 


soon come in contact with each other and the spring assumes the 
shape as shown in Fig. 5. The spring then consists of a number 
of tangential rings instead of a number of concentric rings. A 
spring loaded as illustrated in Fig. 5 presents essentially the same 
condition as the one discussed under case III (c). The roller- 
bearing reaction of Fig. 4 is replaced by a reaction supplied by 
the arbor in Fig. 5. Throughout the entire length of the spring, 
except for the quarter-bend BA and except for the friction be- 
tween leaves on the arbor, the spring is loaded with a constant 
moment. As the tangent to the curved beam BA at point B 
is somewhat displaced (displacement due to the bending in the 
quarter-bend AB), point B shifts somewhat to the left and the 
axis of symmetry, shown as the y-axis in Fig. 5, turns somewhat 
in a counterclockwise direction. These changes, however, as 
discussed under case III (c), do not materially affect the theo- 
retical analysis of the case under consideration. The friction 
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factor also, strange as it may appear, is more of a practical than 
a theoretical stumbling block. On any intermediate leaves, 
the pressure on the top and bottom of any one leaf is practically 
the same. The difference between the two pressures is of the 
order of magnitude computed under case II. There is thus on 
each individual leaf a frictional drag, tending to propel the leaf, 
practically equal to another drag tending to retard it. This 
holds true for all leaves except the outer one. This does not 
mean, however, that the friction is not objectionable. It does 
argue that the friction factor does not invalidate our conclusion 
to the effect that the loading (Fig. 5), in so far as storing of 
elastic energy is concerned, is essentially the same as that repre- 
sented by Fig. 4, which, in turn, is substantially the equivalent 
of the loading represented by Fig. 1. (See also the concluding 
paragraph under case IV.) 

August Féppl, in his ‘“Vorlesungen iiber Technische Me- 
chanik,” 1919, Vol. III, page 227, writes: “Under a condition 
of a fixed-end support, the spring is more favorably loaded than 
is the case when the outer extremity is pin-connected. When 
there is doubt as to whether or not the condition of fixity of the 
support can be relied upon, our computations should be based 
on the formulas derived for the loading condition with pin- 
connected end. In the first four editions I have therefore dis- 
cussed only the case of a pin-connected end; since this led to 
misunderstandings I have now also included the analysis of 
springs with fixed support. This is not done, however, with the 


B 
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intent to recommend an analysis differing from those formerly 
offered, but it is given with the implied warning that the con- 
clusions will usually be too favorable when a fixed position of 
the outer end of the spring is assumed.” 

The author feels that Féppl was one of the clearest and soundest 
writers on mechanics of all time, but in this instance he takes 
exception to Féppl’s conclusions. Instead of being difficult of 
realization, the conditions of support analyzed under case III (d), 
with all leaves of the spring bearing on each other and on the 
arbor, constitute the most common kind of loading of spiral 
springs we appear to have. Except for a friction factor as the 
leaves rub over each other, this condition of loading and support 
is essentially equivalent to a condition of loading with fixed end. 


Case IV—Ovuter Extremity or Spring Fixep, CoMPLETELY 
REsTRAINING IT AGArINsT LINEAR OR ANGULAR MOTION. 


Given: A beam in the shape of a spiral and loaded only through 
its extremities (points A and E, Fig. 6). The conditions of re- 
straint are such that, as a couple M, is applied to the inner 
extremity, both extremities remain in the same relative position. 
Furthermore the outer extremity is restrained against rotation. 
Point A is fixed. 


To find: The energy stored, and the stresses in the beam. 

Case IV is identical with case I except for the restraint of 
point A in the direction AZ. In this instance point A is what 
is technically known as completely fixed. Point E is fixed as 
to position. Under this condition of restraint, the structure 
has one degree of freedom less than it has under the loading 
and support discussed in case I. While in case I there is no 
horizontal reaction at either point A or £, in this instance we 
have to assume that there is such a reaction. In his treatise 
on “Elastic Energy Theory” the author proves that under these 
conditions of loading and restraint, provided the beam consists 
of a large number of essentially concentric coils, the horizontal 
reaction is practically zero. While in that argument it was 
implied that the conditions were to be kept constant in order 
that they might prevail throughout the entire range of stress, 
that is, that point A would be moved in as the spring is wound 
up, in the present case point A is assumed to be rigidly fixed. 
To be sure, for a spring composed of a large number of coils, 
the horizontal reactions are sensibly zero. The mathematical 
proof is a very simple and direct one. The experimental veri- 
fication of the proof is still simpler. All one need do is to apply 
a horizontal force H at point A on a spring mounted as shown 
in Fig. 6, to realize how much displacement is produced with 
very little force, and by the reverse argument, how very little 
force would be required to overcome any tendency toward 
lateral displacement. 

Under case I it has been demonstrated how, if point A is 
allowed to move laterally, the beam is subject to a constant 
moment throughout. As this moment increases in magnitude 
the beam is curved more acutely throughout its length and more 
concentric rings are formed, which, however, are closer together. 
The overall diameter of the spring decreases. If the spring is 
rigidly fixed at A this decrease of the overall diameter will induce 
a horizontal force at A. In other words, the decrease in the 
overall diameter will be accomplished by a double shift of point 
C toward E instead of equal shifts of points A and C. 

At first glance it may appear that we are indulging in loose 
reasoning. In one case we argue that under certain conditions 
of restraint there is no horizontal reaction, and in the next argu- 
ment that there is. The point is that the horizontal component 
of the reaction at A is in the nature of a differential of a higher 
order. So long as deformations of the structure are finite but 
small, the reaction H is of a differential magnitude. When we 
consider a spiral spring of, say, twelve coils, as being wound up 
and changed to a spring of thirty coils, the deformations are no 
longer small finite deformations but are finite and very large. 

It is comparatively simple to develop with quite a high degree 
of accuracy an expression for the value of 7 under these condi- 
tions of loading. We shall forego that, however, and content 
ourselves with proving that a manner of support as here stipu- 
lated—complete restraining of the spring at point A—has no 
advantage, from the point of view of storing maximum elastic 
energy, over a pin-connected support as discussed under case I 11. 
In fact, it is easily conceivable that with a fixed support the 
loading conditions may be less favorable than they are with 4 
pin support at A. 

It was shown in case III (d) that with a pin support, the 
loading, except for friction between the leaves, is as efficient «s 
the condition of loading comprising constant bending moment 
throughout the length of the structure except for the last quarter- 
bend. This same condition will ultimately prevail with the beam 
completely restrained at point A. The disadvantage in the latter 
mode of support lies in the fact that as the spring is wound with 
a pin support at A the entire spring from B to E is uniformly 
loaded, only the quarter-bend AB is subjected to a non-uniform 
loading varying from zero at A to a maximum at B. In the for- 
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mer case, however, with a fixed support at A, as the spring is 
wound, the entire spring from B to E, after all leaves are bearing 
on the arbor, is again loaded uniformly with the exception of 
the half-bend AC, which is subject to a reversal of bending 
moment. If the spring is wound tight, this reversed bending 
moment may well exceed the constant moment in the spring 
between points B and E. 

We offer one more evidence to the effect that, from the point 
of view of maximum elastic energy stored, a pin support at A, 
as in case III (d), is as efficient as a restrained support at A, 
case I, and more effective than a fixed support at A, case IV, 
except for friction involved as the leaves of a spring slide over 
each other on the arbor and except for the final part AB of the 
spring. 

Consider the winding of a spiral spring under the two con- 
ditions of loading and support as given in case I and case III (d), 
support restrained against rotation at A and pin support at A. 
The initial condition is one of zero stress throughout in both 
cases. The final condition is a spring wound tight on the arbor. 
The final conditions of the spring wound in the two ways will 
be practically identical. This being the case, the amounts of 
elastic energy stored in both cases must be practically identical. 
Furthermore, the number of turns required to reach both final 
conditions are identical. What we cannot prove by this argu- 
ment is the rate of increase of stress under these two different 
ways of loading. This has been discussed under cases III (a) 
and III (6) which point to the fact that the raté of increase in 
both cases is essentially constant. 


THEORY AND PRACTICE 


The four cases here discussed may not cover the complete 
range of possibilities, but it is thought they cover the most 
essential conditions of loading and support of spiral springs. 
The author has quoted the German authority Féppl, with whose 
conclusions he disagrees. To quote one more authority, Arthur 
Morley, in his “Strength of Materials,’ 1923, page 399, says: 


1 
“Proof resilience = 


aE x V, which is only '/, of that of a 


closely wound helical spring subject to axial twist, where all the 
material is subjected to the maximum bending moment, instead 


of a bending .. . etc. 

The current theory of spiral springs appears to be one more 
case in which practice and theory disagree—with practice carrying 
off the honors. In spite of the current theory, practice has con- 
tinued to develop and to use spiral springs for the purpose of 
storing mechanical energy in a great variety of mechanisms. It 
would seem that if helical springs subjected to torsion about the 
axis of the coil were four times as efficient as spiral springs, 
surely industry would have made more extensive use of helical 
springs thus loaded. Our theory points to the conclusion that a 
spiral spring, from the point of view of storing elastic energy, is 
exactly as efficient as a helical spring twisted about the axis of 
the coil. If we compare a spiral spring made of a flat leaf of 
rectangular cross-section and loaded in the usual manner with 
a helical spring made of a solid round wire and twisted about its 
axis, we shall find that the energy stored in the former is 33 per 
cent greater than that stored in the latter [see formulas 2(a) 
and 2(b)]. 

A helical spring loaded in the usual manner, that is, with 
two equal and opposite forces acting in line with the axis of the 
coil, funetions essentially as a long, slender shaft compacted into 
a small space with each element of its length loaded with a con- 
stant torque. Similarly, a spiral spring is essentially a long, 
slender beam compacted into a small space with each element 
of its length loaded with a constant moment. 
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The difference between the elastic energy stored in a cantilever 
beam subject to constant bending and that of a cantilever beam 
with a concentrated load at its unsupported end is a qualitative 
illustration of the difference between the loading condition 
discussed under case I and that of case II. 

It is argued that practice in regard to spiral springs is far 
better than current theory would lead to suppose. It does not 
follow, however, that there is no room for improvement in current 
practice, 

In venturing to speak of practical problems the author wishes 
to make it clear that he does not lay claim to an extensive prac- 
tical experience with spiral springs. Except for a study of his 
own watch, discussions with a watch repairer, and a phonograph 
repair man, and a few experiments with springs mounted on 
drawing boards for ex- 
perimental purposes, 
he has no practical 
appreciation of the 
problem. 


SuGGEsTED IMPROVE- 
MENTS IN MOUNTING 
Sprrau SpriINGs 


In discussing prac- 
tical aspects, then, the 
author will limit his re- 
marks to the following 
assumptions: (1) That 
the ideal loading of a 
spiral spring is such 
that the angular def- 
ormation is accurately 
proportional to the 
torque (hairspring in chronometer), and (2) that the spring must 
store a maximum amount of energy and must be free from dis- 
continuous operation (mainspring in watch). It is proposed to 
discuss the best manner of satisfying these requirements. 

One condition is essential, namely, the spring must operate 
without the leaves coming in contact with each other. The one 
and only way to obtain this result is to satisfy the limiting con- 
ditions of support and restraint as discussed under case I. 
The outer extremity of the spring is to be restrained against 
rotation. Its motion toward the center must, however, be un- 
restrained. 

Féppl does not believe that complete fixity of the outer sup- 
port can be attained. One of the largest American manufac- 
turers of watches attempts it. It has been pointed out under 
case IV that in the author’s opinion a pin-connected support is 
superior to a completely restrained support. The cheaper 
watches have the hairspring fixed at point A with the result that, 
as the hairspring is loaded and unloaded, it does not expand 
and contract about the center of support, but the leaves on the 
opposite side of the arbor crowd in on each other as the spring 
is loaded (see case IV). The better watches have the hair- 
spring supported as shown in Fig.7. This isa partially successful 
attempt to attain the limiting conditions of support as stated in 
case I, The ideal conditions of support may be attained in a 
number of ways. 

Fig. 8 shows the outer extremity of a spiral spring clamped to 
a rigid bar. In order that the rigid bar may transmit a moment 
M to the spring at point A, so as to keep the tangent of the spring 
at the point unchanged, the bar must be loaded by a couple— 
two equal and opposite forces. 

The rigid bar may be supported against the arbor at one 
point and against a bearing just beyond the support A as shown 
in Fig. 8. The bearings of the bar against these two supports 


Support OF HAIRSPRING IN A 
WatTcu 


Fia. 7 


( 
( 
. * 
Pig 
tek, 


254 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


will supply the required couple, and the spring will be loaded and 
supported in agreement with conditions stipulated under case I. 
As the spring is being wound, more and more coils will be created. 
All coils will remain concentric rings, which, in a properly de- 
signed spring, will not touch each other until the spring is com- 
pletely wound. The friction therefore between leaves is elimi- 
nated. There remains, however, a slight friction at the two 
points of contact of the bar. This may be eliminated or reduced 
to an inappreciable minimum in one of the following two ways. 

It may be noted that the points of contact on the bar and the 
arbor move always in the same sense. By giving the arbor at 
the point of contact between itself and the bar the correct di- 
ameter, the two will move together and there will be no friction 
at that point. The bearing outside the spring, beyond point A, 
may of course be made quite free from friction by standard means 
commonly employed in industry. In the photograph shown in 
Fig. 8 the outer support is supplied by a string. 

Fig. 9 shows an arrangement of two spiral springs which lend 
one another the support each individually needs. The two 
springs are identical, and are mounted on two separate arbors. 
The loading mechanism, consisting of two cog-wheels that mesh, 
each of diameter EH, will insure the fact that both springs are 
wound at the same rate. Either the springs are welded to each 
other at point A, or a straight bar JK connects the spring rigidly 
at points J and K. As the springs are wound, the tangent to 
the springs at J and K will remain unaltered. Points J and K 
will move in along the radii JH and KE, and the conditions of 
support discussed under case I are satisfied. Every inch of 
the spring will be equally stressed. The spring thus will be 
loaded throughout its length in the most efficient manner ob- 
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Two Springs Mountep oN Separate ARBORS HAVING A 
CoMMON 

[In the plan (+) the frame for mounting the springs is not shown; bottom 

spring is shown by broken line; top spring by solid line. A flat, loose strip 

of metal (not shown in either plan or elevation) may be necessary to prevent 

the springs from settling into each other. ]} 
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Fig. 11 View or Springs SHown In Fia. 10 


tainable with structures subjected to bending. The operation 
will be very smooth as there will be no bearing on the arbor, 
nor will there be friction between the leaves of the springs, pro- 
vided the latter are properly designed and manufactured. 
Springs mounted in this manner may be built into a tight box 
without the use of objectionable grease or graphite. There are 
no locally overstressed points. The possibility of breakage is 
thus reduced to a minimum. 

The author can see only two possible objections to this mode 
of mounting power springs: (1) A little space, just below point 
A, is inevitably wasted. (2) The simple arrangement of supply- 
ing power through the arbor and of taking it off the drum uninter- 
ruptedly cannot in this case, in which the drum is other than 
circular in shape, be employed. 

Figs. 10 and 11 show two springs mounted in a manner ap- 
parently to satisfy perfectly the conditions of support «nd 
loading discussed under case I. The springs are each mounted 
on a separate arbor. The two arbors turn on one and the same 
axis. The bottom spring is shown in Fig. 10(b) by a broken line 
and the top one by a solid line. 
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The winding of spiral springs is a matter of relative motion. 
The arbor at E (Fig. 1) may be turned and point A restrained, 
or else the arbor at E may be kept stationary and point A be 
made to move around the arbor, keeping the tangent to the 
spring at A at all times normal to the radius connecting A to E. 
In the device shown in Fig. 10, the top spring is loaded in the 
first-named manner, and the bottom one in the second manner. 
As the arbor of the top spring makes one complete revolution, 
point A makes one-half revolution. The top and bottom springs 
are loaded identically, and every element of the spring is sub- 
jected to the same stress conditions. There are no locally over- 
strained points. At the connections, at either one of the arbors, 
or at point A, the variations in stress are of such a nature as to 
reduce stresses for a very small distance. This device permits 
power being supplied to one arbor and uninterruptedly taken 
off the other. Grease and graphite can be entirely eliminated 
as there will be no rubbing of leaves over each other, provided 
the springs are properly designed and manufactured. This 
manner of mounting spiral springs suggests itself not only with 
regard to power springs, but also in reference to hairsprings in 
chronometers. A spiral spring takes the place of the one loop 
brought over as shown on Fig. 7. What the final coil in Fig. 7 
is intended to accomplish, which, in Fig. 7, is attained with only 
partial success, is satisfactorily achieved by mounting spiral 
springs as indicated in Fig. 10. The device for regulating the 
period of oscillation in an arrangement of this kind would prob- 
ably best be applied to the inner end of the bottom spring near 
the fixed arbor. 

Fig. 11 is a photograph of two springs mounted in the manner 
here described. As the handle is turned two complete revolu- 
tions the connection between the springs makes one revolution. 
The loading mechanism may of course be designed to wind both 
arbors at the same rate in opposite directions. In that case the 
connection between the springs travels on a radius AE [Fig. 10(6) }. 

Fig. 11 shows a piece of tin slipped between the springs to act 
as a spacer, to prevent the leaves of the two springs from inter- 
locking. In winding, the springs shown in Fig. 10(a) remain 
open and frictionless until completely wound. 


DESIGN OF SPIRAL SPRINGS 


Throughout the paper the author has occasionally qualified 
his remarks to the effect that the spring in question be properly 
mounted and designed. So far, the discussion has concerned 
itself only with the mounting and loading of springs. It remains 
now to consider their shaping and proportioning so that they 
may function most effectively. 

To obtain proportionality between load and deformation 
(the hairspring in a watch, for example), it is important that the 
spring consist of a large number of coils approaching the equiva- 
lent of a number of concentric rings. For the best functioning 
of a hairspring in a balance wheel, the mounting should be in 
agreement with that discussed under case I and illustrated by 
Figs. 1, 8, and 10. 

The design of a spiral spring with a view to storing a maximum 
amount of energy is not so simple a matter. A spiral spring is a 
self-locking device. To attain the highest degree of efficiency, 
two conditions must be satisfied. There should be no locally 
overstressed portions of the spring, and the stresses throughout 
the entire length of the spring should be as great as possible. 
Formula [2], W = S*V/6E, expresses the energy in a spring in 
terms of the square of the stresses, the volume, and the modulus 
of elasticity. This formula applies to an open spring consisting 
essentially of a number of concentric rings. 

If, when the spring is wound tight, the stress for any part of 
the spring is less than the safe working stress, the spring loses in 
efficiency. This is an important consideration, as the energy 
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DESIGN OF A SPIRAL SPRING 


barrel diameter, 5.900 in.; 
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30,000,000 Ib. per sq. in. 


(C), 925 in-Ib.) 


-Ib.; 
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modulus of elasticity, 


(B), 


(A), 0.0 in-Ib.; 


maximum stress, 375,000 Ib. per sq. in.; 
Energy in spring: 


(C), partially released in barrel. 


arbor diameter, 0.450 in.; 


wound tight on arbor; 


(B), 


thickness, 0.025 in.; 
(A) shows spring entirely released; 


(Length, 267 in.; width, 1.0 in.; 


| 
af 
yo 
| "4 
| 
' | 
' 
(OQ) 
> 
~ | 
3 & e 
% 
: 
| 
if 
i 
. 
H 
4 


256 


stored in the spring is a function of the square of the stresses 
involved. The highest stresses induced, consistent with safety, 
therefore, are the most effective. 

Fig. 12 shows an outline of a spiral spring, theoretically designed 
to satisfy the following dimensions. The spring is 267 in. long. 
It is made of cold-drawn leaf steel of an elastic limit of 375,000 
Ib. per sq. in., and has a modulus of elasticity of 30,000,000 lb. per 
sq. in. The cross-section of the leaf is 1 in. X 0.025 in. The 
spring is shown in three stages, first, at (A), completely released, 
second, at (B), wound tight on an arbor of 0.45 in. diameter, and, 
third, at (C), partially released in a barrel. In the second stage 
the wound spring assumes the shape of a disk, 2.95 in. in di- 
ameter. The shape of the spring in the unstressed state is such 
that, when it is wound up tight, the maximum bending stresses 
throughout its entire length are equal to the elastic-limit stress 
of 375,000 lb. per sq. in. When this condition is satisfied, the 
spring has stored an elastic energy, 


S?V 375,000? (2.95? — 0.45%) X 1 
6E 6 X 4 X 30,000,000 
= 5215 in-lb. (See formula [2a]) 


When wound tight, the spring consists of 50 coils. 

The length of a tightly wound spring in terms of 7, the radius 
of the arbor, ¢t, the thickness of the spring, and n, the number 
of coils, is given by the expression 


L = xn(2r; + nt) 
The spring under consideration, therefore, is of a length 
L =x X 50(2 X 0.225 + 50 X 0.025) = 267 in. 


Let r represent the radius to a point on the tightly coiled spring 
(r = ry + nt). 

Let R represent the radius of curvature of the spring at the 
same point when the spring is entirely released. As the spring 
undergoes the change from complete release to a tightly wound 
state, the change of curvature in the spring is 1/r — 1/R. 
This change of curvature is M/EJ. For a spring made of a 
flat leaf of rectangular cross-section bt, 


l 1 M 


r R 
The conditions governing a spring of maximum efficiency are 
twofold. The bending stresses throughout must be within the 
elastic-limit stress, and must be as large as possible. If S rep- 
resents the maximum working stress (in this instance S = 
375,000 lb. per sq. in.), this condition is expressed as: 


2S 2 X 375,000 


= = l 
tE 0.025 30,000,000 


Therefore 


Whence 


Let Aé@, measure a segment of the nth coil of the tightly wound 
spring. The length of the segment then is: 


AL =r X AA 


When the same element of the spring is completely unstressed 
its radius of curvature should be R = r/(1 —r). The angular 
segment Aé@, which this element extends in the unstressed state, is: 
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Table 1 lists the values of r, 1 —r, R, A@, and @. For the 
first 11 coils of the tightly wound spring Aé@, = 180 deg., while 
for the last 39 coils Aé,; = 360 deg. 

The construction lines on Fig. 12 indicate how the curve is 
drawn. For example: For the 25th coil in the tightly wound 
spring, the radius of curvature is: 


r=r, + nt = 0.225 + 25 X 0.025 = 0.850 in. 


The radius of curvature of the same element of spring when 
completely released, in order to satisfy the conditions stipulated, 
should be R = r/(1 —r) = 0.850/0.150 = 5.67 in. If we con- 
sider the element of length of spring under consideration to be 
the entire 25th loop of the closely wound spring, then AL = 
2xer = 2x X 0.85. This same element of length, when it has a 
radius of curvature R in the unstressed state, extends through 
an angle AO = AL/R = AL(1 —1r)/r = 2x(1 —r) = (1 —1r) 
xX 360° = 0.15 XK 360° = 54°. The 26th loop of the closely 
coiled spring has a radius of 0.875 in. Its radius of curvature 
in the unstressed state is 7.00 in. The angle it subtends is 45 deg. 
Fig. 12 shows how the curve is constructed by drawing successive 
angular segments with a common tangent, but with a different 
radius. 

Only a few construction lines are drawn. The curve of Fig. 12 
is known as an involute. The center of curvature continually 
shifts. The locus of the center of curvature of the curve is the 
evolute. For the beginning of the curve the centers of curvature 
for the various ares lie very close together, too close to be accu- 
rately shown in Fig. 12. 

It is seen that the radius of curvature for the 31st segment is 
infinity, and beyond that the curvature of the curve changes 
sign. ‘To determine this point of inflection in general terms we 
equate R to infinity. Thus: 


1 M 
R EI tk 


l 


r 


1 
R 


r 


(2S/tE)r 


When 1 — (2S/tE)r = 0, or when r = t#/2S, then the radius 
of curvature of the unstressed spring is infinite. 
r=r+nt = tE/2S 


Therefore, to locate in terms of n the point on the spring which 
in the unstressed state should have infinite radius of curvature, 
we solve for n. 


(t£/2S) — rn 


The length of the spring, in terms of n, t, and 7, is expressed as: 
L = xn(2r; + nt) 
Therefore the distance of the point of inflection from the arbor is: 


[8] 


AL X(l—r 
= = - 
R r 

| 1 28 1— (2S8/tE)r 

1 

1 r 
-=—, or R=-— 

(tH? nr? 
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In terms of the data assumed in the design of the spring, 
represented by Fig. 12, the length of the spring from the arbor 


to the point of inflection is: 
0.225? 
0.025 


~ 2.025) = 119.3 in. 


0.025 30,000,0002 
4 X 375,000? 


= 


Fig. 12 shows a curve 267 in. long. A curve of such propor- 
tions may not be practical. However, any shorter portion of 
Fig. 12 satisfies the conditions of the problem equally well. 

The spiral spring of Fig. 8 has a thickness ¢ equal to 0.022 in. 
Assuming its elastic-limit stress as 375,000 lb. per sq. in. and its 
arbor of 0.225 in. radius, then its length up to its point of in- 
flection should, in accordance with Formula [8], be: 


0.022 


= (35.20 — 2.30) = 103.4 in. 


, 9:022_X 30,000,000" 
4 X 375,000? 


As a matter of fact its length is 160 in., while the spring does 
not manifest a point of inflection. This argues that, when the 
spring is completely wound, it is not uniformly stressed through- 
out its length. The stresses in the spring near the arbor are 
considerably higher than those near the outer end of the spring. 

The foregoing argument explains why, in commercial springs 
of proportions similar to Fig. 8, springs of considerable length 
but which do not show a point of inflection, breakages generally 
occur within the first three loops measured from the arbor. 

The inner end of the spring is tangent to the arbor, the outer 
end approaches asymptotically to a circle of radius R = tE/2S. 

In terms of the values assumed for the design illustrated by 
Fig. 12, the limiting radius of the circle which a spring of infinite 
length would approach as asymptote is: 


de 0.025 30,000,000 
& 375,000 


== | in. 


SPIRAL SPRINGS OF ANY THICKNESS 


The radius of curvature of the completely released spring in 
terms of the thickness of the spring ¢, the working stress S, and 
the modulus of elasticity HZ, is given by the expression: 

r r, + nt 
2Sr 


tE 


2S 
1 + nt) 


Some other springs with an arbor radius r;’ = wr, and thickness 
t' = wt would have a radius of curvature in the released state of 


+ nt’) 


UE 


= wR 


iE ri + nt) 


As long as r; and ¢ are maintained in a fixed ratio (in the design 
of Fig. 12, r,/t = 0.225/0.025 = 9), therefore, Fig. 12 represents 
to some scale the outline of any spring designed to satisfy the 
condition of a working stress of 375,000 lb. per sq. in. and a 
modulus of elasticity of 30,000,000 Ib. per sq. in. When the 
curve represented by Fig. 12 was plotted full size to represent 
& spring of thickness 0.025 in., its overall dimension was 53 in. 
In reducing the original for reproduction, the overall dimension 
proves to be 8'/, in. Any portion of the figure shown in Fig. 12 
in this paper, measured from the arbor at the left, thus repre- 
sents to full size the ideal shape of a spiral spring with a thick- 
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ness 8'/;/53 X 0.025 = 0.004 in., designed for a working stress 
of 375,000 lb. per sq. in. 

Fig. 12 may be photographically enlarged or reduced to repre- 
sent to size the ideal outline (for the purpose of maximum storage 
of energy), for any spring with a ratio of arbor radius to thick- 
ness of spring equal to 9, a working stress of 375,000 lb. per sq. in., 
and a modulus of elasticity of 30,000,000 lb. per sq. in. In fact, 
nearly all of Fig. 12 represents the ideal outline of any spiral 
spring with a view to storing a maximum elastic energy, regard- 
less of arbor dimension. For a spring with an arbor dimension 
larger than nine times the thickness of the spring, the point of 
beginning of the spring may be located on Fig. 12(b) and its 
corresponding point on Fig. 12(a), or may be obtained from 
values corresponding to these points listed in the table. For a 
spring with an arbor dimension smaller than nine times the 
thickness of the spring the curve should be plotted for smaller 
values than the initial values in the table. 

Thus, Fig. 12, except possibly for the point of beginning, 
represents to some scale the ideal shape of any spiral spring of 
rectangular cross-section, designed for a stress of 375,000 lb. 
per sq. in. and a modulus of elasticity of 30,000,000 Ib. per sq. in. 


SPRINGS PARTIALLY RELEASED IN BARREL 


Fig. 12 shows the outline which a spring must have in the 
unstressed state in order that it may be uniformly stressed 
throughout its length, and that it may store a maximum of elastic 
energy when completely wound. It is not likely that the total 
potential elastic energy in a spring can be utilized. A common 
practice is to restrain a spring against complete expansion. This 
practice finds its justification in the fact that the elastic energy 
stored is a function of the square of the stresses. For example, 
if the initial stresses in a partially released spring be '/, of the 
maximum stresses throughout its entire length, and if, in the 
ultimate tightly wound condition [Fig. 12(B) ], maximum stresses 
prevail throughout the entire length of the spring, then the spring 
will have stored in its partially released state ('/,)*, or '/i. of the 
total potential energy which the spring is capable of storing. 
This would then leave '*/;. of the spring's potential energy avail- 
able for utilization. 

The elastic energy in a spiral spring in any intermediate state is 
dependent upon the initial shape of the spring in the unstressed 
state. No convenient short-cut formula can be offered to express 
the energy of a spring in any state. It has been seen earlier in 
the section on design that commercial spiral springs at present 
available fail to satisfy the outline which our theory would dictate. 
Rather than make an analysis on the basis of an arbitrary shape 
of spring, it is proposed to evaluate the elastic energy stored in 
the spring, discussed in the section on design. For such analysis 
we have definite limiting conditions, when the spring is partially 
released in a barrel. A twofold purpose underlies this analysis: 
First, to illustrate how the energy of a spring in any shape may 
be evaluated, second, to obtain a numerical estimate of the 
statement previously made to the effect that partial restraint 
of a spring is not objectionable as long as opportunity remains 
of utilizing the highest increments of stress. 

The spring represented by Fig. 12 is 267 in. long, 1.000 in. 
wide, and 0.025 in. thick. When completely wound, on an 
arbor of radius r; = 0.225 in. [Fig. 12(B)], it assumes approxi- 
mately the shape of a cylinder consisting of 50 coils and having 
a final radius r; = 1.475 in. In this latter state it is uniformly 
stressed throughout its entire length to a stress of 375,000 Ib. 
per sq. in., and stores a total elastic energy equal to 5215 in-lb. 
It is proposed to discuss the energy conditions of this same 
spring when released in a barrel having an inside radius twice 
as large as the radius of the spring in the tightly wound state 
[Fig. 12(C)]. The inside radius of the barrel then is r; = 2.95 in. 
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Fig. 12(C) represents the spring as released in a barrel. Further- From the equation L = wn,(2ry + ng) we obtain: 
more, all diagrams in Fig. 12 are drawn to scale, except that in 


(B) and (C), the closely wound portions of the spring, because of P Lt 
re + nd 
of the reduction necessary, are represented as black rings instead 7 
of Archimedean spirals. Similar! 
When the spring of Fig. 12(B) is released in a barrel of 2.95 in. ay ea 
radius, the outer end of the spring presses against the wall of the gee 
barrel in the shape of an Archimedean spiral. The inner end of n+nt = @r?+— 
the spring, however, is in the unstressed state as represented by ad 
Fig. 12(A). The point at which this unstressed portion of the Thus: 
spring [Fig. 12(C)] begins, is located in the following manner: Mu 1 1 
Suppose the entire length of the spring were crowded as closely EI K + ————. a 
as possible against the wall of the barrel. The entire spring rt + Li I 24 Lt 
then would be in the shape of an Archimedean spiral with a = \ 
minimum radius of 2.565 in. 
It may be seen from Table 1 that when the 20th coil [Fig. a y 
12(B)] is released, it assumes a radius of 2.61 in., and at the EI L ve\' 
release of the 21st coil the radius of the latter is increased to W = — 7; dL 
3.00 in. The distance out to the end of the 20th coil (Fig. 12(B) | “ 
is 61.26 in. EI ft l 1 2 
As the spring represented by Fig. 12(B) is permitted to expand ~ 9 F K + = a a Lt dL 
against the walls of a barrel having a radius of 2.95 in. [Fig. 12(C) ] re + — + — 
% the last thirty coils [Fig. 12(B)] press against the barrel and wl nl 
"against each other in the shape of an Archimedean spiral, while Integrating and substituting limits, the elastic energy stored 
the first 20 coils assume the unstressed shape as represented in jn the spring represented by Fig. 12(C) is: 
Fig. 12(A). 
In the final shape [Fig. 12(C)] the inner 61.26 in. of the spring TABLE 1 
are unstressed, and therefore this portion has no elastic energy No. of 2 x as , 
stored within it. The outer portion of the spring isin the shape xX Agi 8 
of an Archimedean spiral. It is 267 — 61.26 = 205.74 in. long. 1/2 0.2375 0.7625 0.3115 137° — 15’ 137° — 15 
1° 6.35 0.750 0.333 135° — 0’ 272° — 15 
Let r, represent the distance from the center to the point marking 0.2625 0.7375 0.356 132° —45’ 360° + 45° — 0 
the end of the unstressed portion of the spring, which is the 
beginning of the Archimedean spiral of Fig. 12(C). The value 3 0300 0.700 0.428 126° 0’ 2 x 360° + 69° — 45 
31/2. 0.3125 0.6875 0.454 123° 45’ 2 360° + 193° — 30 
. of r; may then be found from the following equations: 4 0.325 0.675 0.481 121° — 30’ 2 x 360° + 315° 0 
41/2 0.3375 0.6625 0.509 119° — 15’ 3X 360° + 74° —15 
= 5 0.350 0.650 0.538 117°— 0’ 3 X 360° + 191° — 15 
= nat = 2.95 — nd 5/2 0.3625 0.6375 0.568  114°—45’ 3 x 360° + 306°— 0 
: 6 0.375 0625 0.600 112°—30’ 4 x 360° + 58° — 30 
L = — nat) = 205.74 = — X 0.025) 4 0.633 ‘ x t 108° 
0.4125 0.5875 0.702 105° — 45’ 5 X 360° + 22° — 30 
Therefore ny = 11.8, and ry = 2.95 — 11.8 X 0.025 = 2.655. 8° 0.425 0.575. 0.738 103° 30’ 5 x 360° + 126°— 0 
: F . 81/2 0.4375 0.5625 0.777 101 15’ 5 X 360° + 227 15 
Our problem, then, is to find the elastic energy stored in the 9.° 0.480 0580 0.818 99° 0’ 5 x 360° + 326°—15 
Archimedean spiral, consisting of 11.8 coils, having an outer 91/2 0.4625 0.5375 0.860 96° s’ 6 X 360° + 63° 0 
10° «0.4750 «0.525 (0.905 94° — 30’ 6 X 360° + 157° — 30 
radius r; = 2.95 in. and an inner radius r, = 2.655 in. In the 10'/. 0.4875 0.5125 0.952 92°— 15’ 6 X 360° + 249° — 45 
: thi : : - 11 0.500 0.500 1.000 90 0’ 6 X 360° + 339 45 
coiled state this same spring is uniformly stressed from end to 12 0525 0.475 1.105 171° 7 X 360° + 151’ 
end to a maximum bending stress of 375,000 lb. per sq. in. 13 0.550 0.4501. 223 162° 7 X 360° + 313’ 
14 0.575 0.425 1.353 153° 8 X 360° + 106 
[Fig. 12(B)] and consists of 50 coils having an outer radius 15 0.600 0.400 1.500 144° 8 X 360° + 250’ 
rs = 1.475 in. and an inner radius rz = 0.725 in. 
In changing from the closely coiled state to the expanded 18 0.675 0.325 2.090 117° 9 X 360° + 268’ 
: ‘ - 19 0.700 0.300 2.333 108° 10 X 360° + 16’ 
state any point on the spiral undergoes a change in curvature, 20 0.725 0.275 2.610 99° 10 X 360° + 115’ 
: 21 0.750 0.250 3.000 90° 10 X 360° + 205’ 
1 1 M, M, 22 0.775 0.225 3.445 81° 10 X 360° + 286’ 
23 0.800 0.200 4.000 72° 10 X 360° + 358’ 
24 40.825 0.175 4.720 63° 11 X 360° + 61’ 
r R EL EI 25 0.850 0.150 5.67 54° 11 X 360° + 115’ 
26 0.875 0.125 7.00 45° 11 X 360° + 160’ 
The radial distance to any point on the closely coiled spiral is, 27 0.900 0.100 9.00 36° 11 X 360° + 196’ 
28 0.925 0.075 12.33 27° 11 X 360° + 223’ 
The radial distance to the same point on the expanded spiral is 30 0.975 0.025 39.00 ‘9° 1 x 360° ¢ 250" 
P P 31 1.000 0.000 0° 11 X 360° + 250’ 
=f nal. 32 1.025 —0.025 —41.00. — 9 11 X 360° + 241’ 
. 33 1.050 —0.050 —21.00° — 18° 11 X 360° + 223’ 
M, is the moment in the closely coiled spring [Fig. 12(B)]. 34 1.075 —o0 075 —14.30 — 27° 11 X 360° + 196’ 
7, 4 35 1.100 —0.100 —11.00 — 36 11 X 360° + 160’ 
We may express M,/EI as K, and in this particular example os 1135 0138 800 — 45° 11 3% 360° 4 115’ 
os M,/EI = K = 1. Mz; is the moment in the expanded spiral. 37 «1.150 —0.150 —7.67 — 54° 11 X 360° + 61’ 
a 38 1.175 —0.175 —6.71 — 63° 10 X 360° + 358 
The energy in the spiral closely pressed against the wall of 39 1 200 —o0 200 —68.00 — 72° 10 X 360° + 286’ 
& the barrel is: 40 1.225 —0.225 —5.44 — 81° 10 X 360° + 205’ 
: 41 1.250 —0.250 —5.00 — 90° 10 X 360° + 115’ 
L 42 1.275 —0.275 —4.636 — 99° 10 X 360° + 16’ 
43 1.300 —0.300 —4.333 —108° 9 X 360° + 268’ 
W= — 44 1.325 —0.325 —4.077 —117° x 360° + 151’ 
0 2EI 45 1.350 —0.350 —3.857 —126° 9 X 360° + 25’ 
46 1.375 —0.375 —3.667 —135° 8 X 360° + 250’ 
; vu vu 47 1.400 —0.400 —3.500 —144° 8 X 360° + 106’ 
M, _ ™M , 1 Dns 1 1 48 1.425 —0.425 —0.353 —153° 7 X 360° + 313’ 
49 1.450 —0.450 —3.222 —162° 7 X 360° + 151’ 
t2 + mf 50 1.475 —0.475 —3.100 —171° 6 X 360° + 340’ 
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In the example, K = 1, rz = 0.725, rg = 2.655, L = 205.74, 
and ¢ = 0.025. Substituting these values in the foregoing 


formula we obtain for the elastic energy stored in the partially 
expanded spring [Fig. 12(C)}: 


W = 925 in-lb. 


This is 17.7 per cent of the energy stored in the same spring when 
completely wound [Fig. 12(B)|. The spring, partially expanded 
in a barrel, may therefore be utilized to 83.3 per cent of its maxi- 
mum potential energy. 

EFFICIENCY OF SPIRAL SPRINGS 

The only experimental evidence the author has to offer is of 
a qualitative nature. It consists of the photographs represented 
by Figs. 7, 8, and 11, which demonstrate the desirability of 
mounting springs in agreement with the theory expounded in 
case I and as represented by the loading and restraints shown 
in Fig. 1. 

Since writing the foregoing, a valuable contribution to the 
spiral-spring theory has come to the author’s notice, namely, 
“Spiral Springs for Spring-Driven Motors,’”’ by E. C. Wadlow, 
in The Engineer, October 31, 1930. 

Mr. Wadlow comments on the inadequacy of the current theory 
of spiral springs. Although he offers no contribution toward 
improving this theory (such theory as he gives is practically 
identical with that found in Morley’s “Strength of Materials’), 
he offers the results of some very interesting tests. In tests on 
four phonograph springs, with the inner end wound on an arbor 
and the outer end attached to a barrel, the springs being greased 
with a mixture of castor oil and graphite, he found the difference 
between the work supplied to the spring and the work given up 
amounted to a maximum of 35 per cent and to a minimum of 
13 per cent. Furthermore, he states that the lubricating mixture 
between the leaves has a thickness of 0.003 in. 

Aside from the undesirability of having to use a lubricating 
compound, which in time may lose its properties, its presence 
demands space and thus results in a loss of efficiency. In a 
spring of 0.025 in. thickness, assuming it otherwise to be most 
favorably stressed, this loss in efficiency amounts to 12 per cent. 

On the basis of Mr. Wadlow’s experiments, therefore, it would 
seem that the highest efficiency of a spring, having its outer end 
attached to a barrel and the leaves greased with a lubricating 
compound, is only 75 per cent that of a spring mounted in the 
manner shown in Figs. 8, 9, or 11. 

To attain the highest possible efficiency in a spiral spring, 
one more point needs consideration, namely, the attachment 
of the spring to the arbor. 

In the development of the theory the author has used the 
expression r = r, + nt, which is correct for an Archimedean spiral. 
He has also used the expression, L = xn(2r,; + nt), which ex- 
presses the length of a tightly wound spring, considered as 
equivalent to a number of concentric circles. The latter ex- 
pression, although never strictly true, does not introduce any 
appreciable errors. The advantage of designing a spring in the 
manner shown in Fig. 12 and of mounting it in agreement with 
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Figs. 8, 9, or 11, lies in the fact that under these conditions the 
spring is uniformly stressed from end to end with no localized 
points being subjected to overstress. If a spiral spring is wound 
on a cylindrical arbor, a bump is created when the second leaf 
adjusts itself over the first leaf at the point of attachment. For 
a very short distance the spring will be understressed and for 
a short distance, adjacent to the understressed portion, the leaf 
will be overstressed. This condition will make itself felt in a 
lesser degree throughout the coils at points approximately on a 
radius passing through the point of attachment of the spring 
to the arbor. The spring must be designed so that at this point 
of overstress the stress shall be within the safe working stress. 
This would be highly inefficient, as the condition in a fraction 
of 1 per cent of the spring would be the limiting condition for 
the entire spring. The other alternative is so to construct the 
arbor that its circumference will describe an Archimedean spiral. 
It may be difficult to realize the latter suggestion. On the other 
hand, the efficiency gained thereby is very considerable. 
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Discussion 


M. F. Sarre.* Certain criticisms in matters of detail might 
well be made in connection with this paper. 

As dealt with by the author, case III (6) is identical with case 
III (a), and it in turn is identical with case I. In case III (c) there 
is an inconsistency in the statement that point B is free to move on 
the line BE, while at the same time assuming a reaction at B in 
the direction BE. As this case has been actually handled, the 
reaction has been ignored, so making it identical with case I. 

In case II, the statement is made that “in case point A is re- 
strained in a horizontal direction as well as in a’ vertical direction, 
the horizontal component of the reaction at either A or E is zero, 
provided the spring may be considered as composed of a large 
number of concentric rings.’”” The derivation is then continued 
on the basis of zero horizontal restraint. This would appear to be 
a case of placing the cart before the horse. As shown by the 
author himself later on, even minute horizontal restraint acts to 
change radically the shape of the spring. This whole derivation 
hinges, therefore, not on the absence of a horizontal reaction at 
A, but on the limitation of angular distortions to extremely small 
amounts. It would seem better, therefore, to start with a 
different initial assumption. 

From a practical standpoint, the effect of frictional resistance 
within the coils is extremely important, and usually well safe- 
guarded against, in a hairspring. In the usual power spring it is 
of very much less importance, since in. the wound-up position of 
the spring, in which friction is largest, the spring will usually be 
developing considerably more power than is needed. Any losses 
of torque in the run-down position of the spring are undesirable, 
as they act to decrease the number of working turns; but at this 
stage, friction is more likely to result from rubbing between the 
spring and the case than between successive coils of the spring. 


* Associate Professor of Applied Mechanics, Union College, 


Schenectady, N. Y. Mem. A.8.M.E. 
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Attention might well be directed to recent work of the A.S.M.E. 
Spring Committee, which has shown that stress distribution in 
fibers in a cold coiled power spring is likely to be very far from 
directly proportional to distance from the neutral axis. The 
differences are great enough to call for attention in any attempts 
at exact analysis. 


J.S. A. Jounson.‘ The writer should like to have information 
regarding the behavior of a closely wound spiral spring when the 
end A, Fig. 1, is fixed and a load whose line of action is perpen- 
dicular to the plane of the coil (or parallel to its axis) is applied at 
the inner end £. 


E. C. Waptow.® The first part of the paper demonstrates the 
importance of a clear statement and understanding of the problem 
under discussion, and the discrepancies between the results ob- 
tained in the paper and those of other writers appear to have 
arisen out of the incomplete treatment previously given to the 
problem. 

The use of spiral springs instead of helical springs subject to 
axial twist is no doubt due to practical advantages which the 
spiral spring possesses, quite apart from any question of efficiency 
as the medium for storing elastic energy. The length of the path 
traversed by the free end of a spiral spring is very considerable, 
and owing to the ease with which this type of spring is able to 
drive mechanisms through gearing, it is possible to utilize this 
great deflection while still retaining the spring within the confines 
of a barrel a few inches in diameter. The best way to appre- 
ciate the merits and conveniences of the spiral spring is to attempt 
to substitute for it a spring of another form. 

_No matter what system of anchoring and loading is employed, 
so far as gramophone motors are concerned, the final condition is a 
spring wound tight on the arbor. This is the form in which the 
stress in the material is highest, and for the most efficient use of 
the material the stress should be uniform throughout and the 
highest allowable. Since the shape of the spring when fully 
wound is determined almost entirely by geometrical considera- 
tions and not by considerations of stress due to end fixing, and 
since this is the time when maximum energy is stored in the spring, 
it follows that for gramophone springs which are wound tightly, 
the end connections do not play such an important part as in 
other types of spring which do not undergo such considerable 
changes in shape. 

Since S, 7, t, and # are known in the equation - — . = 4 

bie r Et 
(which was incorrectly quoted in the article in The Engineer 
referred to by the author), this equation enables us to determine 
the radius of curvature of every point of the spring in the un- 
stressed state in the manner shown in the paper. 

In the example chosen to illustrate the use of the formula, the 
author arrives at double involute curves shown in Fig. 12. These 
curves are calculated on the assumption that the elastic limit for 
the material is 375,000 lb. per sq. in., but judged by the material 
used in this country for springs of the dimensions given, this 
stress is much too high. The material used for mainsprings of 
gramophone motors has an ultimate stress of about 240,000 to 
300,000 Ib. per sq. in. and an elastic limit of about 180,000 to 
240,000 Ib. per sq. in. The spring also is exceptionally long. 
Springs employed in this country for gramophone motors usually 
are not longer than 200 in. 

To avoid unnecessarily high stresses where the spring is bent 
round the arbor, the ratio of arbor radius to spring thickness is 
also much greater than the value of 9 assumed. 


4 Professor of Applied Mechanics and Experimental Engineering, 
Virginia Polytechnic Institute, Blacksburg, Va. Mem. A.S.M.E. 
5 Hayes End, Middlesex, England. 


When these values are employed, the double involute form 
shown in Fig. 12 of the paper is never necessary—and fortunately 
so, for the coiling of a spring to this form would be much more 
difficult and costly than the simple coiling at present used. 

In practice, the involute form is never accurately obtained by 
the coiling, as indeed is to be expected. 

As a result of these departures from the ideal form when free, 
the stress when fully wound is rarely the same all along the length 
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of the spring. Fig. 13 shows the calculated skin stress in a spring 
used in a portable gramophone motor, many thousands of which 
are giving a satisfactory performance. The stress when fully 
wound is very far from uniform, due to incorrect shape when free. 
It may also be observed that these calculated stresses are higher 
than the known breaking strength of the material, this resulting 
mainly through assuming that the material is perfectly elastic 
over the whole working range of stress shown. A certain amount 
of plastic deformation takes place in the most highly stressed 
layers every time the spring is wound up. This leads in time 
either to actual breakage of the spring or to sufficient permanent 
set to render the spring useless. Which of these happens, and the 
time elapsing before the failure, depend upon the properties of 
the material being used. 

The initial deformation which takes place when a new spring is 
put into use is often considerable. Fig. 14 shows the results of 
measurements on two similar springs. The one was new, while 
the other had been in use for over a year. The change, however, 
usually takes place fairly quickly, and after a dozen winds is fairly 
stable. The condition that the spring must be able to withstand 
a number of winds without the number of coils, when free, in- 
creasing beyond a certain percentage, is sometimes included in © 
specification for spring material. 

With regard to the lubrication of mainsprings the following 
figures may be of interest. They were obtained with a spring 
176 in. long in a barrel 3"'/s in. internal diameter with a sleeve 
5/, in. in diameter. The spring was 0.022 in. thick and 1 in. wide. 

The limiting conditions are shown in Fig. 15. The continuous 
line gives the torque when the spring was lubricated with a mix- 
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Fie. 15 Torqgur-ANGULAR DisPpLaAcEMENT CURVES FOR SPIRAL 
SPRING 

Sroken line, unlubricated; solid line, lubricated with castor oil and 
graphite.) 


ture of castor oil and mineral graphite in approximately equal 
weights. The broken line shows the torque without any lubricant 
being present. The efficiencies on a number of cases were as 
follows, the efficiency being the ratio: 
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Area OBX Area OB,X 
Area OAX Area OA,X 


Work recoverable while unwinding 
Work to wind 


Efficiency. 
Lubricant per cent 
Castor oil and mineral graphite 70.4 
Colloidal graphited castor oil 69.5 
Mobiloil BB.... 68.6 
Pure castor oil 66.1 
No lubricant... 61.2 


These values are for single tests on the same spring carried out 
as nearly as possible under identical conditions. 

With this design of spring and mounting, therefore, the increase 
in efficiency due to the lubricant more than outweighs the loss due 
to the space it occupies. 

The conditions under which spiral springs have to perform in 
motors are particularly arduous. Few instances can be found 
where both the range of stress and the maximum stress are so 
great. This is possible, no doubt, because the allowable number 
of cycles of stress to cause failure is fairly small, being in the 
region of 30,000 to 50,000 cycles. 


A. NAvat.* With reference to the principle of superposition 
employed in the paper and frequently in textbooks on strength 
of materials as one of the independent principles or assumptions 
on which the ordinary stress calculations are based, it seems to 
the writer that this principle could in many cases be considered 
merely as a consequence of other experimental and mathematical 
premises or fundamental assumptions also used in these computa- 
tions, and on which certain parts of the theory of elasticity are 
ordinarily based: namely, that the three components of the dis- 
placement of a point in an elastic body are small (compared with 
the smallest, dimension of the stressed body), and that stress and 
strain are connected by linear relations. As a consequence of 
these assumptions, differential equations are obtained which are 
linear, and therefore one solution or stress system can be added 
to another and the principle of superposition holds. 

The superposition of particular integrals might sometimes 
even be applied when one of the displacement components starts 
to become greater; for example, when the plane elastic deflections 
of a slender straight steel strip clamped at one end and loaded by 
forces in one of its principal planes of inertia are considered at 
deflections which are finite and moderately large (for example, 
'/yo or '/:o of the span). The errors introduced by using the ex- 

ou ou or 
unit strains, u, v, w the components of displacement and which 
are only valid for small values of u, », w, might in such cases not 
be too serious, if one or the other of the components u, v, w be- 
comes moderately larger. In other cases, however, of large def- 
ormation of beams (as in the case of the “Problem of Euler’s 
Elastica’’? or in the case of a beam with both ends rigidly clamped 
under moderately large deformations) these expressions cannot 
be used, or only in an infinitesimal region within the deflected 
beam; also in the case of the bending of flat, thin plates with 
moderately large deflections certain additional precautions have 
to be carefully considered, even if the deflections are still very small 
compared to the lateral dimensions of the plate. 

One further important point might also be mentioned here, 
which has been clearly brought out by H. M. Westergaard.* 
There are cases in which, although stress and strain are still 
connected by linear equations and although the displacement 
components remain small, the deflections will not be linear func- 

® Research Laboratories, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. Mem. A.S.M.E. 

7 Cf. A. E. H. Love, “A Treatise on the Mathematical Theory of 
Elasticity.’ 4th edition, p. 401, Cambridge University Press. 

* “Buckling of Elastic Structures,’’ Proc. Am. Soc. C.E., vol. 47, 
no. 9, Nov. 1921, p. 455 (ef. especially p. 456.) 
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tions of the resultant forces under which they were produced. 
A well-known example is that of a beam bent by two equal axial 
loads acting eccentrically. In this case the greatest deflection of 
the beam is by no means proportional to the load, although the 
differential equation for the deflection is still a linear one. Fur- 
ther references to these and other similar points must be omitted 
here, as they are discussed clearly in detail in Westergaard’s 
paper.? The writer thinks, therefore, that the statement: ‘The 
current theory of spiral springs appears to be one more case in 
which practice and theory disagree—with practice carrying off 
the honors,” made by the author, may be a slightly exaggerated 
expression of the true conditions. The usual assumptions made 
in this special theory and in other parts of the mathematical 
theory of elasticity have often been verified for elastically iso- 
tropic materials such as steel by test. What is here important 
is that they have their definite limits of application as do all 
theories in physics. If this is borne in mind, if some errors ap- 
parently made in the boundary conditions in certain former com- 
putations on spiral springs as quoted by Professor Van den 
Broek are corrected, and if the conditions which define the limits 
for each assumption of the theory are carefully taken into con- 
sideration, no serious disagreement between “theory’”’ and ‘‘prac- 
tice’ should remain. 

In the second equation on page 2 of the paper and in the text 
below it, it would seem desirable to use for a displacement com- 
ponent not a capital letter and especially not the letter E,, as 
E should be reserved for Young’s modulus, which appears in the 
same equation. 

It was instructive for the writer to see from one of the experi- 
mental demonstrations of Professor Van den Broek that the first 
winding of the spiral was mainly distorted, but the other wind- 
ings remained practically circular. It would seem that this fact 
might be utilized for a more exact theory of the deformations of 
the spiral, including also large displacements in certain parts of 
the spring. How far Castigliano’s theorem will still be valid in 
such a case of bending of a flat steel strip with parts of it having 
large lateral displacements seems to be a question which ap- 
parently has not yet been answered. 


AUTEOR’s CLOSURE 


The conclusions of the paper are to the effect that, except for 
friction between the coils, the principle of superposition holds and 
that the same theory and its resulting formulas are applicable 
throughout the entire loading range of spiral springs regardless 
of their condition of mounting. 

Professor Sayre appears to argue that since the various cases 
in the last analysis are identical, they need not have been dis- 
eussed. In the application of the theory of strength of ma- 
terials we very often find that the principle of superposition is 
assumed without first verifying its applicability. Further, the 
analysis of structures involving material changes in dimensions 
while being loaded very rarely comes under discussion. In view 
of this the author considered it a necessary part of a rigorous proof 
to trace such changes of dimensions and loadings in detail. 

In the preprint of the paper, in the middle of the fifth page left 
column, there appeared a typographical error; “case III (a)” 
was incorrectly printed as ‘‘case III (b).” Professor Sayre is cor- 
rect in his claim that except for the shifting of the z-y coordinate 
system as the spring is loaded, case III (b) is the same as case 
ITI (a). 

However, the author cannot agree with Professor Sayre when 
he charges that an inconsistency obtains in case III (c), (Fig. 4). 
True, Fig. 4 shows an upward force Q at B. Another downward 


* With regard to these questions, compare also the corresponding 
chapters in Love's ‘“‘Elasticity’’ quoted above, and S. Timoshenko’s 
“Strength of Materials,”’ 1930. 
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Thus there is no 


force Q, however, is also shown at point A. 
vertical reaction at EZ, and point E is free to move in a vertical di- 
rection relatively to point B. 

Professor Sayre’s quotation from the paper with reference to 
his criticism of case II is correct, but entirely misleading when the 
paragraph in question is not quoted in its entirety. The author 
makes reference to a discussion which occurs in his book, “Elastic 
Energy Theory,” of a spiral spring with its outer-end pin con- 
nected. In the present argument he omitted consideration of 
this case and instead chose to discuss a spring with the outer end 
A unrestrained in the direction A-E. If the outer end A is 
unrestrained in direction A-E, how can there be any component 
reaction in that direction? 

The author is unable to enlighten Professor Johnson in regard 
to spiral springs fixed at their outer extremity and loaded con- 
centrically with a force perpendicular to the plane of the spring. 

Mr. Wadlow’s contribution to the discussion is very much 
appreciated. He evidently has had extensive experience with 
spiral springs. It is not clear, however, how he arrives at the 
conclusion that, “the increase in efficiency due to the lubricant 
more than outweighs the loss due to the space it occupies.” 

The difference in percentages of efficiency between the best- 
lubricated spring and the unlubricated one taken from Mr. Wad- 
low’s table is the difference between 70.4 and 61.2, or 9.2 per cent. 
If (according to Mr. Wadlow’s paper in T'he Engineer) the space 
provided for the oil, amounting to 0.003 in., were filled with steel, 
there would be 3/22 more steel used, and thus an increase in 
power of */ of 61.2 or 8.35 per cent would be obtained. Even 
considering that there would be no deterioration of the lubricant 
with the passing of time, the lubricating of springs, though 
mounted in the old way, appears to have little to recommend it. 

However, the author does not want to appear to be contending 
for more friction in springs. In the light of Mr. Wadlow’s own 
curves (Fig. 15) showing the loss of energy due to friction, the 
author fails to understand Mr. Wadlow’s lack of interest in a 
mounting which would practically eliminate friction. The spring 
in the motor-driven phonograph has a way of releasing itself 
suddenly while the phonograph is playing. This sudden release 
is invariably accompanied by a disturbing sound. This objec- 
tion is met by the elimination of friction. 

The author is inclined to agree with Professor Sayre when he 
asserts that in the wound state the spring has such an excess of 
power that, except for resulting intermittent action, friction is 
less objectionable than in a partially wound state. Mr. Wadlow 
contends that the energy stored in the spring in the tightly 
wound state is the determining factor. Granting this, it still 
remains true that in this tightly wound state, the spring being 
mounted in the old way, the stored energy is not all available. 

The author very much regrets that Prof. Dr. Ing. Otto Fépp! 
of Braunschweig, Germany, did not contribute to the discussion 
of this paper. In a review of the author’s book, “Elastic Energy 
Theory,” which appeared in Zeitschrift des Vereines deutscher 
Ingenieure, of July 11, 1931, he wrote: 


In the chapter on spiral springs he (the author) raises legitimate 
objections to the corresponding discussions in the older editions of A. 
Féppl’s book. These objections have in part been taken into con- 
sideration in the last edition of Vol. 3 of this book. 


By his reference, “the last edition,” Féppl has in mind the 
book entitled, ‘“Festigkeits Lehre von August und Otto Féppl,”’ 
1927. This is that celebrated book by the late August Fopp!, 
the father, revised by Otto Féppl, the son. 

In discussing the “principle of superposition,” Dr. Nadai ap- 
pears to interpret this principle as implying that the deformations 
are of a small order of magnitude relative to the smallest cross- 
section dimension of the structure. Has Dr. N&dai failed to 
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observe, what appears to the author one of the points of interest 
in his paper, that relatively very large deformations are taken 
into account without violating the principle of superposition? 
The case of the spiral spring is the only one within the author’s 
experience in which this condition prevails. It may be true that 
relatively small deformations are generally a sufficient test for 
the applicability of the principle of superposition except in case 
of columns or examples supplied by Mr. Westergaard and referred 
to by Dr. Nd&dai. The author considers it as one of the points of 
interest of his analysis of spiral springs that it provides a clear 
illustration of an example in which the principle of superposition 
holds in spite of very large deformations. It thus provides an 
argument against a too ready conclusion that small deformations 
are a necessary and sufficient test of the applicability of the prin- 
ciple of superposition. It is not clear how, in the face of this 
evidence, Dr. N&dai still advances the requirement of small de- 
formation as a necessary test of the linear relationship between 
stress and strain. 

Dr. Nddai says that “the statement, ‘the current theory of 
spiral springs appears to be one more case in which practice and 
theory disagree—with practice carrying off the honors,’ made by 
the author of the paper, may be a slightly exaggerated expression 
of the true conditions.”’ The author called attention to a dis- 
agreement between his own and August Féppl’s conclusions, the 
difference amounting to several hundred per cent, and pointed 
out that his conclusions differed from those of Timoshenko 
by 100 per cent. As mentioned earlier in this closure, Otto 
Féppl, son of the late August Féppl, acknowledges the correct- 
ness of the author’s conclusions. It is very much regretted that 
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Dr. Timoshenko did not express his views on the merits of the 
author’s contentions. If Dr. Nddai is of the opinion that the 
formulas quoted in the paper from other books correctly repre- 
sent the elastic behavior of spiral springs, then why does he not 
defend them? If he believes they are incorrect and the author’s 
conclusions correct, how then can he speak of an “exaggerated 
expression?” 

As to Dr. NAdai’s question relative to the applicability of 
Castigliano’s theorem, it would appear that the answer is quite 
simple. Certainly, in cases involving friction between the leaves, 


no theorem based on the assumption of perfect elastic behavior 
In case 1, page 2, column 1, the 
M? L 
2 EI 


can be considered as valid. 


energy due to bending is given as W = 


= which, by formula [3], page 2, column 2, is equal to @. 
Thus the derivative of the energy due to bending with respect to 
M gives the angular displacement @ of the spring at the point 
of application of M. This is in perfect agreement with Castigli- 
ano’s theorem, and independent of the degree of the deformation 
involved—provided the assumption of the existence of a relatively 
large number of concentric coils is satisfied. 

Dr. Nd&dai further says, “If some errors apparently made in 
the boundary conditions in certain former computations on spiral 
springs as quoted by Professor Van den Broek are corrected, and if 
the conditions which define the limits for each assumption of the 
theory are carefully taken into consideration, no serious disagree- 
ment between ‘theory’ and ‘practice’ should remain.” The 
author was naive enough to think he had done exactly that. 
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Stokers and Furnaces for New England Fuels 


By R. A. 


In this paper the authors describe and analyze some of 
the troubles encountered in stoker installations and dis- 
cuss the principal factors to be considered in making a 
successful stoker installation. The discussion is limited 
to those problems found in New England, where the fuel 
used creates problems peculiarly local. The principal 
fuel of New England is a semi-bituminous coal, known to 
the trade as Pocahontas and New River coal. Among 
the points discussed are, selection of type and size of 
stoker, preheated air, furnace volume, furnace walls, ash- 
disposal apparatus, waste fuel, operating methods, bank- 
ing, boiler operation, and recent stoker installations. 
Many of the points discussed receive recognition in the 
majority of plants, but relatively few plants recognize 
them all. The authors bring these practical matters to- 
gether in one group. 


VERY new boiler room is a potential trouble job. The 
y various installations differ only in a degree governed 
—™ by the design of the equipment, the fuel to be burned, and 
the manner in which the equipment is applied. 

These statements concern both stoker and pulverized-fuel 
The authors will make no attempt to compare 
pulverized-fuel equipmert. Such 
is better made by those who operate comparable installations 


installations 


with comparison 


stokers 
of both elesses of equipment. That such comparisons are being 
made is indicated by the continuously increasing sale of stokers 
and their repeated encroachment into the plants of users who 
have been, until recently, stanch supporters of pulverized fuel. 
The reason for the increasing favor accorded to stokers is that 
their troubles and advantages combine and react to produce 
stearm more cheaply than the combined and reacting troubles and 
advantages of pulverized-fuel installations. 

In this paper the authors will attempt to describe and analyze 
some of the troubles encountered in stoker installations and 
to discuss the principal factors to be considered in making a 
successful stoker installation. The discussion will be limited 
to those problems found in New England, where the fuel supply, 
which differs from that of other sections of the country, creates 
problems peculiarly local. 

The principal fuel of New England is semi-bituminous coal, 
known to the trade as Pocahontas and New River coal. This 
fue! is used almost exclusively, for several reasons: 


a) Ithasa very high heat value 

») The freight charges on coal delivered to New England 
are quite high, necessitating the purchase of coal of a 
high heat value, to keep the freight charges per B.t.u. 
as low as possible 
This coal can be safely stored in large quantities and 
for long periods of time, with a minimum of danger 
from spontaneous combustion 


‘hief Engineer, Stoker Department, Westinghouse Elec. & 
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(/) Its low ash content reduces the charges for ash handling 

(e) It is nearly smokeless, a quality desirable in those 
plants using hand firing or the less highly developed 
stokers. 


In many respects Pocahontas and New River coal are highly 
prized for stoker use. They are more difficult to handle than 
the so-called “low grade’’ 
maintenance, capacity, and flexibility are considered. 

Some small quantities of waste fuels are available. The 
use of these fuels will be mentioned, but only in reference to 
burning them simultaneously with semi-bituminous coal. 

It is a generally accepted fact that the multiple-retort under- 
feed stoker is the best stoker for semi-bituminous coal. This 
type of stoker has enjoyed wide popularity for many years, 
and has produced operating results of the highest order. The 
discussion will be confined to this type of stoker. 


coals, when such factors as stoker 


SELECTION OF STOKER SIzeE 
The load requirements should be carefully estimated so that 
Overloaded stokers 
Under- 


the proper size of stoker can be selected. 
are poor investments because of poor performance. 
loaded stokers are poor investments because money is unneces- 
sarily tied up in them. The size of stoker to be selected is 
governed by: 

(a2) The amount and character of the load on the boiler 

unit 
(b) The cost of coal and the evaluation of efficiency 
(c) The capabilities of the stoker. 


The limit of the capacity of the stoker is reached when the 
fuel bed is blown off the grates. This is a function of the 
velocity of air through the fuel bed, which, with a given percent- 
age of excess air, is directly proportional to the combustion rate. 

It is known from physical law that the force of impact of a 
current of fluid against a stationary object is proportional to 
the square of its velocity. Therefore, as the combustion rate 
increases, it might be expected that the lifting effect of the air 
current on the fuel bed would increase as the square of the com- 
bustion rate, with a consequent sudden and complete blowing 
of the fire from the stoker. However, certain changes take place 
in the character of the fuel bed, so that the actual area of air 
passage through the fuel is larger at the higher rates. A com- 
pensating reduction in actual velocity through the air passages 
somewhat modifies the expected action. 

Stokers are rated with their 24-hour and 4-hour or 2-hour 
capacity. The 24-hour capacity is that combustion rate just 
short of where the ash-discharge section is smothered with 
fine coke blown from the fire or where the blowing is so severe 
that the fuel bed cannot be maintained in proper condition over 
a long period of time. The limits of capacity for the shorter 
periods are of the same nature, the more severe blowing at the 
maximum rates simply putting the fire out of condition more 
quickly and limiting the length of time that a given load can be 
carried. 

In the past, stoker capacity has been measured in pounds of 
coal burned per square foot of grate surface. 

The amount of air required to burn a pound of coal is a function 
of the combustible content of the coal, and therefore of the 
heat content of the coal. In other words, the factor which limits 
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the capacity (the velocity of air through the fuel bed) is a fune- 
tion of the amount of heat being released per unit area and time, 
rather than of the weight of coal being burned per unit area and 
time. 

This is an important consideration when comparing per- 
formance with different coals. The stoker which burns Illinois 
coal of 10,000 B.t.u. at a maximum rate of 80 lb. per sq. ft. 
could be expected to fail to burn New River coal of 14,000 B.t.u. 
at rates above 57 lb. per sq. ft. This comparison is based on 
equal heat-liberating rates. 

New River or Pocahontas coal is relatively hard to ignite. 
Therefore, more of the grate area is inactive with these coals. 
Equally proficient stokers will be capable of a slightly lower heat- 
liberating rate when burning such coals than when burning high- 
volatile coals. 

The conclusion is therefore that stoker tests should be com- 
pared on a basis of heat-liberating rate with similar coals. 

Fig. 1 shows the characteristic performance of underfeed 
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Fic. 1 CHARACTERISTIC PERFORMANCE OF UNDERFEED STOKERS 


stokers. The abscissas represent percentages of the load that 
can be carried for 24 hours under test conditions. The ordinates 
are the three factors in the efficiency of the unit over which the 
stoker exercises control. Definite values are not assigned, but 
the different ordinates are of a similar scale of value in per cent 
overall efficiency of the unit. 

Fig. 2 shows the typical load curves of three classes of in- 
dustries. On these graphs the blocked figures show the load 
on the stoker (expressed in per cent of the 24-hour test capacity) 
for greatest dollar economy, considering investment cost, main- 
tenance, and thermal efficiency, under average conditions. 
Analysis of local conditions, with particular regard to coal cost, 
may slightly modify these figures. 

Knowing the capabilities of the stoker, the efficiency of the 
boiler unit, and the load conditions, the selection of the size of 
the stoker becomes a matter of arithmetic. 


SELECTION oF Type OF STOKER 


In this’ section there is covered the choice between clinker 
grinders and dump grates. 


Where the plant carries a fairly heavy load 24 hours per day, 
a clinker-grinder stoker will ordinarily produce about 2 per cent 
more in efficiency than a dump-grate stoker. 

For the load shown at A, Fig. 2, dump grates are the most 
economical, if the stoker is less than about 14 ft. long. Above 
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that length, clinker grinders should be used because of the 
large amount of ash to be handled per unit of stoker width. 
When using stokers of short or moderate length for such loads, 
the refuse is dumped during light loads or banked periods, and 
the performance closely approximates that obtained from clinker 
grinders under similar conditions. 

For the loads shown at B and C, Fig. 2, clinker grinders should 
be used for all lengths of stoker, wherever space permits. If 
space limitations, particularly headroom prohibit the installation 
of clinker grinders, dump grates may be installed with the assur- 
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ance that they will give good results on any length of stoker yet 
developed. 


PREHEATED AIR 


Preheated air has been in general commercial use for about 
four years. Extensive study during this time, of the problems 
created and of the results obtained by the use of preheated air, 
has permitted the following general conclusions to be drawn: 

(1) Improvement in combustion, expected by the sponsors 
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of preheated air and reported as being obtained by some users, 
has not materialized. Some changes do take place, but the 


beneficial effects, if any, can be duplicated with cold air by proper 
adjustment of the stoker. 

Preheated air does not measurably increase the capacity 
The increased velocity of air through the fuel bed, 
caused by the greater specific volume of the heated air, in- 
creases the blowing of fuel and slightly reduces the coal-burning 


(2) 


of the unit. 
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capacity of the stoker. A good rule for commercia! practice 
is to figure a unit of grate area as having a fixed capacity in 
B.t.u. per hour, the amount of heat admitted to the furnace being 


Fic. 6 Deap AREAS IN THE FURNACE SPACE 


Fic. 7 Water-WALt ARRANGEMENT TO DecrEASE SLAG 


the same whether or not the air is preheated. In the case of 
cold air, the heat released by combustion is the capacity. In 
the case of preheated air, the heat released by combustion plus 
the heat returned by the air is the capacity. In either case 
the total heat admitted to the furnace would be the same, but 
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with preheated air the amount of coal burned would be less by 
the coal equivalent of the heat in the air. This rule is not 
intended as a statement based on tests; it is for the commercial 
selection of stoker size. 

(3) Preheated air does not measurably increase the efficiency 
of combustion. It may slightly decrease the ashpit loss, but 
this is offset by the increased loss in soot or fine carbon carried 
up the stack. The only value of preheated air lies in the amount 
of heat recovered and returned to the boiler. 

(4) It is more difficult to operate an underfeed stoker with 
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preheated air than with cold air. If the fuel in the retort swells 
slightly and tends to stick in the retort, as it may easily do with 
preheated air, any of the various designs of retort mechanisms yet 
produced lose part of their effectiveness in moving the coal. 
Readjustment of the motion of secondary pushers or other retort 
mechanism must be made to compensate for such conditions, and 
when the conditions disappear, further readjustment becomes 
necessary. Therefore the amount of operating attention re- 
quired is considerably increased, particularly where a long 
retort is used. The longer the retort, the greater becomes the 
problem of handling fuel mechanically. Some manufacturers 
have limited the length of the retort and are applying a different 
type of grate surface to complete the stoker to the desired length. 


(5) Present-day knowledge limits air temperatures to 350 
deg. fahr. for satisfactory operation of a stoker of average length— 
that is, a stoker with retorts 9 or 10 ft. long, with semi-bitumi- 
nous coal. It probably will be necessary to make rather radical 
changes in the basic method of handling fuel if this limit is to be 
raised. 

(6) There is bound to be some increase of stoker-maintenance 
costs when preheated air is used. Present-day knowledge indi- 
cates that this increase is small and of lesser magnitude than the 
variation in costs between different plants operating under very 
similar conditions. 

The economics of the local plant layout, the load factor of 
the plant, and the price of fuel must be evaluated to determine 
if the heat recovered by the preheater will pay adequate return 
on the required investment. Such matters are beyond the scope 
of this paper. 

FuRNACE VOLUME 


The part that adequate furnace volume plays in efficient opera- 
tion has long been recognized. The authors are mentioning 
the subject in order to present a more specific analysis of the 
problems than usually is made. 

A number of variant values of the permissible heat release 
per cubic foot of furnace volume have been advanced. The auth- 
ors recently assembled for analysis a large number of tests of 
stoker-fired boilers. It was found that, while the short stokers 
produced excellent results with surprisingly high heat release 
per unit of volume, the longer stokers suffered losses from incom- 
plete combustion when operated with the same high heat releases. 

This is a perfectly natural condition and is to be expected. 
The operator is less able to see flaws in the fire of a long stoker 
than in that of a short one. Areas of fuel bed of too great 
thickness may go undetected. The control of fuel distribution 
over a long stoker is less readily obtained than on a short stoker. 
All these factors render it necessary to increase the furnace 
volume in order to balance and compensate for imperfections in 
the fire. 

Fig. 3 shows a graph of values of heat release per cubic foot 
of furnace volume for maximum efficiency with different lengths 
of stokers. Greater heat-release values may be employed where 
available space limits the volume of the furnace, but a lowere«d 
efficiency should be expected. 

In comparing different designs of furnaces and in calculating 
the heat release per unit of volume, due consideration should 
be given to the relative value of different sections of the furnace. 
It is possible to put much useless space into a furnace and show 
a deceptively low rate of heat release. 

If a boiler furnace be laid out with enough of the boiler surface 
to show the first baffle, one can readily detect dead areas in the 
furnace space. Figs. 4, 5, and 6 are examples. Heat-release 
rates should be compared on a basis of useful volume. 


FuRNACE WALLS 


Much has been claimed for the use of water-cooled furnace 
walls. These claims have included reduction of furnace main- 
tenance, reduction of stoker maintenance, increased heat ab- 
sorption with consequent lower flue-gas temperatures, reduction 
of clinker trouble, reduction of radiation losses, and increase 
of stoker capacity. The authors have not seen conclusive and 
authoritative figures which place definite values on these various 
claims. Observation of various water-wall applications prompts 
the following statements: 

(1) Water walls are a valuable aid to the stoker when they 
provide a clinker-proof wall at the edges of the fuel bed. 
Aside from this, they are of no value to the stoker burning semi- 
bituminous coal. 
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(2) The rear wall of the furnace should receive first considera- 
tion in the application of water walls. Insurance against freez- 
ing-over of the ash-discharge section is the most valuable function 
that a water wall can perform. Should more extended use of 
walls be justified, they should be installed so as to clinker- 
proof the sides of the stokers. The authors see no justification 
for the use of a water-cooled front wall. 

(3) Semi-bituminous coal burns best if the furnace tem- 
perature is high. Low furnace temperatures tend to increase 
losses from incomplete combustion of gases and unburned solid 
particles of fuel carried up the stack. A true measure of this 
effect has not yet been made available, but there is ample evi- 
dence that the tendency exists. Naturally, such effects can be 
offset by increasing the furnace volume. The authors do not 
believe that there is any justification for the statement that 
water-cooled furnace walls permit an increase of the rate of heat 
liberation per unit of furnace volume; rather that the reverse 
is true. 

(4) For present-day practice, therefore, in the opinion of 
the authors, water walls should be designed and applied in a 
manner that will not unduly lower the temperature of the furnace. 

(5) Some users have found that the use of water walls, 
particularly in applications where the furnace temperature was 
materially lowered, resulted in decreasing the amount of slag 
deposited on the lower tubes of the boiler. The authors believe 
that it is quite possible to do this without seriously affecting 
combustion, particularly by arranging the water walls so that 
they exert a maximum cooling effect on the space just below the 
boiler and a minimum effect on the space just above the fire. 
Fig. 7 shows such an application at the plant of the New Haven 
Pulp and Board Company. 


APPARATUS 


The authors will not attempt to compare the advantages of 
the various methods of disposing of the refuse, such as car haulage, 
sluicing, the use of chain or belt conveyors, or steam jets. Any 
method can be satisfactory so far as the stoker is concerned. 
There is only one requirement, and that is that the ashpit below 
the stoker must be effectively sealed to hold internal pressure at 
all times, except for the brief interval necessary for removal of 
the refuse. 

If the ashpit is not sealed, there frequently may be a downward 
flow of air from the lower end of the stoker through the dump 
grates or clinker grinder, as shown by Figs. 8 and 9. In its 
passage the air may burn enough fuel to raise itself to a tem- 
perature high enough to destroy the parts of the ash-discharge 
section. Many cases of high maintenance of dump grates or 
clinker grinders have been traced to this cause. 

Proper sealing of the ashpit, confining the air and gas until 
a slight pressure builds up in the ashpit, stops this action. 

Practically all manufacturers of ashpit gates, sluicing systems, 
etc., are now building such apparatus in a manner that provides 
satisfactory sealing. 


Waste 


Many plants find themselves in possession of quantities 
of waste fuels, such as pulpwood bark, sawdust, scrap wood, 
domestic-size coke, coke breeze, anthracite waste, ete. Generally 
the available amount of such fuel is not sufficient to pay a good 
return on the investment in a separate boiler and furnace designed 
especially for its utilization. Such fuels can be burned quite 
efficiently and economically with an underfeed stoker. 

If the fuel is of a fibrous nature, liable to clog the rams, it can 
be burned by dropping it on top of the fuel bed, through chutes 
in the front wall. Such a scheme will work well with hogged 
wood refuse or similar material. 
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Fig. 10 shows such an installation at a new plant in the South. 

In making such an application the following should be observed: 

(1) The chutes in the front wall should center on equal por- 
tions of the stoker width. They should be located from 7 to 
10 ft. above the grate surface and should be spaced not more 
than 7 ft. apart. Such precautions are necessary to assure 
fairly even distribution of waste fuel over the stoker fire. 

(2) Provision should be made to admit the waste fuel into 
the furnace as nearly continuously as possible, so that uniform 
combustion conditions can be maintained. Blowing the fuel 


into the furnace with a current of air is unsatisfactory, unless 
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the fuel is actually pulverized. Even very small chips of wood 
will drop to the bottom of the furnace, leaving the conveying 
air current to pass upward from the chutes as useless excess air. 
The better method of supplying the fuel is to have some sort of 
feeder, such as a paddlewheel, which drops the fuel into the chute 
at a controllable rate, relying on gravity to feed the fuel through 
the chute. By maintaining proper draft conditions in the fur- 
nace, the amount of air infiltration through the open chute can 
be made negligible. 

(3) The chute should be divergent; it should increase in 
area as it approaches the furnace, in order to prevent clogging. 
It is preferable to water-cool the edges of the chutes next to the 
furnace. The amount of heat thus absorbed can be made so 
small that the cooling water can be discharged to waste without 
undue loss. 


: 

5 ay 

ie 

j 

Y 
ig 
\ / 
| 
TIES | 

| 

i 

eur) 


6 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


(4) Generally speaking, provision should be made for the 
injection of considerable quantities of free air over the fuel bed, 
under the control of the operator. This is particularly necessary 
if the waste fuel contains resin, oil, or similar substances. 

If the waste fuel is granular or brittle in character, as coke 
breeze, anthracite waste, etc., it is burned to best advantage when 
mixed with the coal. 

Such mixtures are hard to make and maintain in the bunkers. 
Coke, particularly, has a pronounced tendency to separate from 
the coal, so that the stoker receives alternate batches of coal 
and coke from a bunker mixture. 

Figure 11 shows a mixing device which has been quite success- 
fully used. In this device, the stoker ram feeds, with each charge, 
definite amounts each of coal and other fuel. 

The hopper is divided, above the ram, into two compartments. 
The compartments are separated by a movable partition. The 
front compartment is supplied with coal, and the rear one with 
other fuel. The position of the partition determines the relative 
proportions of coal and other fuel which will be fed in by the ram. 
By the time the retort mechanism has fed the fuel up into the 
fire, the two fuels are well mixed. 

The ram is always surrounded by coal, so that it is protected 
from the abrasive action of such fuels as coke. 

The capacity of the unit will generally be reduced if waste 
fuel is mixed with the coal. By making the partition quickly 
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adjustable, the peak capacity of the stoker can be retained. 
The waste fuel can be cut off and the stoker operated on coal 
alone during the periods of heavy load. 


OpeRATING METHODS 


Sroker Recuuation. A few simple rules for the best opera- 
tion of underfeed stokers should be used as a basis for organizing 
and training the boiler-room personnel. They are: 

(1) The rate of coal feed should be proportional to the rate of 
burning, so that uniform combustion conditions are maintained. 
The operator should be provided with some sort of fuel meter 
which he can compare and correlate with the steam-flow meter. 
This may be a table of speeds for different stoker motor controller 
points, an indicating device operated by the stoker engine or 
stoker turbine governor, or some form of tachometer. Any 
automatic controls of stoker speed should be frequently and 
carefully checked to assure that they maintain this relation. 


(2) The stoker should be protected from the heat of the fuel 
bed by a layer of ash. This condition is sometimes hard to 
maintain with New England fuels, because of their low ash con- 
tent, so that stoker maintenance is sometimes higher in New 
England plants than elsewhere. The operators should be trained 


WN 
\ 
Fic. 12 Sroxers 1n Hupson AvENvE STATION OF BROOKLYN 
Ep1son CoMPANY 


to watch this factor, and it is not improbable that the majority 
of supervisors could well give the matter study. 
The principal things to watch are: 


(a) With clinker grinder stokers, keep the level of the 
refuse in the pit at a sufficient height to hold an ade- 
quate layer of ash on the lower end of the stoker 

(b) With dump-grate stokers, care should be exercised 
that the fire be moved back not too rapidly after 
dumping the refuse. If the refuse on the lower end 
of the stoker is suddenly shoved over to the dump 
grate, the lower end of the stoker and the dump grates 
themselves may be unduly exposed to the hot fuel, with 
resultant burning of parts. 


(3) The underfeed stoker is essentially a machine for produc- 
ing complete combustion of the fuel in all parts of the furnace. 
In other words, there should not be a stratum of gas over one 
section of the stoker containing an excessively high percentage 
of CO, and some CO, and another stratum over another section 
containing an excessively high percentage of oxygen. Losses 
from both incomplete combustion and excess air occur under this 
condition. Also the section of stoker having too little excess 
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air may be overheated. The distribution of fuel over the grate 
area should be such that combustion conditions are substan- 
tially the same in all parts of the furnace, except over the ash- 
discharge section. 

BANKING 


It has long been a custom, accepted as being best practice, 
to bank boilers when the load drops below a certain point, say 
100 per cent of rating, leaving other boilers to operate at higher 
loads. 

Some years ago this was probably the best thing to do, because 
there were no instruments in the boiler room to guide the fireman. 
The only way to make him fire properly was to throw a heavy 
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load on his boiler so that he had to have a good fire to hold the 
steam pressure. 

Basically and practically, this system is wrong. Modern 
stokers are capable of operation over a range in load of 6 or 7 
to |, with substantially the same combustion efficiency at all 
loads. Instead of banking some boilers and operating others at 
fairly heavy loads, all boilers should be operated at the same load. 
The operators should be provided with proper instruments and 
be held responsible for maintaining efficient combustion at all 
loads. Such practice will result in material economies, for several 
reasons: 

(1) Due to highly efficient heat absorption by the boiler 
at light loads, the boiler-room efficiency is higher at such loads 
than at heavy loads. 

(2) Banking losses are eliminated. 

3) The stoker parts are cooled by air at all times, instead of 
being exposed to the heat of a banked fire without a supply of 
cooling air. 

: (4) All fires are instantly ready to take a sudden increase of 
oad. 

The authors know of several plants burning Pocahontas 
coal which operate at 50 per cent of boiler rating, 24 hours per 
day, for weeks at a time with an efficiency of boiler, superheater, 
and stoker of 83 per cent. At other times these plants carry 
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250 per cent of rating on the same equipment at an efficiency of 
78 per cent. 


BorLer OPERATION 


The authors believe that this paper would be incomplete unless 
mention were made of the difficulties experienced from the forma- 
tion of slag masses on the lower tubes of the boiler. 

Much theorizing about the causes and reasons for this slag 
formation has been indulged in by engineers. The various boiler 
manufacturers have produced slag screens which, in most cases 
have effected marked improvements. Nevertheless, the problem 
remains, even though it be in a modified form. Slagging of 
tubes is of course due to the air current lifting ash particles out 
of the fuel bed and subsequently depositing these particles on 
the tubes of the boiler. Remembering again the laws of physics, 
it would be expected that the slag formation would vary approxi- 
mately as the square of the velocity of air through the fuel bed, 
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or, in other words, as the square of the combustion rate. There- 
fore the only control that the stoker can exercise over slagging 
of the tubes is to operate with a maximum activity of fuel bed 
so that the air velocities through the fuel bed are as low as pos- 
sible. 


Semi-bituminous coals are bad tube slaggers for two reasons: 

(1) The slowness of these coals to ignite reduces the active 
burning area of the stoker and therefore increases air velocities 
through the fuel bed. 
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(2) The ash in the majority of these coals is relatively light 
and easily carried away by the air current. 

Therefore it is the authors’ opinion that all boilers should 
be equipped with means for removing the slag from the lower 
tubes while the boiler is in operation at light loads or is banked. 
By far the most effective means of slag removal is to lance the 
tubes through doors located at the top of the furnace just below 
the boiler tubes. Such doors are readily installed with either 
brick wails or water walls. 

A walkway should be provided so that the men can easily 
reach all parts of the lower tubes with a lance. Convenient 
connections for the lancing medium should be provided at both 
sides of the boiler so that two or more men can work simultane- 
ously and keep the lancing period as short as possible. 

Eastern operators favor compressed air or steam for lancing 
the tubes. Either of these mediums is rather slow in action. 
Western operators use a water lance with a remarkable degree of 
effectiveness. This water lance consists of a pipe turned up at 
the end and supplied with water so regulated that a tiny stream 
issues from the end of the lance. The stream of water need not 
be over 6 in. long for maximum effectiveness. The only precau- 
tion necessary is to regulate the water so that it is not sprayed 
against the joints of the tubes in the headers. 

By such means the lower tubes of the boiler can be kept 
relatively clean at all times, so that the draft loss of the boiler 
will remain reasonable and there will be a minimum of slag forma- 
tion on the upper tubes of the first pass of the boiler. 


ReEcENT Sroker INSTALLATIONS 


Fig. 12 shows an installation in 1928 of stokers in the Hudson 
Avenue Station of the Brooklyn Edison Company. These 
stokers are 15 retorts wide and have an inside length of 19 ft. 9 in. 
They burn semi-bituminous coal with cold air in a furnace having 
refractory-covered water walls for side and rear walls and a solid 
refractory front wall. These stokers have developed in excess 
of 300,000 lb. of steam for 24 hours and in excess of 360,000 lb. 
of steam for 2 hours, on official tests. The heat-liberating rate 
for the 24-hour period is in excess of 825,000 B.t.u. per sq. ft. 
of grate area and is approximately 53,000 B.t.u. per cu. ft. of 
useful furnace volume. 

Fig. 13 shows the results of official tests of one of these 1928 
units compared with the results of similar tests on stokers de- 
signed in 1923. 

Both equipments were tested (in different plants) by the 
ascending-descending series method. That is, individual tests 
were run at different loads, but were run as a continuous series, 
without gaps between tests, starting with a test at light load 
and running succeeding tests at successively increasing loads 
until the maximum load was reached, then reversing the process 
and running tests at successively decreasing loads until the 
last test is run at the same load as the first. This method elimi- 
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nates the errors due to storage of coal on the stoker. It also 
eliminates the inaccuracies and deceptive results which occur 
under the common practice of burning down and cleaning the 
fire between tests. 

The heat-absorbing equipment used with the two different 
stoker equipments is not comparable, so the comparison is made 
on a basis of combustion efficiency. 

The soot and cinder loss wasnot measured on the 1923 design, 
but the heat balances indicate that it was about the same at 
the 24-hour capacity of that stoker as it was at the 24-hour 
capacity of the 1928 design—that is, about 3.5 per cent. 

Air pressure is not necessarily a measure of air velocity through 
the fuel bed, but it is interesting to note that the same air pres- 
sure is used at the 24-hour capacity of both equipments. 

However, it is interesting to note the progress of the art in 
increased capacity per unit of stoker area. The 24-hour capacity 
of the 1928 design is 1.4 times that of the 1923 design, and ap- 
proximately the same combustion efficiency is obtained at the 
increased capacity. 

Fig. 10 shows a stoker installation now being made at the 
Mobile Steam Plant of the Alabama Power Company. This 
installation is being equipped to burn wood refuse with high- 
volatile bituminous coal and preheated air. 

Fig. 14 shows a stoker installation soon to be made at the 
new Reed Station of the Duquesne Light Company, Pittsburgh. 
These stokers are 18 retorts wide and have an inside length of 
19 ft. 9 in. 

These three recent installations are equipped with a new type 
of stoker which is an underfeed stoker with an undulating link- 
grate overfeed section. This design permits the construction 
of extremely long stokers, and at the same time eliminates the 
problems of handling fuel through extremely long retorts. 

Fig. 7 shows an installation recently placed in service by the 
New Haven Pulp and Board Company, New Haven, Conn 
This is an eight-retort stoker of the straight underfeed type with 
an inside length of 14 ft. 8 in. New River coal is burned with 
preheated air. One unit now carries the entire load that formerly 
was carried on several smaller stoker-fired boilers. 


CONCLUSION 


The authors have endeavored to present and to discuss the 
factors that are important in making a successful stoker installa- 
tion. Many of the points discussed receive recognition in the 
majority of plants, but it has been their observation that rela- 
tively few plants adequately recognize all of them. It was with 
the idea of bringing all of these practical matters together in one 
group that this paper was written. 

While the paper has been presented by individuals, it does 
not represent the individual thought or effort of one person; 
rather it is the accumulation of the experience of the authors 
and their associates. 


¢ 


In this paper the author tells of the methods used and 
the results obtained in a series of counts of soot and dust 
particles in the air of New York City. The counts were 
made by an impact dust counter. Two variables affect 
the results. One is the wind and the second the degree 
of clumping or flocculation of the soot particles in the air. 
The number of soot particles counted showed a high degree 
of correlation with wind direction. Nothing was discovered 
to show the causes for clumping of the soot particles. 


mately daily counts of soot and dust particles in the air of 

New York City. During April and May counts were made 
at a number of different stations on the Island of Manhattan, 
to get some idea of the geographical distribution of air particles. 
Subsequently, most of the counts have been made from the seven- 
teenth floor of an office building at Twenty-Third Street and Fifth 
Avenue. The earlier counts at other localities show that this 
station is not unrepresentative of average air in the central part 
of Manhattan. 

All the counts have been made by an impact dust counter, 
slightly modified from the instrument devised by Dr. J. S. Owens, 
of England. In these instruments a definite volume of air is 
first moistened by being allowed to remain for a few moments 
inside a tube lined with wet blotting paper. A definite volume 
of this air is then drawn by a suction syringe through a small 
orifice. The expansion of the air thus produced cools it, and 
condenses moisture on any particles which are present. These 
moistened particles impinge on the surface of a glass microscope 
slide, a short distance beyond the orifice. Being moist the parti- 
cles stick to this glass surface. The slide is then removed and 
examined under the microscope, the numbers of particles being 
counted in the usual manner. 

The modification of the instrument used in these counts, as 
compared with the standard Owens counter consists in the use of 
a circular orifice instead of a narrow slit. This is in order to 
obtain, it is believed, a better estimate of the aggregates of soot 
particles. The slit instrument breaks up these aggregates more 
generally than the instrument with a round hole. Counts of 
particle numbers obtained with the slit instrument are larger 
than those obtained with the round-hole instrument for the reason 
that the latter instrument counts aggregates as one particle each, 
while the slit instrument counts each individual particle into 
which the aggregates are divided. 

It is believed that for practical purposes it is desirable to 
count the aggregates as one particle each rather than dividing 
them into their constituents. 

In the instrument used in these counts the volume of air tested 
was in some instances 5.9 cu. in., in others 2.95 cu. in., depending 
upon the amount of dust in the air. In either case, a proper 
factor is applied to convert the measured counts into numbers 
of particles per cubic foot of air. 

One hundred and forty-two counts have been made, many in 
duplicate. In general, these have been taken approximately at 
midday, although the hour is of little importance as the 24-hour 
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Soot Paivticles in New York City Air 


By E. E. FREE,' NEW YORK, N. Y. 


variation is entirely obscured by other and greater variations. 

Data obtained are chiefly characterized by very high varia- 
bility, it being not unusual for the numbers of particles in the 
air to change by a factor of as much as ten, either way, within 
twenty-four hours. Instances have been observed of such ex- 
treme changes within two or three hours, usually correlated with 
changes in wind direction or velocity. 

The maximum count obtained was on July 30, 1928, equaling 
880,000 particles per cu. ft. of air. The minimum count was on 
July 2, 1928, and was 35,000 particles per cu. ft. The average 
of all counts during the period specified was 470,000 particles 
per cu. ft. of air. No great numerical accuracy is attachable to 
these figures, even to the averages. It is possible to say, however, 
that approximately a half-million dust and soot particles are to 
be found, on the average, in each cubic foot of New York City air. 

The character of the particles observed, as judged by qualita- 
tive tests under the microscope, is remarkably uniform. Counted 
slides have shown never less than 96 per cent of particles which are 
clearly ordinary soot, that is, unburned carbon. This is for the 
level of the seventeenth floor. A slightly higher percentage of 
other particles is usually found at the street level. It is believed, 
however, that at least 90 per cent of all solid particles ordinarily 
encountered in New York City air are soot. 

Other materials observed in individual instances include par- 
ticles of rubber from automobile tires, of asphalt, of brick, of 
rock from excavations, of horse excrement and other organic 
materials, and slivers of glass at first believed to be distant vol- 
canic dust, but later found to be too numerous for this. These 
are now considered to be minute flakes scaled off from glazed 
tile used on buildings. A few particles of leather have been 
found, a few cotton fibers, an occasional hair or skin scale appar- 
ently from a human being, and the usual relatively small number 
of what seem to be spores of living molds. 

No identifiable soil particles have been found, no diatoms, and 
none of the so-called Tissandier spheres which are apparently 
tiny globules of metallic iron. The apparent absence of these 
usual constituents of air dusts from New York counts may be 
explained, however, as due to the coating of these objects with 
the omnipresent soot particles. 

The sizes of these soot particles vary from approximately 
one ten-thousandth of an inch to approximately one fifty- 
thousandth of an inch. As stated, a relatively large percentage 
of these soot particles is observed to be gathered together in 
clumps or aggregates, like grains of popcorn stuck together to 
make a popcorn ball. These aggregates measure between one 
fifteen-hundredth of an inch and one five-thousandth of an inch. 
The percentage of the soot particles present in the air as aggre- 
gates has been found to be exceedingly variable. This variability 
is not believed to be due to any variation in method of collection 
or counting but to represent a real variability in the clumping 
together, or flocculation of soot particles in the air. This observa- 
tion is believed to be new, and may have some importance in 
practical problems of city soot and city fog. 

The effect of elevation above the street level is to decrease the 
number of soot particles in the air. The percentage of decrease is 
extremely variable but approximately 100 ft. of rise above the 
street level means between 25 per cent and 50 per cent reduction in 
the number of soot particles. The above figures for the particle 
counts should be multiplied, therefore, by between 1.5 and 2.0 
to give the average number of particles at the street level. This 
conclusion applies to the Fifth Avenue and Twenty-Third Street 
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district only; no high-level counts having been made at other 
points. As might be expected, there is some evidence that days 
on which the ultimate soot particles show much aggregation into 
clumps are also days of greater difference between the dust 
counts at the street level and at higher levels, indicating the rela- 
tive rapidity with which the soot aggregates settle out of the air 
as compared with the settling rate of the ultimate particles. 

Rain appears to have less effect on the particle counts than 
would be expected. Also, the effect is erratic. Some rains ap- 
parently produce virtually no decrease in air soot. Other rains 
produce relatively large decreases. It has not been possible 
to correlate these variations with rain intensity or with any other 
characteristic of the rainy days. 

All of the data are consistent with the idea of two chief vari- 
ables; the wind and the degree of clumping of the particles. 
The wind is undoubtedly the more important. Geographical 
counts make this evident. When the wind is blowing, for ex- 
ample, across Manhattan Island from west to east, the air of 
the west shore of the Island is relatively low in soot particles. 
At the same time the air of the east shore is relatively high. 
Similarly, the number of soot particles counted at Twenty-Third 
Street and Fifth Avenue shows a high degree of correlation with 
wind direction and wind velocity. Winds from smoky areas 
mean high soot counts. Winds from directions in which little 
smoke is being discharged usually mean low soot counts. 

Nothing has been discovered, as yet, concerning the causes of 
the variation in the clumping or flocculation of the soot particles 
in the air. Nor is it possible to say, as yet, how important this 
factor is in removing soot particles from the air, as compared 
with the velocity and direction of wind. There is some suggestive 
’ evidence that the city experiences more haze aud fog when the 
degree of flocculation of the soot particles is low. If true, this 
would be highly important in aiding the prediction of fog, now 
possible only with considerable inaccuracy on the basis of wind 
direction. However, until more has been learned of the reasons 
for the variation in soot flocculation it will be impossible to make 
use of these ideas with much assurance. Several theories have 
suggested themselves concerning the cause of these flocculation 
variations such as differences in humidity, differences in sunlight 
reaching the particles, differences in air ionization, etc. None 
is supported, as yet, by direct evidence. Obviously, the problem 
deserves further investigation. 

Little practical importance attaches to the calculation of the 
total amount of suspended soot in city air. It may be said, how- 
ever, that the average over New York City, on the basis of these 
counts appears to be approximately one ounce, Avoirdupois, for 
each 10,000,000 cu. ft. of air. For the air over the entire city 
the amount is from four to five short tons. Ninety per cent or 
more of thisis soot. The total probably varies, with the wind and 
other conditions, from about one-tenth of this value to about 
three times the value. Discrepancy with previous much larger 
estimates which have been published is believed to be due to the 
fact that these previous estimates, made on the basis of solid 
materials caught by air-washing plants, include a considerable 
fraction of roof-fall of cinders and similar particles which remain 
only a brief time in air suspension. These are not really a part 
of the normal air dust of the city. 

As to the ultimate sources of city soot, the relative absence 
of ash confirms, so far as it goes, the opinion easily formed from 
direct observation; namely, that most of the city’s soot and air 
dust comes from many small fires in apartment houses, office 
buildings and homes, not from the smoke stacks of the large 
power houses or other industrial plants. This conclusion is 
supported, as is well known, by much other evidence. The pres- 


ent investigation while agreeing with this, provides few additional 
facts. 


This is a preliminary report. The soot counts will be con- 
tinued during the winter agd probably for a considerable portion 
of the coming year. It is planned, also, to compare these counts 
more definitely than hitherto with weather conditions, with the 
receipt of ultraviolet radiation at the building level in the city, 
and with other similar factors. It is a pleasure to acknowledge 
the assistance of C. A. Johnson and Bernard Stoll of my laboratory. 
Mr. Stoll has made the majority of the counts. 


Discussion 


Davip R. Morris.?- The Weather Bureau has been making 
dust counts at 12 noon daily for nearly a year at 13 of its sta- 
tions with the Hill dust counter. It is thought that this is the 
first concerted count using identical technique to be taken in 
this country. The instrument used is similar to the one used 
by Dr. Free, but under the Hill method the count is made with 
a magnification of 80 instead of 1000. The work is in coopera- 
tion with the American Society of Heating and Ventilating 
Engineers, which is also receiving health statistics from the 
cities where the counts are made. 

In New York City the count is made at the Central Park 
Weather Bureau, and the results are published in the Monthly 
Bulletin of the observatory. Numerous weather data are printed 
alongside the dust observation at the time of the count and 
for some hours previous to the count. 

The importance of dust in producing various weather condi- 
tions has been mentioned in meteorological textbooks for a long 
time. This was mostly the dust from wide country areas or 
volcanic erruptions. The generic name ‘“‘dust”’ still holds today, 
but the character of the particles and their source are now quite 
different, especially in our large cities. It is in the latter regard 
that the most interest exists today and which may be expected 
in time to yield improved apparatus and the adoption of methods 
which will put the entire work on a more comparable basis. 


Henry Kretsincer.’ It is stated that 96 per cent of the 
dust particles in the New York City air are soot coming from 
small fires in apartment houses, office buildings, and homes, 
and not from the smokestacks of large power plants and other 
industrial plants. It would be interesting to know to what ex- 
tent the automobile vehicles contribute toward loading the 
New York air with soot. There are thousands of these vehicles 
running over the streets of the city under conditions very ad- 
verse to good combustion. The automobiles have to run slowly 
and they also frequently stop and start up again, conditions 
which make it necessary to operate the engines with excess fuel. 
Even under the best operating condition the combustion in an 
automobile engine is far from complete. Numerous tests made 
by the Bureau of Mines and other laboratories show that nor- 
mally one half of the carbon of the fuel supplied to the automobile 
engines burns to CO. It is to be expected that when CO is 
formed there is also a large amount of soot formed and exhausted 
into the air. Let it be assumed that about a hundred thousand 
automobiles are running over the streets of New York during 
the busy hours. Under the unfavorable condition of operation, 
each automobile consumes about two gallons of gas per hour. 
This would make the gasoline consumption about two hundred 
thousand gallons, or approximately one and a half million pounds. 
This amount of gasoline is equivalent to about two million pounds 
of coal, or about one thousand tons of coal per hour. It takes 
a good-sized power plant to consume one thousand tons of coal 
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per day. These figures may not be correct, but they indicate 
the extent of soot contribution by the running automobiles 
toward the sooty atmosphere of New York City. Moreover, 
the soot made by automobiles is discharged into the atmosphere 
at the street level and is more apt to find its way into the offices 
and dwellings. Soot from chimneys is discharged at higher 
elevations and is more likely to be carried away by the wind. 

The paper states that there is no appreciable soot reduction 
in the atmosphere after rain and that the main factor tending to 
clear the atmosphere is wind. It is a common experience that 
soot and all very small particles floating in gases are difficult 
to wet and wash out. If such washing is to be successful, the 
dust particles must be wetted by the condensation of water 
vapor. If the gases containing the dust particles are first 
saturated with water vapor and then cooled below the conden- 
sation point, the water vapor will condense on the surfaces of 
the dust particles and wet them, thus increasing their agglomerat- 
ing property and their weight. When in such state they can 
be more easily washed out or separated from the gases. The 
principle of condensation of water vapor on the dust or soot 
particles is used by the author of the paper for collecting the 
dust in the air samples. 


Putie Drinker.‘ The author discusses the presence of 
aggregates or clumps of soot particles in the air sampled and 
mentions the high correlation between counts and wind velocity. 
We have found in laboratory studies* that the settlement of fine 
particles, of the order of 0.5 to 5 microns, especially particles 
of carbon, is accomplished mainly by aggregation and that 
turbulent air motion or ionization will accelerate this aggre- 
gation. Whether or not this fact, well known in chemical war- 
fare,* has a direct bearing on Dr. Free’s problem, is not known. 

In our experimental work, we have had abundant experience 
in the use of Owens’ standard slit instrument, but have not used 
the modified Owens counter that the author describes. Our 
observations’ indicate a rather low partial correlation coefficient 
between dust counts and wind velocity. In calculating these 
coefficients, we used routine counts taken twice daily for 16 
months. Kimball and Hand* and Owens,’ using data of a more 
selected nature, showed that a distinct inverse, but non-linear, 
relationship existed between counts and wind velocity. Their 
data would seem to agree with those in this paper. 

It is hoped that, in his final paper, Dr. Free will work out and 
publish the partial correlation coefficients between counts, wind 
velocity, visible and ultra-violet solar radiation, and per cent 
relative humidity, and that he will be able to publish his final 
results in ¢.g.s. (and microscopist’s) units. 


C. Harouip Berry.'® To the engineer it may seem that the 
presentation of data on a quantity that varies from 5 to 100 in 
no very systematic fashion is of little value, but it should be 
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borne in mind that we are on the threshold of an important 
and difficult study. Its importance to the public is evident. 
No less is its importance to industry. Information is needed to 
refute false charges and to serve as a basis for the removal of 
grounds for well-founded charges. Air pollution is too great 
a price for the public to pay for the carelessness or indifference of 
industry, if these are the causes. On the other hand, if air pollu- 
tion is largely caused by small furnaces of which the domestic 
heating plant is typical, the fact should be proved beyond doubt. 
In either case, it is the task of the engineer to remedy the situa- 
tion. 

The wide variability of results doubtless reflects the fact that 
we are dealing with a quantity that actually does vary widely 
in place and in time. This, combined with the difficulty of 
securing a small representative sample, makes precise measure- 
ments exceptionally difficult. 

It is to be hoped that much more work will be done along this 
line in the near future. 


LoweLt ANpreEw.'! The paper adds valuable information 
to the very limited knowledge of the amount and character of 
the microscopic particles present in the air in large cities. In 
some respects, however, the paper might have contributed more 
tangible information had it described in greater detail the means 
used of identifying under the microscope the particles observed 
and had presented further information on the size of the orifice 
used and its effect on the number of particles counted as com- 
pared with the Owens machine using the slit. Observation and 
experience with this type of instrument and the Hill instrument 
has been that the degree of magnification used in counting must 
be specified before the figures presented for dust counts can 
assume any relative value. 

Extreme variability from day to day seems to eharacterize 
observations with jet dust counters, but as yet we have been 
unable to observe any great seasonal variations such as one might 
expect—for instance, between summer and winter. 

We have not been able to get satisfactory comparisons between 
counts with the Owens type counters using high magnification 
of 1000 diameters and the Hill type using a magnification of 
only 80 diameters. This is no doubt due to some extent to the 
variable characteristic of aggregation in large particles. 

One particle per cubic centimeter is equivalent to approxi- 
mately 28,000 particles per cubic foot, so that the minimum 
count of 35,000 particles, as mentioned in the paper, represents 
only about 1'/, particles per cubic centimeter. The widely 
quoted figure for a certain city is 17,600 particles per cubic foot 
or */; particle per cubic centimeter. However, with an Owens 
counter and a magnification of 1000 diameters, counts as high 
as 152,000,000 particles per cubic foot have been obtained. 

Dust counts are being made this winter with the Owens type 
of instrument using a slit and the particles counted under a 
magnification of 1000 diameters. It is to be hoped that further, 
better, and more reliable methods of determining the amount 
and character of the particles in the air will soon be developed. 


Laura A. Causie.'* The National Conference Board on 
Sanitation is made up of men and women, scientists, physicists, 
department of health officials, physicians, organized bodies of 
womens’ clubs, and home makers. We are making a deter- 
mined inquiry into the question of the increasing pollution of 
the air of cities with the consequent loss of sunlight and the vital 
ultra-violet. 
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This body is very much interested in the study of dust that 
the author has been making. It has been measuring visible 
light for the last three years. We have used the Case photo- 
electric cell with a Leeds & Northrup potentiometer. Our 
records show that there is a constant average loss of 30 per cent 
of light in the city caused by the smoke pollution as compared 
with the light recorded in the country at a point not subjected 
to the same waste by smoke. 

On the longest sunny day in June, in which there was 15.1 
hours of sunshine, the records showed a loss of 42 per cent of 


visible light. The following day was continuously sunny, with 


a loss of 36 per cent of light. The difference between the avail- 
able sunlight in the country and in the city is the measure of 
pollution by smoke which is being endured in the city. It is 
an intolerable burden for which relief must be found, and no 
body in the country is so capable of solving this problem as the 
mechanical engineers. 

Our measurement of light is a continuous record from day- 
break until sunset. There has been no such continuous measure- 
ment of dust made at any point so far as can be learned. These 
measurements are made momentarily over short periods of time, 
and they do not give any accurate measure of air pollution. 
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Boiler Settings for Burning Refuse Wood 


This paper includes a discussion of: (1) Some recent 
developments in the design of boiler furnaces for burning 
green or wet refuse wood; (2) the experiences influencing 
the development of furnaces for burning dry refuse wood; 
and (3) factors influencing the design of wood-burning 
furnaces. 


HE economic utilization of wood refuse from lumbering 

and woodworking operations has become a problem of 

increasing interest. Formerly, when fuels were compara- 
tively cheap and lumber-cutting operations produced more waste 
wood than could be consumed, there was little concern given to 
efficient methods of burning it in steam-boiler furnaces. In 
lumber-sawing operations, the sawdust produced has in most cases 
been sufficient to generate all the steam required for operating 
the mill, and the slabs have been disposed of either by burning 
in large incinerators or working up into lath, kindling wood, or 
other commercial products. Later, as lumber and fuel became 
more expensive and woodworking plants producing finished 
parts from kiln-dried lumber became more numerous, improve- 
ment in the utilization of the wood refuse for the generation of 
steam became more imperative. Certain modern mills for the 
production of finished kiln-dried lumber from the log have 
arranged their plants so that the steam requirements for power 
and kiln-drying operations will quite nearly consume all of the 
mill refuse in its generation. By-product processes, such as the 
evaporation of salt, and the production of power to the extent 
that all of the refuse may be utilized in the generation of steam 
have been given increasing consideration. 

The refuse resulting from the milling of air-dried or kiln-dried 
lumber produces a fuel which is especially well adapted for 
burning under steam boilers in properly designed furnaces, and 
there are now many installations which indicate the increas- 
ing efficiency that is being attained in the burning of this 
material. 

In the plants of furniture and automobile manufacturers the 
demand for power and steam is such that the problem of properly 
burning the kiln-dried wood refuse is one that is worthy of 
serious consideration of the most efficient methods. 

The wood refuse available for fuel may be considered under 
three general classifications: 


1 The sawdust and slabs from sawmills containing from 30 
to 50 per cent of moisture, where logs are transported to 
the mill dry, to perhaps 70 per cent moisture if the 
logs are of softwood and have been floated to the mill 
through rivers and streams or have been held in 
storage in mill ponds. The bark and shavings from 
pulpwood held in water storage are also very wet and 
contain over 70 per cent of moisture. Such refuse will 
be classified as wet refuse 
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2 The refuse of planing mills and finished-lumber operations 
resulting from the working of air-dried lumber con- 
taining from 15 to 25 per cent moisture 

3 The wood refuse of furniture factories and automobile- 

body plants resulting from cutting and finishing of 

parts from kiln-dried lumber, in which case the refuse 
usually contains from 5 to 7 per cent moisture. 


ComBUSTION TEMPERATURES AND CALORIFIC VALUES OF Woop 


We shall now consider the heating values and theoretical 
combustion temperatures of this material. It is apparent that 
in burning wet wood the fuel must first be raised to the tem- 
perature required for the evaporation of the moisture, then the 
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Fie. 1 CompustTion TEMPERATURES OF Woop WitH VARYING 
Moisture CONTENT 


latent heat for the evaporation must be supplied, and the result- 
ing steam must be superheated to the final temperature of the 
products of combustion. A study of the combustion tempera- 
tures has been made of wood under different conditions of mois- 
ture content and of excess air for combustion. The results are 
shown in Fig. 1. The combustion temperatures are the tem- 
peratures which would be produced if there were no absorption 
of heat from the flame as the processes of combustion take place, 
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and the curves indicate the relative heat produced by the dif- It has been demonstrated by various investigators that Dulong’s 
ferent classes of wood fuel with respect to moisture content. formula does not apply accurately to wood, due to the presence 
The method used in determining the combustion temperatures of large percentages of hydrocarbons. In the case cited above 
is that outlined by Arthur D. Pratt in his “Principles of Com- the actual calorific value as determined by bomb calorimeter is 
bustion in the Steam-Boiler Furnace” in which the mean spe- 13.7 per cent higher than the calorific value calculated by the 
cific heats of the different constituents of the products of com- Dulong formula. Accordingly in computing the combustion 
bustion vary, depending on the final temperatures attained. temperatures of wood under different conditions of moisture 
This method gives somewhat higher results with increasing content as given in the curves, the heating values obtained by the 
moisture content than the formula frequently used in which the | Dulong method have been increased by 13.7 per cent. 
specific heat of the products of combustion is assumed to be The actual combustion temperature in a boiler-furnace setting 
constant regardless of the amount of excess air, moisture con- is lower than that indicated by these curves since the absorption 
tent, or of the final temperature. of radiant heat by the boiler and the dissipation of heat by 
The percentage chemical composition and calorific value of 
moisture-free wood have been taken as the averages of the data 
(by Gottlieb) given in Table 1. 


TABLE 1 ULTIMATE ANALYSIS AND CALORIFIC VALUE OF 
DRY WOOD 
B.t.u. 
H As per Ib. 
8316 


Wweree Conn 


The proximate analysis of moisture-free wood refuse is roughly 
as follows: 


Per cent 
Volatile matter. 
Fixed carbon 


The calculated calorific value of dry wood by Dulong’s formula, 
based on the above average ultimate analysis, is 7626 B.t.u. per 
lb. compared with an average of the calorimeter determinations 
for all the woods given by Gottlieb of 8671 B.t.u. per lb. and 
with several tests of hogged wood from an automobile-body 
plant averaging 8413 B.t.u. per lb. on a moisture-free basis. 
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radiation and conduction through the furnace walls will prevent 
the maximum temperature of combustion from being attained. 
On account of the high flame temperature of burning dry wood 
with little excess air, the problem of suitable refractories for 
wood-burning furnaces is of great importance. Although the 
ash of the wood is not of serious consequence, due to its small 
quantity, its silica and alkaline constituents combine to form a 
low-temperature-fusion slag which readily fluxes with the silica 
of ordinary firebrick. Some improvement has been obtained in 
the maintenance of wood-burning furnaces operating at high 
temperatures by the use of brick containing high percentages of 
alumina; but the most satisfactory results have been obtained 
both by the use of air-cooled refractory walls in which the tem- 
peratures of the refractories were maintained below the point 
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of heat liberation. The air-cooled wall has greatly improved 
the life of the refractories in wood-burning furnaces, and the 
water-cooled wall has also been used with success. The tem- 
perature of the furnace should be maintained as high as possible 
to produce smokeless combustion, but not so high that the refrac- 
tories suffer from fusion. It appears at the present time that a 
certain amount of water cooling together with air cooling provides 
the best type of furnace for air-dried and kiln-dried refuse wood. 

The burning of wet refuse does not involve the question of 
life of refractories and the dissipation of heat from the furnace 
so much as the conservation of the heat of combustion and utili- 
zation of its radiant heat by means of reflecting arches and side 
walls to heat the refuse wood and evaporate the moisture in 
the fuel as it is delivered to the furnace. 
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Fie. 3 Furnace For Sawmitt Rervuse 
(Louisiana Central Lumber Co., Clarksburg, La.) 


at which the silica of the firebrick will fuse with the ash and cause 
erosion and by the introduction of water-cooling surface in the 
side walls of the furnace. Substantially the same development 
has taken place in the design of the side walls of dry-wood-burn- 
ing furnaces as has occurred in recent years in the design of fur- 
naces for burning pulverized coal. That is, the solid refractory 
walls were found to require high maintenance and frequent 
reconstruction, especially when the excess air is reduced to a 
minimum or the wood is burned in a dry state and at high rates 


The early designs of boiler furnace for burning wood gave no 
consideration to efficiency of combustion or to the smoke nui- 
sance. However, the present smoke-elimination ordinances of 
municipalities in which furniture, automobile-body, and other 
woodworking plants are located require the most careful con- 
sideration of the smoke problem. 

The question of setting singly or in battery is also one worthy 
of serious consideration, depending on the extent of the operation, 
the single setting being considerably more flexible and easier 
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to maintain and repair than the battery setting with its trouble- 
some common center wall. 


Designs FoR Wet Woop REFusE 


For refuse wood consisting of sawdust, shavings, and hogged 
wood, and slabs direct from the log or green lumber extended 
furnaces having reverberatory arches over the top should be 
provided. In the burning of wood as contrasted with the burn- 
ing of coal, the combustion takes place from the surface of the 
pile of fuel in the furnace, while with coal the combustion is 
maintained throughout the fuel bed. This means that for 
burning green refuse wood the furnace should be provided with 
side walls and arches arranged to reflect the radiant heat back 


products of combustion passing through the 3-ft. space above 
the bridgewall are mixed with additional air through the rear of 
the bridgewall, and further combustion of the gases and cinders 
takes place in the secondary rear oven. The wood is dried 
and combustion takes place from the surface of the pile, assisted 
by the heat reflected from the arch above and from the side 
walls. This typical setting for burning green wood is shown in 
conjunction with a vertical water-tube boiler. There are many 
of these boilers throughout the lumber-producing areas of the 
South and Northwest, primarily because this particular type of 
boiler was first introduced in these regions for steam production, 
and, secondly, it is a self-contained unit which can be shipped 
and erected intact and is therefore a cheaper installation than 
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Fie. 4 Incurnep-Grate FurNAcCE FoR BuRNING Wet REFUSE 
(600-hp. Babcock & Wilcox boiler, Chicago Mill & Lumber Corporation, Tallulah, La.) 


to the burning wood and thus promote the evaporation of mois- 
ture before combustion takes place. 

A typical example of a green-wood-burning furnace installation 
is shown in Fig. 2. This furnace consists essentially of two 
combustion chambers. The fore oven is arranged with a sus- 
pended arch above the grates, on which the green fuel falls 
through the feeder spout. This pile of fuel is burned by air 
admitted above the grates by air openings near the front of 
the furnace side walls and through the portions of the grate 
around the pile of wood which is not covered too deeply. The 


the modern type of bent-tube or horizontal straight-tube boiler 
which requires additional assembly and erection cost on the 
job. 

Fig. 3 shows a furnace in conjunction with a Stirling-type 
boiler designed for burning green wood in which the fuel is 
admitted through two feed chutes to horizontal grates. In 
this case the secondary chamber for the combustion of cinders 
and gases for the wood-burning chamber is located beneat! 
the boiler. This is a typical installation of units of this type 
which are now being used in the Southern lumber regions. !/ 
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space in the boiler room permitted, however, the combustion 
chamber should be brought forward so that the entire space 
underneath the boiler could be used as a secondary combustion 
chamber. 

The furnace shown in Fig. 4 for the burning of green or wet 
wood refuse is arranged with sloping grates so that as the wood 
is admitted through the feed chute at the top and front of the 
furnace, the upper surface of the pile of refuse in the furnace is 
approximately the same distance from the grate line from top 
to bottom. 

The upper portion of the sloping grates which run longitudi- 
nally is fitted with horizontal steps. The lower portion is also 
of longitudinal grates alternating with sector fuel pushers 
between the grates which control the movement of the fuel 
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toward the dumping grate at the rear. In this furnace the 
fuel burns progressively from the top to the lower end of the 
grate, and the slope of the grates is such that the fuel slides readily 
without avalanching. The thickness of the fuel bed is controlled 
by the width of the throat at the upper end of the grate. Doors 
in the front are also provided for hand manipulation as may be 
necessary. 

The suspended arch over the combustion chamber is arranged 
to reflect the radiant heat back to the surface of the fuel bed 
and promote the drying and volatilization processes. The back 
end of the arch is dropped to further reflect the radiation to the 
pile of fuel and to mix the gases. The thinner and hotter 
gases at the lower end of the grates being forced to mix with the 
gasified volatile matter from the upper portion of the drying fuel, 
thus assist in promoting complete combustion. At the rear 
of the bridgewall there is also a line of tuyéres to supply additional 
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Fig. 5 Furnace ror Wet Repwoop Reruse 
(1100-hp. Badenhausen boiler, Hammond Lumber Co., Samoa, Calif.) 
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air for burning the gases in the rear combustion chamber beneath 
the boiler. 

In Fig. 5 is shown the installation of a large wet-wood-burn- 
ing furnace for a 1100-hp. boiler. This installation was made 
in California for burning water-soaked redwood refuse, which 
is about the poorest fuel imaginable, the moisture content being 
very high. In this furnace it will be noted that there are six 
chutes for supplying wood refuse to the furnace, which auto- 
matically form six conical piles of fuel on the horizontal grates. 
Air is admitted to the combustion chamber through the un- 
covered grates beneath the fuel and through a series of 4'/»-in. 
by 4!/.-in. openings on 9-in. centers in the side walls, center 
wall, and front wall of the furnace. The air ports are all arranged 
horizontally to admit air near the base of the cones of fuel. 


The air enters through an air intake in the back of the bridge- 
wall, and through inlets at the top of the furnace in the front 
wall and in the forward portion of the side walls. The furnace 
is laid up with hollow-wall-tile construction providing free pas- 
sage of air through ducts in all portions of the side walls, and 
thus the air admitted from the outside is first preheated by the 
air-cooled side-wall refractories before being admitted into the 
combustion chamber through the series of horizontal openings. 
Air is also admitted through ports in the bridgewall to the large 
combustion chamber beneath the boiler. The suspended arch 
is arranged to reflect the radiant heat back to the fuel cones and 
assist in the drying and volatilization processes. 

It is stated that with this design of furnace it has been possi- 
ble to obtain outputs of 200 per cent of boiler rating, which is 
undoubtedly accounted for by the liberal provision in the com- 
bustion chamber for the utilization of the radiant heat in drying 
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the wood, promoting the volatilization of the combustible con- 
stituents of the fuel, and by the access of preheated air to all 
sides of the fuel cones. 

In the lumber operations of Oregon and Washington there are 
some very interesting and well-designed boiler furnaces for burn- 
ing green or wet wood refuse. These installations include boilers 
of over 2500 rated hp. in capacity, and the details of the furnace 
construction are of decided engineering interest. 


Desiens For A1tr-DrIED AND KiILN-Driep Woop 


In industries where the maximum use of refuse wood for fuel 
is required and is commercially economical, the boiler settings 
should receive very careful engineering consideration. Many 
of the earlier types of boilers in such plants—and these are still 
used in most of the present-day furniture operations—employ 
vertical water-tube boilers with Dutch ovens, receiving the refuse 
directly from cyclone collectors. An example of this is shown 
in Fig. 6. 

This type of installation is still in common use among furni- 
ture manufacturers and is representative of the earlier design 
for the burning of refuse wood at automobile-body plants dating 
back about 10 years ago. In such installations the sawdust, 
shavings, and hogged wood are delivered through the furnace 
front through chutes from a collector above. The collector also 


delivers large quantities of excess air to the furnace, and there- 
fore the efficiency of such an installation is considerably reduced. 


Boiler Hp. 309 

Furnace Vol. 240 Cu.Ft. 
Furnace Vol. per Hp. 0.785 Cu.Ft 
Furnace Width 8-/" 


Certain plants have been arranged to burn dry hogged wood, 
sawdust, and shavings in furnaces which are also burning coal on 
underfeed stokers. The wood enters the furnace through chutes 
and is deposited on top of the coal fire and burns in an atmos- 
phere of carbon dioxide and carbon monoxide without sufficient 
air. The volatile combustible matter is driven off, and these 
gases may or may not burn when they mix with the excess air 
admitted through the wood chutes above the fuel bed. This 
method of operation, however, usually proves to be a smoke 
nuisance. A certain amount of coal firing by the stokers is re- 
quired to protect the stokers from the heat of the burning wood. 

The bent-tube Stirling type of boiler with extended front 
walls is now extensively used in modern industrial plants, and 


Fie. 6 Dry-Reruse Dutcu OveEN 303-Hp. Wickes BorLer 
(Original installation of Fisher Body Corporation, Detroit, Mich.) 


The combustion space of this furnace is about one-tenth of the 
combustion space now considered most efficient for the burning 
of air-dried and kiln-dried refuse wood in suspension. At prac- 
tically all rates of combustion this boiler and furnace setting 
would produce dense, black smoke, due primarily to the incom- 
plete combustion of the high-volatile content of the wood and to 
the flame impingement on the boiler tubes, which produces 
smoke and soot. Also, certain kinds of refuse wood such as the 
pines have a large percentage of resinous volatile content which, 
without complete Combustion, is sure to produce dense smoke. 
An additional air inlet to the furnace is also provided through 
the air inlet at the upper end of the arch, which serves also to 
cool the inner sprung arch and at the same time mix with the 
products of combustion in the upper portions of the furnace. 


this type of setting lends itself to the auxiliary firing of the boiler 
with pulverized fuel as it has been found that the combustion 
space for burning either wood in suspension or pulverized coal 
is approximately the same. : 

Another type of boiler setting which is also largely used is the 
horizontal straight-tube type of boiler set over the top of the 
furnace. This arrangement has given very satisfactory opera- 
tion. However, the Stirling type and the horizontal straight- 
tube boiler have their respective advantages, depending on the 
arrangement in the boiler plant and the floor-space and head- 
room requirements. 


Sr. Louis Woop-BurninG BorLers 
Immediately after the World War, when one of the body- 
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manufacturing plants of the General Motors Corporation was 
being designed for St. Louis, a study of existing plants was made 
and the boiler setting shown in Fig. 7 was finally decided upon. 
In this setting it will be noted that the wood is fed through the 
arches of a double Dutch oven located in the basement below 
the main firing aisle of the boilers. This plant contained three 
stoker-fired coal-burning boilers set at the same elevation as 
shown in Fig. 7, with underfeed stokers operated from the 
main floor, and four wood-burning boilers set in batteries of 
two each with the Dutch-oven wood-burning furnaces in the 
basement in the relative position occupied by the ash bunker 


Main Floor 
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vided to which air is admitted through the bridgewalls. It is of 
interest to note that no ashes were ever accumulated in the ash- 
pit, as the draft through the grates would not permit the light 
ash to fall through. Also very little cinder collected in the back 
of the boiler setting. Ash removal in wood-burning settings is 
not a problem, for there is practically no ash. 

After these furnaces had been in operation for a time the brick- 
work in the combustion chambers was found to suffer from over- 
heating, and the sprung arches over the top as well as the cur- 
tain wall above the arches began to sag. The center wall be- 
tween the combustion chambers melted to a considerable degree, 
and the entire center wall sagged so that the top was lowered 
several inches. The firebrick lining of the side walls, and 
especially of the center wall between the battery settings, de- 
teriorated very rapidly, soon broke its bond with the redbrick 
exterior walls, and fell into the furnace. This setting, although 
having a total furnace volume of 7.65 cu. ft. per rated boiler hp., 
would not develop more than 150 per cent of rating without se- 
rious trouble with the refractories. The cast-iron chute receiving 
the kiln-dried refuse wood from the end of the screw feeder and 
feeding through the top of the arch soon became oxidized and 
warped to such an extent that it had to be removed. The re- 
fractories used in this construction were Missouri firebrick of 
high-grade quality, but the radiant heat from the side walls of 
the combustion chambers was so great that they could not with- 
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Fic. 7 Oriernat Settinc For Burning Dry Woop Rervuse 
(627-hp. Stirling boiler, Chevrolet Motor Co., St. Louis, Mo.) 


and the forced-draft duct of the stoker-fired boilers. The 
Dutch-oven combustion chamber consisted of two compartments 
separated by a center wall. Above the sprung arches of the 
two small combustion chambers, a sprung arch supported the 
curtain wall, sealing the boiler setting inside of the main front 
wall above the main floor line. This wood-burning setting was 
considered to be the most up-to-date of its kind at the time. 
However, at the time this installation was made the effect of re- 
flected radiant heat on refractories and the most advantageous 
exposure of boiler tubes to the source of heat in the furnace were 
not fully understood. In this setting, it will be noted that 
provision is made for removing ashes from beneath the grates 
and that a cinder chamber at the rear of the bridgewalls is pro- 


stand the temperature. Another point of interest in the design 
of this setting is that the sprung arches are covered with concrete 
slabs for insulation, thus retarding the radiation of heat and 
causing the arches to fail all the more rapidly. 

The correction of these difficulties was made as shown at the 
left in Fig. 8. It will be noted in this sketch that the center wall 
of the Dutch oven was removed and the two sprung arches of the 
combustion chamber were replaced with one suspended arch. 
No attempt was made to admit air through the bridgewall. 
The curtain wall was reconstructed on supporting I-beams and a 
small, thin secondary curtain wall was constructed inside the 
other and supported on the nose of the suspended arch. The 
firebrick lining of the rear wall and side wall was increased in 
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thickness from 9 in. to 13'/, in. This setting is much more 
successful in operation and in refractory maintenance than the 
preceding installation. It was still found, however, that 150 
per cent of rated capacity was the maximum that could be 
obtained, even with this setting. The side-wall linings con- 
structed of first-quality Missouri firebrick would erode at the rate 
of 1 in. to 1!/, in. per month, and would require relining every 90 
days. 

The next step in the development of this installation occurred 
when it became desirable to increase the capacity of the station 
for the generation of steam with coal as a fuel when there was 
insufficient supply of wood. At this time it was decided to 
install water-cooling protection for the side walls and the upper 


Boiler Hp 627 
Furnace Vol. 46/0 
Cu.Ft 


Furnace Vol. per 
Hp. 7.35 Cu.FP: 
Furnace Wialth 


the steps and horizontally through slots under damper control in 
the risers of each step. Thus the larger chips (hogged wood) 
which do not burn in suspension fall to the step grate and are 
burned by the impinging air. The wood-burning alterations were 
undoubtedly an improvement over the old. It is interesting to 
note that it has been possible by the addition of the pulverized- 
coal-burning equipment to operate the boiler at higher continu- 
ous ratings than before. In normal operation about 150 per 
cent of rating is obtained with wood; pulverized-coal fuel is 
then added at such a rate that the steam output is increased to 
250 per cent of rating, and this seems to be about the maximum 
continuous steam generation that can be reasonably expected of 
this installation. These units are used for producing about 88 
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Fie. 8 ALTERATION AND FINAL ARRANGEMENT OF FURNACE AND SripeE-WaLL WaTerR Coo.LinG oF FurNace SHOWN IN Fia. 7 


portion of the bridgewall, and introduce a powdered-coal burner 
above the main floor as shown at the right in Fig. 8. This con- 
struction was carried out in three of the four wood-burning boilers. 
The protection of the refractory side walls was taken care of 
by the installation of inclined fin-tube water-cooled construction 
with vertical headers beneath the mud drum and above the main 
floor as indicated. There are four 4-in. water-supply connections 
from the mud drum to each lower vertical header and four 
4-in. connections from the upper horizontal extension of the 
upper vertical header into the front steam drum. The upper 
part of the bridgewall is protected by fin-tube construction 
from a water header at the rear and extending to the upper steam 
drum in front of the main bank of boiler tubes. A burner for 
pulverized coal was placed in the front wall of the setting. 
The other alteration consisted in removing the flat grates and 
installing a Drake patented step grate with refractory facings as 
shown. Air under fan pressure passes through small nozzles in 


per cent of the total steam generated, the remainder being gen- 
erated by the stoker-fired boilers. 


Detroit Woop-BurnNinG BoILers 


Fig. 9 shows a cross-drum Heine boiler which was the first 
attempt of one of the large automobile-body manufacturers to 
employ the principle of air cooling to the side walls. On ac- 
count of structural conditions in the building, it was impossible 
to extend the air cooling below the main floor. Consequently 
the lower half of the combustion chamber is restricted in width 
and is of solid-refractory construction. This setting is also pro- 
vided with herringbone grates covering the entire bottom of the 
furnace. It will be noted in this layout that the air may be 
supplied either to the space below the grates or above them. 
This setting is a natural-draft setting in which the air is drawn 
through the horizontai passages in the side and rear walls, to a 
collecting duct at the rear wall, passing through ducts into the 
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air ports on either side of the setting as indicated. The opera- 
tion of this unit was quite satisfactory, although there was still 
considerable maintenance réquired in the lower portion of the 
combustion chamber where solid walls were still used. It was 
found that the hogged wood which was not burned in suspension 
would accumulate on the grates to a depth of three or four 
feet except at the side-wall ports where the incoming air would 
cause rapid combustion, and the wood would burn as fast as it 
fell in these regions. It may also be observed that whenever 
the front doors of the setting were opened the wood would burn 
rapidly owing to the admission of air through the doors. In 
observing the burning of this fuel from air introduced beneath 
the grates, it was found that the combustion took place at the 
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Boller Hp. 722 
Furnace Vol. 3350 Cuft 
Furnace Vol. per Hp.4.65 
Furnace Width 8-0" 
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depth of three or four feet in the center because of insufficient 
contact with air, until the wood falls into the streams of air 
through the side ports and is consumed as fast as it falls. This 
type of setting has proved quite satisfactory in operation. The 
furnace linings are held to the outside wall by means of refractory 
blocks and hook irons as shown, with a 9-in. firebrick wall be- 
tween each row of blocks. Air is admitted at the front of the 
boiler, passes around the side walls, and is collected at the rear 
with a fan, which is also provided with a bypass for natural- 
draft operation when desired, and enters through the side ports 
near the furnace bottom. 

The life of the refractories in the side wall of this setting aver- 
ages approximately 18 months, during which time the surface 
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First Design or Arr-CooLep Furnace For 722-Hp. Herne Borer 


(Fisher Body Company, Detroit, Mich.) 


surface of the pile in small craters of a miniature volcanic nature. 
From observations taken here it was noted that dry hogged-wood 
refuse burns from the surface of a pile of fuel and not throughout 
the entire mass, as would be expected in the case of burning 
slabs, edgings, or pieces of considerable size. 

As the next step in the development of wood-burning-boiler 
settings for this body manufacturer it was decided to eliminate 
the grates altogether and burn the wood from the floor of the 
furnace. The longitudinal cross-section of Fig. 10 shows the 
method of collecting the air from the horizontal ducts with a 
fan, which also forces the air into the furnace through the ducts 
and ports shown in the transverse cross-section. The central 
duct was provided to supply air to a pulverized-fuel burner for 
auxiliary firing in case it should be desired to add this feature 
to the unit at some future time. There is also shown a small 
port connecting with the outside of the top of the lateral ports 
which permits the use of steam or air lances for the purpose of 
stirring up the wood which accumulates in the center of this 
setting. Here again the hogged wood will pile up to a maximum 


erodes back from the original surface to the extent of approxi- 
mately 4'/, in. 


Oruer Recent Desiens 


The setting shown in Fig. 11 was a development designed 
after the one shown in Fig. 10 had been placed in operation. 
This furnace was designed to burn all the wood as it fell to the 
bottom of the furnace by introducing the air for combustion 
through the side walls of the boiler setting through comparatively 
small ports and at high velocity. The illustration shows the 
air being taken from the side walls, where it is admitted at both 
the top and the bottom of vertical ducts in the side walls, to a 
central collecting duct and after passing through the fan is de- 
livered either to the wood-burning ports or through a riser to the 
pulverized-coal burner in the front of the boiler setting for 
auxiliary firing. The wood is admitted through four supply 
chutes in the upper portion of the front wall about 16 ft. above 
the furnace floor. 

A test was run on this setting to determine the amount of air 
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Fie. 10 Seconp Design or Arr-CooLep Furnace For 722-Hp. Herne Borter Burnina Kitn-Driep Reruse 
(Fisher Body Company, Detroit, Mich.) 
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required through the lower ports. This test was run at an aver- 
age load of 836 hp. on the 440-hp. boiler, which is 190 per cent 
of rating, and it was found that the air required through the 
lower ports for combustion with CO, at 17 per cent, which corre- 
sponds with 18 per cent excess air, was 32 per cent of the total 
air required for combustion. The remainder of the oxygen re- 
quired for combustion was contained inherently in the wood it- 


self, and was also admitted through the wood chutes from the 
stoker supplying wood to the furnace and by leakage through 
the side walls and arch. The ports are designed with a tapering 
nozzle to provide a velocity of air under this condition of opera- 
tion of about 4500 ft. per min. The shavings and sawdust burn 
in suspension before falling to the floor and before coming in 
contact with the front bank of boiler tubes. In this setting the 
hogged wood which dropped to the bottom was consumed as 
rapidly as it fell, and there was no accumulation whatever of wood 
or cinders on the furnace floor. 

The design for the furnace shown in Fig. 12 provides for the 
collection of the air at the top of the vertical air-ducts in the 
walls of a boiler setting; this is the natural course for heated air 
to take, due to the chimney effect or draft produced by the heated 
air. The air is collected from the top of each of the vertical 
ducts by a horizontal collecting duct connecting to the suction 
of a fan. The delivery of the air from the fan is through the 
steel ducts at the side of the boiler setting at the bottom, and 
through small tapered ports as shown for delivering the air im- 
pinging on the floor of the furnace at high velocity. The opera- 
tion of this boiler has been entirely satisfactory from the start. 
No wood accumulates on the bottom of the setting. The furnace 
is also arranged for auxiliary firing with pulverized coal, the 
burner being placed in the front wall of the boiler setting. This 
furnace, however, is rather narrow, and the reflected heat from 
one side wall to the other may result in overheating of the re- 
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fractories, and flames from the coal burner may impinge on the 
side walls to an extent which would not be the case if the furnace 
were of wider design. 

Fig. 13 illustrates an air-cooled wood-burning furnace in which 
the wood is introduced through four ports in the front wall of the 
furnace setting and air is admitted through tapered side ports 
inclined toward the bottom after it has passed through cooling 
ducts beneath the furnace floor and through the vertical ducts of 
the side-wall cooling system. This unit has recently been re- 
constructed as shown with a furnace width of 14 ft. to replace 
two furnaces each 7 ft. 2 in. in width with an air-cooled center 
wall between them. On account of the narrow width of the 
old furnaces and the absence of cooling in the side walls, the re- 
fractory maintenance was excessive and it was necessary to 
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of a fan, the fan delivering it to the two outside ducts under the 
bottom of the furnace, which in turn supply the air for combustion 
through the side ports at an average velocity of 1700 ft. per min. 
when operating at about 160 per cent of rating. In this instal- 
lation the wood accumulates to a depth of about three feet at 
the bottom of the furnace as in cases previously mentioned (Figs. 
9 and 10), but since no ash is deposited by the burning of gas 
in the auxiliary burners, this piling up of fuel is not objectionable. 
The operation of this setting has been most satisfactory. The 
control of the boiler is easily handled, and short-run tests made 
on the boiler indicate that it is a decidedly efficient installation. 

The Stratton furnace which is designed for burning finely 
crushed coal in suspension has been tried with kiln-dried wood 
refuse as a fuel. This furnace has a hopper bottom with steep 
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Fie. 12. Dry-Reruse Furnace anp 426-Hp. 
(Rudolph Wurlitzer Company, North Tonawanda, N. Y.) 


entirely rebuild the setting. Accordingly, the two 250-hp. cross- 
drum B. & W. boilers, formerly in battery setting, were combined 
into one by eliminating the center we'l, moving the two banks of 
tubes together and installing a new cross-drum. 

The installation shown in Fig. 14 is one of the most recent 
installations of an automobile-body plant. This boiler is fired 
with refuse wood from kiln-dried lumber used in the construction 
of automobile bodies, and natural gas is used for auxiliary firing, 
when wood is not available at night or during week ends. 
The boiler has 8870 sq. ft. of heating surface, and the water- 
cooling surface of the side walls is 540 sq. ft. Allowing 4 sq. ft. 
of surface per horsepower in the side-wall tubes, the combined 
rated capacity of boilers and walls is 1022 hp. In this setting the 
two side walls are water cooled with fin-tube construction; the 
front portion of the side walls and the rear walls are cooled 
with vertical air ducts through which air is drawn to the suction 


sides and a comparatively small grate so designed that the 
required amount of air will have sufficient velocity to keep the 
burning fuel in suspension until it is completely consumed. 
The trial, however, was not of sufficient duration, and the rates 
of steam generation were too low to prove much concerning the 
adaptability of the furnace for burning wood in continuous 
operation. However, the idea appears to be a good one, and if 
an installation were made with proper methods of controlling 
the wood entering the furnace it is quite probable that a satis- 
factory dry-wood-burning furnace would result. 

An interesting design of dry-wood-refuse furnace was installed 
at Pekin, Arkansas, last year. Two 506-hp. boilers were set 
with the Drake patented wood-burning system consisting of air- 
cooled walls lined with interlocking refractory blocks 4 in. in 
thickness and refractory-faced step grates. The air was supplied 
by a fan, passing first through the side walls where it was pre- 
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heated, then entering the furnace through jets located in the 
front wall below the wood chutes and through the vertical and 
horizontal ports in the step grates. This setting has not been 
subjected to severe service, but the operating results thus far 
have been entirely satisfactory, and it presents features of un- 
usual interest. 


CONCLUSIONS 


For burning green or wet wood refuse, considerations in the 
design of the furnace include the average moisture content of 
the fuel and the relative proportions of sawdust, shavings, hogged 
wood, and larger pieces. 

The ignition arches should be designed to promote the maxi- 
mum evaporation of moisture and volatilization of the wood. If 
possible, prgyeated air should be provided to further promote 
combustion in the furnace. Because of the low combustion 
temperatures of wet or green wood refuse, standard brands of 
firebrick may be used. The furnace volume should be liberally 
designed and be arranged with a primary combustion chamber 
for drying, volatilization, and ignition, and a secondary com- 
bustion chamber for further and complete burning of the 
volatile gases. In the case of the setting shown in Fig. 5, which 
is typical of recent practice, the primary ignition chamber has a 
volume of 3.3 eu. ft. per rated boiler hp. and the secondary com- 
bustion chamber 3.2 cu. ft. per hp., or a total combustion space 
of 6.5 cu. ft. per hp. 

For burning dry wood refuse, the furnace should be arranged 
to satisfactorily meet the following conditions: 


1 General arrangement of the seiting as a whole with 
respect to the boiler to be used; 

2 If supplementary firing with other fuel than wood is re- 
quired, the furnace must also be designed to suit the 
auxiliary firing equipment decided upon; 

3 The maximum rate of steam generation desired; and 

1 The walls should be designed to insure minimum re- 
fractory maintenance for the rate of heat liberation per 
cubic foot of furnace volume decided upon. 


The first two of these conditions are entirely dependent upon 
the requirements of any particular case, and upon decisions 
which do not affect the volumetric proportions of the furnace. 

The maximum rate of steam generation, however, requires for 
any boiler a quite definite furnace volume for satisfactory smoke- 
less combustion. To produce rated capacity of a boiler (i.e., 
34.5 lb. evaporation per hour from and at 212 deg. fahr. per 10 
sq. ft. of heating surface) would require a heat liberation in the 
furnace of 47,890 B.t.u. per hour per boiler hp. if we assume an 
efficiency of the boiler and furnace of 70 per cent. If it is 
desired to operate the boiler at higher rates of evaporation per 10 
sq. ft. of heating surface, the heat liberation in the furnace will 
increase accordingly. 

Table 2 is offered as representing good practice for rates of 
heat liberation for different wall constructions and the corre- 
sponding furnace volumes of varying rates of steam generation, 
assuming 70 per cent efficiency at all ratings. 

The trend of increasing furnace volume per rated boiler horse- 
TABLE 2 CUBIC FEET OF FURNACE VOLUME SUGGESTED 

PER 10 SQ. FT. OF BOILER HEATING SURFACE 


Maximum desired rate of 
Maximum -———-steam generation———. 
rate of heat 200 300 
liberation, Normal per cent per cent 
B.t.u. per rating, of rating, of rating, 


Type of furnace wall cu. ft. per hr. cu.ft. cu. ft. cu. ft. 
Solid standard firebrick walls... 11,000 4.35 
Special 60 per cent alumina fire- 

14,000 3.42 6.84 10.26 
Air-cooled wall construction.... 17,000 2.82 5.64 8.46 


Air-cooled walls with water- 


cooling protection......... 20,000 ewe 4.79 7.15 
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power for burning dry wood is indicated by some of the recent 
designs described in this discussion which average 7.4 cu. ft. 
of furnace volume per rated boiler hp. as compared with 0.8 
cu. ft. per hp. in the Dutch-oven construction of the vertical 
water-tube boilers which were formerly so extensively used. 

Although refractories are procurable containing up to 80 per 
cent of alumina in the form of mullite which will withstand ex- 
tremely high temperatures and no doubt give good service in a 
furnace burning kiln-dried wood refuse, the cost of furnaces 
constructed with these brick would be greater than for air-cooled 
wall construction with standard 40 per cent alumina content 
refractories, and the additional cost is not economically justifiable. 

The furnace construction which will require the least expen- 
diture in maintenance is without doubt the air-cooled wall laid 
up with standard first-quality firebrick with a certain amount of 
water-cooling protection. The extent and distribution of the 
water tubes along the side walls must be carefully determined 
and not overdone to the extent of lowering the temperature in 
the combustion space so that smokeless combustion of the 
wood refuse becomes impossible. 


Discussion 


R. L. Beers.? For burning wet wood refuse, there are many 
plants in operation that use mechanical stokers. The under- 
feed stoker has been very successful for this application. It is 
customary to set the stoker in an extension furnace, coal is fed 
into the furnace with the underfeed stoker, and the wood is 
spouted into the furnace through an opening in the roof. With 
this arrangement, wood of high moisture content can be burned at 
high rates of combustion, due to the hot coal fire underneath 
and the reflected heat from the brickwork above. 

Due to the rapidity at which wood is burned, if the supply 
is stopped, the wood in the furnace is quickly exhausted, and 
then it is important to have an auxiliary means for carrying 
the load. When this occurs, the load can be quickly picked up 
and carried entirely with a straight coal fire. In some plants, 
with wood under 50 per cent moisture content and ample supply, 
the load is carried on straight wood, and the stoker is held in 
reserve for emergency use or for periods when there is insufficient 
supply to carry the load. 

The underfeed stoker, with most Eastern coals, does not de- 
pend upon reflected heat for ignition, and a coal fire can be carried 
with a deep pile of wood over it. With an overfeed type of 
stoker, wet wood cannot be so successfully handled, as the 
fire seems to be smothered. 

There are many small plants that use wood for generating 
part of the steam. In most of these plants, kiln-dried wood 
is used. With this fuel, ignition arches are not necessary. In 
these small plants, reserve boiler capacity is not always avail- 
able, and it is quite essential that auxiliary fuel-burning equip- 
ment be used. Stokers have been widely applied for burning 
coal in conjunction with sawdust, shavings, and kiln-dried wood. 

The furnace setting with a stoker is practically the same as 
for burning straight coal. An extension furnace is usually not 
necessary. The wood is spouted into the furnace through the 
front wall, and most of the wood is burned in suspension. Care 
should be exercised, however, to get ample furnace volume, de- 
pending upon the load and the percentage of wood being burned, 
and provision should be made to admit a large volume of air 
over the coal fire. It is also important that the wood supply be 
controlled with the air supply and vary with the load. With 
dry wood, used in conjunction with underfeed stokers, straight 
wood can be burned over long periods, but it is advisable to 

2 Vice-President in Charge of Engineering, Detroit Stoker Com- 
pany, Detroit, Mich. Assoc-Mem. A.S.M.E. 
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fill these retorts with ashes and to admit some air through the 
tuyéres to protect the ironwork. 

With dry wood, high furnace temperatures, with resultant 
short life of brickwork, are frequently experienced, particularly 
with high boiler settings, but this is caused to a great extent by 
the large amount of brickwork in proportion to the heating 
surface of the boiler exposed to the radiant heat of the furnace. 
With wood free from foreign material, and providing furnace 
water-tube area equal or greater in proportion to what is commonly 
used with straight coal-burning furnaces, the brickwork main- 
tenance should not be excessive. 


L. 8. Cocxsurn.* For the past ten years, the writer has been 
directly connected with the problem of burning kiln-dried wood 
waste. 

In the early days it was looked upon as merely a method of 
disposal of this waste product with the generation of such steam 
as could be had from it. In most cases there was more than 
enough fuel available to produce all the steam required, and 
efficient operation meant nothing. The question of smoke 
emission had not arisen, and furnace maintenance was more or 
less taken for granted. 

New processes came into use requiring steam, and more effi- 
cient manufacturing methods reduced proportionately the quan- 
tity of wood waste available as fuel. It became necessary to 
purchase fuel for steam generation. 

Then, the efficiency of operation meant something, and steps 
were taken to find out just what was going on, and development 
took place leading up to what we now have, going through the 
stages as outlined by Mr. Gladden. 

As Mr. Gladden stated, furnace volumes ten years ago were 
small. The 400-hp. boilers then in use had only 288 cu. ft. of 
furnace volume. Our latest installation of about 1000 hp. has 
4700 cu. ft. of furnace volume. In other words, the rated horse- 
power of the unit has only increased two and one-half times, 
while the furnace volume has increased sixteen times. 

The writer wishes to point out that the proper furnace design 
is not the end of the problem. The method of feeding the fuel 
is important. The feed must be uniform, without belching, and 
it must be directed to feed into the furnace at the proper points 
and at the proper angle. 

There is one installation we made several years ago that has 
proved very satisfactory. In this installation, we are using a 
chain-grate stoker designed for wood-burning. When this in- 
stallation was first made, considerable trouble was encountered. 
We attempted to carry the fuel so as to burn out at the end of 
the grates. This resulted in the grates becoming red hot, warp- 
ing, and breaking. After some time, it was found that the fire 
should be burned out a little over half the length of the grates 
and the air allowed to pass through the grates at the rear end, 
cooling the grates. 

The maintenance on both furnace and stoker has been very 
reasonable, but the main objection has been that, when wood fuel 
is not available, the boiler is down, as coal cannot be burned on 
that type of chain grate satisfactorily. 

Mr. Gladden mentioned our latest installation at Memphis, 
Tenn., and shows a section of this boiler in Fig. 14. We have 
some figures on the operation of this boiler that might be of in- 
terest. 

In the first place, this boiler is equipped with a Pratt & Daniels 
Thermix stack, the fan being driven by a steam turbine, as is the 
forced-draft fan, and is provided with automatic control. This 
combination has given us very flexible operation and when set 


3 Assistant Works Engineer, Fisher Body Corporation, Division 
of General Motors Corporation, Detroit, Mich. Mem. A.S.M.E. 
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TABLE 3 NATURAL GAS; EVAPORATION TEST 
Boiler No. 1, Heine H.-W. T. Located at Memphis, Tenn. 
Date of test, Nov. 20, 1929. Duration, 3 hr. Conducted by 
L. S. Cockburn and L, F. Simmons. 

Heating surface, sq. [t.: Boiler, 8870; water walls, 540. 
Rated horsepower: Boiler proper, 887; water walls, 140; total, 1027. 


Steam pressure, lb. per sq. in.. ‘ soa 160 
Percentage of moisture in steam... Dry——sat 
Factor of correction for quality of steam 0 
Feedwater temperature, deg. fahr......... et 200 
Factor of evaporation... .. 1.059 
Equivalent evaporation per hour, from and at 212°F 69,257.22 
Equivalent evaporation per hour, from and at 212°F per 
sq. [t. total heating surface... . 7.36 
Percentage of rated capacity developed. 
Cu, ft. gas per hr. (standard cu, ft. at 60 deg. and 4 on. 
absolute pressure). 
Equivalent ee from and at 212°F., 
gas 
Heating value of gas per cu, ft 
Efficiency, per cent 
Barometer, inches of merc ury, sea level 
Relative humidity of air for combustion 
Temperature of air for combustion, deg. fahr 
Furnace temperature, deg. fahr.. 
Temperature of gases leaving boiler, deg. fahr 
First pass 
Second pass..... 
Third pass 
Uptake draft 
Analysis of natural gas, per cent by volume: 
95.0; ethane, 1.0; inert, 4.0 
Analysis of flue gas, per cent by volume: 
3.53; CO, 0.1, 
B.t.u. release per cu. ft. furnace volume per hour... . . . 


per cu. ft, 


Methane, 


COs, 10.0; Os, 


1 In connection with the tests on natural gas, it is pointed out that the 
efficiency as shown does not check with that found in calculating a heat 
balance using the fuel analysis given. The heat balance shows an efficiency 
of 79 per cent. The discrepancy probably is due to the gas having a higher 
heat content than the figure used, which would reduce the test results, and 
also to the gas having a lower methane content and a higher ethane con 
tent, which would reduce the hydrogen content, and therefore the losses 
due to combustion of hydrogen, which would increase the efficiency as 
found from the heat balance, bringing both results in closer agreement 
The heat value and analysis were taken from data furnished by the utility 
furnishing the gas. 


TABLE 4 WOOD BURNING; EVAPORATION TEST 
Boiler No. 1, Heine cross-drum, inclined baffles. Located at Memphis, Tenn 
Date of test, Nov. 21, 1929. Duration, 3 hr. Conducted by 

S. Cockburn and L. F. Simmons. 

Heating surface, sq. ft.: Boiler, 8870; water walls, 540; total, 9410. 
Rated horsepower (4 sq. ft. water wall hp.), 1027. 
Furnace volume, 4700 cu. hs 

Fuel, wood waste 


Steam pressure, Ib. per sq. in 154.6 
Moisture in steam, per cent... Dry—-sat 
Factor of correction for quality of steam 0 
Feedwater temperature, deg fahr 200 
Factor of evaporation: H — Q/ ‘970.4 = 1195. 
168/970.4 1 
Equivalent evaporation per hr., from and at 212°F. 56,021 
Equivalent evaporation per hr., from and at 212°F., per 
sq. ft. total heating surface 
Percentage of rated capacity developed 
Percentage of moisture in fuel 
Dry fuel, per hr 
Bquive alent evaporation from and at 212°F., per Ib. besa 
uel 
Heating ‘value per Ib. dry fuel 
Efficiency, per cent 
Barometer, inches of mercury, sea level............... 
Relative humidity of air for combustion 
Furnace temperature, °F 
Temperature of gases leaving boiler, °F. 
——a of air for combustion, forced ‘air through 
walis 


(18a) La of air for combustion, suction from boiler 


room, 

(19) 

Uptake draft. 

Refuse, per cent of dry fuel 

Analysis of fuel, per cent by volume: 
hydrogen, 5.6; oxygen, 38.2; ash, 1; 

Analysis of flue per cent vclume: 
5.7; CO, 0 


Carbon, 49. 2; 


COs, 13.75; 


for any desired operating condition, this condition is main- 
tained within a very close range. 

When the unit was first placed in operation last November, 
tests were made to determine the most efficient operating condi- 
tions for different ratings. While we were unable to measure 
the quantity of fuel burned, we were, however, able to make some 
comparisons as to quantity from the speed of the screws on the 
fuel feeders. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
| (10) 
(11) 
(12) 
| (13) 
(14) 
(15) 
| (16) 
(17) 
| (18) 
(19) 
(20) 
(21) 
(22) 
7 (23) 
7 (24) 
: (25) 
(1) 
| (2) 
(3) 
(4) 
(5) 
(6) 
3 (7) 
| (8) 
| (9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
| (18) 
80 4 
0.30 
1.00 
1.54 
1.60 
| 0 


Runs were also made carrying high percentages of CO, in the 
flue gas to determine the effect on the refractories. We found 
that up to 16 per cent CO, and over 80,000 lb. steam per hour 
generated for a period of several hours, there was no effect on the 
brick. In our air-cooled jobs, with CO, as high as this and at 
comparable ratings, the refractories would show signs of dis- 
tress in less than two hours. 

The test results given in Tables 3 and 4 were obtained during 
the trial period in November. 

As there was no method of weighing the wood fuel, it was 
necessary to compute the heat balance, assuming the radiation 
and unaccounted-for loss, but it is believed that the figures 
are reasonably correct. 

The gas consumption for the natural-gas run was taken from 
the meter furnished by the gas company from which they bill 
for gas consumed, so that it can safely be assumed that the quan- 
tity shown is not low. 

The steam flow was taken from a Bailey meter, which was put 
in service the day before and also was re-checked afterward 
by the service man. 

One further item that may be of interest is a comparison of the 
costs of an air-cooled installation as against the combination of 
water walls and air-cooling. For this purpose, there is com- 
pared a unit rated at 1000 hp. with air-cooled walls against the 
Memphis unit. The costs omit all items that are common to 
both units and consider only the boiler, water walls, erection, 
and furnace construction. 


COMPARISON OF BOILER AND FURNACE COSTS 


887-hp., 
1000-hp. 540-sq. ft. 
air-cooled water wall 


Erection and brickwork.............. 17,792.00 14,833.00 
Maximum steaming rate, |b. per hr., 
without excessive maintenance..... 62,000 90,000 
Cost per 1000 Ib. of steam per hr...... $ 49.76 $ 43.84 


Up to May 1, 3912 hours have elapsed since the boiler was 
first put on the line. Of that item, it has been in service 3181 
hours, and of that period it used wood waste as fuel for 2797 
hours and natural gas for 384 hours. 

Steam generated from wood waste was 120,000,000 and from 
natural gas 16,063,860. Gas consumed was 20,334,000 cu. ft., 
having a heating value of 960 B.t.u. per ft., or an actual evapora- 
tion of 790 Ib. steam per 1000 cu. ft. of gas. 

The first shutdown was in March, for about one week, to re- 
place the fan wheel in the induced draft fan, and again in April, 
to make some changes in the fuel feeders. 

An inspection of the furnace showed no signs of any deterio- 
ration of the refractories and it was apparently in as good condi- 
tion as when first started up. 

One of our plants is having trouble, due to an unlooked-for con- 
dition. The wood waste at this plant contains a considerable 
amount of glue, which is made from soyo beans, mixed with 
sodium silicate and caustic soda. This mixture, together with 
the potash from the wood ash, has caused a rapid breaking down 
of the refractories, as well as a bad slag condition on the grates. 
The use of water-cooled grate bars has aided considerably, but 
we have not yet decided what we will do with the walls. This 
is a comparatively small installation, without air-cooled walls. 

Incidentally, as an experiment, we are trying out the use of 
monolithic walls in several furnaces, and while this material has 
been in use too short a time to make any statements as to its 
life compared to brick, the present indications are very favorable. 


FUELS AND STEAM POWER 


FSP-53-3 27 


H.S. Corsy.‘ Mr. Gladden is to be congratulated on the com- 
pleteness of his presentation of this very interesting subject. 
The burning of fuels of high moisture content presents problems 
in the design and construction of furnaces quite different from 
other solid fuels. 

It has been the writer’s good fortune to have been closely 
associated with the burning of solid fuels for some years and to 
have had an opportunity to study the development of furnace 
designs for the burning of a wide variety of fuels, including some 
of the high-moisture-content fuels, such as hog wood refuse, 
bagasse, and lignites of the Northwest. 

In presenting his paper the author touched on the fact that he 
advocated the use of preheated air when burning high-moisture 
fuels, but expressed regret that he did not have data available 
on the effect of preheated air on this practice. The writer has 
been closely associated with the application of preheated air 
on several high-moisture fuels and will accordingly confine his 
discussion to the advantages that apparently have been de- 
rived from the use of preheated air in this field. 

It is obvious that the use of preheated air for the combustion 
of wet fuel results in an increase in boiler efficiency as a result of 
reducing the final gas temperature. However, the effect of 
reducing the fuel consumption is not always of extreme impor- 
tance in the burning of waste fuel unless it should so happen 
that the steam demand is in excess of that which can be generated 
with the waste fuel available. The savings that can be accom- 
plished in the burning of high-moisture fuels with preheated air 
are considerable, but are in fact secondary to the very pronounced 
advantage of greatly increasing the steam-generated capacity 
of the boiler unit with the same furnace volume or within the 
limitations imposed by the same overall setting dimensions. 

The boiler furnace for the burning of waste wood or other 
high-moisture fuels which most effectively utilizes the preheated 
air is that furnace design which provides for the distillation of 
the gases in one section of the combustion chamber and arranges 
for the subsequent burning of these gases in a secondary combus- 
tion chamber of liberal proportions and exposed to the radiant- 
heat absorption of the boiler tubes. Provision should also be 
made for the admission of part of the combustion air over the fuel 
bed and preferably at such a point that it is brought into intimate 
mixture with the stream of gases liberated from the fuel bed 
deficient in oxygen. The intimate mixing of this air and con- 
tact with the gases, preferably at a point shielded from exposure 
to the boiler tubes to insure a high temperature at the point of 
mixing, results in very prompt and complete combustion and in 
some cases with considerably less excess air than is customarily 
possible when supplying cold air to the furnaces. 

A most satisfactory and representative design for the burning 
of high-moisture-content wood refuse is the installation at the 
plant of the Union Bag and Paper Power Company at Tacoma, 
Wash., from designs of the H. S. Ferguson Company, consulting 
engineers, shown in Fig. 15. These boilers are operated up 
to a maximum rating of 250 per cent, at which rating the tem- 
perature of the air leaving the preheater is in the vicinity of 
400 deg. fahr. We are advised by the management of the 
plant that with cold air supplied to the furnaces it is possible to 
obtain only about three-quarters of the steaming capacity 
that can be obtained when using preheated air. 

Another striking example of the advantages of preheated air 
in the burning of a high-moisture fuel is the installation of the 
United Sugar Companies at Los Mochis, Mexico. In this plant 
there are four 500-hp. and four 700-hp. boilers fitted with bagasse- 
burning furnaces of the type shown in Fig. 16, from a design pre- 
pared by the Honolulu Iron Works Company, New York City. 

4 President, Air Preheater Corporation, Wellsville, N. Y. Mem. 
A.S.M.E. 
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Fig. 15 


The fuel is bagasse having a moisture content of 40 to 50 per 
cent. In this plant steam is generated for the driving of the 
mill crushing the cane and the production of refined sugar. Be- 
fore using preheated air it was necessary to supplement the bag- 


TABLE 5 COMPARISON OF PERFORMANCE WITH AND 
WITHOUT PREHEATED AIR, LUGNVIK SAW MILLS, 


LUGNVIK, SWEDEN 
With Without 
preheated preheated 
air air 
Moisture content of fuel, per cent ca 49.1 45.8 
Fuel consumption per hour, Ib 5511 5390 
Fuel consumption per hour and sq. ft. Sect 
surface, Ib ‘ 93.5 91.5 
Water evaporated per hour, Ib... 12,720 11,023 
Water evaporated per hour and sq. ft. heating 
surface, lb 6.53 5. 66 
Average steam pressure, Ib. per ‘sq. isis 263 263 
Average temperature of steam, deg. fahr : 648 637 
Temperature of feedwater, deg. fahr.... 198 196 
Temperature of flue gases air 
heater, deg. fahr 552 
Exit temperature of flue gases, deg fahr il 303 
Temperature of air entering air preheater, deg. 
fahr.... 82 48 
Temperature of air leaving air preheater, deg. 
fahr.. 456 
Temperature of flue gases leaving boiler, deg. 
fahr 568 539 
CO2 contents at boiler damper, per cent 14.75 14.62 
Efficiency of boiler, per cent... ; , 73.0 60.4 
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INSTALLATION AT PLANT OF UNION Bac AND Paper Power Company, Tacoma, Wasa. 


asse available with fuel oil burned in the secondary combustion 
chamber of the furnace and in an amount averaging about 7 
gal. per ton of cane crushed. The maximum rating that could 
be obtained from the boilers was in the vicinity of 85 per cent 
of boiler rating. 

Some two years ago one preheater was installed furnishing 
preheated air to four of these boiler units. It was found that the 
boilers operating on preheated air could be increased in steaming 
capacity from 85 to 135 per cent of rating. The preheating of the 
combustion air to a temperature of approximately 400 deg. fahr 
resulted in a fuel saving which reduced the auxiliary fuel oil from 
7 gal. to about 2'/; gal. per ton of cane crushed. The second pre- 
heater installed and placed in operation during the last grinding 
season, which now supplies the remaining boilers with preheated 
air, has resulted in a further economy, so that it is now possible 
to operate the entire boiler house at a rating of 135 per cent and 
without auxiliary oil fuel. 

It is unfortunate that operating tests are not available on 
either of these installations so that a direct comparison of the 
performance with and without preheated air would be available. 

However, Table 5 gives comparative performance data ob- 
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tained on an installation at the Lugnvik Saw Mills, at Lugnvik, 
Sweden. The furnace design (Fig. 17) parallels very closely the 
design used in this country, providing means for delivering air 
under pressure through the bridge wall and over the arch for 
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though the writer is not in a position to state whether this repre- 
sents the maximum capacity that could be obtained. 


S. N. Heyman.’ There are a few operating characteristics in 
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the admission of secondary air into the gas stream passing up 
from the combustion chamber, which is located below the 
boiler room operating floor. The boilers are of the Babcock & 
Wilcox type, having a heating surface of 1949 sq. ft. and provided 
with a grate surface of 58.9sq. ft. The fuel used is hog waste fuel 
having a moisture content as indicated in the table. It will be 
observed in this instance that the evaporation -when using pre- 
heated air has been increased approximately 15 per cent, al- 


DAMPER 


\ 


BAGASSE-BURNING FURNACE Typs, UNITED SuGAR Compantges, Los Mocuts, Mexico 


the burning of dry wood refuse, to which the writer would like 
to call your attention. 

In burning dry wood refuse in a furnace with air-cooled re- 
fractory walls or water-cooled walls, it is advisable to install a 
standby unit to burn oil, pulverized fuel, or natural gas. We 
find a unit pulverizer installation with each boiler a practical 


5 Fisher Body Corporation, Detroit, Mich. 
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method, when dry wood refuse is not available on week-ends or 
shutdown periods. 

In changing over from operation with shavings to pulverized 
coal, it is very essential that the wood refuse which has not burned 
in suspension and has collected on the bottom of the furnace be 
removed or burned completely before the pulverizer is started. 
The pulverized coal sometimes produces a hard crust of slag over 
the unburned shavings on the furnace floor. This pockets the 
gases created by the wood refuse, and when the boiler is down and 
the engineer decides to clean out this furnace, this crust is broken, 
releasing the gases, which may cause a dangerous explosion. 

In the burning of wet hog fuel in Dutch ovens, from the de- 
scription given by Mr. Gladden, it appears that nobody has con- 
ceived the idea of trying to dry the wet refuse with the stack 
gases. Since the temperature of the stack gases is around 600 
deg. fahr. and the wet refuse is conveyed to the spouts on the 
Dutch oven, it seems to the writer that a very simple means of 
housing in the conveyor may be used, with a fan discharging 
the hot gases through the oven, thereby drying out as much of the 
moisture from the wet refuse as possible. However, there is one 
difficulty that arises. Although the average moisture content 
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of the wood may be 30 to 50 per cent, there are “‘whiskers’’ and 
threads attached to the wood that are comparatively dry, and 
in trying to dry the wood with gases around 600 deg. fahr., these 
may burn and cause a serious fire. If the gases contain a high 
CO, content, the chance of a fire may be remote. 

The writer understands that such an installation, with rotary 
driers, has been installed by the Ford Motor Company in Iron 
Mountain. Although they have had a few fires, there has been 
nothing serious. For the average plant, it is felt that the in- 
stallation of rotary driers (although the best) would cost too 
much and that it would be necessary only to install a housing 
around the conveyor leading to the power house. 


G. G. Houtrs.* It has been mentioned in the discussion 
that it was not only a question of furnace volume, but the way 
the volume was arranged. The writer would assume that this 
refers to the relative length, breadth, and height of the furnace, 
and he wishes to emphasize the importance of the furnace width. 
Boilers are now available in so many types that a given amount of 


® Chief Mechanical Engineer, J. G. White Engineering Corpora- 
tion, New York, N. Y. Mem. A.S.M.E. 


heating surface may be obtained with a furnace width most suit- 
able for the combustion conditions. For instance, if a bent-tube 
boiler has approximately 14,000 sq. ft. of heating surface, prac- 
tically the same amount of heating surface and vertical distance 
between the mud drum and the steam drum may be obtained 
with a furnace width of 20 ft. and with a furnace width of 26 ft. 
The figures, which are taken from actual design of furnace, show 
that for the wider boiler the furnace volume is increased 30 per 
cent while the area of the refractory furnace surfaces is increased 
only 18 per cent. The projected area of the tube bank, which 
is the heating surface directly exposed to the fire, is for the same 
drum spacing directly proportional to the width of the boiler and 
is 30 per cent greater for the wider boiler. 

The manufacturer’s data on the two types of boilers show 
nearly the same flue-gas temperatures for the same output and 
furnace conditions, so that the efficiencies are considered the same. 

With the boilers operating at the same load, the boiler with 
the larger furnace volume and greater area of heat absorbing 
surface exposed to the fire might be expected so show better 
maintenance with the air-cooled walls, or permit higher ratings 
with the same maintenance. 


Rosert H. Kuss.’ The writer lays no claims to recent con- 
tact with the problems of burning refuse wood, but feels that his 
experience with the art some years ago warrants these remarks. 

Comparing the earlier forms of wood-refuse-burning equip- 
ments with those submitted by Mr. Gladden, it must be said that, 
with the exception of the more elastic furnace-roof constructions 
and the use of heat-absorbing walls, nothing new appears. It is 
true there is a greater liberality in the cubical contents of furnace 
or combustion chambers which may well be assumed to be a 
step in advance, but without taking full advantage of this place 
of possible improvement, the same problems persist as in the 
writer’s experience more than a quarter of a century ago. 

Specifically, there is one particular in which the paper is 
peculiarly silent, though being of outstanding importance. 
Reference is here made to the draft facilities or lack of such. 
Figs. 2, 6, 7, 8, 9, 10, 12, and 13 come within this category to a 
marked extent, and on this core alone can well account for 
many of the refractory failures which appear to be treated by the 
author as fundamental, whereas they are merely symptoms of 
fundamental faults elsewhere. In the majority of instances 
cited no precautions of oversupplying chimney capacities or 
induced-draft fans can overcome the draft restrictions offered 
by the baffling or the damper size, shape, or placement, or a 
combination of both faults. In some instances, notably Figs. 
9, 10, and 14, the difficulties are accentuated by combustion 
deposits accumulating to still further restrict gas passages. 

The use of excess air to afford oxygen to support delayed com- 
bustion by the admission through the rear of bridge walls or 
equivalent places, while perhaps better than none at all, is not 
as correct an attack as a distribution as early as possible into 
the gas-distillation zone. 

A critical analysis of the settings offered by Mr. Gladden, 
viewed from the standpoint of the foregoing remarks, would 
probably direct attention away from his purpose and besides 
would become too voluminous. However, it may not be out of 
place to remark that in the related fields of the combustion of 
special fuels such as oil and pulverized coal the importance of 
the same points has been established after almost identical 
experiences with deficient draft facilities and misplaced auxiliary- 
air admission. 


A. R. Wavaaman.® The author is to be congratulated on his 


7 Mechanical Engineer, Chicago Heights, Ill. Mem. A.S.M.E. 
- * Sales Engineer, Combustion Engineering Corporation, Detroit, 
ich, 
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excellent paper, which shows very clearly the development and 
trend of furnace design from the inefficient furnace using 0.8 
cu. ft. per hp., which developed low rating and created a smoke 
nuisance, to the present-day furnace having 7.4 cu. ft. per hp. and 
developing continuous ratings as high as 300 per cent, with com- 
plete combustion and efficiency equal to or better than many pres- 
ent-day coal-fired installations. 

The trend of development has been parallel to the improve- 
ment in design of coal-burning equipment and involves similar 
combustion principles. It is necessary to obtain intimate con- 
tact between fuel and air and maintain this condition until 
combustion is complete. The constituents of dry wood fuel 
shown by the average analysis of Table 1 indicate the necessity 
of relatively large furnace volumes to permit time for complete 
burning of the large percentage of volatiles in fuel before contact 
with the relatively cold boiler. To maintain these volatiles in a 
turbulent mixture presents difficulties which in the case of dry 
refuse furnaces are largely overcome by the method of feeding 
the fuel to the furnace. A large part of the fuel is burned in 
suspension as it falls through burning gases, and additional 
inherent oxygen is liberated by heat distillation at the proper 
time to assist the combustion process. 

The method and distribution of the remainder of the air for 
complete combustion is very important, and a further study of 
the design of the bottom of the furnace where most of this air 
is admitted will probably further improve this type of furnace 
by changing the location and size of air openings to get the 
greatest sustained and distributed turbulence. 

The proper application of water cooling or shading simplifies 
this problem by allowing better air control with a tighter furnace 
and less infiltration. It permits better turbulence and higher 
liberation rates without the excessive maintenance met in the 
earlier furnaces. 


Hersert 8S. Wuiron.’ The furnaces that the writer will 
describe are in the power station of the Mountain States Power 
Company at North Bend, Ore. The fuel is sawmill refuse, known 
as “hog fuel,” and consisting largely of fir and hemlock which 
contain as high as 50 per cent moisture. Fig. 18 will serve to 
show you that the furnace consists of a Dutch oven equipped 
with an inclined step grate. Various details of this furnace 
have been altered since the first installation.’ Fig. 18 gives the 
latest design in use at the North Bend Station. 

The fuel is introduced into the furnace by gravity through 
diverging chutes across the full width of the front end of the 
furnace. It avalanches down the inclined grate due to the 
natural action of gravity. The fuel bed thickness is controlled 
by an adjustable refractory faced gate. Ashes and clinker are 
removed from the shelf at the lower end of the inclined grate 
by raking through openings immediately below the lower end 
of the inclined grate. The shelf is dimensioned to prevent an 
automatic flow of refuse into the ashpit so that the depth of the 
fuel bed at the back end of the furnace may be controlled. 

Air is supplied by a forced draft fan, and the gases are removed 
by natural stack draft. Sufficient air is admitted under the 
inclined grate to distill the volatiles and drive off the moisture 
from the fuel, and in addition to burn the resulting charcoal. 
The air necessary for burning the volatiles is introduced through 
the bridge-wall tuyéres, which face the inclined grate and are 
proportioned to give the necessary velocity to produce the de- 
sired turbulence of air and gases to hasten combustion. Some 
small particles of fuel carry over the bridge wall and are burned 
in the combustion chamber directly under the boiler heating 


* Acting Mechanical Engineer, Byllesby Engineering and Man- 
agement Corporation, Chicago, Ill. Mem. A.S.M.E. 
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surface. The small amount of air required in the combustion 
chamber is admitted by natural draft through dampered open- 
ings in the bottom of the side wall. 

The boilers have 9834 sq. ft. of heating surface. The feed- 
water temperature is 275 deg. fahr. The steam pressure is 245 lb. 
gage, and the steam temperature is 540 deg. fahr. at the super- 
heater outlet. Steaming rates of 80,000 lb. per hour are easily 
maintained continuously with from 15 to 16 per cent CO, and 
no appreciable CO. 

No tests have been run to date. Therefore, efficiency figures 


Fic. 18 Design at THE Nortu BEND STATION 


are not available. However, since the installation of the two 
furnaces designed and the adoption of the draft adjustment, the 
station has generated as high as 950 kw. per unit of fuel, whereas 
previously the rate was about 750 kw. per unit. 


AvTHOR’s CLOSURE 


It is gratifying to note the interest taken in boiler settings for 
burning refuse wood, both by the considerable amount of dis- 
cussion and by the variety of ideas brought forth. 

Referring to the discussion by Mr. Beers, the author agrees 
with his suggestion that for certain plants, where both coal and 
wood must be used as fuel and especially where the wood may be 
relatively of minor importance and is subject to interruptions 
in supply, an underfeed stoker installation in a wood-burning 
furnace is undoubtedly a satisfactory -arrangement. Care 
should be taken, however, to admit air above the coal for the 
combustion of the wood, and this should be under the control 
of the operator, in accordance with the rate of wood combustion. 

In Mr. Cockburn’s discussion he laid emphasis on the impor- 
tance of uniform feed, especially when burning kiln-dried wood 
refuse. Thisis necessary, not only in the matter of obtaining high 
efficiency, but also in the prevention of smoke. With a system 
of feeding wood in which the wood is alternately admitted to the 
furnace in large quantities and then for a period of time in small 
quantities, there is the smoky condition of burning with insuffi- 
cient air in the former case, and a condition of excessive heat losses 
when burning with excess air in the latter case. Careful atten- 
tion to the uniform feeding of dry refuse wood, especially where 
burned in suspension, is desirable. 
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The evaporative tests given for the Memphis boiler, when 
burning wood, show excellent operation. The comparative 
costs of air-cooled and water-cooled boiler settings as given by 
Mr. Cockburn are of economic interest. The flexibility of 
control of the water-cooled furnace of the Memphis boiler is an 
excellent feature. 

An application of preheated air to boiler furnaces designed for 
burning wet refuse wood is clearly illustrated and described by 
Mr. Colby. The advantage of being able to obtain one-third 
greater capacity, not to mention the increased efficiency by the 
application of an air preheater to a boiler furnace burning wet 
refuse wood, is decidedly worth investigation. 

In the burning of bagasse, Mr. Colby has described an in- 
stallation which, before preheaters were installed, would produce 
a maximum of 85 per cent of the rated capacity of the boiler by 
burning oil at the same time for supplementary firing. It is 
interesting to note that after the installation of the preheater it 
was possible to cease using oil for auxiliary firing, and the capacity 
of the unit was increased to 135 per cent of rating when burning 
bagasse alone. It is also interesting to note that the tests of 
the wet refuse wood-burning boilers in Sweden indicate that the 
application of an air preheater increased the efficiency 21 per 
ceit, even though the wood which was burned without using the 
air preheater contained 7 per cent additional moisture. 

Mr. Heyman has suggested a unique idea of utilizing waste 
furnace gases to dry the wet wood refuse before burning. In 
this process, care would have to be exercised not to drive off 
the volatile constituents other than moisture from the wood; 
that is, a balance between evaporation and volatilization would 
have to be carefully watched. It would be an interesting 
engineering study to compare the relative costs of equipment 
and operating expenses for power for such an installation, as 
compared with similar data for some of the designs illustrated 
in the preceding discussions of burning the wet refuse directly 
on grates in reverberatory furnaces and allowing the steam of the 
evaporated moisture to pass through the boiler setting carrying 
with it the heat losses which are inherent. 

Mr. Hollins has pointed out a feature of boiler design for use 
in connection with the burning of refuse wood which is very 
important; that is, the relation of the heat absorbing area to the 
furnace chamber. The larger the area exposed to the combustion 
chamber, the greater the heat absorbing effect, which should 
result in lower furnace temperature and consequently less main- 
tenance of refractories. The factor of having the side walls of 
the furnace as far apart as possible, consistent with good design, 
results in less overheating of the side walls by reflected radiant 
heat. 

In the discussion by Mr. Kuss, the necessity for proper baffling 
and damper arrangements is mentioned. It is assumed that the 
baffling in all cases is of such a design that there is no unnecessar) 
restriction of the flow of gases and that the gases are forced into 
as intimate contact as possible with the boiler tubes and also 
that there is sufficient draft to remove the products of combustion 
through the various boiler passages and damper connections. 
Numerous cases of faults of this kind are found, but if there is 
sufficient draft and the gases are properly taken away and re- 
fractory troubles exist, then it is the furnace design and not the 
boiler baffling and dampers that is at fault. The admission of 
air at the most suitable location in the furnace to support com- 
bustion of the volatile gases, especially in the cases of wet refuse 
furnaces, is one that depends entirely on the design of the furnace. 
It is the author’s belief that a number of designs shown in the 
paper and in the discussion are worthy of careful investigation. 

Mr. Waugaman has justly suggested the importance of a care- 
ful study of the distribution of air admitted at the furnace bottom 
for burning dry wood refuse which passes unburned through the 
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heated furnace. A thorough turbulence of air at the location 
where the pieces of unburned wood accumulate on the furnace 
bottom is most essential. 

The author believes that the design submitted in discussion by 
Mr. Whiton for burning hogged fir and hemlock, containing as 


much as 50 per cent moisture, is of decided interest to engineers 
concerned with such problems. If an air preheater were also 
installed in connection with such an installation, it would appear 
that excellent arrangements for burning wet refuse wood had 
been provided. 
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Comparative Performance of a Pulverized- 
Coal-Fired Boiler Using Bin System and 
Unit System of Firing 


An experimental program had for its object the com- 
parative performance of a modern boiler unit, served, 
first, with the bin system of pulverized-coal firing and, 
later, with the unit system of firing, thus making possible 
comparisons on a common basis. The paper deals with 
specific types of equipment, certain types of coal, and 
operating conditions, influenced somewhat by local con- 


ditions. The operation of these two systems is com- 
pared in three ways—first, on an _  evaporative-test 
basis; second, on a basis of actual overall performance; 


and, third, on an operating-cost basis. A record of the 
pertinent experiences with both systems is given. Owing 
to the specific nature of the program, no general conclu- 
sions are given, and there is no intention to contribute 
to the controversial phase of the matter. 

ized form in large steam-generating 


| units needs little if any argumen- 
tative support in view of the present 
state of development of the art. The 
controversy between advocates of pulver- 
ized-coal firing and of mechanical stokers, 
so much in evidence during the past few 
years, seems to have a tendency to settle 
itself. Each has its particular advan- 
tages in the general scheme of things 
which may make it preferential over the 
other according to the conditions to be met and the kind of 
results desired. However, engineering development in general, 
and more particularly that which concerns combustion processes, 
is not likely to be without its questions of a controversial nature 
sponsored by men keenly conscientious and anxious for the further 
development of the art. 

Such a situation has and is further likely to manifest itself in 
connection with different systems of burning pulverized coal. 
Both the bin and unit systems are now used more or less exten- 
sively, the former probably with a greater span of development 
behind it, but the latter active with youthful vigor. Each system 
has appealing characteristics as exemplified by the choice between 
the two in recent installations. The bin system would naturally 
attract attention due to its inherent ease and flexibility of control 
over the combustion process. The unit system also appeals 
because of its simplicity and its adaptability to existing installa- 


HE BURNING of coal in pulver- 
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tions. Although the latter was a more recent arrival in central- 
station practice, both systems are now undeniably in successful 
large-scale operation. 

There are, however, few definite data as yet available which 
would serve as a basis for comparing the economic performance 
of both systems. Owing to the rapid development of equipment 
and the complexity of so many conditions and the economics in- 
volved, this situation is not surprising at this time. Furthermore, 
it is not likely that any data could ever be presented which would 
conclusively prove the superiority of one method over the other 
in toto, 

That each will eventually find its own field and enjoy profit- 
able application seems a permissible prophecy in view of similar 
situations in the past. These data, therefore, are not presented 
with such a comprehensive scope in mind, but rather from the 
narrower viewpoint of certain specific conditions which are largely 
local in character. 

No consideration is given in this discussion to the investment 
angle of the matter. While this is an important factor and per- 
haps the controlling one in many cases, it is broad enough to be 
dealt with as a separate study by those more familiar with it. 
Investment is primarily the concern of the designer and upon 
completion of a project becomes largely of retrospective interest, 
while the concern of the operator in subsequent performance of 
the equipment is continuous, perhaps for years. 

Situated as we are with respect to coal supply, the economic 
necessity of using coal from the Central Illinois fields, as the major 
portion, is at once apparent. Although these coals have the 
generally well-known undesirable characteristics of low fusing 
ash, high sulphur content, and low heat values, they have, how- 
ever, been successfully utilized by the chain-grate stoker when 
judged by the standards of a few years ago. That the develop- 
ment in the pulverized-coal process of combustion has forced a 
revision of former conceptions of good practice must be readily 
admitted, since there are now many outstanding examples of high 
capacity-efficiency performance which far surpass any stoker 
operation. While it is physically possible to build exceedingly 
large stokers, the growing tendency toward super-generating 
units served by a few steam-generating units places the stoker 
in an unfavorable position both in investment and operating 
considerations. 

Such a situation confronted us in 1926. Chain-grate stokers 
had been developed to a size beyond which it would have been 
impractical to go. Turbo-generating units of 100,000 kw. were 
in contemplation, which meant, under the normal fuel and base- 
load conditions, a minimum of six steam-generating units. The 
prospect of still larger generating units required that serious con- 
sideration of the possibilities of burning Central Illinois coal in 
pulverized form was necessary. 

The data available at that time contained little if any informa- 
tion on the pulverized-coal process of combustion with the kind 
of coal which we would have to use in future extensions; in fact, 
there seemed to be a preponderant usage of the better grades of 
coal with pulverized-coal-fired boilers. While this picture ig 
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somewhat different under present conditions, there still appears to 
be no striking enthusiasm on the part of operators to use low- 
grade coal if any more or less reasonable pretext can be found to 
avoid it. 

The fouling characteristic of coals with low fusing ash makes 
boiler cleaning a major problem in operation, especially when high 
capacities are maintained. This condition is probably the most 
important factor in differentiating our problem from that of 
others. All the improved appliances and methods for coping 
with this situation seem to fail for one reason or another. 

In view of this lack of definite information, an experimental 
program was obviously necessary, as the commitment to large- 
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tively large air preheater. That all these innovations, and others 
of minor importance, have their particular distinctive advantages 
needs no further mention. It is the forerunner of its type; the 
more recent installations differing from it only in size and more 
improved methods of handling slag ejection from the furnace. 
A more detailed description of this unit is given in Table 1, both 
as it was originally installed and as it is now. 

This unit, as shown by Fig. 1, was first put in service November 
8, 1926. Owing to certain plant conditions not related to this 
unit, it was necessary to adopt a 16-hour-per-day operating sehed- 
ule, with Sunday and night outage, and, except at certain periods 
for experimental reasons, this has been substantially its normal 
operation ever since. A steady 
rating of about 140,000 Ib. of 
steam per hour has been usually 
maintained during the day, with 
some increase at theevening peak 


— and a noon-hour drop. During 
the night all auxiliaries are out 
vent of service, the dampers are closed, 


and the steam pressure is allowed 
, to drop. From such a warm 
*4 condition the unit could be 
brought up to normal steaming 
capacity in about 15 minutes. 
When the boiler has cooled off 
over a Sunday shutdown, bring- 
ing up requires 50 to 60 minutes. 
The flue blowing elements are 
operated on a routine schedule 
depending on coal conditions. 


Fie. 1 
System or FirRine@ 


scale operation in a new field without previous experience and 
trial in a smaller way might have led to grievous mistakes. 
This plan, conservative from the standpoint of general policy, 
but ambitious from an experimental standpoint, led to the instal- 
lation of the well-known steam-generating unit No. 22 at Calu- 
met Station, the general plan of which is shown in Fig. 1. Here 
there are represented most of the innovations in recent develop- 
ment of steam-generating equipment and a type which has be- 
come distinctive in character. Having in mind its particular 
application to pulverized-coal firing with low-grade coals, it has 
the usual large combustion chamber which is almost completely 
water-screened. It utilizes the idea of a small boiler proper, to 
more fully obtain the advantages of increased heat absorption by 
direct radiation, open tube spacing to facilitate cleaning, com- 
bined with a direct-connected steaming economizer and a rela- 
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. The boiler unit is normally on 
m automatic control, with manual 
load regulation except when 
starting up, during flue blowing 
operations, and when dumping 
the ashpit. These were the gen- 
eral operating conditions upon 
which the comparative operating 
data are based. The frequent 
shutdowns occasioned by such a 
schedule affected the operating 
efficiencies somewhat adversely, 
as would be expected. 

Since the experimental plan 
was intended to be as thorough 
and comprehensive as prac- 
ticable with the specific con- 
ditions involved, the operation 
of this unit has been in effect 
a continuous operating test. 
All the metering devices, particularly the steam-flow meters, 
were installed with adequate means for calibration at frequent 
intervals, so that the overall results would be within the degree 
of accuracy ordinarily accepted as good practice. While the 
burning of Central Illinois coal in pulverized form was the 
principal consideration, other coals were burned over suf- 
ficiently long periods to ascertain the effect on operating condi- 
tions, if any, caused by the coal quality. Table 2 summarizes 
the 24 months’ operation of this unit when equipped with a 
bin and feeder system. From this record is drawn a summary of 
seven months of operation with Central Illinois coal, two months 
with Youghiogheny, Pa., coal, and three months with Western 
Kentucky coal. During the other twelve months not shown 
separately, various Illinois and Kentucky coals were burned in 
varying proportions. These months were left out of compara- 
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TABLE 1 DESCRIPTION OF EQUIPMENT, BOILER NO. 22, 
CALUMET STATION, COMMONWEALTH EDISON COMPANY 
As a Bin System Asa Unit System 

Boiler: 

Type: B. & W. cross drum 

Surface: 5,940 sq. ft. 

Furnace: 

Dimensions: Plan, 19 ft. 9in. by 23 ft. 8in. 

Volume: 12,397 cu. ft. 

Wall construction: Bailey water-cooled fur- 
nace walls and floor. Refractory-faced 
blocks on furnace walls and bare cast-iron 
and steel blocks on furnace floor. Blocks 
bolted to 3'/:-in. tubes spaced on 6-in. 
—* Heating surface of walls; 2,468 
sq. ft. 

Superheater: 

Convection, three-pass 

Surface: 3,000 sq. ft. 

Economizer: 

Type: B. & W. loop, counterflow 

Surface: 8,850 sq. ft. 

Air preheater: 

Type: Tubular, single-pass, counterflow 

Surface: 41,700 sq. ft. 

Induced-draft fan: Buffalo Forge Company 

Type: Duplex conoidal, size 13 

Capacity: 144,000 cu. ft. per min. at 880 
r.p.m., 300 deg. fahr., 12-in. static pressure 

Drive: Two-speed motor 

Forced-draft fans: (2) Buffalo Forge Company 

Type: Duplex conoidal, size 6 61/5 

Capacity: 58,000 cu. ft. per min. at 70 deg. 
fahr., 4-in. static pressure at 1,102 r.p.m. 

Drive: Two-speed motor 

Gas washer equipment: 

Washer: Carrier Air Company. 
Spray capacity, 500 g.p.m. Pump ca- 
pacity, 900 g.p.m. at {35 ft. head 

Drier: Fuller Randolph 

Type: Vertical, tempered preheated air 

Capacity: 30,000 Ib. per hour 

Raw-coal scales: None 


Same 


Same 


Same 
Removed 


Richardson Automatic 
Capacity: 400 Ib. per dump 
Drier exhauster: Buffalo Forge Company Removed 
Type: R, size 130 
Capacity: 57,500 cu. ft. per min. at 140 deg. 
fahr., 7-in. static pressure, 490 r.p.m. 
Drive: Variable-speed motor 
Cyclones: (2) Fuller Lehigh Company 
Size: 144 in. 
Drag feeder: Fuller Lehigh Company 
Drive: Variable-speed d.-c. motor 
Pulverizer: Fuller Lehigh Company 
Type: B, 70-in., screen separation, four-ball, 70-in., air separation, five- 
pusher ball, pusher type 
Capacity: 30,000 Ib. per hour 30,000 lb. per hour 
Drive: Variable-speed, 375 r.p.m. maximum Variable-speed, 510 maxi- 
mum r.p.m. 
Overhung paddlewheel type 
Drive: 1150-r.p.m. motor 
Removed 


Removed 


Fuller Lehigh Company 
Variable-speed d.-c. motor 
Fuller Lehigh Company 


Mill exhauster fan: None 
Pulverized coal-transport system: 
Fuller Lehigh Company 
Coal pump: Fuller Kinyon 
Capacity: At least 60,000 Ib. per hour 
Drive: Constant-speed motor 
Pulverized-coal bunker: 
Capacity: 200 tons 
Pulverized-coal feeders: 
Four Bailey feeders 
Capacity: 10,000 Ib. per hour each 
Drive: Variable-speed motor 
Pulverized-coal weigh bins and scales: 
For test 
Primary air fan: Buffalo Forge Company 
Type: R, size 115 
Capacity: 15,000 c.f.m. at 200 deg. fahr., 
10-in. static pressure and 570 r.p.m. 
Drive: Constant-speed motor 
Burners: (8) Bailey “Calumet” type 
Size of primary opening: 62 in. by '/2 in. 
Control: Bailey Meter Company 
Meter: Steam-flow-air-flow type D 25 
Multi-pointer gage: Type P 12 F. 
Temperature recorders: Gas in and out of 
economizer, and water in and out of 
economizer; steam temperature, flue-gas 
temperature at preheater out and air tem- 
perature at preheater out 
Steam-flow-air-flow and  furnace-draft 
contactors: Type RS 36 
Master drum-switch: Type R 65 
Control drive: Type RC 76 D.S.T. (draft 
control) 
Control drive: Type RA 76 ST (fuel control) 
Bank of rheostats: Type R 414 


Not used 


Removed 


Removed 
Removed 


(6) Same type 
62 in. by 1.12 in. 
Same 


‘ive summaries so as to eliminate any question of unfair com- 
parison. 

An accurate record of all pertinent operating costs was kept, 
and is summarized as shown by Table 3. In this cost-accounting 
schedule only those operating expenses are considered which are 
affected, directly or indirectly, by the method of burning coal. In 
general, these accounts include the operating expenses entailed in 
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the plant system from the point at which coal is received into the 
car dumper to the point at which steam is delivered to the header 
system. This seemed necessary due to the specific nature of 
the problem. Some of the items might have a somewhat remote 
connection, but by simple arithmetical alterations the basis of 
comparison could be changed to suit the individual ideas of any 
one interested. Due to changing of the coal supply previously 
mentioned, it was not practical to attempt to separate the cost 


TABLE 2 SUMMARY OF ACTUAL OPERATION, BOILER NO. 22, 
AS A BIN SYSTEM 


Cent. 
1. 


CALUMET STATION, 

Ky. and Yough- Ill, Ky., 
Va. iogheny Pa. and Va. 

Period, months 2 24 

Steam delivered, M Ib........... 

Coal fired, tons 

Coal analysis, as fired: 

oo per cent 


Coal analysis, as weighed: 
Moisture, per cent 
Ash, per cent 
Evaporation per lb. coal, Ib..... . 
Steam temperature, deg. fahr.... 
Steam pressure, lb. gage 
Steam superheat, deg. fahr. 
Feedwater temperature, deg. fahr. 
Added heat per Ib. steam, Bu 
Evaporative efficiency, per cont. 
Auxiliary power, kw-hr. per (on: 
Induced-draft fan 
Forced-draft fans. . 
Pulverizer 


Primary- 
D.C. 


Fuller Kinyon coal ea 
Total, kw-hr. per ton. 
Total auxiliary power, M 
Steaming hours 
Average evaporation, M Ib. per hr. 
Mill hours 


Coal fineness, Tyler standard screens: 
Through 48-mesh 
Through 100-mesh 
Through 150-mesh 
Through 200-mesh 


SUMMARY OF ACTUAL OPERATING COSTS, BOILER 
AS A BIN SYSTEM (SEE TABLE 2) 


Dollars 
per M lb. 
steam 
delivered 


TABLE 3 
NO. 22, CALUMET STATION, 


Dollars 
per ton 
coal fired 
0.01748 
0.17032 
0.18780 


Actual 
cost in 
dollars 

703-A coal- and ash-handling labor 

703-B boiler-room labor 

Total operating labor 
717-A maintenance, furnace 
717-C maintenance, boiler and super- 


717-D maintenance, feeders and burners. 
718-A maintenance, economizer 

718-D maintenance, soot blowers 

718-E maintenance, air preheater 

718-F maintenance, all fans 

Total maintenance except coal and ash 


Pro-rate share of coal conveying. . 
718-B coal conveying, 


718-C Pro-rate share of crusher and 


for each period, but rather to group them for the entire period of 
bin and feeder operation. 

In October, 1928, the equipment was converted to the unit 
system of firing, the general scheme being that shown in Fig. 2. 
Although this change was not contemplated in the original plan, 
the many and varied experiences of two years of operation with 
a bin and feeder system were such that no particular pangs of 
regret. were evidenced by those concerned when this change took 
place. It is not inferred that this conversion eliminated all ob- 
jectionable conditions, because the unit system in its later opera- 


12,483 11,338 12,613. ..... 
5.77 12.90 6.60 10.7 
12.80 12.18 11.75 12.0 aa 
12,006 10,626 12,058 11,037 
8.439 7.475 8.755 7.693 
687 664 683 676 ies 
310 311 315 310 st 
262 239 257 251 ils 
171 189 215 182 Rh 
1220 1191 1175 1203 
85.75 83.74 85.28 83.85 
26.44 19.98 22.64 25.00 
8.21 7.79 7.07 8.03 
13.98 14.05 12.23 13.65 
5.46 4.57 5.11 
| 2.36 2.24 2.62 2.32 
ders and automatic Lee 
control....... .. 0.82 0.35 0.39 0.35 
1.07 0.85 0.70 0.87 a 
57.76 50.72 50.22 55.33 
438 1047 329 3373 SLAM 
902 2318 792 7124 fae 
142 133 145 132 
749 1969 669 5858 
Tons coal per mill hour ‘ 10.1 10.5 9.8 10 ae, 
98 99 99 98 ae 
93 87 87 86 ey, 
75 80 80 78 i 
65 68 68 67 oe 
0.00114 
.01107 
0.01221 
1,157 0.01897 0.00123 
532 0.00873 0.00056 
1,430 0.02345 0.00152 
3.069 0.05032 0.00327 4 
1 0.00001... 
2,410 0.03952 0.00257 
ent 11,168 0.18312 0.01190 
2,260 0.03640 0.00237 
294 0.00479 0.00031 
Mill maintemance.............. 3,774 0.06192 0.00402 
Total maintenance coal and ash equipment 8,669 0.14215 0.00924 was 
Auxiliary power, actual................ 12,862 0.21090 0.01371 
Fuel 240,892 3.94175 0.25618 
Total + 284,544 4.66570 0.30324 
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tion also developed a few inherent mulish traits. 
marizes eleven months of operation of this unit with a unit system 
of firing, and Table 5 is the operating-cost record. The operation 


Table 4 sum- 
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structive slag action that the operating problem in the furnace 
has become of insignificant importance. So far as the screen 
walls are concerned, only 30 blocks have been replaced in over 
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and the experimental work thus far have made it possible to com- 
pare results in general, as follows: 


Unit System 
Operating experiences and comment 


Bin System 
Operating experiences and comment 


24 months’ overall operating per- 
formance, all coals. Table 2 

7 months’ operating performance, 
Central Illinois coal. Table 2 

3 months’ operating performance, 
Western Kentucky coal. Table 2 

2 months’ operating performance, 
Youghiogheny coal. Table 2 


Test results, Central Illinois coal. 
Table 6 


11 months’ operating performance, 
Central Illinois coal. Table 4 


Test results, Western Kentucky coal. Test results, Central Illinois coal. 
able 7 Table 9 
Test results, Youghiogheny coal. 
Table 8 
Operating costs, 24 months’ basis, all Operating costs, 11 months, with 
coals. Table 3 Central Illinois coal. Table 5 
Bin System OPERATION 


Furnace and Ash Disposal. The water-cooled furnace has 
probably been one of the most important factors contributing to 
the successful application of pulverized-coal firing to large-scale 
and high-rating operation. The exacting furnace conditions to 
be met with in many cases would make the refractory-lined fur- 
nace a sorry spectacle in comparison. This furnace design as 


then intended, and as verified later, so reduces the factor of de- 


© 


+ 
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three years, and this failure was largely due to the proximity and 
impingement of the end burners on the side walls. A more prac- 
tical spacing of the burners was the logical solution. Other mis- 
takes in the design of this furnace are exemplified by the re- 
fractory-lined spaces below the inlet header of the side screens 
and that above the outlet header of the rear screens, the former 
failing due to slag erosion and the latter largely due to inadequate 
anchorage. The furnace-maintenance cost shown is almost en- 
tirely confined to these areas. Fig. 3 shows an end wall as in- 
stalled, and Fig. 4 shows the condition of the same wall after 
38 months’ operation. Any failure of these screen walls is likely 
to be a matter of the far-distant future. 

During the early operation of this furnace a study was made of 
the heat-transfer condition with these screens. The typical con- 
ditions are shown by Fig. 5. Higher heat transfers were obtained 
over certain areas, such as the rear walls and part of the side walls, 
than the mean values shown, due to burner and impingement con- 
ditions. A maximum heat liberation of 34,000 B.t.u. per cubic 
foot per hour, for short periods, has been obtained in this furnace. 

The method of slag and ash removal from the furnace developed 
no particular difficulties when firing coals having an ash with a 
low fusion point such as that from Central Illinois. The molten 
ash deposited on the walls runs down freely to the ashpit throat 
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TABLE 4 SUMMARY OF ACTUAL OPERATION OF BOILER NO, 
22, CALUMET STATION, AS A UNIT SYSTEM 


Steam delivered, M Ib. 
Coal fired, as weighed, tons 
Coal analysis, as weighed: 
Moisture, per cent. 
Ash, per cent 
_ 
Evaporation, Ib. steam per Ib. coal, Ib. 
Steam temperature, deg. fahr 
Steam pressure, ib. gage... 
Steam superheat, deg. fahr... 
Feedwater temperature, deg. fahr 
Added heat per Ib. steam, B.t.u. 
Evaporative efficiency, per cent 
Auxiliary power, kw-hr. per ton: 
Induced-draft fan. 
Forced-draft fans 
Pulverizer.... 
Mill exhauster 
Mill motor-cooling fan 
D.C. for feeders and automatic control 
Total 
Total auxiliary power, M ke hr. 
Steaming hours 
Average evaporation, M Ib. per hour 
Average tons coal fired per hour 
Coal fineness, Tyler standard screens: 
Per cent through 48-mesh 
Per cent through 100-mesh 
Per cent through 150-mesh 
Per cent through mesh 


509,820 
34,771 


lic. oF FurRNacE WALLS, Borer No. 22, CALUMET 
STATION, AS INSTALLED 


and then drops into the ashpit. A condition which in so many 
other respects is objectionable is in this respect a distinct ad- 
vantage. The slag formation is greatest on the rear wall due to 
burner position, as might be expected. The deposits in the boiler- 
tube bank that are dislodged in cleaning fall and roll into the pit 
quite freely. The slag and other deposits are quenched in the pit 
to facilitate handling. Occasionally slag formations will concen- 
trate on the refractory area at the ends of the hopper throat and 
require rodding through the special doors provided. 

When firing a coal having an ash of higher fusion temperature 
such as Youghiogheny, the fly ash deposits on the walls do not 
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readily flow. This is apt to cause large accumulations which, 
on breaking loose during operation, may clog the bottom hopper 
throat. While some measure of control over this is possible with 
burner operation, this condition did cause a shutdown and several 
cases of emergency rodding operations. The throat width of 
18 in. could probably have been made larger to advantage. 

In firing the normal coal, no particular difficulties are encoun- 
tered so far as ash removal from the furnace is concerned. How- 
ever, the operation of dumping the refuse from the pit is a dirty, 
gassy job and not without conceivable hazards. Later develop- 
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ments in the manner of slag removal seem to offer improvement 
over this method. 


TABLE 5 SUMMARY OF ACTUAL OPERATING COSTS, BOILER 
NO. 22, CALUMET STATION, AS A UNIT SYSTEM (SEE TABLE 4) 


Dollars 
per M Ib. 
steam 
delivered 
00141 
00960 
01101 
00198 
00104 
00472 
00069 
00049 


00160 
01052 
00274 


Dollars 
cost in per ton 
dollars coal fired 

703-A coal- and ash-handling labor . 0.02407 

703-B boiler-room labor § 0. 14093 

Total operating labor. . 16140 

717-A maintenance, furnace 02898 

717-C maintenance, boiler and superheater 01524 

717-D maintenance, feeders and burners. 06916 

i i 01017 

00722 


0 
0 

0 

0 

0 
0.02349 
0.15426 
0.04015 
0 
0 
0 
0 
0 
3 
4 


Actual 


718-D maintenance, s 

z 718-E maintenance, air preheater 

718-F maintenance, all fans 

Total maintenance except coal and ash 
equipment 

Pro-rate of maintenance, station 
coal and ash equipment 

Maintenance, No. 22 coal and ash 
equipment 

Pro-rate of maintenance, crusher 
and breaker 

Maintenance, mill. ‘ 

Total maintenance, coal and ash equip- 


718-B 


718-C 


‘ 
12.68 by 
10,314 
7.332 
678 
314 
209 
1178 
83.7 
21.10 
6.22 
817 
5,364 
1,396 
478 00094 
1,916 00375 
6,209 01218 
Auxiliary power, actual................. 7,684 01507 ie 
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The economizer and preheater hopper deposits are piped and 
flushed to the ash car. Clogging of these drains is an occasional 
annoyance. Normally, about 40 per cent or less of the original 
ash in the coal is accounted for by way of the ashpit; the re- 
mainder is carried out of the furnace as fly ash in the flue gas. 

Boiler, Superheater, Economizer, and Preheater. Although 
burning Central Illinois coal in pulverized form has greatly re- 
duced the operating difficulties due to fouling of the boiler heating 
surface at ordinary ratings, the situation at relatively high sus- 
tained ratings still leaves much to be desired. The rate of fouling 
in the lower deck increases faster than the increase in rating until 
finally a rating is reached where the usual methods of cleaning dur- 
ing operation fail miserably. Probably no operating problem has 
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been given more thought and attention than this, and invariably 
all the pet schemes contrived fall short of obtaining the desired 
results due to one cause or another. The flue blowing equipment 
in the fouling zone is subjected to temperatures beyond the 
limitation of the metal involved. This matter was an important 
factor in limiting the capacity of every-day operation to that 
shown, although short-time operation at much higher ratings was 
possible. Sustained ratings up to about 200,000 Ib. per hour 
could be obtained with reasonable efficiency by frequent blowing 
and rodding. Beyond this capacity fouling difficulties increase 
to such an extent that continued operation was increasingly 
difficult if not impossible. After operating at a rating of about 
275,000 lb. for a few hours it was usually necessary to shut down 
for cleaning. 

The situation with the better grades of coal is greatly improved 
due to lesser ash quantities involved and more favorable fusion 


temperatures. In fact, a sustained rating of 250,000 lb. was not 
only possible, but could be maintained with reasonable efficiency. 
The idea that pulverized-coal firing is better suited to the poorer 
grades of coal seems to have suffered a relapse in this case. 

The cleaning of the economizer and preheater surfaces has 
not been a serious problem. The nature of the deposit is such 
that it can be removed by ordinary means. It does not adhere 
like that from stoker firing, due to its different character. The 
corrosive action of these deposits is far less; in fact, after three 
years’ operation, none is in evidence. During the early operation 
of the preheater the inlet ends of the tubes would plug shut. 
A special movable blowing element which, in moving across the 
preheater inlet-tube sheet, allowed each tube to receive the full 
force of a steam jet, gave quite satisfactory results. Some manual 
work is required occasionally on the outlet ends and upper tube 
sheet during an outage period. 

Gas Washer. Public opinion forces attention to the considera- 
tion of fly ash and sulphur fumes ejected with the flue gases. 
This is true of any method of burning coal, but more particularly 
of pulverized coal. The experimental program included invest i- 
gations as to the efficacy of the washer principally in eliminating 
these nuisances. The washer-type equipment installed between 
the preheater and the induced draft fan is practically the same as 
ordinarily used for cleaning generator cooling air. A separate 
900-g.p.m. pump supplies water to the spray nozzles. Much 
has and is yet to be learned about equipment for this purpose. 

In its early operation, serious corrosion due to the sulphur acids 
manifested itself. As a means of protection, all duct work be- 
tween sprays and fan suction were covered with “gunite.” Rub- 
ber-lining the drain piping was necessary due to the acid condi- 
tions. Subsequent operation for about three months so cor- 
roded the spray elements and support work that further operation 
was useless. The eliminator plates at the bottom were badly 
eaten away and somewhat embrittled. It follows then that use 
of this type of eliminator with high-sulphur coals requires ma- 
terials highly resistive to corrosion. Experiments with special 
alloy metals are now under way. In a large installation satis- 
factory disposal of the drain water would present certain prob- 
lems. 

The effect of the flue gases on the induced-draft-fan runner is 
important. The eroding effect of fly ash over the periods of no 
washing was severe, resulting in a fan wreck after 20 months’ op- 
eration. On the other hand, although the period of washer 
operation was short, some corrosion was evident, which may indi- 
cate a choice of two evils. 

It was expected that the washer would not only eliminate dust, 
but would also considerably reduce the amount of sulphur in the 
gases. Upward of 90 per cent of the solid matter in the gas can 
be eliminated by this method, which compares quite favorably 
with other methods in use, but no appreciable reduction of the 
SO, and SO; could be found. As these gases existed in the flue 
gases to the extent of about 0.3 to 0.4 per cent by volume, it 
follows that a high degree of spray atomization would be neces- 
sary for complete effectiveness. Since the sclubilities of these 
gases decrease with their partial pressures, it would follow that 
the degree of absorption would become increasingly difficult, 
involving large quantities of water and possibly multiple-stage 
spray banks for high humidity. That the refinements claimed to 
be necessary to the process were only crudely met in this case is 
readily admitted. It seems that a treatment which has the 
inherent possibilities of removing both dust and noxious gases 
is one worthy of serious consideration and effort to overcome the 
difficulties involved. 

Pulverizer. Pulverizing this high-ash coal by either method 
of firing still leaves much to be desired, and the developments tak- 
ing place in this case show it to be no exception. The operator 
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visualizes the situation as one that costs a lot of money for main- 
tenance of such equipment and something which falls short of 
ordinary ideas of dependable service. Bin-system operation 
makes mill emergency outage of less importance than unit- 
system operation because of its principal premise. In this case 
ordinary repair and emergency outage affected the boiler opera- 
tion but little, which is a point of importance in comparing the 
two systems. 

The bin-system pulverizer was a pusher, ball, and screen type. 
Although it could have been operated at varying speed, it was 
usually operated at a fixed speed favorable to drying and sizing 
considerations. The maintenance of this mill was mostly con- 
fined to the renewal of balls, broken pushers, ball race, and 
screens. Chilled-iron balls gave more service than forged-steel 
balls. The balls became egg-shaped after a time, with the usual 
consequences of sliding and causing the breakage of other parts. 
The wearing of the working parts was also dependent upon the 
kind of coal being milled. The conditions with Central Illinois 
coals were much more severe than with the others, due to the 
abrasive action of ash and impurities. The maintenance costs 
over this period were influenced favorably due to milling more 
friable coals over part of the time. 

Drier. This type of separate drier gave only the usual common- 
place difficulties, but ones that could be agreeably dispensed with. 
Firing of the coal due to hanging up was frequent. This was 
particularly the case when coal was allowed to lie in the drier 
for a considerable length of time. The milling conditions in this 
case were tied up to a large extent with this drier. When the 
mill capacity was increased too much, there was insufficient dry- 
ing, which resulted usually in plugged screens. At low capacities 
the coal was apt to be overdried, causing smoldering. Careful 
control over the temperature conditions was necessary at all 
times. As this drier was sectionalized, some approximate control 
over these conditions was possible. The best milling conditions 
were obtained with Central Illinois coal when the original mois- 
ture of 14.5 per cent was reduced to about 9 per cent and with 
Kentucky coal when the moisture was decreased from 8.5 per 
cent down to about 3 per cent. 

Vent Cyclones. Two cyclone separators were installed to take 
care of the mill vent and drier dust combined. Their early opera- 
tion was in parallel and later in series; and still later a supple- 
mentary washing apparatus was installed in the cyclone dis- 
charge. Of course, the usual amount of separation took place, 
the recovery being returned to the mill, but the amount of dust 
getting through in spite of all the opportunities given it to separate 
was sufficient to be a nuisance, not only to the plant itself, but to 
the neighborhood as well. The coal loss was insignificant, but a 
small amount in this form becomes an intolerable nuisance. 
Some consideration was given to installing special equipment for 
separating this residue but the fact that such equipment was 
necessary is an objection in itself. Perhaps no single item in- 
fluenced those concerned in deciding to change to a unit system 
more than this particular situation. It is doubtful even if any 
great measure of satisfaction would have been obtained with such 
a system had the elimination been perfect. 

Transport and Bunkers. The method of coal transport offered 
no particular difficulties. Those experienced at the bunker were 
confined to irregular flow and bridging of the coal at the outlets. 
One bunker fire was experienced and successfully smothered with 
carbon dioxide. Hanging up and packing of coal on the sides of 
the bunker due to reabsorption of moisture necessitated infre- 
quent cleaning. In general, bunker conditions were probably no 
different from those of many others. 

Feeders, Weigh Scales, and Burners. Excessive wear on the 
feeder mechanism, due to the abrasive action of the coal, de- 
veloped early in the operation. ‘“‘Stelliteing” of the wearing 
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parts improved this situation, but probably not permanently. 
The volumetric metering feature of this feeder was not satis- 
factory for accurate measurement. The weighing of coal in 
pulverized form developed certain difficulties. This scheme, 
used only for evaporative test purposes, was similar to that used 
for water. It was found that the weigh tanks must be positively 
vented above and below to prevent diaphragm action. This 
system of weighing coal has many discouraging aspects. 

The burners as first installed gave an unequal coal distribution 
through the primary openings, which resulted in an excessive 
amount of coal running out at the bottom. This was a burner 
condition and was remedied by placing deflector plates so that 
no reduction in velocity could occur in the burner. The combus- 
tion conditions obtained with this type of burner as changed 
leave little to be besired. 

Control System. The automatic combustion-control equipment 
used on this boiler serves the purpose of regulating the air supply 
to the furnace and the furnace draft. The control of boiler out- 
put is entirely manual. Corrective adjustments to the air sup- 
ply originate in the air-flow-steam-flow meter, which also records 
the result. The control is arranged to supply 25 per cent excess 
air at normal output and 30 per cent at low rating to avoid smoke. 

In order to avoid any hazardous situation that might arise due 
to the failure of any electrically driven boiler auxiliary, an inter- 
lock system is provided. The principle of this system is shown 
in the following example; if the induced- or forced-draft fan 
should trip out, the delivery of coal to the furnace would cease, 
due to the automatic stopping of the necessary equipment. This 
system forces a definite sequence in the starting up and shutting 
down. 


Unit-System OPERATION 


The operation of the boiler unit proper was influenced very 
little by the conversion to the unit system. The conditions 
described as to the furnace, ash disposal, boiler, economizer, and 
preheater are much the same except as explained in the following. 

The unit system reduced the maximum capacity obtainable 
in this case because of the limitation of mill capacity. This is 
obvious with this system. Ordinarily more than one mill would 
be provided for such a steam-generating unit, but inasmuch as we 
were concerned primarily with the experimental angle of the prob- 
lem, one mill was installed—that one being the former mill re- 
built. 

Drying of the coal for suitable pulverization was accomplished 
in the mill, the air being taken from the main duct at about 350 
deg. fahr. and the coal-air mixture discharged to delivery ducts 
at about 140 deg. fahr. About the same amount of drying was 
obtained by this means as in the bin system, which is quite 
satisfactory with the kind of coal handled. The coal-air mix- 
ture is split two ways, each stream serving three burners. The 
coal sizing is controlled somewhat by cone classification and pri- 
mary air volume, these methods having certain limitations, as 
might be expected. 

Probably the reliability and satisfactory operation of a unit 
system of firing will in general be dependent upon the milling 
problem and related factors. As continuity of the combustion 
process is directly dependent upon these, the better position of 
the bin system in these respects must be admitted whether that 
advantage be considered small or large. We must accept the 
premise that an emergency outage of a unit will immediately af- 
fect steam output; and hence duplication, and perhaps multi- 
plicity of mill units, is required to maintain continuity. Also 
there are the requirements of the proper air volume for milling, the 
required air for the best burner conditions, and the matter of 
distribution to various burners. That the coordination of these 
three more or less conflicting requirements is difficult developed. 
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TABLE 6 EVAPORATIVE TESTS ON BOILER NO. 22, CALUMET STATION, WITH A BIN SYSTEM OF FIRING, USING KENTUCKY COAL * 


Test no. 18 12 16 9 15 10 14 11 13 17 20 21 19 
Date of test Nov. 3 Oct. 12 Oct. 27 Oct.4 Oct. 26 Oct.6 Oct. 20 Oct. 11 Oct. 19 Oct. 28 Nov. 10 Nov. 11 Nov.4 
Duration, hours 7 7 7 7 7 7 7 7 7 7 7 7 4 


Coal as fired: 


Moisture, per cent 2.40 2.06 2.78 2.11 2.57 2.23 2.52 2.19 2.42 2.52 2.48 2.60 2.47 
Ash, per cent 14.37 14.27 13.43 15.21 13.67 14.38 13.69 14.42 14.16 13.80 14.38 14.03 14.07 
B.t.u. per Ib. 12089 12202 12160 12010 12152 12152 12169 12113 12139 12165 12081 12098 12117 
Ultimate fuel analysis, per cent: 
Carbon 83.17 83.69 83.22 83.69 83.25 83.69 82.96 83.69 83.03 83.16 83.03 82.99 83.03 
Hydrogen 5.47 5.51 5.47 5.51 5.47 5.51 5.45 5.51 5.46 5.47 5.46 5.46 5.46 
Sulphur 1.47 1.63 1.42 2.20 1.37 2.30 1.72 2.29 1.64 1.48 1.64 1.68 1.63 
Nitrogen 1.78 1.79 1.78 1.79 1.79 1.79 1.78 1.79 1.78 1.78 1.78 1.78 1.78 
Oxygen 8.11 7.38 8.11 6.81 8.12 6.71 8.09 6.72 8.09 8.11 8.09 8.09 8.10 
Size of coal (Tyler screens), per cent: 
Through 28-mesh 100 100 100 100 100 100 100 100 100 100 100 100 100 
Through 48-mesh 96.6 97.3 97.4 97.7 97.2 97.7 97.1 97.9 95.4 97.1 96.8 97.5 96.6 
Through 100-mesh 80.0 78.5 80.1 81.0 79.5 84.2 80.0 83.7 81.1 80.2 80.0 82.7 79.2 
Through 150-mesh 72.1 70.7 72.1 72.9 71.0 73.2 71.2 76.4 73.1 72.3 72.0 75.2 70.6 
Through 200-mesh 62.7 59.7 59.7 61.0 60.4 64.1 61.6 64.4 64.0 58.2 61.5 61.0 60.3 
Feeders in service 2&3 2&3 2&3 2&3 2&3 2,3&4 2,3&4 2,.3&4 All All All All All 
Firing control Man. Auto. Auto. Auto. Auto. Auto. Auto. Auto. Man. M.& A. Man. Man. Man. 
Coal burned per hr., Ib. 12947 =13515 13940 16456 16651 19155 19113 21874 24085 24889 26869 28879 34434 
B.t.u. liberated per cu. ft. furnace, 
vol. per hr. 11730 §=13300 §=13680 16320 18800 18760 21400 23600 24400 26230 28170 33700 
Water evaporated per hr., Ib. 108292 121419 124534 146285 147639 167777 170195 187474 213690 214311 228749 250783 290179 
Actual evap. per lb. coal per hr., Ib. 8.99 8.98 8.93 8.90 8.87 8.77 8.90 8.57 8.87 8.62 8.52 8.69 8.43 
Total equiv. evap. per lb. coal per hr., 
Ib. 2. 6 684. 11.10 11.06 11.02 11.01 11.16 10.84 11.21 10.90 10.88 10.89 10.70 
Temperatures, deg. fahr.: 
Air to preheater 92 95 110 100 108 109 lll 108 109 102 107 110 99 
Air leaving preheater 281 293 304 320 301 357 355 375 386 387 384 397 400 
Primary air 112 111 119 112 122 117 122 116 123 118 132 134 124 
Secondary air 258 275 285 304 302 330 328 348 361 364 368 379 377 
Air to drier 229 253 245 253 254 249 250 256 251 248 250 259 256 
Air leaving drier 118 135 136 130 140 132 120 136 130 137 126 131 123 
Gases leaving boiler 910 977 972 1064 1081 1154 1138 1213 1241 1269 1276 1413 1361 
Gases leaving economizer 357 369 385 428 414 463 453 494 522 530 521 545 568 
Gases leaving preheater 187 203 218 226 221 257 257 274 290 290 280 290 293 
Feedwater to economizer 186 182 177 186 180 - 184 184 183 185 188 180 194 177 
Superheated steam 652 672 676 693 680 713 707 728 727 735 744 727 723 
Pressure, superheated steam, Ib. per 
sq. in. gage 328 326 324 320 325 324 325 324 326 326 326 328 326 
Pressures, air, in. of water: 
Primary-fan discharge 11.95 11.99 12.03 12.04 11.98 11.99 11.89 11.76 11.53 11.73 11.48 11.48 11.50 
Burners in service 4.05 4.42 4.67 5.93 5.95 5.55 5.00 6.74 5.00 4.92 5.69 5.78 5.68 
Secondary forced-draft-fan discharge 2.18 1.83 2.17 2.92 3.16 2.70 2.91 3.34 3.96 3.80 4.85 +5.0 +5.0 
Main duct 1.34 0.87 0.99 1.54 1.74 1.07 1.13 1.64 1.42 1.30 1.92 2.41 2.73 
Burners in service 0.24 0.32 0.80 1.35 1.36 0.81 1.17 1. 34 1.40 1.41 2.09 2.49 2.77 
Drafts, in. of water: 
Furnace 0.11 0.10 0.10 0.11 0.11 0.10 0.10 0.11 0.10 0.09 0.09 0.08 0.15 
Uptake 0.40 0.41 0.46 0.63 0.64 0.76 0.85 1.00 1.38 1.68 1.68 1.89 2.33 
Economizer out 1.65 1.72 2.03 2.66 2.88 3.64 4.00 4.77 6.45 6.55 7.71 8.64 10.30 
Preheater out 1.76 1.82 2.24 3.15 3.22 4.03 4.53 5.48 7.66 7.98 9.30 10.49 12.34 
Induced-draft fan inlet (after washer) 1.99 2.06 2.48 3.2 3.49 4.30 4.88 5.89 8.08 8.31 10.87 12.23 13.44 
Analysis of gases: 
CO: boiler exit 14.22 15.97 14.59 15.16 15.10 15.72 14.68 16.32 14.75 15.41 15.11 15.87 16.7 
CO: economizer exit 13.80 15.12 14.23 14.45 14.24 14.52 14.04 14.57 14.46 14.76 14.30 14.74 15.93 
CO: preheater exit 12.89 4.00 13.35 13.46 13.33 13.99 13.24 13.90 12.34 13.56 13.68 14.06 14.64 
O: preheater exit 6.49 5.01 5.95 5.65 5.97 5.20 6.18 5.05 7.24 5.54 5.51 5.20 4.30 
CO preheater exit 0 0 0 0 0 0 0 0 0 0 0 0 0.09 
Ashpit analysis: 
Ash, per cent 98.25 98.73 99.21 99.30 98.99 99.01 99.38 99.01 99.18 99.17 98.83 99.30 99.06 
B.t.u. per Ib. 254 184 115 102 145 144 90 144 119 120 170 102 136 
Flue dust analysis: 
Ash, per cent 94.76 94.01 96.24 95.27 95.86 93.03 96.16 95.75 95.07 95.53 94.64 94.50 90.17 
B.t.u. per Ib. og 869 545 686 600 1011 558 616 715 648 777 798 1425 
Composite (ashpit 40 per cent, flue dust 60% * 
Ash, per cent 96 15 96.90 97.43 97.00 96.45 95.42 97.50 97.06 96.67 96.99 96.32 96.42 93.73 
B.t.u. per Ib. 548 595 373 435 515 664 362 427 483 437 533 519 


Heat balance, per cent: 
Absorbed by boiler, economizer and 


superheater 88.20 88.50 88.80 89.50 88.10 88.00 89.20 87.00 89.70 87.10 87.60 87.50 85.90 
Loss in dry flue gases 3.08 3.10 3.17 3.77 3.30 4.12 4.18 4.63 5.24 5.01 4.91 4.56 5.06 
Loss due to preheated air for drier 1.70 2.34 1.95 1.94 1.79 1.53 1.47 1.40 1.24 1.14 1.14 0.82 0.96 
Loss due to moisture in coal 0.22 0.19 0.25 0.20 0.23 0.21 0.23 0.20 0.23 0.23 0.23 0.24 0.23 
Loss due to H: in coal 3.74 3.76 3.72 3.80 3.74 3.82 3.75 3.85 3.85 3.85 3.86 3.83 3.92 
Loss due to unburned carbon 0.68 0.72 0.42 0.57 0.60 0.82 0.42 0.52 0.58 0.51 0.66 0.63 1.13 
Unaccounted for losses 2.38 1.44 1.69 0.22 2.24 1.50 0.75 2.40 —0.84 2.16 1.60 2.42 2.45 

otal 100 100 100 100 100 100 100 100 100 100 100 100 100 

Heat transferred by preheater, percent 4.25 3.78 4.12 4.93 4.88 5.10 4.90 6.02 5.63 5.66 6.02 6.43 6.03 
Heat returned to furnace, per cent 1.85 1.45 2.17 2.16 2.28 3.58 3.43 4.62 4.39 4.52 4.90 5.60 4.37 
Boiler auxiliary power, kw-hr. per ton of by coal: 
Feeders 0.39 0.30 0.31 0.28 0.29 0.28 0.28 0.24 0.27 0.26 0.27 0.26 
Primary air 2.90 2.64 2.52 2.30 2.20 2.30 2.06 1.97 1.80 1.72 1.53 1.41 
Induced-draft fan 23.27 20.10 21.45 17.85 17.77 25.20 24.20 23.30 22.84 25.10 26.70 25.50 
Forced-draft fans 9.29 8.00 7.81 6.74 6.64 7.70 5.39 9.47 7.38 7.12 8.41 7.80 ‘ 
Total ‘ — = 04 = 09 27.17 26.90 35.48 31.93 34.98 32.29 34.20 36.91 34.97 45.20 
Coal preparation auxiliary power, kw-hr. per ton of dry coal:! 
Puleesieer 17.33 17.33 17.33 17.33 17.33 17.33 17.33 17.33 17.33 17.33 17.33 17.33 17.33 
Exhauster 6.57 6 57 6.57 6.57 .57 6.57 6.57 6.57 6.57 6.57 6.57 6.57 6.57 
Fuller-Kinyon pump 1.08 1.08 1.08 1.08 1.08 O8 1.08 1.08 1.08 1.08 1.08 1.08 1.08 
Total . 24.98 24.98 24.98 24.98 24.98 24.98 24.98 24.98 24.98 24.98 24.98 24.98 24.98 
Total auxiliary power, kw-hr. per ton 
of dry coal 60.83 56.02 57.07 52.15 51.88 60.46 56.91 59.96 57.27 59.18 61.89 59.95 70.18 
Heat equivalent of auxiliary power, : 
B.t.u. per Ib. coal as fired 504 467 471 433 430 503 71 499 475 490 513 497 582 
Heat equivalent of auxiliary power, 
per cent 4.17 3.82 3.87 3.61 3.54 4.14 3.87 4.12 3.91 4.02 4.14 4.11 4.80 
-Overall efficiency, per cent 84.50 85.10 85.30 86.30 85.00 84.35 85.70 83.50 86.20 83.50 84.00 83.90 81.75 


' Prorated figures based on total figures of eight months’ operation. 


FUELS AND STEAM POWER FSP-53-4 43 


TABLE 7 EVAPORATIVE TESTS ON BOILER NO. 22, CALUMET STATION, WITH A BIN SYSTEM OF FIRING, USING YOUGHIOGHENY 
COAL 


Test number 1 3 4 5 6 7 10 
Date of test . Aug. 9 Aug 14 Aug. 16 Aug. 21 Aug. 23 f K Ss .§ Sept. 20 
Duration : 12 9 12 12 8 8 7 
Coal as fired 
Moisture, per cent 6 J 2.30 2.24 2.21 
Ash, per cent .4 12.10 12.70 12.70 
B.t.u. per Ib. 12558 
Ultimate fuel: 
Carbon 
Hydrogen 
Sulphur 
Nitrogen 
Oxygen 
Size of coal (Tyler screens) per cent: 
Through 28-mesh 
Through 48-mesh 
Through 100 mesh 
Through 150-mesh 
Through 200-mesh 
Feeders in service 
Firing control 
Coal burned per hour, lb. 
B.t.u. liberated per cu. ft. furnace, vol. per hr. 
Water evaporated per hr., Ib 
Actual evap. per lb. coal per hr., Ib 
Total equiv. evap. per lb. coal per hr., Ib. 
Temperatures, deg. fahr.: 
Air to preheater 
Air leaving preheater 
Primary air 
Secondary air 
Air to dryer 
Air leaving dryer 
Gases leaving boiler 
(Gases leaving economizer 
Gases leaving preheater 
Feedwater to economizer 
Superheated steam 
Pressure-superheated steam, Ib. per sq. in. abs. 
Pressures, air, in. of water: 
Primary-fan discharge 
Burners in service 
Secondary forced-draft-fan discharge 
Main duct 
Burners in service 
Drafts 
Furnace 
Uptake 
Economizer out 
Preheater out 
Induced-draft fan inlet (after washer) 
Analysis of gases, per cent 
COs: boiler exit 
CO: economizer exit 
COs preheater exit 
preheater exit 
CO preheater exit 
Ashpit analysis: 
Ash, per cent 
B.t.u. per Ib. 
Flue-dust analysis: 
Ash, per cent 
B.t.u. per Ib. 
Composite (ashpit 40°, flue dust 60%): 
Ash, per cent 
B.t.u. per Ib. 
Heat balance 
Absorbed by boiler, economizer and super- 
heater 
Loss in dry flue gases 
Loss due to preheated air for drier 
Loss due to moisture in coal 
Loss due to Hz: in coal 
Loss due to unburned carbon 
Loss due to carbon in CO 
Unaccounted for losses 
Total 
Heat transferred by preheater, per cent 
Heat returned to furnace, per cent 
Boiler auxiliary power, kw-hr. per ton dry coal: 
Feeders 
Primary air 
Induced-draft fan 
Forced-draft fan 
Total ; 
Coal preparation, auxiliary power, kw-hr. per ton dry 
Pulverizer 12 
Exhauster 
Fuller Kinyon pump 
Total 
Total auxiliary power, kw-hr. per ton dry coal 
Heat equivalent of auxiliary power B.t.u. per 
Ib. coal as fired 
Heat equivalent of auxiliary power, per cent ; 3.88 
Net efficiency, per cent ‘ 84.70 
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' Prorated figures based on total figures of two months’ operation. 


wis 
+ 
i 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


96 SE 96 
064 
99 66 £6 
792 
8 86 86 
Tt 
9S + 
vt 
Sr st ze er 
«tt 
€9 6 660 
of 2 860 
oro 
sto 
00°24 
20 
604 669 
det 
L462 ost 
Tvs 862 
1644 
€or eot 
Ov 6 tr 6 
002‘8 
Ww Ww 
€‘2‘t €Re 
$49 9°39 
$48 +8 
66 0 66 
oot oot 
86 el Lv vt 
6z 


T9T 
8686 68 86 
Set 
08°46 00°66 
60T 
£ 66 486 
00°0 00°0 
OL°ST Il 
496 
os 
66 I 
80°0 80 0 
00°0 
6S°It 00°ZI 
Sze 
989 
681 
6I€ 
Olv 
886 
92 
oLe £62 
€0T 86 
00% 
e0t 
06 6 
ty ere 
16Z‘0ZZ 
WwW 
£69 
0°08 78 
618 0°06 
4°86 £ 66 
00 oot 
€8 €8°21 
Teune ez 
61 


80% 
43 86 


86 


66 


L6E 
tor 


6 
49°4 


ers 


at 


€or 


Te vt 


I It 
W 


12 Lt 
st 


ot 66 08 96 
ots 
86 96 
LL 
S 66 T 46 
00°0 00°0 
Sect 60 
eo et OS Et 
St el +8 
1 
1 
og 
640 ov 0 
oro 
00°0 
0 
00'°% 
66 
Ot 
Ive Sze 
989 429 
det 
bil 
Ove 
2901 
Tet 
66 
38 
99°6 
Ww 
§ 
0 
68 
0 66 
oot ool 
90°9T 
6 
Z 


sew 


16 +6 


Ov 26 


4 86 


EI 
8 


gt at ‘ad 


oonnnm 


4 
It ady 9 


976'01 
Ol 
8 


W 


2 


4 
3 
£ 
8 86 
oot 


vt 
8 


g-idy idy 


692 
99°86 48°46 88°96 
eLt 90% 904 
18°86 [246 46 96 
886 266 9°66 
ses 10°9 00°9 
vl vl Ov vl 
vO'SI vl 69 Leet 
We tre 
ove Ort 
6€0 of0 
ZI BI Zt 
16S 
zer eet vet eet 
oe 
tly ele vee 
Toot eve 
SIt 601 
92% 
v0e 982 d 
got 
ste 
66 16 16 26 
Z69'09T 69L‘SOT 
WRV WRV V Vv 
ERTT ERT ERT 
8 69 € 2 
€8 0° + 08 
106 888 1°98 
166 886 S46 93°86 
oot oor oot OOT 
0°94 
I9 6€ ST 
968 Ite 
I 


“al qed 
quao sad ‘ysy 
ad 
quao sad ‘ysy 
ysnp 
sed ny 
quao sed ‘ysy 
ysy 
OD 
{Ke 40D 
*OD 
sod ‘sosed jo 


JO 
Ul] 
yonp 
eB1eyosip uej-ArewUg 
JO “Uy ‘samnsseig 
“ul “bs sad pajywaqiedns ‘amssaig 
0} 
sases 
seses 
Jap Buyare spy 
03 
aye Arepucoeg 
aye Areurig 
03 ary 
“Bop ‘sam 


“ql tad Jad peyesodeaa penjoy 

dad *[OA ‘aovusny “nd Jed 
‘oy sad pauing [eoD 


Ul 
ysnomyL 
Yyseul-OOT 
yseul-gpy 

yseul-gz 
Jad [809 Jo azig 
uas0NIN 
uasompAyy 
“al tad 
quao sed ‘ysy 
Jad ‘an 
*Paly [BOD 
smoy 
389} Jo eq 
jaqumu 


SIONITI TV4LNED ONISN JO WHISAS NIG V HLIM ‘NOLLVLS ‘22 ‘ON UBTION NO 8& AIAVL 


‘ 
o 
2 . wae nMe ABSSS 2B £3 33 
< : ol aaa 
N 
o oan as 
3 
Se o conten af ” 
t- 
< a = 
< 
os asda : wo re) 
: 
= 
on acon wooen 9 2200 o 
. SBBRS SKS BSSRS oF BEY BS 
© awon oO o or 
5 


= 

< 

° 

< 

x 

Z 

77) 

~ 

=] 

te 

Z 

= 

< 

Zz 

< 

& 

2 

=< 

a 

a 

Zz 

~ 

a 

vA 

< 

> 

< 

& 


Heat balance, per cent: 
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Absorbed by boiler, economizer, and superheater 


Loss in dry flue gases 


Loss due to preheated air for drier 
Loss due to moisture in coal 


Loss due to Ha in coal 
Loss due to unburned carbon 


Loss due to carbon in CO 
Unaccounted for losses 


Total 


Heat transferred by preheater, per cent 
Heat returned to furnace, per cent 


1 Prorated figures based on total figures of three months’ operation. 


as fired 
Heat equivalent of auxiliary power, per cent 


Total auxiliary power, kw-hr. per ton of dry coal seleioty" 
Heat equivalent of auxiliary power, B.t.u. per Ib. coal 
Overall efficiency, per cent ea 


Boiler auxiliary power, kw-hr. per ton of dry coal: 
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in the experience with this system. While this situation was in 
no sense important enough to condemn, these inherent factors of 
unit operation must surely be recognized in making further re- 
finements. 

Operation was at first attempted with a table mill having a 
single set of 11 15-in. balls with no pressure springs for holding 
the balls to a fixed course. Although successful operation of 
this type of mill has been obtained in the smaller sizes, it failed 
in this case to give the desired capacity and proper sizing. The 
mill was reconverted to a five-ball pusher type, using the same 
motor and reduction gearing. The operating performance over 
the period shown is based on this mill as thus changed. 

The high maintenance costs of this mill were due to the same 
causes as experienced in the operation of the original screen mill— 
viz., breakage of pushers, scoopers, ball race, pusher arms, and 
renewal of balls due to wearing egg-shaped. The wearing of the 
various mill parts was much more severe, due to the necessity of 
operating at a variable capacity on the ffnit system rather than 
at a fixed capacity as on the bin system. In other words, this 
particular mill as altered for the unit system was not suitable 
when running at the speeds at which it was necessary to run to 
give the desired capacities. 

The experience thus far in the mill problem still leaves much to 
be desired. At the present time further investigations are being 
carried out with an improved type of table mill and a tube mill, 
on which data are not yet available. 

With this background and the difficulties of coordinating mill 
speed, primary air volume, and sizing, the idea of a relatively 
slow constant-speed mill with primary-air volume interlocked 
with coal feed begins to have appealing aspects, not only from 
the standpoint of maintenance and regulation, but also from that 
of automatic control. 

Among the indirect effects of unit-system operation may be 
mentioned those in connection with the superheater. In the 
starting-up procedure it is difficult to hold down the coal feed to 
three burners and retain ignition due to requirements at the mill 
in the way of primary air volume. As practically all of the air 
at this time is primary air, long flaming results, causing excessive 
superheater-tube temperatures, with resultant sagging and dam- 
age to the supporting structure. This situation was improved 
by increased venting of the superheater boxes, although the re- 
sultant losses were not desirable. 

Some improvement in this respect was obtained incidental to 
changes in the burners. Unit-system operation was started, 
using the same burners as were used with the former bin system. 
The greater primary-air volume requirements and the resulting 
longer flame caused excessive slag deposits on the rear wall and 
lower boiler tubes. More satisfactory conditions were obtained 
by increasing the burner throat openings from 62 in. by 0.50 in. 
to 62 in. by 1.12in. The primary-air requirements are normally 
about 33 per cent of the total air used in this system. With bin- 
system operation the primary-air requirements were about 20 


per cent. 
Test PERFORMANCES 


Test data are of value in determining the optimum possibilities 
of equipment and furnish a means of analyzing performance in 
detail. While many factors may enter into it, the best evapora- 
tive efficiency is the item given primary consideration, and for this 
reason the efficiency characteristics only of both systems using 
the various coals are graphically compared in Fig. 6. The net 
efficiencies shown are the actual evaporative efficiencies corrected 
for the equivalent of the total auxiliary power used. The com- 
plete data for each series of tests are given in Tables 6, 7, 8, 
and 9. 

The evaporative efficiencies obtained with Central Illinois coal 
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TABLE 9 EVAPORATIVE TESTS ON BOILER NO. 22, ae or WITH A UNIT SYSTEM OF FIRING, USING CENTRAL 
ILLINOIS COAL 


Test number 1 2 3 4 5 6 7 8 
Date of test June 27 July 17 Aug. 6 Aug. 7 Aug. 28 Aug. 29 Nov. 5 Nov. 6 
Duration, hours 7 7 7 7 7 6 6 6'/s 
Coal as fired: 
Moisture, per cent 15.31 14.04 14.37 14 23 14.12 14.26 13.69 13.32 
Ash, per cent 13.2 2.81 12.12 13.51 14.53 11.94 13.77 15.13 
B.t.u. per Ib. ; 10383 10338 10390 10190 10063 10438 10173 10050 
Ultimate fuel analysis, per cent: 
Carbon 75.0 75.0 75.0 75.0 75.0 75.0 75.0 75.0 
Hydrogen 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
Sulphur 5.3 5.3 5 5.3 5.3 5.3 5.3 5.3 
Nitrogen 1.2 1.2 1.2 1.2 1.2 3.2 1.2 1.2 
Oxygen 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 
Size of coal (Tyler screens), per cent: 
Through 28-mesh 100 100 100 100 100 100 100 100 
Through 48-mesh 99.7 99 7 99.6 99.7 99.7 99.7 99.7 99.3 
Through 100-mesh 91.8 93 .( 92.2 93.7 91.1 93.0 92.7 87.5 
Through 150-mesh 83.9 87 ( 84.7 87.8 82.6 S86 85.7 79.2 
Through 200-mesh 74.0 77.8 75.8 78.9 71.8 76.5 76.2 69.2 
Feeders in service 1 l 1 1 1 1 1 1 
Firing control Auto Hand Auto Auto Auto Auto Hand Hand 
Coal burned per hour, Ib. 20577 26816 20678 J4188 17143 23805 14735 17146 
Coal per hour, dry, tons 8.72 11.50 8.85 10.35 7.37 10.25 6.35 7.42 
B.t.u. liberated per cu. ft. furnace, vol. per hr 17150 22350 17340 19900 13940 20100 12080 13900 
Water evaporated per hour, Ib. 153,650 195,953 154,412 172,468 124,280 173,078 108,726 122,865 
Actual evaporation per Ib al per hr., Ib. 7.45 7.30 7.47 7.14 7.25 7.3 7.37 7.16 
Total equivalent evapor atiee per lb. coal per hr., Ib. 9.22 9.11 9.23 8.89 8.88 9.12 8.97 8.80 
Temperatures, deg. fahr.: 
Air to preheater 108 120 102 98 91 101 97 102 
Air leaving preheater 388 428 391 408 369 426 349 371 
Gases leaving boiler 1045 1142 1059 1080 973 1168 919 997 
Gases leaving economizer 414 488 423 458 391 470 358 393 
Gases leaving preheater 278 326 281 208 261 300 246 263 
Feedwater to economizer 189 190 183 185 190 185 186 189 
Superheated steam 680 704 670 690 657 714 643 664 
Pressure-superheated steam, Ib. per sq. in. 321 320 318 318 317 321 319 314 
Pressures, air, in. of water: 
Secondary-forced draft fan discharge 1.80 4.00 1.56 2.30 1.06 2.88 0.7 1.42 
Main duct 
Burners in service 0.90 2.30 0.82 1.23 0.56 1.60 0.26 0.60 
Drafts, in. of water: 
Furnace 0.09 0.10 0.09 0.10 0.09 0.08 0.05 0.08 
Uptake 1.00 1.27 0.80 1.14 0.50 1.10 0.40 0.50 
Economizer out 3.00 5.54 3.00 3.90 2.18 4.30 1.45 2.10 
Preheater out 3.50 6.65 3.50 4 50 2.30 5.00 1.70 2.23 
Exhauster fan inlet 9.35 8.25 8 90 8 96 8.42 7.60 8.70 6 60 
Analysis of gases, per cent: 
CO: boiler exit 15.25 16.10 15.20 15.80 14.50 15.35 14.40 14 40 
COs: economizer exit 14.80 14.70 14.50 15.10 13.45 13.56 13.90 14.20 
COs: preheater exit 13.55 12.65 13.60 13.85 12.85 13.46 11.70 11.70 
O+: preheater exit 5.40 6.75 5.65 §.25 6.60 5. 86 7.70 7.50 
CO preheater exit 
Ashpit analysis, per cent 
Ash 97.98 97.70 98 55 98 14 98.08 98 66 98.27 98.10 
B.t.u. per Ib. 293 334 210 270 278 194 251 276 
Flue dust analysis, per cent: 
Ash 97 .63 96.48 97.45 98.73 97.56 98 03 97 67 97 63 
B.t.u. per Ib. 344 519 370 183 353 286 345 343 
Composite (ash pit 40%, flue dust 60%): 
Ash, per cent 97.75 96.85 97.89 98.55 7.77 98.28 97.74 97 82 
B.t.u. per Ib. 324 446 306 218 323 249 307 316 
Heat balance, per cent: 
Absorbed by boiler, economizer, and superheater 86.0 85.40 86.20 84.60 85.50 84.60 85.70 84 81 
Loss in dry flue gases 4.2 5.67 4.44 4.81 4.28 5.00 4.42 4.95 
Loss due to moisture in coal 1.50 1.55 1.5 1.59 1.58 1.55 1.50 1.50 
Loss due to Hs; in coal 4.09 3.98 3.95 4.00 3.93 3.99 3.95 4.00 
Loss due to unburned carbon 0.42 0.50 0.36 0.29 0.48 0.29 0.42 0. 48 
Loss due to carbon in CO 
Unaccounted for losses 3.72 2.90 3.49 4.71 4.23 4.57 4.01 4 26 
Total 100 100 100 100 100 100 100 100 
Heat transferred by preheater, per cent 2.62 3.19 3.20 3.51 3.13 3.96 2.10 2.34 
Boiler auxiliary power, kw-hr. per ton of dry coal: 
Feeders 0.27 0.21 0.26 0.23 0.23 0.23 0.25 0.22 
Induced draft fan 30.00 26.70 17.00 27.00 19.40 28.00 20.90 19.00 
Forced draft fans 6.15 8.72 5.90 7.42 7.05 7.72 7.92 6.98 
Total 36.42 35.63 23.16 34.65 26.68 35.95 29.07 26.20 
Coal preparation auxiliary power, kw-hr. per ton dry coal: 
Pulverizer 21.50 20.20 20.40 19.80 21.00 19.30 22.90 21.50 
Exhauster ‘. 8.70 7.00 8.48 7.57 .97 70 10.95 10.00 
Total 30.20 27.20 28.88 27.37 30.97 27.00 33.85 31.50 
Total auxiliary power, kw-hr. per ton of dry coal 66.62 62.83 52.04 62.02 57.65 62.95 62.92 57.70 
Heat equivalent of auxiliary power, B.t.u. per Ib. coal as 
fired 479 457 37 458 421 459 462 425 
Heat equivalent of auxiliary power, per cent 4.61 4.42 3.64 4.50 4.18 4.40 4.54 4.22 
Overall efficiency, per cent 82.00 81.60 83.00 80.80 81.90 80.90 81.80 81.20 


are about 2'/, per cent lower than those obtained with the better 
coals. This is due somewhat to the greater inherent moisture 
losses, higher excess air requirements for smokeless combustion, 
and the usual fouling of surfaces. These three conditions char- 
acterize this coal and are in effect a penalty. 

It will, however, be noted that there is no appreciable difference 
between the evaporative efficiencies of the bin system and the 
unit system when firing Central Illinois coal. As this same con- 
clusion is also verified by actual performance, it seems fair to con- 
clude that in this respect there really is not much difference be- 
tween these methods of firing. There seems to be a tendency to 
detract from the unit system for reasons based mostly on theoreti- 


cal considerations, but in actual performances these differences 
do not seem to be very noticeable. 

The high capacity of 290,000 Ib. per hour obtained with Ken- 
tucky coal is not necessarily confined to this particular coal. It 
so happened that during this series of tests the gas wasber was in 
operation. The lowered gas temperatures permitted of much 
higher induced-draft-fan capacities. All of the other test series 
were performed with the washer out of service. It is quite prob- 
able that with the washer in operation such a high capacity could 
have been obtained with Central Illinois coal for short periods. 
The limit of capacity obtained with unit-system operation is that 


imposed by the mill. 
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of milling was due to poorly 
adapted motor equipment with 
high rheostat losses, which 
could, in a more suitably de- 
signed combination, be avoided 
or at least reduced. 

Automatic control is becom- 
ing more and more closely 
associated with the various 
combustion processes, as it un- 
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OPERATING PERFORMANCE 


The actual overall result of a system of firing coal is probably 
the most important consideration in judging the commercial value 
of it. One cannot operate a system usually without having con- 
tingencies of some kind or other—routine outages for cleaning and 
repairs, occasional errors in operation, fluctuating load conditions, 
and a host of other things de- 
tract from the ideal possibilities. 
The difference between evapora- 
tive efficiency as determined by 
test and that of actual operation 
is somewhat a measure of all 
these as a whole. In this case 
these differences are about 2'/; 
to 3 points for the bin system of 
firing with the coals used, which 
may be regarded as remarkably 
good practice with the conditions 
described. The actual perform- 
ance of the unit system using 
Central IHinois coal compared 
to its test evaporative efficiency 
shows about the same result. 
We may therefore conclude that 
there is little if any real grounds 
to regard the unit system un- 
favorably on a commercial oper- 
ating basis under the conditions 
as outlined. 

On the other hand, the matter 
of reliability did favor the bin 
system in this case. Practically 
all emergency outages of the 
unit system were those caused 
by the mill. While multiplicity 
of units may be regarded as 
an assurance of continuity, it 
nevertheless follows that greater 
reliability of mills themselves is 
desirable. 

The auxiliary power consump- 
tion of the unit system was lower, 
although the possibilities are 
not shown by the actual figures. 
The high energy consumption 


and Feeder 


doubtedly should be. In this 
case, automatic control, ‘while 
limited somewhat, was enough 
to demonstrate the advantages 
of steadier operation and with 
far less attention to detailed 
regulations than would be the 
case infhanual operation. Far 
better pressure regulation is 
also possible. While the jus- 
tification of the control system 
from an efficiency standpoint is not clearly demonstrated, never- 
theless, for the other reasons, automatic control in some limited 
form with our future installations will be given quite serious 
consideration. It seems out of place to contemplate large steam- 
ing units with no other control than that of a man with divided 
attention, as is usually the case. 
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OPERATING Costs 


The operating costs of Tables 3 and 5 have been arranged on a 
more comparative basis in Table 10. The final cost unit selected 
was the cost of 1,000,000 B.t.u. input to the steam-header system, 
and in order to eliminate the effect of varying coal cost, a standard 
fuel-heat cost of $18 per 100,000,000 B.t.u. was used. Thus 
Table 10 shows actual costs with the exception of the fuel item. 
Inasmuch as these accounts may be somewhat influenced by local 
conditions, a more detailed explanation of them follows: 

Operating labor accounts include the labor of preparing and 
firing coal, cleaning boiler and furnace, disposing of refuse, and 
water tending. 

Maintenance accounts include the labor and material for re- 
pair and maintenance of the equipment listed. 

Account 718-B (coal- and ash-conveying equipment main- 
tenance) was divided, because a portion of this cost was prorated 


Fie. 8 Contrrot PaNeEL aND Front View oF BorLer No. 22, 
Catumet Sration, a Unit System oF Firine 


from maintenance charges on equipment common to all boiler 
units in the station. 

Account 718-C (crusher and breaker maintenance) was also 
prorated for the same reason. 

Auxiliary power costs were taken as the station cost per 
kw-hr. at the bus, after the coal portion of this cost had been ad- 
justed to allow for the advantage in efficiency of boiler No. 22 
over that of the boiler room as a whole. 

The costs shown in Table 10 are directly comparable between 
the two systems except as they may have been affected by the 
conditions explained in the notes. These costs do not include 
any expense of manufacturers as a result of being required to meet 
original guaranteed performance. 

No attempt is made to draw any general conclusions from either 
these costs or the operating performance. As they apply to the 


TABLE 10 COMPARATIVE DISTRIBUTED UNIT COSTS OF 
BOILER NO. 22, CALUMET STATION, BIN SYSTEM VERSUS UNIT 
SYSTEM 

Dollars per million B.t.u. 


eliver 
in Unit 
703-A coal- and ash-handling labor............ 0.00095 0.00120 
703-B boiler-room 0.009204 0.00815 
717-A maintenance, furmace.................. 0.00228 0.00168 
717-C maintenance, boiler and superheater..... 0.00102 0.00088 
717-D maintenance, feeders and burners........ 0.00047 0.004006 
718-A maintenance, economizer............... 0.00126 0.00059 
718-D maintenance, soot blowers.............. 0.002726 0.00042 


718-F maintenance, all fans................... 0.00214¢ 0.001367 
Total maintenance except coal and ash equip- 
Prorate share of station maintenance, 
718-B coal and ash equipment............. 0.00211 0.00233 
Maintenance, No. 22 coal- and ash- 
conveying equipment............... 0.001974 0.00080 
\ Prorate share of maintenance, crusher 
Total maintenance coal and ash equipment... . 0.00768 0.01665 
Fuel cost (reduced to a standard basis of $18 per 
Total cost (labor, maintenance, auxiliary power, 


a One fireman and one mill operator for No. 22 bin system alone for nine 
months. 

» Additional soot blowers installed (50 per cent of account). 

e New rotor for induced-draft fan (45 per cent of account). 

4 Coal gates on weigh bins for tests (40 per cent of account). 

« New burners (80 per cent of account). 

f Repairs on spare induced-draft fan rotor (35 per cent of account). 

¢ Unusually high maintenance costs due to changes in mill and high 
operating speed. 


specific problem of this report, the results should speak for them- 
selves. 

It would be perfectly natural to compare the principal final 
results of these two systems to other methods of combustion at 
this same station using the same unit basis. They are as 
follows: 

No. 22, No. 22, Another 


18 bin unit type, 
stokers system system unit system 
Period covered.............. 93 mos. 24 mos. 11 mos. 26 mos. 


Total cost in dollars per 
1,000,000 B.t.u. delivered, 
with a coal cost of $18 per 


100,000,000 B.t.u.......... 0.268472 0.253746 0.262585 0.26216 
Evaporative efficiency, 
77.4 83.85 83.7 81.1e 


13.56 55.33 51.31 54.41 


a Unusual expenses incurred by outages, maintenance, and’ renewal of 


all economizers included. 
6 Unusual expenses cited in Table 10 included. 
¢ Records of the last few months indicate that rehabilitations have im- 


proved performance. 


In concluding this presentation an attempt has been made to 
record herein only the facts, as they were and are in this particu- 
lar case, for what they may be worth to the increasing store of 
information on these matters. It has been borne in mind that a 
precise critical analysis of the two methods of firing may as yet 
be premature in view of the many complications of the situation 
and developments at present in progress. It is as such that the 
author prefers to leave it. 


Discussion 


R. J."Benper.? Mr. Grunert’s paper has over any previous 
similar studies the marked superiority of relating actual experi- 
ence*in an existing power plant and covering several years, and 
the author should be congratulated for the completeness and 
impartiality of his study. 

But one point should be emphasized more than was done in 
the last part of the paper—not at all to criticize the paper, but to 


2 Whiting Corporation, Harvey, Ill. Mem. A.S.M.E. 
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warn against any rash conclusion as regards the financial ends of 
the two types of pulverized-coal firing; this is the fact that, during 
the period in which observations were made and records kept, 
considerable work had to be done on the equipment to adapt it to 
its needs, and the cost of this work has been included, of course, 
in the cost figures given in Tables 3, 5, and 10. As a fact, this 
should not be considered at all as inherent to any bin system or 
direct-fired system in particular; these costs were due to the fact 
that the equipment was of a comparatively new type and that 
improvements had to be made during this experimental period. 

For instance, a furnace-maintenance cost of 0.042 is given for 
the bin system against 0.028 for a direct-fired system. Is this 
not due to the fact that the water-cooled furnace, as mentioned 
in the first part of the paper, had to be slightly corrected in the 
first period, while no repairs at all were done during the 11 months 
of the second period? It would be unfair to draw the conclusion 
that a difference of about 50 per cent should be expected in the 
cost of furnace maintenance between the two types of firing. 

Further, a mill-maintenance cost of 0.061 is given for the bin 
system against 0.178 for direct firing. Here again it would be 
impossible to conclude that a direct-fired system is almost three 
times as hard on the mills as a bin system. But the paper states 
that the pulverizer, although modified, was not entirely suitable 
when running at the speed at which it had to run to follow the de- 
sired capacities and that changes had to be made for a better 
adaptation; then it is clear that the figures are not comparable. 

In other words, it is safe to state that if Mr. Grunert would in- 
stall today two boiler rooms, one with a bin system and one di- 
rect-fired, he would pick out his equipment such as to overcome 
those difficulties which have increased the costs of the plant de- 
scribed in the paper; and the comparative figures might be en- 
tirely different from what they are in Tables 3, 5, and 10. 

It would therefore be very valuable if, at one of the next meet- 
ings, Mr. Grunert or some other engineer could compare the two 
types of firing not taken as two consecutive phases of the life of 
a boiler, but taken from two boilers of similar type, burning the 
same fuel, one direct-fired and the other fired with a bin system, 
and after a stage of perfection, or, rather, almost perfection, has 
been reached. 

In this comparison it would be extremely interesting to take 
into account the comparative initial costs and fixed charges, and 
also to compare the room required for each type and to establish 
a cost balance of all these conditions—first, for a constant load 
and, second, for an extremely variable load. 

Another point should be mentioned. Mr. Grunert figures the 
costs with the assumption that the cost of 1 kw-hr.is the same 
during 24 hours of a day; this is true in this case. But in some 
plants, and especially those making steam for processing purposes, 
it is possible to have cheaper power during the night than during 
the day, in which case a difference would show in favor of the bin 
system; and it remains to be seen whether this difference is suf- 
ficient to compensate the higher initial cost of such an installation. 


E. G. Bamey.* Mr. Grunert is to be congratulated on his 
impartial analysis of the advantages and disadvantages of these 
two systems Of firing pulverized coal as they apply to the Calu- 
met installation and upon the completeness of his comparison 
of operating results. No. 22 boiler at Calumet was a distinct 
innovation in power-plant equipment at the time it was placed 
in operation, and the success of this pioneer installation has been 
an important contribution to the art. This installation has 
demonstrated to the engineering world that the use of low-grade 
coal in pulverized form is not only possible but highly practicable 
for large, high-capacity steam-generating units. 


- Mm President, Fuller-Lehigh Company, Fullerton, Pa. Mem. A.S.- 
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At the time the original design was under consideration, a 
furnace capable of high-capacity operation using coals having a 
high ash content with a low ash-fusing temperature had not pre- 
viously been developed. The Calumet furnace was the first 
completely water-cooled, hopper-bottom type furnace with water- 
cooled, intertube-type burners to be installed. 

Experience with low-grade Midwestern coals on stoker settings 
had demonstrated that the accepted refractory furnace construc- 
tions were subject to high maintenance and periodic outages for 
furnace repairs because of the damaging scouring action of molten 
ash. The burning of this coal in pulverized form meant that the 
destructive action of the coal ash would be even more severe on 
any refractory-furnace construction. 

The operation of this unit over a period of approximately 42 
months, with results such as reported in this paper as to combus- 
tion efficiency and furnace maintenance, most certainly makes this 
installation an achievement from the standpoint of overall 
economy and reliability of this type of furnace construction. 
The basic design features of this furnace have been applied to 
many later installations. It is of interest to note that an under- 
taking in furnace construction of the magnitude of the Calumet 
furnace has required no major alterations. Improvements have 
been made on later similar installations as regards extending the 
water-cooling further down in the sides of the furnace hopper, 
widening the throat opening in the hopper, and the use of a 
more satisfactory junction between the top of the water-cooled 
front and rear walls and the boiler proper. 

Although later developments have indicated the desirability 
of periodically removing the ash from the furnace in a molten 
condition through a tap hole, where the ash-fusing temperature is 
less than 2600 deg. fahr., nevertheless this water-cooled hopper 
bottom furnace has proved entirely satisfactory from an ash- 
removal standpoint. Ash having a high fusing temperature is 
removed in a dry condition, while low-fusing-temperature ash 
runs down the hopper floors and drips into the ashpit, so that 
the type of coal used has no ill effect on ash removal from this 
furnace. 

The burners, which are of the horizontal intertube type, were 
the first turbulent burners of this type to be installed. They 
worked out very satisfactorily in this and many subsequent 
installations. 


Jor A. Beran.‘ From the valuable data presented, it ap- 
pears to be a toss-up between stokers and pulverized-fuel firing 
when selecting power-plant fuel-burning equipment. The greater 
demand for steam per boiler is probably the deciding factor in 
favor of pulverized-fuel firing. The 80 lb. of coal per square feet 
of grate per hour is nearing the maximum fuel-burning rate for 
a stoker, and 300,000 lb. of steam per hour from a stoker-fired 
boiler is about the upper limit. Therefore, when the demand for 
steam exceeds that figure, it becomes necessary to pulverize the 
fuel for burning. 

It is possible that efforts to increase the dollar efficiency of the 
power plant and the necessity for greater quantities of steam from 
a given space in the power-plant building will result in pulverized- 
fuel burning becoming more popular. 


O. Von VoicTLANDER.’ It would be desirable to know whether 
charges for capital investment, insurance, etc., have been con- 
sidered in the author’s set-up. It appears to be rather difficult 
to place a bin system into the same space occupied by a unit-mill 
system; therefore, considerable difference in plant cost will exist. 


‘ Superintendent, Ohio Power Company, Philo, Ohio. Mem, 
A.S.M.E. 
5 Assistant Mechanical Engineer, Allied Engineers, Inc., Jackson, 


Mich. Mem. A.S.M.E. 
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Furthermore, the insurance rate on a bin system is in some known 
installations three times as great as the unit-mill system. This 
increased insurance rate may apply to the complete boiler room 
depending upon the method of construction used. Before a 
financial set-up for an appropriation can be made, both the operat- 
ing and construction costs must be known in their entirety. 


Conway Pierce.’ Engineers will appreciate the practical 
step made by the author in presenting an authoritative report in 
this form. In addition to the valuable data already presented, 
many engineers, particularly those from the Middle West, would 
be glad to learn how the two pulverized-coal systems performed 
with respect to their ability to handle various grades of coal 
efficiently and practically as compared with the chain-grate 
stokers. 

Many of us are confronted with the problem of using coals 
purchased from numerous sources. For this reason, information 
of this matter is particularly acceptable when available. 


AUTHOR’s CLOSURE 


In reference to Mr. Bender’s discussion, the cost figures in 
Tables 3, 5, and 10 are actual expenses incurred. They do not 
include any expense on the part of the manufacturer to meet 
contract guarantees. The equipment in both systems was sup- 
posedly ‘‘adapted to its needs’’ by contract agreement, and where- 
ever it failed in this respect it was regarded as the responsibility 
of the manufacturer until accepted. 

As stated, there was no attempt to make general conclusions on 
the various item costs. The footnotes to Table 10 were an at- 
tempt to point out why direct comparisons on individual items 
should be made only with reservations. The wide differences 
between 0.061 for the bin-system mill maintenance and 0.178 for 
the direct-firing apparently is not clear from footnote g, Table 10. 
When this mill was changed over to a unit mill, one-half the 


‘Field Engineer, Combustion Engineering Corporation, New 
York, N. Y. 


expense of conversion was taken over, as it was a mutual experi- 
mental program. Inasmuch as only 11 months’ expense was avail- 
able at the time of preparation of this paper, this one-half re- 
construction cost had to be distributed over this relatively short 
period. If this cost had not been included, the unit-mill main- 
tenance costs would have been nearly the same, and if the direct 
comparison is to be considered, this would probably be a fair 
conclusion. 

In the furnace maintenance cost of 0.042 as against 0.028, here 
again the relatively short period of 11 months causes a seeming 
discrepancy. It so happened that a repair job was done on this 
furnace shortly following the period taken, which, if included, 
would have made the unit costs much the same. There is no 
reason why the furnace costs with both systems on this unit should 
not be the same in the long run and practically all of that con- 
fined to the refractory sections shown. The expense of removal of 
the 30 blocks in the furnace during the bin-system operation is 
included, but is relatively of minor consequence in the account. 

While the cost figures as given are comparative between the 
two systems as described, except as to certain irregularities 
pointed out, they would have to be interpreted in a hypothetical 
plant. One would certainly attempt to overcome “those dif- 
ficulties which have increased costs.’’ Some of these reserva- 
tions might be pointed out. The unit-boiler-room labor item 
could be reduced, because the same personnel could handle more 
equipment. The newer improved screen construction should 
reduce furnace maintenance costs to little or nothing, and it would 
certainly be expected that developments in mill design should 
reduce mill-maintenance costs and power consumption. How- 
ever, these are opinions, while the data given are the actual facts 
in this particular case. The author makes no attempt to con- 
clusively settle this generally controversial matter. 

In regard to Mr. Von Voigtlander’s discussion, the invest- 
ment matter has not been dealt with. This is an important angle 
to the problem and might even be the controlling factor. 

The author is in substantial agreement with the remarks of 
Mr. E. G. Bailey and Mr. J. A. Bergin. 
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Recovery of Fly Ash From Pulverized-Fuel 
Stacks by Use of Stack Sprays 


By J. W. MACKENZIE,' JACKSON, MICH. 


One of the first central stations designed for the unit 
system of pulverized-fuel operation with preheated air 
encountered difficulty due to fly ash from the stack. 
The extent of the trouble was determined by locating 
boards freshly painted with white paint throughout the 
district. A water spray installed in the stack stopped all 
complaints. but necessitated lining the stack with acid-re- 
sisting material. Tests show that with the spray in op- 
eration about 5 per cent of the coal is discharged as solids 
from the stack, and that the spray takes out about 35 
per cent of the solids coming to the stack. A detailed de- 
scription is included of the equipment and methods used 
for collecting representative samples of the solids in the 
flue gases. 

This paper outlines the influences which led the Con- 
sumers Power Company to adopt a spray system in the 
stacks of its pulverized-fuel fire plants as a means of com- 
bating the fly-ash problem, and shows the results which 
operation and tests have revealed as to the effectiveness of 
the system. 


TARTING of the Kalamazoo steam- 

S generating plant of the Consumers 

Power Company in 1927 marked 

the advent of this company into the field 

of pulverized-fuel firing, and was in a sense 

a pioneering step in unit-system operation. 

While several industrial plants had been 

designed and built for this method of firing 

coal, and a few central stations had sub- 

stituted unit pulverizers for a portion of 

their stoker equipment, the Kalamazoo 

plant was one of the first of the larger 

central stations to be designed and built entirely for this method 
of operation. 

A general survey of the field before this plant was designed 
showed that while the use of preheat for both primary and sec- 
ondary air had been experimented with by several companies, 
there was very little of accurate data to show what could be ex- 
pected from the continuous operation of unit mills under these 
conditions. It is, therefore, not surprising that a few changes 
to the equipment were found desirable after the plant was started. 
Indeed, the surprising part was that so few changes were neces- 
sary. 

The matter of possible complaints due to the settling of fly 


‘ Mechanical Engineer, Consumers Power Company. Mr. Mac- 
kenzie was graduated in 1916 from the University of Michigan, where 
he took the mechanical engineering course. Upon graduation he 
worked for a year and a half for automobile companies, resigning to 
enter the employ of the Consumers Power Co. in 1917, as efficiency 
man in their Jackson plant. He has continued in their employ 
since then, having held the position of mechanical engineer since 
1924, 

Contributed by the Power Division and presented at the Semi- 
Sonal Meeting of the A.S.M.E. at Detroit, Mich., June 9 to 12, 
930, 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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ash in the vicinity of the plant was carefully considered before 
the plant was designed, and visits were made to quite a number 
of existing pulverized-fuel plants to learn what had been the 


experience of others. From the information thus gained, it 


was thought that, with proper furnace design and good opera- 
tion, cinder eliminators would not be required. 
was provided so that cinder traps could be installed later. 


Space, however, 


DeETERMINING EXTENT OF NUISANCE 


During the early operation of the plant, trouble with coarse 
pulverization and burner difficulties resulted in more solids being 
discharged from the stack than was expected, and before these 
troubles could be overcome the complaints made it necessary 
to do something at once. To get some record of the actual 
conditions, the area surrounding the plant for a radius of about 
12 city blocks was divided into sections. Each morning a board 
about 16 in. square was placed near the center of each section, 
the upper side of the board having been freshly painted with 
white paint. Any particles of dust which settled on the board 
were caught in the surface of the paint, and when the paint 
dried this made a permanent record. By watching the wind 
direction and comparing the record of each test location ob- 
tained when the stack gases were passing over that district 
with records of the same location when the wind carried the 
gases in another direction, the relative effect of the stack dis- 
charge was determined. 

These records showed that objectionable quantities of ma- 
terial were being deposited from the stack, with the worst condi- 
tion about three or four city blocks from the plant, and dis- 
appearing at a radius of about nine blocks. A considerable 
part of this deposit appeared to be carbon in the form of small 
particles of coke which was undoubtedly largely the result of 
poor pulverization. To correct this condition necessitated 
changes in the mills and equipment requiring time, so in view of 
the local complaints, it was decided to install a water spray in 
the concrete stack serving these boilers, in the hope of washing 
out part of the solid materials. 


Srack-Spray ARRANGEMENT 


This stack is 12 ft. inside diameter, with a double breeching 
connection about 21 ft. above the floor of the stack. A group 
of four spray nozzles located about 20 ft. above the top of the 
breeching connection and arranged to form a combined down- 
ward spray to fill the cross-section of the stack was first tried 
out. The results were rather better than was anticipated, but 
the pipe connections to the spray nozzles soon corroded, and a 
single center spray with a capacity of about 30 gal. per min. 
when supplied with water at 10 lb. pressure was substituted in 
an arrangement shown as the main spray in Fig.1. This arrange- 
ment has the advantage that it can be inspected and repaired 
from outside the stack, and operation has shown that when the 
spray covers the area of the stack, an increase in the quantity 
of water has but little effect on the results. 

The water and entrained ash were drained from the bottom of 
the stack into the sump of the ash-sluice system installed for 
handling the ashes from the plant, and was discharged from the 
plant with the regular ash pumps. 
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After about a week’s operation trouble was experienced due 
to flakes of accumulated fine ash coming from the stack and 
settling in the immediate vicinity of the plant. These deposits 
were confined to a radius of less than 500 ft. An investigation 
showed that an accumulation of this fine moist ash had collected 
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Fie. 1 ARRANGEMENT OF Stack SpRAys 


in a circular band about 3 in. thick and extending from a point 
about 15 ft. above the level of the spray nozzle upward for 
about 3 or 4ft. The moist ash gradually builds up at this point 
until it begins to flake off and is carried out of the stack. This 
difficulty was readily overcome by installing a second, or stack 
washing spray, about 15 ft. above the main spray as shown in 
Fig. 1. This second spray is a duplicate of the main spray, 
but is turned upward so that the water from it strikes the wall 


of the stack at a point above the ash deposit, and this water 
running down the stack wall washes the accumulation down. 
The use of this stack-washing spray about 20 min. a day is 
sufficient to eliminate all trouble from this source. 

Some attempts were made to measure the per cent of material 
removed from the gases by the spray, but the breeching arrange- 
ment made it impracticable to obtain samples where the gases 
were traveling in a vertical direction, and it was found that due 
to a much higher concentration of solids at the bottom of the 
horizontal ducts, it was impossible to obtain anything like a 
representative sample or measurement of the solids under these 
conditions. The records obtained by means of the painted 
boards, however, indicated that, with the spray in operation, 
the amount of dust settling per square foot of area was not 
perceptibly different when the wind was carrying the gases 
from the stack over that district from that when the wind was 
in another direction. 

In view of the results obtained at the Kalamazoo plant, it 
was decided to incorporate the same system in the design of the 
company’s Wealthy Street plant No. 2 located at Grand Rapids, 
Michigan. This plant is inside the city limits, and no com- 
plaints have been received after about one year’s operation. 


MEASUREMENT OF FLyY-AsH RECOVERY 


A breeching arrangement at this plant, which includes a 
fairly long vertical duct from the induced-draft fan of each boiler, 
offers excellent facilities for obtaining 


characteristic samples of fly ash in the 
gas, and a number of tests have been Pe one 
made. 
The method adopted in making these ieee 
tests was to divide the cross-section of ks On ee 
the vertical duct into 12 equal parts as 
indicated in Fig. 2, and to aspirate a 
sample of gas with its entrained solids am Season 


from the center of each section. Points 

It is very important in obtaining a — eT 

sample of this kind that the rate of flow .,6. or rue Ducr Was 
into the entrance of the sampling tube Drvipep Into Twetve 
shall be the same as the velocity of the Equa Parts, anp 4 
gases past the tube. Not only will the 
total quantity of solids vary with the Canrse op Eacn 
velocity of the gases entering the tube but Secrion 
the percentage of fines is also affected. 
This is more readily understood by referring to Fig. 3. If the 
velocity into the sampling tube exceeds the velocity of the sur- 
rounding gases, some of the materials which would otherwise 
pass the sampling pipe are diverted from their normal path and 
carried into the sample, and since the finer particles are more 
easily deflected, the percentage of fines in the sample will show 
too large. If, on the other hand, the velocity into the sampling 
tube is lower than that of the surrounding gases, some of the 
gases are forced outside the area of the sampling-pipe entrance, 
resulting in less total solids in the sample with too low a per- 
centage of fines. By maintaining the same velocity within as 
without the sampling pipe, the least possible disturbance in 
the gas stream is obtained with a quantity and quality of sample 
which is characteristic of the total material in the gases. J 
insure this minimum disturbance at the entrance of the sample 
pipe, it is desirable to use a thin straight-walled tube for thus 
purpose, with the entrance edges sharpened. 

The apparatus used for collecting the samples in these tests 
is indicated in Fig. 4, and consists of a thin-walled sampling 
pipe (a) connected to a vacuum cleaner bag (6) through an air- 
operated ejector (c) with a valve (d) for controlling the flow in 
the sampling pipe. The sensitive inclined draft gage (¢) is 
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FUELS AND STEAM POWER 


connected to indicate the differential pressure between the 
pitot tube (g) with its open end in the entrance of the sampling 
pipe and the pitot tube (Ah) with its open end outside the sam- 
pling pipe. 

It will be noted that the pitot tubes are turned with the flow 
of the gases, which would theoretically show the static head 
minus the velocity head. This arrangement was adopted due 
to the fact that if the pitot tubes are turned against the flow 
of the gases they become clogged with the fly ash. While this 
arrangement is not accurate for actually measuring velocities, 
tests made with a sampling tube equipped with both types of 
pitot tubes showed that the arrangement adopted was satisfactory 
for establishing the same velocity into the tube as existed in the 
surrounding area. 

The procedure followed in collecting samples was to set the 
sample tube to draw from the center of one section of the duct 
area, and with a vacuum-cleaner bag in place the ejector was 
started and the flow in the sample tube adjusted by means of 
the valve (d). The vacuum-cleaner bag was then removed, 
and a duplicate bag which had been dried and accurately weighed 


Fie. Quantity oF Sotips aNp Per Cent or Fines Vary WITH 
VeLociry oF Gases 


Above, velocity in sampling pipe greater than surrounding gas; center, 
velocity in sampling pipe less than surrounding gas; at bottom, velocity in 
sampling pipe equal to that of surrounding gas.) 


was substituted, and a three-minute sample collected, after 
which the sampling tube was moved to the next section of the 
duct area and another three-minute sample taken. In this way 
a three-minute sample was gathered from each section of the 
duct, careful watch being kept of the gage (e), and the flow con- 
trolled so as to maintain equal velocities at the sampling end of 
the tube. The vacuum-cleaner bag containing the sample was 
then dried and reweighed. The increase in weight times the 
ratio of the area of one section of the duct to the area of the 
entrance of the sample tube equal the total solids passing through 
the duct in a 3-min. period. 

The sample was then removed from the bag and tested for 
fineness, and analyzed for percentage of combustible. Some 
of the very fine particles became imbedded in the bag so that it 
was impossible to brush them out; this varied from 15 to 40 
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per cent of the total weight of the sample. In making up the 
data showing the fineness of these samples it has been assumed 
that all material lost would pass through the 200-mesh screen, 
and has been included in this figure. This undoubtedly is 
slightly in error, but it is believed that the error is within the 
limits of the accuracy of the other data. 

The percentage of combustible is given as determined from 
the amount of material actually recovered from the bag, and 
takes no consideration of the percentage of combustible in the 
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Fie. 4 ARRANGEMENT OF APPARATUS FOR COLLECTING SAMPLES 


material lost or left in the bag. Preliminary tests, together with 
the data given here, show quite consistent results when the same 
firing conditions were maintained, indicating that the results 
are fairly accurate. The following procedure was used for 
determining the quantity and nature of the material removed 
from the stack gases by the spray. 

While the samples of fly ash were being collected as outlined, 
all of the water and ash discharged from the bottom of the 
stack was diverted for a short time into a small tank, the actual 
time being determined by means of a stop watch. This sample 
was filtered, and the residue dried, weighed, and tested for 
fineness and combustible. From the data then available, the 
total weight, as well as the percentage of carbon and ash re- 
covered from the stack per hour, was easily determined. 


Resvutts or TEsts 


The results of these tests are shown in the accompanying tables, 
and represent conditions from about three-quarters of normal 


TABLE 1 HOURLY RESULTS OF TESTS 


Test number..... a 
Number of boilers in use 
Total lb. coal fired 

Fly ash to stack, Ib.... 

Fly ash recovered, Ib. 

Ratio, fly ash to coal, % 
Carbon in fly ash, % 

Carbon in recovered fly ash,“% 
Per cent of fly ash recovered 


FINENESS OF 
~Through 
48 


TABLE 2 


95.6 
91.2 
96.4 
96.5 
95.1 
96.0 


Total fly ash 
Recovered fly ash 
Total fly ash 
Recovered fly ash 
Total fly ash 
Recovered fly ash 


TABLE 3 PER CENT CARBON AND FINENESS OF RECOVERED 
ASH 


Test Per cent -———Through 
no. carbon 200 100 48 
5 With spray 34.0 

Without spray 56.4 
6 With spray 38.8 
Without spray 48.3 


boiler capacity to full normal capacity. The ratio of the fly 
ash to the coal fired is undoubtedly much lower with the reduced 
velocities at lower ratings, but no satisfactory data have been 
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49.0 35.9 40 4 
46.2 37.4 46.8 
38.8 46.16 30.90 33 60 
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Test Over 
no. 28 28 
2 62.7 81.2 99.6 0.4 sae 
43.6 62.3 99.6 0.4 eee 
3 60.4 81.5 99.8 0.2 ee 
60.3 79.9 99.9 0.1 
4 47.4 62.5 99.8 0.2 
53.2 71.1 99.8 0.2 
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99.9 0.1 
4 99.6 0.1 ae 
6 99.9 0.1 ae” 
4 99.8 0.2 
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4 


54 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


obtained at the lower ratings, due to difficulty with the solids 
settling out in the breechings with the reduced velocities. 

It will be noted that, under the conditions covered by these 
tests, the ratio of the fly ash to the total coal varies from about 
5'/. to 11 per cent of the coal used, and with the spray in opera- 
tion about 37 per cent of this amount is recovered. The tests 
show that under normal operation with the stack spray in use 
there is still about 5 per cent of the total weight of the coal dis- 
charged from the stack. 

The average velocity of the gases in the stack under normal 
full load has been determined to be about 1000 ft. per min., 
with a volume of 127,500 cu. ft. per min., which gives a loading 
of about 0.156 lb. of solids per 1000 cu. ft. of gas, and of these 
solids more than 65 per cent will pass through a 100-mesh screen, 
a loading and fineness which apparently give sufficient disper- 
sion to avoid detection. 

Tests were also made to determine the per cent and the relative 
fineness of the solids which would be deposited in the stack 
without the use of the spray. These tests show that with the 
spray in operation from three to four times as much material 
is recovered as without it. The spray also greatly increases 
the recovery of the fines, and is much more effective on the ash 
than on the carbon in the gases. 


Errect oF WATER ON THE STACK 


After about nine months’ operation, an inspection of the 
inside of the Kalamazoo stack showed that the concrete surface 
was being seriously eroded by the use of the water. The effects 
were most marked at the bottom of the stack, diminishing in an 
upward direction. 

While the spray had originally been installed only as a tem- 
porary measure, it was decided best to keep it in operation after 
all firing troubles were corrected. Accordingly, an acid-resist- 
ing lining was installed extending from the base of the stack 
toa point about 50 ft. abovethespray. This lining is constructed 
from vitrified tile laid with thin joints with an acid-resisting 
cement; a similar lining extending the full height of the stack 
was installed in the stack at the Grand Rapids plant, and to 
date these linings are showing no signs of erosion. 

From the experience thus far obtained it appears that where 
a spray is to be used in a stack for removing fly ash from flue 
gases, the spray should be installed at least 20 ft. above the 
point where the gases enter the stack, and that there should be 
a distance of at least two stack diameters from the bottom of the 
breeching connection to the bottom of the stack. 


CONCLUSIONS 


From the data obtained thus far it appears that, providing the 
gas velocities do not exceed approximately 1200 ft. per min., 
a spray in the stack of a pulverized-fuel installation can be used 
as one means of reducing the fly ash discharged, and that a re- 
covery of about 35 per cent of the solids can be expected. The 
use of larger quantities of water offers no advantage providing 
the spray covers the cross-sectional area of the stack. Means 
must be provided for periodically washing down accumulations 
of ash which will collect on the stack wall above the spray. An 
acid-resisting lining is necessary to protect the stack interior. 

It appears that reducing the dust loading of the gases in- 
creases their carrying power, thus increasing the dispersion. 
Experiments and tests should be continued to determine the 
effect of different types of sprays. 


Discussion 


Raps A. SHermMAn.’ All will agree that the discharge of fly 
ash from the stacks of boiler furnaces, whether stoker- or pulver- 


ized-fuel-fired, is one of the most serious problems of power-plant 
operation. Much study is being given to means of abatement or 
of elimination of the fly ash and to methods of its disposal. The 
author’s paper is of value in that it shows the limitations of the 
stack spray rather than its success. Although a recovery of 
35 per cent of the solids is a step in the mght direction, one can- 
not be content with that, even though it is true that the remainder 
is so dispersed that it avoids detection or complaint at present. 

One of the first requirements of the problem is accurate know]- 
edge of the amount of ash being discharged from stacks. The 
author has outlined the principles which should be observed in 
the determination of the fly ash and has made careful measure- 
ments. More similar data are needed, and it would be valuable 
if some central body would sponsor their collection in a large 
number of plants, either by the individual operators or, better, 
by the same observers going from station to station. 

It is impossible to calculate, from the data which the author 
presents, the percentage of ash in the coal fired which was carried 
up the stack, because the author has not given the ash content 
of the coal. This value appears to the writer to be a more signifi- 
cant value in such determinations than the percentage of the cou! 
fired, for the ash and carbon are then calculated separately. Ii 
we assume that the coal contained 10 per cent of ash, the per- 
centage of the total ash carried as fly ash was about 28 per cent 
for Test 2 and 70 per cent for Test 4, as shown in Table 1. This 
is a wide variation for the change in rate of firing and is probably 
accounted for by other factors 

It may be recalled that some determinations made by the 
writer? at the Toronto, Ohio, Station of the Pennsylvania-Ohiv 
Power & Light Company showed less than 50 per cent of the 
ash fired carried to the stack with a dry-bottom furnace and not 
more than 30 per cent when firing similar coal to the same type of 
furnace except that it was changed to a slagging bottom furnace. 


AvuTHOR’s CLOSURE 


Referring to the discussion, the author wishes to state that the 
fuel used during these tests was West Virginia nut and slack coal 
with a moisture content of about 4 per cent, B.t.u. value of about 
13,200 as fired, and an ash content of slightly less than 9 per cent. 

Apparently there is some error in the amount of fly ash to the 
stack as shown in the No. 2 test, as it is noted that this figure 
does not agree with the rest of the data, whereas the amount of 
ash recovered by the spray during this test is consistent with the 
other data. Also, from tests made on the quantity and quality 
of ash removed from the bottom of these furnaces, it has been 
found that under normal conditions about 35 to 40 per cent of 
the ash in the coal remains in the furnaces, which agrees fairly 
well with the calculated results for the No. 3 and No. 4 tests 
The figures shown in the No. 2 test were included, notwithstand- 
ing this discrepancy, due to the fact that the per cent recovery 
with regard to the total coal fired appears to be correct, and the 
data obtained therefrom are correspondingly valuable. 

The author is not inclined to agree with Mr. Sherman regard- 
ing the importance of the ratio of the ash discharge from the 
stack to the total ash in the coal, since it is the total quantity 
of solids emitted from the stack which must be considered, and 
in the experience at the Kalamazoo Plant there has probably 
been more complaint from the surrounding neighborhood when 
an appreciable percentage of unburned carbon was present in 
the deposit than in cases when it was made up largely of the 
lighter-colored ash particles. 

2 Fuel Engineer, Battelle Memorial Institute, Columbus, Ohio. 
Mem. A.S.M.E. 

Sherman, Ralph A.; Nicholls, P.; and Taylor, Edmund. 
“Study of Some Factors in Removal of Ash as Molten Slag From 
Powdered-Coal Furnaces.” Trans. A.S.M.E., Fuels and Steam 
Power Divisions, vol. 51, no. 22, Sept.-Dec., 1929, pp. 399-413. 
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Tests of the Resistance to Repeated Pressure of 
Forged, Riveted, and Welded Boiler Shells 


By H. F. MOORE,' URBANA, ILL. 


Data regarding the performance of welded joints in re- 
sisting repeated stresses are very important in any con- 
sideration of the adoption of welded construction for power 
boilers, and it is the object of this paper to present such 
data. Comparative tests were made on (1) a standard 
A.S.M.E. riveted drum, (2) manganese-steel riveted drum, 
(3) forged seamless-steel shell, (4) two forge-and-hammer- 
welded shells, and (5) eight fusion-welded (metallic-arc) 
shells, each drum or shell being subjected to applications 
of pressure well above the allowable working pressure. 

The results indicate that under repeated stress properly 
made welded joints are stronger than the plates themselves 
when weakened by ‘“‘stress raisers’? such as small holes or 
surface defects. The tests also give useful data on the 
strength of drum heads when subjected to intermittent 


pressures. 
I is of great interest at the present time to the American 
Welding Society and to the Boiler Code Committee of The 
American Society of Mechanical Engineers, which has under con- 
sideration the revision of its rules bearing on unfired pressure 
vessels, and which has published “Proposed Specifications for 
Fusion Welding of Drums or Shells of Power Boilers” and has 
solicited discussion thereon. About three years ago tests were 
started at the Barberton works of the Babcock & Wilcox Com- 
pany on the performance of welded and riveted vessels under 
repeated applications of pressure. A preliminary report on these 
tests was made by the author and published in the /Jron Age, 
September 5, 1929. There had previously been published some 
test data of repeated stress tests on small specimens, but there 
was little knowledge of the performance of fusion-welded joints 
on full-size pressure vessels, 

In making fatigue tests of small specimens of metal, six or more 
specimens of each metal are ordinarily tested under various 
stresses, and usually some tests for each metal are run to at least 
10,000,000 cycles of stress. Thus for nearly all metals it is pos- 
sible to determine the ‘“‘endurance limit’? below which the metal 
will withstand an indefinitely large number of cycles of stress 
without fracture. 

This method of testing six or more specimens of a kind was not 
feasible for application to full-sized test shells on account of the 
expense and time necessary for preparing the shells and for mak- 


HE use of welding for the joints of seams in pressure vessels 


' Research Professor of Engineering Materials, University of LIli- 
nois. Mem. A.S.M.E. In connection with the tests given in this paper 
Mr. Moore served as special consulting engineer for the Babcock & 
Wileox Company. He has served as instructor in science and mathe- 
maties at Colby Academy, instructor in machine design at Cornell 
University, and mechanical engineer for Riehle Brothers Testing Ma- 
chine Company and Assistant Professor of Mechanics at the Univer- 
sity of Wisconsin. He is the author of many technical papers and 
bulletins of the University of Illinois Experiment Station. 

Contributed by the Power Division and presented at the Semi- 
Annual Meeting, Detroit, Mich., June 9 to 12, 1930, of Tue AMERICAN 
Society oF MECHANICAL ENGINEERS. 
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ing the tests. It was necessary to cut down the number of speci- 
mens below that which would be required for making exact deter- 
minations of the ‘endurance limit ;’’ however, the tests which were 
made to study the relative length of endurance of full-size test 
shells have given data which are directly applicable to the problem 
at hand. In the ordinary service of a boiler, the cycle of stress on 
the shell due to internal pressure is repeated at most a few thou- 
sand times, and the stress is not reversed, varying from zero to a 
maximum with slight fluctuations near the maximum stress. 
Thus it was feasible to run the tests to numbers of cycles of stress 
greatly in excess of the number of cycles in the normal service of 
a boiler or of a pressure vessel. 


Test SpecIMENS 


Two types of test specimens were used. For the testing of 
riveted drums the test specimen is of the type shown in Fig. 1. 


Fic. 1 Rivetep Drum ARRANGED FOR TESTS 


This type of specimen is referred to as a test drum. Two test 
specimens of this type were used, one of A.S.M.E. code boiler 
plate having a minimum tensile strength of 55,000 Ib. per sq. in., 
and the other of manganese-steel plate having a minimum tensile 
strength of 105,000 lb. per sq. in. 

Fig. 2 shows the second type of test specimen used. This type 
of specimen is referred to as a test shell. The details of the 
arrangement are shown in Fig. 3. The test shell is placed around 
an inner shell, leaving an inner annular space between the two 
shells. Packing and packing glands close the ends of this annular 
space and water under pressure is admitted into it. With this 
type of specimen, the stresses set up are thus limited to hoop 
tension, and only a small quantity of water is required. Eleven 
specimens of this type were used: (1) A forged seamless test 
shell, (2) two forge-and-hammer-welded test shells, and (3) eight 
fusion-welded test shells, all welded by the metallic-are method. 


Test APPARATUS 
Fig. 4 is a diagrammatic view of the apparatus. Water under 
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a pressure of 1600 lb. per sq. in. was taken from the pressure mains 
of the Babcock & Wilcox Company’s works, and this pressure 
was regulated by an accumulator. The water passed through a 
reducing valve and then through the mechanically operated 
valves, shown diagrammatically in Fig. 4, which by their action, 
alternately admitted water to the test shell and allowed the pres- 
sure to be relieved through an exhaust pipe. This operating 
valve was driven through link work by an electric motor with 
variable speed. The link work was fitted with a revolution 
counter, which indicated the number of cycles of pressure applied. 
The set-up of apparatus comprised six sets of valves, so that six 
test shells could be tested at one time. 

The pressure applied to each specimen was shown by a Bour- 
don gage, which was attached directly to the specimen, and was 
also measured on a recording-pressure gage. The rate of ap- 
plication of pressure averaged about 13 cycles per minute. The 


Fic. 2 Test ARRANGED FOR TESTS 


deformation of test specimen was measured at intervals during 
the test by means of strain gages, which indicated any marked 
distortion of a specimen during the progress of the test. 

A careful watch was kept to detect incipient fracture. Any 
cracks developed by the repeated pressure started on the inside 
of the shell, but before failure had extended very far the crack 
worked through to the outside, and it was detected by the leakage 
of a fine stream or spray of water. Table 1 gives a summary of 
the tests up to date, and the numbers assigned to the test shells 
refer to this table. 


MANGANESE-STEEL Test Drum 


The manganese-steel drum was constructed of plate having a 
minimum tensile strength of 105,000 lb. per sq. in., was de- 
signed for the working pressure with a factor of safety of five, 
and the test pressure was alternated from zero to that correspond- 
ing to 50 per cent more than the working pressure. The heads 
were figured in accordance with the Massachusetts standard 
except that a tensile strength of 105,000 lb. per sq. in. was used 
in place of 55,000 lb. per sq. in. Fig. 5 shows the principal di- 
mensions of this drum. The deflection of the manganese-steel 
heads on applying the pressure was greater than if they had been 
made of A.S.M.E. standard boiler plate, both on account of the 


high-tensile-strength steel stretching more than the lower-tensile- 
strength steel for a stress corresponding to a given factor of safety, 
and on account of the effect of the cross strains in the heads, which 
are not fully covered by the formula when steel of a higher tensile 
strength is used. 

During the progress of the test, slight leaks appeared around 
the buttstrap, and after 130,225 cycles of stress, a leak developed 
near the manhole opening in the head of the drum, which was so 
large that a fracture was indicated. The test was stopped and 
examination showed a definite fracture. An attempt was made to 
patch this fracture by chipping out the fracture to form a double 
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V and welding. After 143 additional cycles of pressure, the drum 
head split violently through the crack repaired by welding. 
The measurements of strain during this test showed no evidence 
of appreciable distortion of the drum, except in the immediate 
vicinity of the crack. 


A.S.M.E. Stranparp Drum 


The riveted drum of A.S.M.E. code plate was constructed in 
accordance with the A.S.M.E. standard except that the heads 
were Massachusetts standard. The reason that the heads were 
made Massachusetts standard was because the Boiler Code 
Committee proposed at the time to revise its code to make the 
rules for heads more nearly in line with those contained in the 
Massachusetts code. The A.S.M.E. code as revised requires 
a thicker manhole head than was used in the test drum. Fig. 6 
shows the principal dimensions of this drum. It was calked 
on the inside and not on the outside. 
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The test pressure was alternated between zero and that cor- 
responding to 50 per cent more than the maximum allowable 
working pressure given by the A.S.M.E. code. Small leaks 
developed during the first part of the test, which were stopped by 
internal re-calking. A total number of 1,013,840 cycles was 
applied to the drum and no fracture resulted. The measurements 
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The test pressure was alternated from about zero to that cor- 
responding to 50 per cent more than the maximum allowable 
working pressure given by the A.S.M.E. code. 

The seamless forged test shell was subjected to 446,950 cycles 
of pressure, at which point the test shell fractured at a tapped 
hole provided for the pressure-gage connection. In this test, 


3:25 


ASSEMBLY OF DRUMS 


- 22 


AuTTSTRAP Plate 


33484 
¥ 


04° — 


57% 


Plate 


a ¢ PLATE & DRUM 


> 


DRUM TEMPLET- I PLATE 


Aerex DA 


OF MAN HEAD 


TRAVEL OF FINISHED HEAD 


Fic. 5 Specrau 36-Incn Diameter Drum or Hieu-Tension Sree, PLAte 


of strain gave no evidence of permanent distortion during the 
test, 


Forcrep SEAMLEss Test SHELL 


The forged seamless test shell was made of steel in accordance 
with the A.S.M.E. Boiler Code specifications for seamless-steel 
drum forgings for steel having a minimum tensile strength of 
60,000 Ib. per sq. in. All the tests called for by the A.S.M.E. 
Boiler Code for this class of steel were met and the drum was an- 
nealed above its critical temperature as called for by the code. 


as in several others, it was quite evident that this tapped hole 
acts as a region of stress concentration, where a spreading fatigue 
crack is liable to start. During the test the strain measurements 
showed no evidence of permanent distortion. 


FORGE-AND-HAMMER-WELDED Test SHELLS 


The first forge-and-hammer-welded test shell (No. 12) was of 
German manufacture and was constructed of open-hearth quality 
plate of 35 to 44 kg. per sq. mm. tensile strength with correspond- 
ing elongation, the quality of the plate conforming to the pro- 
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visions of the German steam-boiler laws. The foregoing tensile 
strength corresponds to a tensile range of approximately 50,000 
to 62,500 lb. per sq. in. This test shell had one longitudinal 
forge-and-hammer weld, made by the so-called gas-welding proc- 
ess prevalent in Germany, the weld being of the same thickness 
as the plate. 

This test shell had no tapped hole in it, the pressure gage 
being attached to the inner shell of the test apparatus. This 


611,184 cycles of stress when it cracked in the plate quite a dis- 
tance from the weld. This shell had no tapped hole for gage 
connections, but the failure took place at a well-marked longi- 
tudinal surface defect, consisting of a groove about '/\¢ in. wide, 
'/ in. deep, and some 2 ft. long. This fracture is shown in 
Fig. 8, and it is to be noted that the defect seemed sufficient to 
locate the start of fatigue failure, although, through being near 
one end, it was not at the point of maximum stress. 
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specimen has withstood 890,000 cycles without failure and the 
test is still in progress. 

The second forge-and-hammer-welded shell (No. 13) was made 
of A.S.M.E. code plate having a minimum tensile strength of 
45,000 Ib. and the test pressure was alternated between zero and 
that which produced a stress of 16,500 Ib. per sq. in. in the plate. 
The thickness at the weld was 2'/, in. or 4/,in. more than that of 
the plate. Strain-gage measurements showed that the stress 
in the welded seam was 14,000 lb. per sq. in. when the stress in 
the plate was 16,500 lb. per sq. in. 

This second forge-and-hammer-welded shell was subjected to 


The A.S.M.E. Boiler Code specifies that the stress shal! not 
exceed 7000 Ib. per sq. in. for forged-welded joints for power 
boilers and 8000 Ib. per sq. in. for unfired pressure vessels. ‘The 
forge-and-hammer-welded shells were tested at a higher pressure 
than that corresponding to 50 per cent more than the allowable 
A.S.M.E. code pressure in order that the results might be directly 
comparable with those secured from the fusion-welded shells. 


Fusion-We.LpED Test 


The fusion-welded test shells were made of A.S.M.E. code 
boiler plate having a minimum tensile strength of 55,000 lb. 
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per sq. in. Each test shell had one longitudinal arc-welded 
joint, this longitudinal joint extending the entire length of the 
test shell. The excess weld metal on both the inner and outer 
surfaces was chipped and ground off so that no reinforcement of 
the weld metal was present. All arc-welded test shells were 
strain annealed at 1200 deg. fahr. previous to testing. The test 
pressure was alternated from zero to that which produced a 
stress of 16,500 lb. per sq. in. in the plate and across the weld. 
This would correspond to basing the working pressure for a fac- 
tor of safety of five on a stress of 11,000 lb. per sq. in., which in- 
volves the use of a welded joint as strong as the plate. The pro- 
posed specifications base the working pressure on 80 per cent of 
this stress. 

Are-welded test shell No. 1 was welded with ordinary bare weld- 
ing wire. After 5530 cycles of pressure, fracture developed in 
the welded seam at the junction of the base metal and weld 
metal. 

Arc-welded test shell No. 2 was the first test shell made in the 
early stage of the development of the welding technique now per- 
fected by the Babeock & Wilcox Company. A special welding 
rod was used. After 267,603 cycles of pressure, a fracture 1'/, in. 
long developed at the junction of base metal and weld metal near 
the middle of the length of the longitudinal seam. On examina- 
tion of the fracture, it was found to extend through some slag 
inclusions in the weld. Strain-gage readings showed that per- 
manent distortion in the vicinity of the point of failure began 
to be evident at 240,000 cycles of pressure. 

Arc-welded test shell No. 3 was welded using a covered welding 
wire. After 417,381 cycles of pressure, the test shel] fractured, 
not in the weld, but at the tapped hole where the pressure-gage 
connection was made. During the test, there were no signs of 
permanent deformation. 

Are-welded test shell No. 4 was also welded, using a B & W proc- 
essed electrode. After 561,984 cycles of pressure, the shell 
cracked at the tapped hole for a gage connection in a manner 
similar to the failure of the forged shell and of arc-welded test 
shell No. 3. There were no signs of permanent distortion during 
the test. 

Arc-welded test shell No. 5 was a duplicate of shell No. 4 and 
the same methods of welding were used. After 435,883 cycles of 
pressure, failure occurred at the gage connection as in the case of 
shell No. 4. 

Arc-welded test shell No. 6 was welded using a B & W processed 
electrode, and to study further the effect of the gage connection, 
an unreinforced tapped hole for the hydraulic-gage connection 
was put through the weld metal. After 58,842 cycles of pressure 
failure occurred at this tapped hole. A comparison of this 
test with tests of shells 3, 4, 5, 7, and 8 shows clearly the disastrous 
effect of the tapped hole, and shows that such a “stress raiser’ 
is especially dangerous in the weld metal. 

Are-welded test shell No. 7 had no tapped hole for a gage con- 
nection. It was subjected to 1,035,037 cycles of pressure without 
failure. After the test was finished, specimens were cut from the 
weld and showed no change in physical properties. Other speci- 
mens were examined carefully under the microscope. In one of 
the specimens so studied, a small blowhole was discovered, and 
what looked like a small fatigue crack about 0.02 in. long leading 
from it. Whether this crack would have eventually spread to 
cause failure is an interesting question. In any event, the shell 
stood many more cycles of.stress than would be met with in the 
ordinary period of service of a boiler. 

Are-welded test shell No. 8 was without a tapped hole for the 
gage connection. It withstood 1,993,450 cycles of stress with- 
out failure, the range of stress being from zero to 16,500 lb. per 
sq. in. Then the pressure was increased so that the stress 
ranged from zero to 22,000 Ib. per sq. in, At this increased 
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range, the shell has withstood 24,400 cycles of pressure with no 
sign of failure; the test is still in progress. 

In addition to the fatigue tests conducted on the test shells 
herein reported, there are eight additional test shells made by 
different methods of welding, which are now being subjected to the 
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(Plate was cut into a number of test specimens, which were placed side 
by side.) 


application of pressure. At present these test shells have not 
been subjected to a sufficiently large number of applications of 
pressure to embody the results in this paper. 


CONCLUSIONS 


As noted in the introduction, it is not feasible to make fatigue 
tests of such large specimens as the full-sized test shell therein 
described, in the same manner in which fatigue test of small 
laboratory specimens are made. Endurance limits for the test 
shells have not, in general, been determined. However, certain 
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TABLE 1 SUMMARY OF TEST RESULTS 


Max. 
Efficiency allowable Range of 
Shell dimensions of working test Range of No. of cycles 
Inside Plate Longi- joint, pressure, pressure, tensile of pressure 
diam., thickness, tudinal per Ib. per lb. per hoop applied 
Specimen in. in. seams cent sq. in.a sq. in. stress during test Remarks 
Manganese-steel test 
drum, riveted 355/s 1.0 2 at 180° 71 638 0-1260 0-31,500 130,225 Crack in drum head below manhole 
A.S.M.E. standard . 
riveted drum 42 2.0 One 80 838 0—-1260 0-16,500 1,013,840 No fracture 
Forged test shell 42 17/8 None 100 1047 0-1570 0-18,000 446,950 Failed at '/;-in. tap hole for gage 
Forge-and-hammer- 
welded shell No. 12 42 2.0 One oe 665 0-1570 0-16,500 890,000 No fracture; test still in progress 
Forge-and-hammer- 
welded shell No. 13 42 2.0 One ee 665 0-1570 0-16,500 611,164 Failed in plate away from weld at a 
0-14,6506 longitudinal defect on the inside 
surface 
Are-welded shell No. 1 42 2.0 One 80 838 0-1570 0-16,500 5,530 In long. seam near middle of length 
at junction of base metal and weld 
metal. Bare welding wire used 
Arc-welded shell No. 2 42 2.0 One 80 838 0-1570 0—-16,500 267 ,603 Through slag inclusions in weld 
Arc-welded shell No. 3 42 2.0 One 80 838 0-—1570 0-16,500 417,381 Failed at '/;-in. tap hole for gage 
Arc-welded shell No. 4 42 2.0 One 80 838 0-1570 0-16,500 561,984 Same as for shell No. 3 
Arc-welded shell No. 5 42 2.0 One 80 838 0-1570 0-16,500 435,883 Same as for shell No. 3 
Arc-welded shell No. 6 42 2.0 One 80 838 0-1570 0-16,500 58,842 Tapped hole for gage located in weld; 
hole very irregular at inner surface: 
failure occurred at the tapped hole 
Arc-welded shell No. 7 42 2.0 One 80 838 0-1570 0-16,500 1,035,037 No failure; no tapped hole in shell 
Arc-welded shell No. 8 42 2.0 One 80 838 0-1570 0-16,500 1,995,450 No failure; no tapped hole in shell 
0-2100 0-22,000 24,400 No failure—supplementary test of 


shell No. 8; test still in progress 


* Given by A.S.M.E. Power Boiler Code except for arc-welded shells where the maximum allowable working pressure is that given by the ‘Proposed 


Specifications for Fusion Welding of Drums or Shells for Power Boilers.”’ 
+ Stress across welded seam, which is '/4 in. thicker than plate. 


conclusions may be reached as to safe values of stress for boilers 
and other pressure vessels. 

The effect of local defects other than those inherent in the welds 
is emphasized by the failure of a number of test shells at the 
tapped hole for a gage connection, and also by the failure of 
shell No. 13 at a longitudinal defect on the inside surface of the 
plate well away from the weld. A quantitative value for the 
effect of such “stress raisers’ cannot be given, but they evidently 
diminish very materially the strength of the plate. 

The tests indicate that properly made arc-welded joints in 
drum shells have greater resistance to repeated stress than the 
plates themselves have when weakened by rather small surface 
defects or by tapped holes. The results obtained on arc-welded 
shell No. 6 indicate that a “stress raiser” such as a hole is par- 
ticularly dangerous when located in the welded joint; however, 
the proposed specifications provide against this hazard by stating 


‘that no holes shall be located in a welded joint. 


The tests also show that wide variations in fatigue strength will 
result from different types of welding. The necessity for the 
development of a good welding technique is obvious. The neces- 
sity for a rigid system of inspection of the finis'.ed welded vessel 
is also obvious. 

In view of the fact that in its normal period of service, a boiler 
would be subjected to a few thousand cycles of repetition of 
pressure, together with a larger number of cycles of stress with a 
very small range, it would seem that all the drums and shells 
tested (with the exception of are welded shell No. 1) might be 
expected to resist the action of repeated stress of the magnitude 
developed in the tests over a period longer than the normal period 
of service of a boiler. 

In the proposed specifications for fusion welding of drums or 
shells of power boilers which have been published by the Boiler 
Code Committee the allowable working stress is give as '/; of 80 
per cent (16 per cent) of the minimum of the specified tensile 
range of the plate used. ‘This stress would be 53 per cent of the 
stress corresponding to the test pressure. A consideration of the 
test data, wherein properly welded test shells withstood without 
failure a very large number of applications of a high stress (16,500 
lb. per sq. in.), should leave no doubt as to the safety in regard to 
failure due to service stresses of properly inspected welded boiler 
drums, designed under the proposed rules, wherein the expected 
service conditions represent but a few thousands of applications 
of a relatively low stress which is 8800 lb. per sq. in. as a maximum. 


For most constructions the stress would be much lower than 
this due to the weld being subjected to a lesser unit stress than 
other parts of the drum. 
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Discussion 


H. E. Jenks.? So far as giving information as to the relative 
strength of plate and weld, tests on arc-welded shells 3, 4, 5, 
and 6 and on forge-and-hammer-welded shell 13 do not yield 
much of value. They do serve, however, a useful purpose in 
making clear the point that regions of stress concentration must 
be avoided so far as possible in designs where repeated stress is 
to be encountered. 

The weakening effect of a tapped hole is well brought out here. 
For the case of unidirectional stress such as in these tests, the 
theoretical coefficient of stress concentration at the circumference 
of a small circular hole is 3; that is, the stress is three times that 
at points remote from the hole. Therefore, a failure at the hole 
instead of at the weld in such cases merely indicates that under 
fatigue conditions the weld is stronger than one-third the strength 
of the plate. It does not tell how much stronger. 

Taking Professor Moore’s figures of 16,500 Ib. per sq. in. as 
the average stress in the arc-welded shells there is 49,500 lb. per 
sq. in. concentrated at the circumference of the hole. This value 
must be well over the endurance limit for the material of which 
the shells were made, as is in fact proved by the failures of shells 
3, 4, 5, and 6. 

Evidently reinforcement of the plate adjoining tapped holes 
is necessary to eliminate such points of weakness. The radius 
of reinforcement should be at least twice the radius of the hole 
in order to insure a strength in the material around the hole 
comparable with that of other parts of the design. 

The failure of forge-and-hammer-welded shell 13 at an inside 
surface defect affords another instance of the effect of stress 
concentration where fatigue stresses exist. It has been shown 


2 Atmospheric Nitrogen Corporation, Hopewell, Va. 
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TABLE 2 TABULATION OF TEST RESULTS 


No. of 
stress 
applications 


Z 


COC 


Type of shell or drum 


Manganese-steel drum, riveted 
Mild-steel drum, rivet 

Forged seamless shell 
Hammer-welded shell None 
Hammer-welded shell 
Fusion-welded shell, bare wire 
Fusion-welded shell, special rod 
Fusion-welded shell, covered wire 
Fusion-welded shell, ‘‘ processed" 
Fusion-welded shell, ‘‘processed”’ 
Fusion-welded shell, ‘‘processed”’ 
Fusion-welded shell, ‘‘processed”’ 
Fusion-welded shell, “‘processed”’ 
Fusion-welded shell, ‘‘processed"’ 


440,000 
60,000 
1,000,000 
2,000,000 
+ 24,000 


None 
None 
None 


by experiment that accidental surface scratches may reduce the 
endurance limit of test specimens as much as 16 per cent, and 
the reduction of endurance limit in such specimens by V-shaped 
notches may be as much as 60 per cent. That this defect which 
was '/isin. wide and '/» in. deep must have produced heavy 
stress concentration is then evident. The need for careful in- 
spection of finished pressure vessels, not only at joints but at 
all other points both inside and outside, is emphasized. 

It is to be hoped that the tests on forge-and-hammer-welded 
shell 12 and on arc-welded shell 8 have been carried to failure, 
and that from these shells in which there are no tapped holes 
more specific information may be obtained as to the relative 
strength of plate and the two different kinds of welds when prop- 
erly made. 


R. E. Pererson.* The test data show that arc-welded shells 
are capable of withstanding a stress in the weld varying from 
zero to 16,500 Ib. per sq. in. for at least two million cycles. From 
published test data‘* it may be expected that a stress much 
higher than 16,500 could be carried indefinitely as far as the 
welded joint is concerned. If the above mentioned data are 
plotted on a combined stress chart, the result is as shown in 
Fig. 8. If the line connecting endurance limit (s.) and the 
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yield point (s,) is considered a design criterion of failure’ (which 
is shown by existing test data to be on the safe side), a stress 
varying from zero to at least 27,000 is necessary to produce 


* Westinghouse Research Laboratories, East Pittsburgh, Pa. 
Mem. A.S.M.E. 

* Lobo, “Strength of Butt Welds,” Jl. Am. Welding Soc., vol. 8, 
no. 4, p. 53. April, 1929. 

Peterson, “Fatigue Tests of Large Specimens,” Trans. A.S.T.M., 
vol. 29, part II, 1929, p. 371. 

‘Soderberg, “‘Factor of Safety and Working Stress,’ Trans. 
A.S.M.E., 1930, APM-51-21-231. 


Failure 
Manhead 
None 
Tapped hole 
Surface defect 
Junction of weld 
unction of weld 
apped hole 
Tapped hole 
Tapped hole 55,000 
Tapped hole in weld f 


Desirable 
endurance 
range for 
joint, per 
cent of 
ultimate 


Test pressure, 
per cent of 
ultimate 
Shell Joint 


Ultimate tensile 
strength, Ib. 
per sq. in 
Shell 
105,000 
55,000 
69,000 
0,000 
5,000 
5,000 
,000 
5,000 
55,000 
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failure. This would indicate that the margin of safety is still 
larger than indicated in the paper. 

One further point may be of interest in this connection. In 
testing welded fatigue specimens 2'/, in. diameter, a consider- 
ably lower value of endurance limit has been obtained than for 
small specimens. No satisfactory explanation has been found 
for this as yet. Inasmuch as the test shells described in the 
paper were 2 in. thick, further research into the variable of weld 
size should be of value in interpreting data from tests of boiler 
shells. 


J. M. Duncan.’ The tests reported in this paper, or any 
other tests relating to welding and forging methods of steam- 
boiler fabrication, are of interest to the boiler user in the degree 
to which they reassure him as to the merits of the newer methods, 
as compared with the commonly accepted riveted joint or with 
the solid forged drum. 

It is not likely that the results of these tests will contribute 
greatly to a more general acceptance of fusion welding as a safe 
practice for power boilers. Consider the accompanying tabula- 
tion of the results reported: 

In Table 2 the writer has added in the last column what he 
would regard as a desirable endurance range which should be 
obtained with consistent uniformity in any weld metal, and in 
any junction of weld and base metal, before fusion welding can 
be regarded with confidence as compared with alternative 
methods available. Endurance range is not to be confused with 
endurance limit. The endurance limit assumed as attainable 
and desirable in estimating the endurance range for the particular 
stress cycle employed in these tests was plus or minus 40 per 
cent of the ultimate. 

Presumably carried out to ascertain roughly the factor of 
safety of the fusion-welding method when applied to full-scale 
models, the tests appear to have demonstrated only the following: 

a That any of the older techniques using bare electrodes, or 
any of the techniques which are at present available to the average 
boiler shop, are exceedingly dangerous. 

b That special care must be used in any fusion-welded boiler 
to avoid surface or hidden defects, holes in the weld metal, or 
any other feature of design or construction which might result in 
unforeseen localization of stress. 

ce That the endurance range of a welded joint using electrodes 
prepared according to one proprietary formula may be greater 
than 30 per cent of the ultimate strength of the base metal and 
may be greater than 40 per cent of the ultimate strength of the 
weld metal. 

While these results of the tests may appear meager and nega- 
tive as a direct contribution to the knowledge of the art of weld- 
ing on the part of the general public, they no doubt form a 
useful contribution toward the perfection of the technique of 
welding as developed by the company sponsoring the tests,"and 
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in this manner contribute to the benefit of the boiler user. 

It is, however, somewhat disturbing to find the Boiler Code 
Committee putting forward a proposed code covering fusion 
welding of power boilers with so little published data available 
to members of the Society or to boiler users in general, technical 
or non-technical, upon which to form an intelligent opinion as 
to the dependability of this method. It is even more a matter 
of remark that no specification appears in the proposed code 
calling for strain annealing after welding, while the tests of the 
qualifying work of welders do not include any which would de- 
termine even the ductility of the metal. 

Any welding method used in power boilers of conventional 
design should produce a ductile material in the weld and at the 
junction of weld and base metals. While endurance limits can- 
not be expressed in terms of ultimate strengths alone, it would be 
well to assume, in the present state of ignorance “oncerning fa- 
tigue properties of weld metals, that a safe weld metal should 
have ductility equal to mild steel, and an ordinary endurance 
limit in air equal to or greater than plus or minus 40 per cent 
of the ultimate tensile strength. For the test pieces prescribed 
by the Boiler Code Committee to be made up by fusion welders 
seeking to qualify for power-boiler welding, this endurance would 
correspond to plus or minus 16,800 Ib. per sq. in., or an endurance 
range of 33,600 lb. per sq. in. for a purely alternating stress cycle. 

Since the stress cycle used in these tests is necessarily a pul- 
sating and not an alternating one, the endurance range for this 
particular stress cycle should lie above plus 25,000 lb. per sq. 
in. minus zero inches and probably could be plus 35,000 lb. per 
sq. in. minus zero inches. 

It appears evident, therefore, that in testing these shells 
through a range of only 16,500 lb. per sq. in. any failures ob- 
tained would indicate that the particular technique used in the 
weld was exceedingly unreliable and dangerous, while the few 
cases where no failure was produced offer only negative evidence 
of little actual value. 

It is recommended that, before the present or any future 
proposed code on fusion welding is indorsed, a series of tests, 
similar in scope and character to those completed by the author 
of the paper, be carried out. The recent work of McAdam, 
demonstrating the great influence of certain types of waters in 
lowering the endurance limit, compels the Boiler Code Com- 
mittee and the Society to protect the boiler user by including a 
most searching investigation of the corrosion-fatigue properties 
of weld metals in any research which is to be the basis for any 
proposed fusion-welding method for power boilers. The Society 
and the Committee cannot escape responsibility, if a welding 
method should be sanctioned which might prove unreliable under 
any of the numerous boiler-water conditions which may arise in 
actual operation, whether such operation is conducted with care 
and intelligence or not. 


J.C. Hopes.’ All of the are-welded drums were subjected to 
a stress-relieving operation by heating the finished welded test 
shells to 1200 deg. fahr., holding them at that temperature for 
one hour per inch of thickness, followed by cooling in a furnace. 
In this way all residual stresses set up by the welding operation 
were fully relieved. 

A question has been asked as to the effect of a tube hole 
within the welded joint on the resistance of a welded drum to 
repeated applications of pressure. At the present time there are 
no data available on this condition, but a test shell is now in 
process in the Barberton shops, this test shell having been con- 
structed to answer this question. Standard tube holes are being 
placed at standard intervals along the longitudinal welded joint 
of the test shell and also along an element of the cylinder in the 

* The Babcock & Wilcox Co., Barberton, Ohio. 


boiler plate. Blind nipples will be rolled into the tube holes 
several different ways and the test shell then subjected to re- 
peated applications of pressure. The results of this test will 
undoubtedly be published some time in the near future. 

A question has also been asked as to why failure under re- 
peated applications of pressure did not occur through the rivet 
holes in the riveted test drum of standard A.S.M.E. construction. 
If failure occurred through the tapped hole for the hydraulic 
gage connection in several of the test shells after approximately 
500,000 applications of pressure, then it should be expected that 
failure should have occurred through the rivet holes in the 
riveted test drum after 1,000,000 applications of pressure, 
whereas no actual failure was found in the riveted test drum 
after this large number of applications of pressure. Prof. 
Moore has stated that the absence of failure through the rivet 
holes was probably due to the pressure on the rivet heads equal- 
izing the stress and distributing the stress around the rivet 
holes. However, the predominating factor in this connection 
is the fact that the butt strap and boiler-drum sheets are pressed 
closely together by the tension in the hot-driven rivets, and a 
considerable portion of the load on the riveted joint is sustained 
by the friction between the two plates, thus reducing the stress 
around the rivet holes. 


J. C. McCase.® In view of the fact that there is a high- 
pressure boiler to each 200 of population the reasonable safety 
of steam boilers is of vital importance. From the date of the 
organization of the Manchester Steam Users Association on 
Feb. 14, 1855, to the present time, much study and speculation 
has been given to problems relating to steam boilers. 

It seems natural to ascribe mysterious reasons for many of 
the ills of steam boilers. Robert Bewick Longridge, the first 
Chief Inspector of the Manchester Steam Users Association, 
attributed the many boiler explosions in and around Manchester 
to the formation of “an unknown explosive gas which formed 
within the boiler and exploded with violence and disaster.’’ 
The questionable quality of the slag-laden iron plate used did 
not attract attention. Little attention was paid to the manner 
of using the plate in the boiler. 

The paper calls attention to the present-day tendency to 
ascribe the cracking of boiler plates to chemical action rather 
than high stresses due to bad forming and loading the plate 
transversely as rolled without considering the actual tensility 
of the plate and the fatiguing existing in the structure. 

It is customary to consider that the shell or drum of a boiler 
is uniformly loaded in tension. This is practically true in a 
correctly formed shell or drum. Unfortunately in the general 
run of shop practice the importance of correct and true forming is 
not appreciated and understood. It is seldom that a correct 
checking and observation of the form of the shell or drum are 
made. The hydrostatic test is usually a perfunctory gesture 
without an observation of form before and after test. If the 
shell or drum does not fail under the test, it is considered a safe 
article of commerce, notwithstanding that bad forming has as 
definitely limited the life and utility of the article as disease in 
the human. 

In an investigation made by the writer recently on the failure 
by cracking at the ligament of the longitudinal joint of drums 
60 in. diam., 24 ft. long, and made from 15/j-in. plate, radii 
under the strap were found varying from 28 in. to over 68 in. 
The normal external radius was 315/\¢ in. 

It must be evident that in the region of the 28-in. radius the 
inside of the plate would be in tension when riveted up and that 
where the external radius was 68 in. a heavy tension load would 

* Chief Boiler Inspector, State of Michigan, Detroit, Mich. 
Mem. A.S.M.E. 
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be on the outer fiber and a corresponding compression load 
on the inner surface with no load at the neutral axis of the plate. 
In this case the stresses in the outer surfaces would be about 
13,000 lb. without internal pressure. It is evident that the 
internal pressure would greatly increase the already overloaded 
plate and result in an early and progressive cracking of the plate. 
The thought of a large shell or drum under high pressure, with 
57 varieties of radii at the longitudinal joint and elsewhere, is 
not pleasant to contemplate, but it is more common than realized. 

The A.S8.M.E. Boiler Code gives no definite instruction or rule 
for the proper forming of boiler shells or drums. With the tem- 
plets ordinarily used by the inspectors a rather “tolerant” 
view is taken as to how close the plate should be made to con- 
form to the templet. When the hydrostatic test is made it is 
a rare occasion to make measurements before and at the time 
of the hydrostatic test to determine the evidence of bad forming 
and the inevitable internal stresses. The A.8.M.E. Boiler Code 
should definitely require the systematic observation of the 
forming and the behavior of the various areas under pressure. 

The fact that rivets along calked joints and the straps are 
stressed to the yield point is well understood and needs no com- 
ment. When a plate is loaded transversely as rolled the tension 
tests should be made in the same direction. The cracking at 
the gage-pipe hole indicates that a deflection occurred at this 
point which threw the outer fiber into tension with the inner 
surface in compression. This behavior changed the affected 
section from direct and uniform tension to a loading comparable 
to a beam. 

The writer favors the approval of fusion welding under proper 
control as to procedure. This will of course include correct and 
definite limits as to forming and annealing. This will be a worth- 
while achievement for the engineer. The same consideration 
should be given the welded boiler that is given the riveted struc- 
ture. The welded boiler can be made much safer and desirable 
than the riveted boiler. 


A. B. Kinze.'° 
and the author and his collaborators in this work are to be both 
There 
are several items of interest, particularly if the work is considered 
from the point of view of the proposed specifications for fusion 
welding of drums or shells of power boilers. It would indeed 
be very interesting to know whether or not any or all of these 
shells had been subjected to non-destructive tests before, as 
well as after, the repeated-pressure test. It would also be in- 
teresting to know the cause of the failure of the bare-wire arc- 
welded shell 1. Was there a defect in the weld? Was there 
lack of fusion at the base, or was the phenomenon connected 
with the physical characteristics, that is, tensile strength and 
bend ductility of the weld metal in question? In other words, 
could this failure have been predicted? 

In connection with the manganese-steel test drum, was the 
head and manhole reinforcement designed according to more 
recent ideas on this subject? 

The conclusions to be drawn from the paper, aside from the 
very important ones which the author has stressed regarding 
the seriousness of unreinforced openings in the shell and defects 
in the plate, would seem to bear on the application of this test 
to service. As the author very rightly points out, this is prob- 
ably a great deal more severe than a similar stress variation in 
service. For example, arc welded shell 2, with 267,000 cycles 
and a fiber-stress variation of 16,500 Ib. per sq. in., would prob- 
ably have shown a life in service far beyond the expected average 
of 20 years. It seems that any test of this kind, if applied as a 


The tests in this paper are most illuminating, 


congratulated and thanked for presenting these results. 


® Union Carbide and Carbon Research Laboratories, Long Island 
City, N. Y. 
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routine test, would merely have to differentiate between the 
type of construction which fails in 5000 cycles as against some 
hundred thousand cycles. If the cause of failure at a low number 
of cycles can be determined by other tests, such as the non- 
destructive test or analysis of the physical properties of the 
material, the use of such a test in routine application would not 
be warranted. This is particularly true if it be considered that 
many believe that the repeated-stress test may have a deleterious 
effect on the drum. 

C. 8. Guappen.'! Ordinary riveted construction, when 
calked on the outside only and when in service with boiler 
water having low ratios of sulphate to carbonate alkalinity, is 
the source of many failures from embrittlement of the steel. 
If the riveted joints are calked on the inside and the spaces 
between the butt straps and the main plate can be definitely 
sealed, most of the difficulty from embrittlement may be elimi- 
nated. However, if boiler drums can be constructed without 
riveted joints and butt straps, that is, by the method of forge- 
and-hammer welding or electrical-fusion welding with the joint 
equally as strong as the plate, nearly all embrittlement troubles 
would be eliminated, regardless of the water condition, and the 
ideal boiler drum would be developed. 

There is one point, however, concerning which additional 
information is needed; that is, concerning the effect of rolling 
tubes into holes in the drum. Have any tests been made oi 
repeated pressure on drums in which blank-ended tubes have 
A number of the fractures, especially in the 
arc-welded shells as given in the table of this paper, occurred 
at the tapped hole for the gage or in the region where the “ 
Does the nature of the tapped hole with 


teen installed? 


stress- 
raiser’ was located. 
sharp grooved edges influence these failures more than a round 
hole of larger size and subjected to the additional stress due to 
the rolling in of the tube? 

No drum, however perfect it may be, is of practical use with- 
out having tubes rolled into tube holes cut through the sides of 
the drum. The writer is therefore interested particularly in 
what results are obtained with shells under these conditions. 


AUTHOR’s CLOSURE 


Several of the discussions of the paper point out important 
questions which have not been settled by the tests herein reported. 
That there are many things as yet unknown about fusion welds is 
of course quite true. The author would like to comment on the 
statement of Mr. Duncan that “It is not likely that the results of 
these tests will contribute greatly to a more general acceptance of 
fusion welding as a safe practice for power boilers.’’ Whether 
these tests will contribute “greatly’’ to the acceptance of fusion 
welding is a matter for the future to decide. However, it seems 
that in his discussion Mr. Duncan has overlooked the fact that 
for boiler shells subjected to only a few thousand cycles of stress 
during their period of service, the practical limit of strength may be 
appreciably higher than the endurance limit based on tests of tens 
of millions of cycles of stress. As the author has frequently 
pointed out, the numbers of cycles of stress above the endurance 
limit which a metal will endure without failure is no reliable 
criterion of its fatigue strength under millions of cycles of working 
stress. However, when a boiler shell withstands 100 times the 
number of cycles of stress it will be called upon to stand in actual 
service, it would seem to be reasonably safe so far as mere fatigue 
strength is concerned. Of course, conditions of boiler water 
which may lead to corrosion bring in a very different problem, 
both for the weld material and for the plate steel. The author 
believes that the tests do show that, so far as fatigue strength is 

11 Director, Power and Maintenance Section, General Motors Cor- 
poration. Mem. A.8.M.E. 
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concerned, boilers welded by modern, closely controlled methods 
will stand the cycles of stress which they meet in ordinary service 
under ordinary allowable working stresses. The author does 
believe that, as pointed out in discussions, the tests show that 
there is a wide range of strength for different techniques of welding. 

Some of the figures given in Table 2, which was prepared by 
Mr. Duncan, and some of his statements are not correct. The 
tensile strength of the joints which were fusion welded by the 
“‘processed”’ electrodes is given in the table as 42,000 Ib. per 
sq. in., as compared to 55,000 lb. for that of the shells, whereas 
the strength of these fusion welded joints was greater than that 
of the shell. His statement that it is even more a matter of 
remark that no specification appears in the proposed Code calling 
for strain annealing after welding is also incorrect, as can be seen 
on examining the Proposed Specifications for Fusion Welding 
of Drums or Shells of Power Boilers published in the March, 
1930, issue of ‘Mechanical Engineering.’”’ These Proposed 
Specifications also include the requirement that the minimum 
elongation of the outside fibers of the weld metal in bend test 
specimens shall be 30 per cent, whereas his remarks might make 
it seem that there are no requirements for ductility. 

Mr. Duncan’s principal criticism is that the testing of the 
shells through a stress range of 16,500 lb. per sq. in. did not give 
conclusive results. This stress is 50 per cent higher than that 
which would exist in the most highly strained parts of a boiler 
drum constructed in accordance with the A.S.M.E. Boiler Code, 
which stress comes in the ligaments between tube holes and 
between rivet holes. As the proposed Code does not sanction 
the placing of holes in the welds, the stress in the welds in a boiler 
drum would be considerably lower than the maximum stress in 
other parts of the drum. The allowance of 80 per cent for the 
efficiency of the joint given in the proposed rules for fusion weld- 
ing results in the tests being made at pressures of from two to over 
three times the strain on the welded joint for boiler drums of the 


usual construction when pierced with holes, which has been 
criticised as being too high rather than too low for a test pres- 
sure. Asall but one of the failures with the shells welded with the 
“‘processed”’ electrodes were in the solid part of the plate and not 
in the weld, Mr. Duncan’s criticism, if valid, would apply to the 
plate much more than to the welds. The plate was firebox steel 
which met the requirements of the A.S.M.E. Code so that his 
criticisms in reality apply to a material which is generally recog- 
nized as being suitable for the use to which it is put and not to 
fusion welding. 

Concerning the effect of stress concentration of holes, fatigue 
tests show that the actual weakening of steel by such “stress 
raisers’’ is less than the theoretical, but that the weakening due to 
the holes, nicks, and scratches is very pronounced, sometimes 
producing an effective strength concentration of twice the com- 
puted stress. 

Mr. Gladson asks an interesting question about the effect of 
rolling tubes into the holes in the drum, and the author would 
refer him to Mr. Hodge’s discussion of this paper. 

Some of the discussions emphasize the need of fatigue tests of 
welds to insure the proficiency of the operator. Fatigue tests of 
large specimens, either on flat plates bent back and forth or on 
turned round specimens, can be made without difficulty. How- 
ever, the author believes there is still greater need for the develop- 
ment of some non-destructive test to detect incipient fatigue 
cracks in actual seams. He hopes that the simple stethoscope 
tests proposed by Mr. Kinsel, the heating test used in some 
welding shops, and the elaborate Sperry test and X-ray tests will 
all be studied. A test which has occurred to the author, but 
which he has had as yet no opportunity of studying, consists in 
measuring the minute change in electrical resistance in a piece 
of metal between a stressed condition and an unstressed. Pos- 
sibly an incipient fatigue crack might cause abnormal change in 
this resistance. 
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The Dry Quenching of Coke 


By WILLIAM O. RENKIN,' NEW YORK, N. Y. 


This paper describes the process of dry quenching or 
cooling of coke with automatically formed inert gases, 
the sensible heat in the glowing coke being used to heat 
the cooling gases, which in turn pass through boilers, 
producing steam at useful pressure and economic cost 
without the consumption of any other fuel. Formulas, 
curves, and data regarding heat available and method of 
calculation are given, together with descriptions of in- 
stallations and illustrations of plants in operation. 

A detailed economic study is given which shows the sav- 
ings to be expected and the approximate cost of a dry- 
quencher plant to cool 1500 net tons of coke per day; and 
composite charts giving actual operating records as well 
as output data and the cost of power for one plant by 
months for the year 1929 are included. 

Analyses of coal and coke are given which show con- 
clusively that dry-quenched coke carries less dust than 
wet-quenched coke. 

Data giving actual results obtained by using dry- 
quenched coke in blast furnaces, and the advantages of 
substituting dry-quenched coke fines for high-priced 
bituminous gas coal in gas producers, are discussed in 
considerable detail. 

A dry-quencher plant at a power station in Flint, Mich., 
the latest to be installed, is described in some detail and 


the principal technical data given. 
ticles published on this subject 


and much literature is available 


describing the operation of dry-quencher 
installations, this paper will present some 
new economy data, as well as a description 
of the latest plant, located at Flint, 
Michigan. 

Dry quenching of coke, or more cor- 
rectly speaking, the cooling of coke with- 
out the use of water, has been brought 
about by the need of coke plants to elimi- 

nate the operation difficulties and dust-laden vapor clouds so 
common to water-quenching installations, as well as by their 
desire to reduce operating expenses and make use of the sensible 
heat in the glowing coke. 

The process of dry quenching of coke may be briefly described 
as a circulation of cooled inert gases by means of a fan, up- 
wardly through a container intermittently charged with hot 


HILE there have been many ar- 


Engineer, Dry Quenching Equipment Corporation. After leaving 
school Mr. Renkin was connected with various iron and steel plants, 
and was resident engineer for the organization and construction 
of the steel works for Tata Iron and Steel Company, Sakihi, 
Bengal, India. Returning to the United States he spent a year 
in special work and some time as chief engineer for A. M. Byers 
Company, Pittsburgh. He had done much work in the develop- 
ment of pulverized-coal equipment in the metallurgical field. Mem. 
A.S.M.E. 

Contributed by the Fuels Division and presented at the Semi- 
Annual Meeting, Detroit, Mich., June 9 to 12, 1930, of Tus AMERICAN 
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coke at the top, and from which the cooled coke is intermittently 
withdrawn from the bottom. 

The rising inert cooling gases absorb heat from the slowly 
intermittently descending coke mass, and these heated gases 
are thence passed through a waste-heat boiler for cooling, and 
then through the fan for recirculation to the coke container 
again, the process being continuous as well as remarkably 
simple. 

Dry quenching of coke is as great an improvement over wet 
quenching as the modern by-product coke plant is over its 
predecessor, the beehive oven. 

Dry quenching not only produces a better coke, but reduces 
the quantity of fines and produces them in a more commercial 
form. Dry-quenched coke is stronger, resists further handling 
better without degradation, screens more easily, and gives a 
cleaner product than wet-quenched coke, and gives superior 
results in producer and water-gas machines. 


Dry QuENCHING AN Economic NECESSITY TO THE 
By-Propucr Coke INDUSTRY 


Throughout all industry there is a strong trend toward con- 
servation and the elimination of waste. Almost every one who 
has witnessed the great clouds of steam produced by the wet 
quenching of coke has wondered if it were not possible to stop 
this seemingly needless waste of heat. A few figures are sufficient 
to demonstrate clearly what a tremendous waste of energy wet 
quenching represents. 

In the United States alone 53,475,481 net tons of by-product 
coke were produced in 1929. Assuming an average temperature 
of the hot coke going to the quencher as 1800 deg. fahr., there 
can be recovered approximately 480 B.t.u. per lb. of coke by 
dry quenching, which means the possible production, utilizing 
the available sensible heat in the coke, of practically fifty-two 
billion pounds of steam per year from and at 212 deg. fahr. In 
other words, a waste of fuel equivalent to two and one-half 
million net tons of 13,500-B.t.u. coal in boiler plants operating 
at an overall efficiency of approximately 75 per cent is the 
result of wet quenching. 

The entire steam consumption of a standard coke-oven in- 
stallation may be secured from the waste heat of the glowing 
coke alone, and in most instances an excess of energy is available 
which may be diverted to other departments. An analysis of 
this situation provided the incentive to seek a solution of the 
problem. 

The dry-quenching process developed by Sulzer Brothers 
represents a most efficient and reliable method of reclaiming the 
sensible heat of glowing coke. Numerous installations have 
proved the correctness of the process by years of continuous 
satisfactory service. 


DESCRIPTION OF THE PROCESS 


In the Sulzer system of dry quenching, the cooling is accom- 
plished by circulating the inert gases in a closed cycle, first 
through the glowing mass, where the gases extract the sensible 
heat from the glowing coke, thence through a steam boiler where 
the hot gases transfer the heat to the water in the boiler circula- 
tion and convert it into steam. 

Referring to Fig. 1, the glowing coke is conveyed to the sealed 
cooling chamber, and the air of the system, including that en- 
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trained in the interstices of the coke mass, is put into circulation 
by means of a fan. 

When the system is first started, a small portion of the coke 
is converted into a mixture of carbon monoxide and carbon 
dioxide, the percentage of each depending on the temperature at 
that particular time. However, the oxygen of the encased air 
is quickly consumed, and a mixture of inert non-combustible 
gases remains. This mixture of gases, in passing through the 
glowing coke, absorbs its heat, which is carried to the adjoining 
steam generator. The cooled gases leaving the boiler are con- 
ducted back to the fan and again forced through the glowing 
coke. The coke is drawn off from below, which is the coolest 
zone, and fresh charges of glowing coke are introduced from above. 

In this manner continuous performance is established and, 
by regulating the fan speed, a relatively close relation may be 
maintained between the cooling of the coke and the generation 
of steam. 

The possible loss of coke through burning has been determined 


Closin 


Charging 
| Opening = 
Coke IN| 
x 
/ Container 


= 


tii ii 


Fig. 1 Earty Type or Composep oF CooLine 
Container Unit Two Fire-Tuse Horizontat Borers 


by numerous tests to average 0.04 per cent, a quantity prac- 
tically negligible, even if greatly increased. 


PuysicaL ELEMENTS OF THE PROCESS 


Having adopted the idea of utilizing the waste heat of glowing 
coke, the question arises as to the actual amount of heat con- 
tained therein. This quantity of heat is determined by the 
weight, temperature, and mean specific heat of the coke. 
Through the investigations of Otto,? Schlapfer and Debrunner,? 
Stahl und Eisen,‘ Wohler,’ Glickauf,* Terres and Schaller,’ Gas 

2 C. Otto, Dissertation, Breslau, 1914. 

3? Schlapfer and Debrunner. 

4 Stahl und Eisen, 1922, p. 1270. 

Wohler. 

€ Glickauf, 1922, nos. 14 and 15. 

7 Terres and Schaller. 


und Wasserfach® the specific heat of coke has been established 
as shown in Fig. 2. 

The divergences of the different values are due to differences 
in methods of measuring and to the variance in the ash content. 
In the chart, therefore, the curves of the mean specific heat 
of graphite,® i.e., practically pure carbon, and of quartz" have 


040 


44 


200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 240 
ahrenhett 


Temperature Degrees F: 
Fig. 2. Mean Sreciric Heat or Grapuitre, Quartz, AND Coke 


A—Graphite referred to 32 deg. fahr. with range to 523 deg. fahr. and 
referred to approximately 72 deg. fahr. with range above 1034 deg. fahr.’ 

B—Quartz referred to 68 deg. fahr.'’ 

C—Coke? 

D—Coke with 10.5 per cent ash referred to 64 deg. fahr.4 

E—Coke with 9.45 per cent ash referred to 68 deg. fahr.* 

F—Coke with 15 per cent ash referred to 70 deg. fahr.* 

G—Coke with 30 per cent ash referred to 70 deg. fahr.* 


been plotted, assuming that the greater part of the coke ashi is 
composed of silica. The lines for graphite and quartz therefore 
represent value limits for coke with 0-100 per cent of ash, between 
which are to be found the values of the other species of coke. 


TABLE 1 MEAN SPECIFIC HEAT OF COKE 
(According to Wohler) 


Mean 
—-—-Range of temperature —-—~ specific heat 

Deg. cent. Deg. fahr. Cm 
20— 250 0.2798 
20— 300 0.2810 
20— 400 0.2938 
20— 500 0.3107 
20— 600 0.3269 
20- 700 0.3381 
20- 800 0.3528 
20- 900 0.3582 
20-1000 0. 3652 
20-1100 0.3695 
20-1200 0.3762 


TABLE 2 MEAN SPECIFIC HEAT OF COKE 
(According to Terres and Schaller) 


Mean 
-~~—~—Range of temperature———. specific heat 
Deg. cent. Deg. fahr. Cm 
21— 250 70- 482 0.230 
21-— 422 70— 792 0. 267 
21— 506 70O- 943 0.292 
21— 609 70-1128 0.315 
21- 708 70-1306 0.331 
21- &11 70-1492 0.345 
21- 912 70-1674 0.354 
21-1009 70-1848 0.361 
21-1107 70-2025 0.369 
21-1297 70-2367 0.376 


Schlapfer and Debrunner* have found that the specific heat 
of coke depends also upon the content of volatile constituents, 
and they have given the following formula to calculate the 
mean specific heat of coke of different composition: 

xX 
mn = —C,' + — 


C,’ 
100s 


where X = content of ash in per cent 
Y content of fixed carbon in per cent 
8 Gas und Wasserfach, 1922, pp. 732 and 821. 


® Weber, Poggedorfs Annalen, 1874, vol. 154, p. 408. 
1 Stierlin Quarterly bulletin of Naturforschende Gesellschaft, 


Zurich, 1907, p. 411. 
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= volatile constituents in per cent by weight following calculated results per kilogram of coke containing 
C.' = mean specific heat of ash (quartz) 15 per cent of ash on the dry sample:" 
C,' = mean specific heat of graphite : 
C,' = mean specific heat of gas per unit volume sbi “— a F 
specific gravity of gas (about 0.45). Ash, per cent........... 15 13.5 
Assuming the initial temperature of glowing coke to be 1800 a er oe peas 
deg. fahr., and the final temperature after cooling to be 400 deg. 100 100.0 
fahr., the amount of heat in B.t.u. utilized equals Heat of combustion of carbon, kg-cal. per 
’ Less to evaporate water from 60 deg. fahr. A 62 
1800 X Cmisoo — 400 X Cmaoo Less to raise vapor to 600 deg. fahr....... - 16 


The mean specific heat, according to Table 2, equals 0.361 Available heat, kg-cal. per kg............. 6868 6103 
between 70 and 1800 deg. fahr. and 0.230 between 70 and 400 
deg. fahr. Thus 1800 X 0.361 — 400 X 0.230 = 558 B.t.u. This shows a depreciation of 11 per cent due to the presence 


gained per pound of coke, which is equivalent to approximately of the water. 


1,120,000 B.t.u. per ton of coke. 


These calculations show that steam is generated by utilizing of coke increases about 10 per cent more than the percentage 


the sensible heat of the hot coke 
and not by burning the coke as 
fuel. 

Fig. 3 gives the specific heat 
and heat content in B.t.u. per 
pound at various temperatures, 
and has been made up from the 
data available and found very use- 
ful. It will be noted from this 
chart that the heat content in coke 
of an average analysis (using curve 
2) at 1800 deg. fahr. is 640 B.t.u. 
per lb. As experience has shown 
that the most advantageous tem- 
perature for discharging the dry 
quenched coke is 700 deg. fahr., 
it will be found from the chart 
that at this temperature there is 
left in the coke 194 B.t.u. per lb., 
or a heat available for useful re- 
covery of 446 B.t.u. per lb. 

However, it has been found that 
there is a certain additional 
amount of heat secured, from com- 
bustion of H, yielded by green 
ends and incompletely distilled 
coke, often amounting to more 
than 60 B.t.u. per lb. It is there- 
fore conservative to add this to 
the heat recoverable, which gives 
a total heat available for recovery 
amounting to 506 B.t.u. per lb. of 
coke dry-quenched. 


or Dry Coke 


The greater efficiency of a fuel 
free from moisture is becoming 
more and more appreciated. If 
& coke contains 10 per cent of 
water, this water has to be evapo- 
tated before it can be ignited. 
The coke is thus not only inferior 
because of the smaller percentage 
of carbon, but its heat is absorbed 


in evaporating the water and raising the vapor to the tempera- of moisture removed, or in other words, that the moisture-free 


ture of the waste gases. 


For instance, if the coke is used to heat retorts and the prod- _ taining 10 per cent of moisture. 
ucts leave the regenerator at 600 deg. fahr., we obtain the 
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It may therefore be roughly stated that the heating value 
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Fie. Speciric Heat anp Heat Content oF GrapuHitTe, Quartz, AsH, AND Coke For Various 
TEMPERATURES 


1—Durham coke—Ungassed—Schlapfer and Debrunner 
2—Coke with 87.3 per cent C., 10.6 per cent ash, 1.05 per cent eas ny 


3—Coke with 81.94 per cent C., 15.75 per cent ash, 2.31 per cent gas 
4—Coke with 86.37 per cent C. 10.45 per cent ash, 3.28 per cent gas 
5—Coke with 5-10 per cent ash 
6—Coke with 15 per cent ash 
7—Coke with 20 per cent ash 
8—Coke with 25 per cent ash 
9—Ceylon Graphite—Carbon 
10—Quartz—Ash 
11—Gas—H: sp. ht. per cu. ft. per 1°F., at atmos schule 


Determination of the mean specific heat (Cm) of coke at temperature (#) from proximate analysis: 
Ctm = KCtx + ACta + G/SCt@ 


y 
formula 


Cc! = sp. ht. at given temperature of element 
K = per cent fixed carbon 

A = per cent ash 

G = percent volatile matter—gas 

S = sp. gr. of gas about 0.45. 


coke provides 11 per cent more available heat than coke con- 


11 John P. Leather, M. Inst. C. E., in Gas Journal, June, 1927. 
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CoKE IN Buast FurNACcES 


Dry-quenched coke being of more uniform size and devoid 
of moisture, carries with it less fines and breeze. 

Experience shows that fine coke and dust reduce the capacity 
of the blast furnace, since more resistance is offered to the blast. 
Further inconvenience arises from the formation of dust whirls 
and dust pockets. The steel works of the Compagnie des Forges 
et Aciéries de la Marine et d’Homécourt, in Homécourt, France, 
reported that by the use of dry-cooled coke more regular and 
improved action of the furnace was evident, and that trouble 
caused by hanging of the load in the furnace was greatly re- 
duced. The saving of coke in this furnace after the introduc- 
tion of dry-cooled coke was 4.17 per cent.'*'!* The dry-cooled 
coke is of more uniform size. The large pieces, already split on 
account of the contraction which takes place during the process 
of distillation, break up to a certain extent when passing through 
the container. The remaining pieces are of somewhat smaller 
size, but very much stronger and stand further handling better 
than wet-quenched coke. Therefore, in going down the cupola 
of the blast furnace, dry-quenched coke does not break up under 
the heavy load of the charge as is the case with wet-quenched 
coke. The formation of dust and breeze pockets in the blast 
furnace is thus prevented, and a more regular distribution of 
the blast through the charge is secured. 

It is well known that blast-furnace gas contains a considerable 
quantity of fine dust, both of ore and fuel, which must be re- 
moved by expensive gas-cleaning machinery for most needs; 
and as dry-quenched coke carries less dust and fines, a consider- 
able reduction in the dust content of the gas produced can be 
expected. 

Long-period tests on blast furnaces have been made in German 
steel works with coke that was purposely subjected to mechanical 
handling and then was screened. The best results were obtained 
with coke of medium and uniform size. 

Edgar C. Evans" in a lecture in England before the National 
Federation of Iron and Steel Manufacturers, showed that after 
‘the elimination of 6 per cent of small coke and dust, the capacity 
of the furnace increased by 20 per cent. This fact is now well 
known, and the relation between the percentage of fines and 
furnace capacity has been established. 

The advantages of dry coke for this work are evident, as dry- 
quenched coke, being devoid of all water, shows a higher thermal 
value; therefore the use of dry-quenched coke is equivalent to a 
saving of fuel. 

In blast-furnace operation a considerable amount of cooling 
water is required for the condensation of steam in the blast 
gases, which under certain conditions must be filtered and re- 
cooled. As the water content of the blast gases reduces the 
heating effect, due to lowering the flame temperature, it should 
be eliminated, although sometimes water is added for special 
ores. 

It is also a well-known fact that variations in the percentage 
of moisture of wet-quenched coke cause difficulties in the blast 
furnace, or in any other type of furnace where coke is used in 
steady operation. As dry-quenched coke is free of moisture, 
there is no variation in the quality of the fuel. 

The water contained in the wet-quenched coke effects a pre- 
cooling of the hot blast gas. This difficulty has not been ob- 
served at any furnace where dry-quenched coke is used. If a 
special condition be encountered where the absence of the water 
should cause faulty conditions, it can easily be remedied by 


12 Dr. Mueller, “Comparative Investigation of Dry- and Wet- 
Quenched Coke.” 

18 Glickauf, 1926, no. 35. 

14 The Gas World, June, 2, 1926. 


sprinkling the coke with water according to requirements at 
the place where it is used. 

It is becoming more and more important to have the accurate 
weight of coke charged to blast furnace, and dry quenching 
eliminates the inaccuracies caused by variation in moisture 
content so common to wet-quenched coke, and therefore makes 
possible the accurate records desired. 


Content or 


The question of sulphur content has been explicitly answered 
by analyzing coke at the mines of Mathias Stinnes, Germany.!*:!3 
The average of ten samples of coke showed a sulphur content 
of 0.914 per cent for dry-quenched coke and 0.857 per cent for 
water-quenched coke, a difference of 0.057 per cent. With 
water quenching, a desulphurizing action amounting to 6.4 per 
cent was obtained. 

This difference is negligible in the practical use of coke, as it is 
noticeable in the second decimal only. It may be added that 
only a portion of the sulphur content of the coke is absorbed by 
the charges—for instance, only 30 per cent in the foundry and 
only 50 per cent to 60 per cent in the blast furnaces, which further 
proves the actual insignificance of this small difference. It was 
further shown in tests at the Stinnes Mines that only that part 
of sulphur was extracted which exists in the coke in the form of 
sulphides and which after quenching evaporates as sulphureted 
hydrogen or during combustion as sulphurous acid. It is, how- 
ever, a well-known fact that in the course of time the vapors 
from wet quenching have a marked destructive effect on iron 
and concrete, aside from the decided hygienic disadvantage and 
inconveniences which they cause. 


Capacity FOR REACTION 


The capacity for reaction (combustibility) of dry-quenched as 
compared with water-quenched coke has also been carefully 
tested. The results showed, it is true, that the combustibility of 
dry-quenched coke was somewhat less than that of wet-quenched 
coke; this difference was noticeable, however, only in the finer 
granulations (up to !/i.in.) of both kinds of coke, and became less 
and less apparent with the increasing size of the granules. Since 
the difference diminished with the increased size of granulation, 
it may be assumed that in practice this difference will be negligible 
and that it will have no bearing on combustibility, whether the 
coke be dry- or wet-quenched. 

In the laboratory tests both the influence of granulations and 
temperatures were examined, but for a final judgment of the 
capacity for reaction, the influences of the kind of furnace, air 
velocity, chemical composition, porosity, etc., will have to be 
investigated. The solution of the problem of combustibility 
by laboratory tests only cannot be expected. It is significant 
that no difficulty in this respect has been experienced by furnaces 
using dry-quenched coke. 


Coke FINEs 


In general, the coke fines are used as boiler-plant fuel by 
burning on Coxe or other similar-type specially built stokers. 

Very little successful work has been done along the lines of 
burning the wet-quenched coke fines for other purposes, owing 
to the difficulty of packing and choking, although some success 
has been attained by using small coke in gas producers, but this 
has not proved very commercial due to the necessity of using 
only sizes over a 5/s-in. screen. 

However, the dry-quenched coke fines have proved a very 
satisfactory fuel in gas producers and are being substituted for 
high-grade bituminous gas coal or larger sizes of salable coke. 

A comparison of bituminous-coal producer gas and dry- 
quenched coke fines gas gives the following. 


{ 
4) 
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From the report of many different tests, the following bitu- 
minous-coal gas analysis may be quoted: 


———Combustible———— Non-combustible——. 
B.t.u. 
per 
co He CO; O, N2 cu. ft. 
Max. 30.00 4.20 1.00 14.70 6.20 0.40 58.00 177.30 
Min. 23.80 1.90 0.60 11.30 3.50 0.00 48.10 157.30 
Avg. 27.50 3.40 0.80 12.70 4.60 0.24 50.80 167.10 


Another investigator found that his particular plants se- 
cured the best results from gas having the following analysis: 


B.t.u. 
per 
co CH, CoH, CO; Ne cu. ft. 
Per cent 24.30 3.50 0.70 12.90 4.90 0.00 53.70 168.81 


The following results are being obtained with dry-coke fines 
having the following analysis: 


Fixed B.t.u. 
Volatile carbon Ash Sulphur _ per lb. 
Per cent...... 2.80 83.40 13.80 0.73 12,200 


(Note: Sulphur separately determined.) 


The gas delivered from producers using this coke has the fol- 
lowing analysis: 


——Non-combustible—— 
B.t.u. 
per 
CO CH, H, CO; Or» N2 cu. ft. 
Per cent 26.40 0.70 0.00 12.60 6.30 0.10 53.90 134 


The gas delivered from each pound of coke has 10,334 B.t.u., 
thus indicating a cold-gas efficiency of 84 per cent. 

From an examination of these two fuels, it will be found that 
the coke-fines gas is devoid of the illuminant C,H, (ethylene) 
and gives the very mellow, soft flame desired in heating processes. 

The production of a gas devoid of C,H, permits the use of less 
excess air, thus giving a better and wider range in flame control. 

For the open-hearth and melting processes requiring an illumi- 
nating flame this gas should be ideal as it permits the addition 
of illuminants, such as tar or oil, in the correct quantity under 
separate control by parallel firing directly at the furnace. 

Bituminous-coal producer gas for most processes contains too 
high a percentage of illuminants, thereby necessitating the use 
of too much excess air. 

The C,H, in such gas usually contains 5 to 6 per cent of the 
total heat units, while there is hardly any process requiring more 
than 2.8 to 3 per cent. 

This excess C,H, also has a destructive effect on brickwork, 
causing high refractory maintenance, which can be greatly 
reduced by substituting the dry coke fines for bituminous coal. 


ADVANTAGES OF Dry QUENCHING 


The advantages of dry quenching of coke are notable, and 
experience has shown the following very definitely: 

| Using of the sensible heat in the coke to produce approxi- 
mately 1000 Ib. of steam (from and at 212 deg. fahr.) at the 
gage pressure required, including superbeat where necessary. 
This means the production of this steam without any additional 


fuel. 


2 Improvement in the quality of the coke. Since dry- 
quenched coke was first introduced, many efforts have been 
mde to compare the characteristics of dry-quenched with water- 
quenched coke. These have all shown that the dry quenching 
produces coke of a more uniform size with greater strength, 
and when the water-quenched coke has been handled to the 


'° F. E. Leahy, Assoc. I.&S.E.E. Convention, June, 1929. 
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same extent as the dry-quenched, the difference in size of the 


larger pieces is negligible. 
have been run. 

It is evident that when the glowing coke at a temperature of 
about 1800 deg. fahr. is suddenly chilled with water, the struc- 
ture must be affected. Even though the expansion of coke by 
heat be small, certain stresses must follow this sudden change 
of temperature. These stresses, due to the brittleness of the 
material, form cracks and splits, which, with the sudden de- 
veloping of steam, cause the breaking apart of the coke. Dry- 
quenched coke is not subject to these stresses, and is only re- 
duced in size by handling. 

The mechanical strengih and friability of coke are factors of 
definite interest, as the formation of coke fines or breeze repre- 
sents a loss regardless of whether the crumbling occurs in the 
loading or unloading, by shaking during transit, or in the furnace 
proper under the weight of the charge. Many investigations 
of the percentage of dust and coke breeze have determined the 
superiority of dry-quenched coke. 

3 Dry quenching produces a coke devoid of moisture, which 
insures cleaner coke—that is, less fines and dust adhering to the 
large pieces. Better screening and preparation of coke is in- 
sured by dry quenching, and this is a very important difference 
in its favor. When coke is to be transported, a reduction in the 
moisture content of only 5 per cent means frequently a saving 
in freight of 50 cents per ton of coke delivered. Dry-quenched 
coke permits the accurate weighing of coke burden in metal- 
lurgical-furnace operations, as well as insuring cleaner and more 
uniform operation. 

4 Dry quenching insures a higher sale value for the coke 
fines, as they form a very satisfactory substitute for bituminous 
coal in producer-gas plants. This is especially true at coke 
plants operating in connection with open-hearth and steel plants, 
as well as for gas producers in connection with the by-product 
coke ovens, as the dry-coke-fines producer gas takes the place of 
by-product coke-oven gas in firing the ovens. 

5 Dry quenching eliminates the pumping of water necessary 
for all wet-quenching stations, as well as the dust-laden vapor 
clouds from wet-quencher stacks which are so destructive to 
surroundings and unpleasant for the plant personnel. Reduc- 
tion in maintenance as well as increased life of steel structures 
are other valuable items to be given consideration. 

6 Reduction in labor cost, as frequently one car can, de- 
pending on plant layout, do the work with a dry-quencher in- 
stallation that required two cars for wet quenching. 

7 Reduction in cost of conveyor operation, as the elimination 
of water due to dry quenching insures more continuous operation 
and lower maintenance cost. 


This is shown clearly in tests that 


EcoNoMIEs AND SAvINGs To Be Expecrep From THE 
INSTALLATION OF A Dry-QUENCHING PLANT 
Per net ton of 


coke cooled 

1 Production of approximately 1000 lb. of steam 

(from and at 212 deg. fahr.) per net ton of coke 

cooled at a saving of 20 cents per 1000 lb. of 

2 Reduction i in labor operating ear and wharf. 0.01 
3 Reduction in coke-car and plant maintenance. . 0.02 
4 Elimination of water pumped to wet-quencher 

installation.......... 0.03 

Total direct savings per net ton. . atitooana $0.26 
On basis of a 1500-ton-per-day plant, or, say, 

525,000 net tons of coke cooled per year the 


Assuming that this coke plant is operating in con- 
nection with a steel plant where there are blast 
furnaces as well as producer-gas-fired heating 
furnaces. Then 
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5 Blast furnace assumed as now using 486,720 
tons of wet-quenched coke will require with dry 
quenched coke, say, 467,250 tons, or a saving of 
19,470 tons. The value of the coke saved at 


6 As the quantity of dry-quenched coke fines 

available will only be approximately 11 per 

cent, or 57,750 net tons per year, this can be 

successfully used in the producer-gas plant in 

place of high-priced bituminous coal, with the 

following saving: 
Coal per net ton delivered................. $4.00 
Coke fines per net ton delivered............ $2.50 
Gasification charge in each case............ $0.50 
57,750 net tons of coke fines per year, cost.... $144,375 


As the heat content in gas delivered from each net 


20,668,000 B.t.u. 
minous coal is. 19,600,000 B.t.u. 
the quantity of bituminous coal required to 
deliver the same heat units in the gas as pro- 
duced from 57,750 net tons of coke fines will be 


60,890 net tons 


Value of this gasified............. $274,005 

Value of coke fines gasified................ $144,375 

At the value given, a dry-quencher installation 
cooling 1500 net tons of coke per day should 
conservatively show the following yearly 

saving: 

1 Direct savings in operation of plant..... $136,500 

2 Bilast-furnace fuel............... 77,880 

3 Dry coke fines in gas producer....... 129,630 


In the foregoing savings report such matters as interest on 
investment, profit, and amortization of plant have not been 
TEPIPERATURE OF 
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worked out, as the installation assumed shows a complete return 
of the investment in less than one year. 

However, there are many plants not so favorably situated as 
the one in question and where only the direct steam saving can 
be counted on plus the increased sales value of coke fines which 
amounts to from $1.50 to $2.00 per net ton, depending on plant 
location. 

On the basis of figures given by A. M. Beebee in his paper 


read before the American Blast Furnace & Coke Association, 
November 26, 1929, the entire installation cost of a 1500-ton- 
per-day plant should not exceed $300,000. 

In this same paper the following statement is made referring 
to the wet-quenching installation; ‘‘We have always had it and 
have grown to accept it as a necessary evil,”’ and referring to 
dry-quenching installations such as theirs, where they cannot 
count on other savings: “It is easy to see that such a plant 
ean earn yearly from 30 to 70 per cent on the investment, de- 
pending on the sales price of the steam.” 


DescriPpTION OF Dry-QUENCHER INSTALLATION AT THE CouRT 
Srreet Station or Consumers Power Co., Furnt, Micu. 


This plant has recently been put in operation, and as it differs 
considerably from installations at other plants, a description 
following the normal course of operation, with technical data, 
should prove of interest. 

The hot coke is pushed from the coke ovens into a hot car of 
the usual type (except that it is much shorter, to suit the elevator 
cage), which is moved by the locomotive car on to a cage hoist 
where the locomotive is uncoupled and the hot car locked to the 
cage rails and hoisted up by means of an electrically driven 
entirely automatically controlled hoisting engine. As the load 
is hoisted the container charging door automatically opens, and 
when the cage reaches the top position the car discharge doors, 
electrically operated, automatically open and permit the coke 
to flow through the charging chute and door into the container. 
A time-limit switch then starts the empty car down, and in due 
time closes the charging door. 

When the car again reaches the lower or ground position, the 
electrical equipment cuts out and the operator couples on the 
locomotive, releases the car locks, and pulls the car back to the 
battery in position to receive another charge when the oven is 
ready. 

However, before another load of hot coke is put into the con- 
tainer, the operator withdraws an equivalent amount of cooled 
coke from the bottom of the container, loading it on to the coke 
wharf, whence it is taken by a wharf conveyor and transported 
to the screening station. 

The dry quenching or cooling of the coke takes place in the 
firebrick-lined container which holds about seven loads of hot 
coke. 

A circulating fan drives an automatically formed inert gas 
into the bottom of the container through a gas distributor and 
up through the bed of coke, which gas absorbs heat in cooling 
the coke and passes out near the top of the container through 
a superheater chamber and into a fire-tube boiler of the vertically 
inclined type. The gas passing through the boiler gives up heat 
and generates steam. 

Dust carried over with the circulating gas is either precipitated 
in the superheater chamber or caught by the dust collector at 
the bottom of the boiler. 

The cooled gas is drawn from the boiler into the suction side 
of the circulating fan and is discharged and driven into the 
bottom part of the container. 

This process is continuous, and the inert gas is used over con- 
tinuously as the entire system operates on a closed cycle. 

To maintain this closed cycle, not more than one point in the 
gas-circulation system should be open at a time. 

The charging door and discharging doors are only opened al- 
ternately so as to maintain the closed cycle. 

The coke container is provided with a manually operated coke- 
level indicator so that the operator can readily determine the 
quantity of coke in the container and also gage the quantity <lis- 
charged each time. 

The coke-discharging device consists of a coke rake, operated 


ing devices to prevent infiltration of air. 

The container, superheater chamber, and boiler are lagged and 
insulated to reduce radiation losses. 

The boiler is provided with a Copes feedwater regulator and 
Reliance water column. 

The hoisting machine and motor are placed in a separate brick 
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building with the operating controls and switch panels placed in 
& separate room. 


MAIN TECHNICAL DATA OF FLINT, MICH., DRY- 
QUENCHER INSTALLATION 


Two (2) 10-hour turns per day 
Capacity of dry quencher per 20-hour day............ 280 net tons 
Capacity of dry quencher per hour.................... 14 net tons 
Temperature of glowing coke, approx.............. 1800 deg. fahr. 
Temperature of cooled coke, approx................. 700 deg. fahr. 


Steam superheat........ . .100 deg. fahr. 


Total temperature of steam................ .......506 deg. fahr. 
Feedwater temperature (about)..................... 200 deg. fahr. 
Time interval between loads (approximately)............. 19 min. 
Mean gas temperature leaving container............ 1150 deg. fahr. 


Outlet gas temperature (assumed)... .450 deg. fahr. 
Expected steam production per net ton of coke cooled from and at 


Expected steam production per hour from and at 212 deg. fahr. 


The steam produced is used in steam turbines and as process steam 
in the by-product plant. 


Composite CHARTS OF PLANT OPERATION 


Fig. 4 is the composite chart of a plant operating 24 hours per 
day. The diagram between the 800 and 1400-deg. lines shows 
the temperature of the gases leaving the coke container, from 
which the effect on temperature of each hot charge can be readily 
seen. 

When a load of hot coke is put in the container the temperature 
rise is almost instantaneous, and then as the coke cools this tem- 
perature slowly drops until the next load is put in. 
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The diagram between the 160 and 240 lines shows the rate of 
steam flow and is a composite of steam production and demand. 
In general the fluctuations follow the hot-gas temperature line. 

The next diagram shows the steam gage pressure in pounds per 
square inch, and this is succeeded by one showing the temperature 
of the cooled gases after passing through the boiler, ducts, and 
fan; in other words, the temperature of the gas going to the con- 
tainer. This latter diagram shows plainly the effect of each hot 
load and indicates that the discharging of cooled coke has very 
little effect on the gas temperature in this installation. 

The innermost diagram shows the temperature of the feed- 
water in degrees fahrenheit. 

This composite chart is not a record of test conditions, but was 
made up from actual operation charts of a plant operating 24 
hours per day. 

Fig. 5 shows diagrams of the hot and cooled gas temperatures 
in a plant operating on two 10-hour turns in each 24-hour day. 
The four delay periods of approximately one hour each show 
clearly that there is sufficient reserve heat in the stored coke to 
keep producing steam and quickly pick up the operating load 
when the hot-coke supply restarts. 

In this plant the steam is produced at 250 lb. per sq. in. gage 
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pressure and delivered with 100 deg. fahr. superheat, making 
a total steam temperature of 506 deg. fahr. 

Fig. 6 gives the operating record of one plant for the year 1929. 
It shows: 


1 The quantity of coke dry quenched per month and the 
monthly average for the year 

2 The quantity of steam produced per month and the 
monthly average for the year 

3 The quantity of steam produced per net ton of coke 

quenched for each month and the average for the year. 

The steam quantities are given in actual output at the 

pressure produced 
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4 The cost of power for the entire dry-quencher instal- 
lation, including circulating gas fans and hoist. 


All of the data given in Fig. 6 are taken from actual operation 
and are not test figures. 


Coo.tine Gas 


In the operation of a dry-quencher plant it has been found that 
sometimes hydrogen is formed, and in the early plants it was 
burned off at the opening of the charging doors. These latter 
were small, and therefore created a restriction which required the 
use of a small pilot flame. 

However, improvements in later installations seem to have 
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Fie. 7 SHowine Composition oF Various Mrixep Gases IN RELA- 
TION TO Dry-QUENCHER CooLinG Gas 
(From data by J. W. Jones in Ind. & Eng. Chem., vol. 20, 1928.) 


eliminated this difficulty, at the same time giving some additional 
heat recovery from the burning of the small amount of hydrogen. 

As previously mentioned, a mixture of CO and CO, is formed 
in the apparatus at the very start of operation. To this mixture 
is sometimes added a certain amount of hydrogen, which may 
increase to about 20 per cent if the cooling chamber is charged 
with badly distilled coke. The suggestion has been made that 
such a mixture of gases might lead to explosions. An analysis 
of the conditions, together with the experience of actual installa- 
tions, proves that these fears are unfounded. 

The following table shows percentage gas analyses from the 
dry-quenching installation at the gas works of Keilehaven, near 
Rotterdam: 


Time between 

13 min. 20 min. 19 min. 16 min. 
Sample 
I II III IV V VI VII VIII 
CREA waa ae 6.56 7.0 8.6 8.8 13.3 12.4 123.5 11.7 
onccess 0.2 0.2 6.3 1.0 0.3 0.7 0.3 1.2 
co.. 684: £4 44 6.56 
> 2.6 2.2 2.0 | 0.2 0.2 0.2 0.1 
MN Fctheaee 65.6 72.1 70.8 76.0 81.3 80.9 76.3 78.8 


The samples numbered I, III, V, and VII were taken shortly 
after refilling the container, while those numbered II, IV, VI, 
and VIII were taken shortly before refilling the container with 
glowing coke. 

In investigating the possibility of explosion, 60 gas analyses 
taken at this coke-quenching plant were considered. It was 
found that the proportion of carbon monoxide, as well as that of 
hydrogen, reached at most a maximum of about 20 per cent. 


16 M. C. Sissingh, Gas und Wasserfach, no. 51, 1923. 


TABLE 3 ANALYSES OF DRY-QUENCHER-GAS SAMPLES 


No. of 
samples 
— than 10 per cent H2 and less than 4 0 cent CO: 
Due to presence of air in quencher. . 10 
Due to nearly complete combustion. ie ee 58 
Less than 10 per cent Hz and 4 per cent or more of CO.......... 218 
Between 10 per cent and 20 per cent He.. 154 
Between 20 per cent and 30 cent 69 
30 per cent He or more.. 25 
TABLE 4 CORRELATION OF GAS-ANALYSIS DATA 
No. of Lower Upper 

samples limit limit co He CHs Inerts B.t.u 

10 12 64 6 33 2.5 58 153 

3 15 65 s 35 2.3 54 166 

S 13 68 10 32 1.4 57 150 

4 15 69 13 25 1.3 62 134 

1 18 72 12 17 1.6 69 113 

5 20 71 s 19 1.2 72 98 

9 23 71 6 18 0.9 75 SS 

2 24 73 14 14 1.0 71 101 

7 27 73 s 13 1.0 78 78 

ll 28 73 6 <10 ice > 4 < 62 

14 30 72 5 <10 > 85 < 50 

15 32 72 4 < 10 > 86 < 47 

6 31 73 4 < 10 > 86 < 45 

12 31 74 Q <10 > SI < 61 

16 32 74 < 10 > 82 < 60 

13 36 74 s <10 > 4 < 57 

17 None None 2 < 10 > 8s < 39 


This would result in a gas consisting of a mixture of 20 per cent of 
carbon monoxide and carbon dioxide, and 20 per cent of hydrogen 
diluted with 60 per cent of carbon dioxide and nitrogen. 

The explosion limit for a mixture of water gas and air at 
average temperatures is between 12.5 and 66.6 per cent of water 
gas. If air is allowed to enter the mixture of cooling gases it 
serves to dilute the mixture, and the concentration of combustible 
material is lowered. Laboratory tests and actual experience in 
plant operation have shown that no apprehension is to be felt 
for the safe performance of Sulzer System dry-quenching plants 

At one plant 534 samples of dry-quencher gas were analyzed 
during the year. These analyses were made primarily to indicate 
the presence of possible leaks in the system and not as another 
check on operating conditions, and the results are summarized in 
Table 3 in terms of the main inflammable constituents in the 
gases, 

The analyses were made by an experienced operator and are 
considered accurate with 0.1 per cent for each constituent 
The B.t.u. was calculated at 60 deg. fahr. and 30 in. pressure. 


CONSIDERATION OF THE DaTA 


In order to study the composition of dry-quencher gas, it is 
necessary to correlate the data and bring the essential figures 
into a more compact form, as in Table 4. The lower limit is 
taken as a basis for the following classification. Since oxygen 
and carbon dioxide seem to affect the limits very slightly, if at 
all, these have been added to the percentage of N, or inerts. 
Carbon dioxide, as is seen, varies, from about 2 per cent to 10 
per cent, and generally the higher percentages are found among 
those analyses having less than 10 per cent H:, as would be ex- 
pected. The other figures are rounded off to the nearest unit 
except in the case of methane. 

Fig. 7 shows curves plotted from the data given by J. W. Jones 
of the Bureau of Mines," for Hz + CO, Hz: + N2, CO + CO:, 
co CH, + CO,, and for CH, No. 

These curves differ slightly from those given by other authori- 
ties as to curve for H, + CO, but the differences can be accounted 
for by the type of apparatus used. Jones used upward propaga- 
tion, i.e., his flame started at the bottom and traveled upward, 
while most others ignited the mixtures in the center, or upper 
center, by means of a fuse wire. 

Upward propagation was used in these tests, and the resu!'s 
obtained compare favorably with the work of Mr. Jones. 


17 Industrial and Engineering Chemistry, vol. 20, 1928. 
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Dry-quencher gas is continually changing, so that it is there- 
fore hard to get an accurate average, and the curve given in 
Fig. 7 covers but one condition. 

The following few analyses of the circulating gas, taken at the 
latest installation, will give an idea of the composition of this 
cooling medium, which is found immediately after starting up 
with air, as the oxygen is quickly consumed when the air circulates 
through the first load of coke. 


O: CO 

—-Per cent 

13.80 2.20 3.00 After charging 
12.40 0.00 5.40 Cooling 

9.40 2.20 4.00 After charging 
12.50 0.00 4.90 Cooling 


AN INSTALLATION OF THE 
Latest Type 


Fig. 8 shows a modern-type 
installation similar to the Flint 
plant, except that the glowing 
coke is transferred from the by- t 


product oven by means of a i 
standard hot-coke car and dis- 
charged at the dry quencher into Pig SHUT- OFF 


a bucket which is hoisted and 
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output affect the dry-quencher-plant designs, and the illustration 
referred to below should give a fairly good idea of the equipment 
required. 

Fig. 9 shows a plant of small capacity where the time interval 
between charges is relatively great; it consists. primarily of one 
or more cooling chambers in which the special coke container is 
stored for the predetermined period needed to bring the coke 
down to handling temperature. 


T » 
MOIST HEAD HOUSE 
\ 


dumped into the top of the coke 


container automatically. 

The circulating cooling gases 
are fed to the discharge chute and 
bottom portion of the container, 
as well as through the distributor, 
thus taking advantage of all the 
space containing coke for cooling 
purposes. 

This installation includes a 
superheater and vertically in- 
clined fire-tube boiler with simple 
type of dust collector at the 
bottom. The dust collected in 
the superheater chamber is in- 
termittently discharged into the 
boiler dust collector, from which 
all dust is drained approximately 
once in each turn. 

Shut-off dampers are provided 
to shut off boiler units when 
necessary. Regulating dampers 
are installed in the ducts lead- 
ing to the distributor and con- 
tainer hopper so that the dis- 
tribution of cooling gas can be 
adjusted as required. 

This type of installation dis- 
charges the cooled coke back to 
the hot-coke ear, which delivers 
it to the regular wharf for distribution by belt conveyor to point 
of storage or use. 

It will be seen from the figure that the container, superheater 
chamber, and boiler head are well insulated, while the boiler is 
lagged on the outside to reduce loss by radiation to the minimum. 

The charging door, discharging coke rakes, and discharge doors 


are all mechanically operated and provided with push-button 
controls. 


Fie. 8 


Sizes oF INSTALLATIONS 


Local conditions, capacity in net tons of coke per day, and oven 
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SHowinG Latest Tyre oF Dry-QUENCHER INSTALLATION 


Fire-tube waste-heat boilers of suitable size are installed in con- 
nection with the cooling chambers so that the circulating fan will 
cause a@ current of automatically formed inert gas to pass through 
the coke, into and through the boiler, thence back to fan, ad lib., 
in a similar manner to that previously described for the process. 

The quantity of steam produced by such a plant is usually 
slightly less than with a larger installation. 

Fig. 10 shows a slightly different type of small-capacity installa- 
tion where the boiler, of the water-tube type, forms the cooling 
chamber and the coke charge in a special container is stored in- 
side what is practically a water-wall-cooled furnace. The cooling 
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FRONT VIEW SECTION B-B SECTION A—A 


Fie. 9 SHow1ne INSTALLATION Wits INCLINED Fire-TuBE BoILer 


— | 


| 


— 


C 
Fig. 10 SHowrnG ARRANGEMENT OF SMaALL-CapaciTy INSTALLATION Water-Tuse Borer 
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gases pass up through the coke, then down through the boiler- 
tube interstices, and out at the bottom to the circulating fan. 
Reproduction of photographs of a plant of this type are given in 
Figs. 16 to 23. 

Fig. 11 shows a plant similar to the installation shown in Fig. 
8, but having a hoist tower and bucket to receive the coke from 
the hot-coke car, and then elevate and discharge it into the top 
of the coke container. The capacity of the plant is 530 net tons 
of coke per day, a charge of hot coke being received approximately 


| 


| 


This system releases the hot-coke car immediately after it has 
discharged a load of glowing coke into the hoist bucket, which per- 
mits one car to do the work where ordinary wet quenching would 
require two hot-coke cars. It also provides gas burners for use 
in auxiliary firing of boilers in the event that the coke output 
runs below that required to produce all the steam required to 
operate turbines, etc. The time interval between charges for 
this plant is approximately 5 min. 

Fig. 15 shows the 1000-ton-per-day installation at Homécourt, 


Wharf 
“oy 
Coke-Oven 
Battery 
hing 4 “Pusher Crane Runway 
Station ‘location of ed 
Flan 


Fre. 11 Ssowrne oF 530 Net Tons Day Capacity SinGLE ConTAINER 
Unit anp StnGie VerTICALLY INCLINED Frre-Tuse BorLer 


every 20 min. Fig. 12 shows a similar plant having a capacity 
of 1000 net tons of coke per day, receiving a charge of hot coke 
approximately every 15 min. These two installations are ar- 
ranged to discharge directly on to existing coke wharfs. 

Fig. 13 shows a plant of 2200 net tons daily capacity which has 
a rectangular coke container and three boilers so arranged that 
any one may be taken out of service when required. This in- 
stallation discharges the cooled coke into the hot-coke transfer 
car, which in turn delivers it on the existing wharf, the machinery 
being designed to handle a charge of coke approximately every 7 
min, 

Fig. 14 shows a plant designed to handle 3800 tons of coke per 
day, located over a screening station and built in two units, each 
equipped with a hoist tower, bucket, and three boilers. It is 
arranged to discharge the cooled coke on to an intermediate dust- 
settling wharf, from which it is fed through chain feeders uni- 
formly to belt conveyors. 


France, which has been in successful operation for some years. 
This, being one of the early installations, is equipped with water- 
tube boilers and was designed on the basis of a four-hour cooling 
time; later experience in this country, however, has demonstrated 
that only two hours’ cooling time is all that is economically 
needed. 

Figs. 16-23 are reproduced from photographs of a 15-ton-per- 
day plant that has been in successful operation for the past two 
years. This installation showing sectional elevation in Fig. 10 is 
at a plant fitted with vertical retort ovens, each oven being of 1.5 
net tons coke capacity. 

The cooling period in this installation is approximately 1'/; 
hours and the steam production is about 800 Ib. at 200 Ib. gage 
pressure, the power consumption being approximately 2.5 kw-hr. 
per net ton of coke cooled. 

From an inspection of these views it will be seen that the hot- 
coke container is moved into and out of the boiler chamber 
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mainly by means of a hand winch. This of course can be done 
by power where necessary. 

The glowing coke comes to the boiler chamber at an average 
temperature of 1800 deg. fahr., and the cooled coke is discharged 
at approximately 450 deg. fahr. 

Fig. 24 is a photographic view of the dry-quenching plant at 
the gas works of the Rochester Gas and Electric Corporation, 
Rochester, N. Y. This plant was built on the basis of four hours 
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Coat AND CoKB ANALYSES 
At both the Rochester and Flint plants high-volatile 


coals are 


used, the relative coke and coal analyses being as follows: 


Coal Charged to Ovens: 


Fized carbon, per Cent. 58.97 


Ash, per cent (calculated on moisture-free basis) 
Sulphur separately determined, per cent... .... 


c 


TOP VIEW 


| 


| 
SECTION A-A 


Fie. 12 


cooling time for a capacity of 425 net tons of coke cooled in 24 
hours. Tests and experiments have demonstrated that two 
hours cooling time is sufficient, so that new plants designed on this 
basis will naturally represent a considerably lower investment. 

The plant consists of two complete container and boiler units, 
and over 500 tons per 24 hours have been successfully cooled in 
one unit on occasions when required. Steam is produced at ap- 
proximately 140 lb. gage pressure, without superheat. 

Fig. 25 shows the dry-coke quenching installation at the Court 
Street Station of the Consumers Power Company, Flint, Michi- 
gan. This installation has a capacity of cooling 280 net tons of 
coke in 20 hours as the plant operates on two 10-hour shifts in 
each 24-hour day. Steam is produced at 250 lb. gage pressure 
with 100 deg. superheat and a total steam temperature of ap- 
proximately 506 deg. fahr. 


SHOWING INSTALLATION OF 1000 Net Tons per Day Capaciry Witru SINGLE 
ConTAINER UNIT AND Two BorLers 


} 
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Coke Produced, Wet-Quenched: 


Moisture 
free 
Volatile, per cent...... - 1.71 
Fixed carbon, per cent. : 91.29 
Moisture in coke : as s received, per cent....... 12.90 
Sulphur separately determined, per cent...... 0.75 
Coke Produced, Dry-Quenched: 
Moisture 
free 
B.tu. per ib. ...... 
Volatile, per cent...... 1.16 
Fixed carbon, per cent.......... 91.48 
7.36 
Moisture in coke | as s received, per cent. 0.50 


Sulphur separately determined, per cent. 0.68 


As 
received 
11,463 
1.49 
79.51 
6.10 
As 
received 


13,023 
1.15 
91.03 


- 


0.75 
4 +A 
= 
| 
= 
\/ 
ZINE 
DA} 


A 


SECTION C-C 


SECTION A 
Fie. 14. SHowrne INSTALLATION oF 3800 Net Tons Day Capacity Wits Two Containers AND MULTIPLE BoILers 
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From the foregoing it will be seen that dry-quenched coke has 
a higher heat value than wet-quenched. 


ScrEEN TEstTs 


One of the items of special interest to coke manufacturers is 
the size of coke produced, and as the Rochester dry-quenching 


Over 2-in. X 2-in. screen 
Through above screen......... 
Over X 3/,-in. screen 
Through above screen 


From this it will be seen that the quantity of fines through 
3/,-in. screen is less in dry-quenched than in water-quenched coke, 


Fie. 15 View or INSTALLATION aT Homécourt, FRANCE 


installation apparently handled the coke more roughly than do 
the usual water-quenching methods, improvements in plant 
design were developed that seem to have helped the situation. 

While plants of new design have not been operating a sufficient 
length of time to get definite, conclusive data, the results so far 


obtained seem to indicate a noticeable improvement. Some com- 
parable tests have been run on wet- and dry-quenched coke with 
the following results: 


Wet- 
quenched 


Dry- 
quenched 


Over 2*/¢-in. X 2-in. screen 
Through above screen 


Shatter tests carried on at the same time as the screen tests 
showed the following comparison: 


Wet- Dry- 
quenched quenched 
——~—Per cent— 


50.0 66 
39.5 26 
39.5 
10.5 


Method of quenching 


Over 2-in. < 2-in. soreen............. 
Through above screen 

Over 3/;in. X */¢in. screen 

Through above screen 


From this it would seen that dry-quenched coke is stronger 
on 2-inch screen than water-quenched. 


11.5 11.5 
19.4 25.6 
3.6 
| 
q -—Per cent——. 
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This bears out the results of tests run by C. C. Russell’8 in 
1927 at Rochester, as we find it stated in his report that— 


Dry-quenched coke (through 3-in. on 2-in. screen) when subjected 
to the standard shatter test (four 6-ft. drops) still contains 63 per 
cent of coke on a 2-in. screen, whereas wet-quenched coke of the 
same original size contains 50.1 per cent on a 2-in. screen after the 
same treatment. 
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—Per cent———~ 
60.71 38.79 
21.17 43.77 

2.50 4.98 
2.86 6.86 
12.76 5.60 


Over 2*/,in. X 2-in. screen... . 
On 1'/in. 1-in. screen. 

On 1-in. X 1-in. screen.... 

On '/s-in. screen...... 
Through above screen. 


100.00 100.00 100.00 


Fig. 17 


Fies. 16 anp 17. Views or Sevr-Contarinep Unit INSTALLATION AT SCHAFFHAUSEN, SwITZERLAND 


Repeated shatter tests on the same samples of dry- and wet- 
quenched coke show that any given size of dry-quenched coke 
resists breakage better than the same size of wet-quenched coke, 
no matter how much rough handling they are given. 

In every case, then, the dry-quenched coke is stronger than the 
wet-quenched coke of the same size. 


At the Flint plant it was observed that the water-quenched 
and dry-quenched coke as delivered to the wharf differed some- 
what in appearance, although some lumps as large as 8 and 10 in. 
were discerned coming from dry quencher. 

Additional samples were then taken and comparable screen 
tests run as follows. The first column gives the results from a 
wet-quenched sample taken from wharf; the second gives re- 
sults from the same sample dried to a moisture-free condition; 
and the third, similar data from a dry-quenched sample. 


—-Weight in pounds— 
Weight of sample 280 281 
Weight over 2?/,-in. X 2-in. screen 9: 170 109 
Weight through above screen........... 110 171!/, 
Weight over 1'/:-in. X 1-in. screen 591/123 
Weight through above screen........... 503/4 491/, 
Weight over l-in. X 1l-in. screen........ 7}, 7 14 
Weight through above screen......... 433/4 35 
Weight over !/:-in. X 1/:in. screen 8 191/ 
Weight through above screen........... 


‘ 
153/, 


35/4 


Reducing these data to a percentage basis, the following com- 
parison is secured: 


8 Koppers Co., “‘A Comparative Study of Coke at the Plant of 
Rochester Gas and Electric Corporation Made December, 1926.” 


A further test was run to determine, if possible, the amount of 
fines adhering to the coarse in wet-quenched coke, as no doubt the 
fines so adhering would be released in furnace, or stock bins, as 
the moisture evaporated. 

A sample of 730 lb. of wet-quenched coke was therefore 
screened, the moisture partially eliminated through air drying, 
and again screened, with the following results: 

After drying 

Coarse, over '/:-in. screen, lb 589 

Fines through '/:in. screen, lb 

Fines through '/:-in. screen, per cent... . 

Moisture in fines, per cent 
This showed clearly that dry coke is much cleaner than the usual 
run of moisture-laden coke, and that there is actually more fines 
with the wet-quenched than the dry-quenched, although the 
usual screening method does not show it. 

It should be noted that the difference in weight of sample 
cannot be construed as all moisture, because a portion of the 
fine coke was lost in handling so that the weights given represent 
the actual quantity put on the screen, and the figures giving the 
amount of fines after air drying are therefore conservative. 

From the foregoing it will be noted that the fines are very much 
greater in the wet-quenched coke after drying than in the dry- 
quenched coke. This simply indicates the condition that arises 
when the water-quenched coke is put in a furnace, and proves that 
the dry-quenched coke is cleaner and more desirable. 


HeatTiIna VALUE oF CoKE 


Most wet-quenched coke contains a large percentage of mois- 
ture, while dry-quenched coke is moisture-free when it leaves 
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Fig. 18 Fig. 21 


Fig. 20 Fig. 23 
Figs. 18-23 Views or SevF-ConTaAInep UNiT INSTALLATION AT SCHAFFHAUSEN, SWITZERLAND 
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the quenching unit; sometimes, however, it is sprayed or absorbs 
moisture from the air, which, it has been found, amounts to from 
four-tenths to sixth-tenths of 1 per cent. 

The actual heating value per pound of coke as received is natu- 
rally affected by this moisture content, so the following com- 
parisons will no doubt be of interest. 

Tests of wet-quenched coke as received by consumer show 
8.10, 11.65, 14.20, and 19.79 per cent moisture. Dry-quenched- 


Fie. 24 
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or, on @ percentage basis, the consumer receives 10.87 per cent 
more heat units per pound of dry-quenched coke than per pound 
of water-quenched coke. 

In the case of coke fines it seems that the moisture is concen- 
trated, and it has been found that wet-quenched coke fines 
through a */,-in. screen contained from 20 to 30 per cent of mois- 
ture, while the dry-quenched maximum was but 0.8 per cent. 
Assuming, therefore, an average for wet-quenched of 23 per cent 


View oF INSTALLATION OF PLANT oF RocHester Gas & Etecrric CoRPORATION, 


Rocuester, New York 


coke tests show 0.41, 0.50, and 0.60 per cent, so an average of 
0.50 per cent is conservative. 

The comparative heating value of water-quenched and dry- 
quenched coke, assuming an average of 8.10 per cent moisture for 
the former, is therefore as follows: 

B.t.u. per 


Ib. as 
received 
11,983 
13,023 
1,040 


Water-quenched coke 
Dry-quenched 


Actual increase in heating value 


and for dry-quenched a maximum of 0.8 per cent, the following 
comparison is conservative: 


B.t.u. per 
Ib. as 
received 
Water-quenched coke.... . 
Dry-quenched coke........ 


Actual increase in heating value 


or on & percentage basis, the consumer receives 23'/, per cent 


aN 
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more heat units per pound of dry-quenched coke fines than per 
pound of wet-quenched coke fines. 

These figures indicate that the consumer should insist on dry- 
quenched coke wherever it can be used. 

Fig. 26 shows the relative heat units in dry-quenched and wet- 
quenched coke as received by consumer at various moisture con- 
tents. 


RETURN ON INVESTMENT 


Assuming an average overall investment cost of $240 per net 
ton of installed dry-quencher daily capacity and a steam-produc- 
ing operation of 350 days per year with labor being paid 365 days 
per year due to repair work during shutdown periods, we have an 
average output per year of 350 net tons of coke per ton of installed 
quencher capacity. 

From the heat in each net ton of coke dry quenched, there will 
be produced steam at the pressures and superheats required by 


% 


Fie. 25 View or INSTALLATION AT CONSUMERS PowER CoMPANY, 
Court Srreet Station, Furnt, MicHiGan 


different plants in varying amounts, and the chart in Fig. 27 has 
been made up on the following basis: 


ra 1 Steam produced from and at 212 deg. fahr. at rates of 
yi 800, 900, and 1000 Ib. per net ton of coke cooled 
2 Steam values of 20 to 60 cents per 1000 lb. from and at 
212 deg. fahr. 
3 Return on the investment in dollars per year per net 
ton of coke installed daily quencher capacity, for each 
of the steam outputs at money values per 1000 lb. 


This latter figure is made up as follows: 


1 Value of steam produced 
2 Less cost of steam, including fixed charges amounting to 
16 per cent on the investment cost 
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3 Less cost of pumping water in existing wet-quenching 
plant—assumed at 2 cents per net ton of coke 

4 Less an allowance for reduced maintenance due to 
elimination of corrosive action of wet quenching— 
assumed at 1 cent per net ton of coke 

5 Less increased sales value of dry coke fines, assumed at 
$1 per net ton, on basis of this being 11 per cent of the 
total coke cooled. 


From the chart it will be noted that an installation producing 
1000 Ib. of steam from and at 212 deg. fahr. per net ton of coke 
cooled with a steam value of 60 cents per 1000 Ib., shows a saving 
of $206.50, at which rate it will equal the investment cost in less 
than 15 months. 

Correspondingly, a plant producing but 800 Ib. of steam at a 
value of 20 cents, will show savings of only $52.50 and will re- 
quire approximately 4'/,; years to amortize the investment 
cost. 


CoNCLUSION 


With our present need for fuels conservation, it would seem that 
the waste and discomfort caused by water quenching of coke 
are economically indefensible. 

As the savings to be secured and advantages to be gained by 
dry quenching are so notable, there should be no doubt as to its 
desirability, and the author hopes the facts he has presented will 
be of assistance in furthering this economic improvement. 


Discussion 


R. J. Benper.” The writer would ask whether the necessity 
of using some kind of a steam accumulator has been proved in 
connection with these dry-quenching plants so as to control 
the steam output, which is apparently irregular; or are the 
boilers of sufficient volume to store enough steam? 


H. P. Rew.” This paper gives an interesting detailed dis- 
cussion on a simple but novel method of reclaiming heat in 
the form of steam as a by-product of a large-scale commercial 
operation, viz., coke production. One interested in conservation 
of by-products cannot but be impressed by the seemingly extrava- 
gant methods of removing heat from coke by the wet-quenching 
method; likewise, the cooling of other high-temperature prod- 
ucts by water spraying. 

While the data given in the paper cover the operation from 
both the coke-cooling and steam-generation angles, it is lacking 
in some other data which would be interesting. To enumerate, 
could the author answer the foliowing: 

(1) What is the total static pressure drop across the system as 
indicated by pressures at the inlet and the outlet of the fan? Of 
course this pressure drop would increase greatly with the in- 
crease in percentages of smaller sizes of coke. Are there any 
data available on these pressure drops with higher percentages 
of these smaller sizes present in the coke? If so, what are they? 

(2) What is the time period required for coke to pass the 
system? 

(3) Have any plants been operated long enough to determine 
the abrasive effect of the coke dust on (a) the superheater ele- 
ments, (b) the boiler tubes, (c) the dust collector, and (d) the 
fan blades and housing? If so, what is the life or service period 
of each of these items? 

(4) What average gas velocities are used across the super- 
heaters elements and through the boiler tubes? 
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(5) The flow of material downward through a hopper or bin 
such as the coke container of this installation is rather difficult 
to control so that the flow shall be uniform across any horizontal 
cross-section of the container. For best boiler efficiency and 
effective cooling it is evident that this flow should be uniform. 
Has this system been so designed as to give such uniformity; 
and if so, how? 

(6) Is it possible to admit a constant stream of hot-material 
charge by a conveyor of some type, rather than by batches, 
granting that such hot material could be obtained in stream 
flow rather than by batch, without infiltration of cold air to the 
system? 


R. W. Parxinson.”" The author shows savings due to the use 
of the dry-quenching process which will pay the cost of the in- 
stallation in from one to two years’ time. It is quite probable 
that such large savings can be effected only in more or less ideal 
cases where there is a continuous demand for moderate pressure 
steam which will be equal to or in excess of the rated steam out- 
put of the proposed dry-quenching plant. 

It would of course be possible in the case of an isolated coking 
plant where there is only a small demand for steam to dry-quench 
only a portion of the product and thus make only such steam 
as is required. In most cases, however, this would result in a 
very small installation, and the economies effected would be small. 
It would seem that one of the broadest fields for the application 
of the dry-quenching process would be in large coking plants 
owned and operated by steel companies when these plants are 
located on or adjacent to the mill properties. In such cases 
there is generally a large demand for medium-pressure steam 
to be used for process and for heating purposes throughout the 
mills. Ordinarily such a dry-quenching plant would be called 
upon only to furnish a portion of the steam required, so that 
the entire output could be used to advantage in this case, and 
the deficiency in steam could be made up from other sources 
perhaps in fuel-burning boiler plants using coke breeze. When 
applied to steel mills, the dry-quenching process must necessarily 
compete with other sources of waste heat, such as the heat in 
the exit gases from the open-hearth furnaces and blast-furnace 
gas from the blast furnaces. In one case comparisons of various 
methods of producing steam from waste heat have shown that 
all the heat for the moderate-pressure steam required could be 
recovered to at least equal advantage by utilizing other waste- 
heat sources. It is quite clear that in such a case, if the dry- 
quenching plant can be justified at all, the justification must 
be based mainly on other advantages claimed by the author, 
such as the superiority of the dry coke and the lower percentage 
of coke breeze produced. The author states that the dry coke 
will have a heating value approximately 1000 B.t.u. per lb. 
higher than that of wet-quenched coke. This of course will 
result in higher efficiencies due to the lower moisture losses 
when burning the dry fuel. This will be a net saving, although 
the total B.t.u. value of the coke produced per ton of hot coke 
quenched will of course be little in excess of that for the wet- 
quenched coke. 

With regard to the sizing of the coke, it appears that the coke 
made by the dry-quenching process runs somewhat smaller in 
size than the wet-quenched product, and this is considered to be a 
disadvantage by the majority of blast-furnace operators. From 
an inspection of drawings presented with the paper, it would 
appear that this objection could be largely overcome by the 
manufacturer by means of improvements in the design of the 
conveying equipment which dumps the hot coke into the top 
of the dry quencher. This could probably be arranged so that 
the coke would slide in smoothly and would not have to be 
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dumped twice, first into the skip bucket and then into the coke 
container through the charging doors. If the rough handling 
of the coke were eliminated, there is no apparent reason why the 
dry-quench coke should not be equal in size to the wet-quenched 
product. 

While it is believed that the author is a little optimistic in his 
expectation that the savings to be realized with a dry-quenching 
plant will ordinarily pay for the installation in a period of one or 
two years, it is no doubt true that there are very material savings 
to be made with the use of this process, and all should feel very 
much indebted to the author for the detailed account of the 
progress being made along these lines. 


G. R. Srrmeeck.”? Our installation has been in operation 
only a short time, and any comments must be viewed in the 
light of that fact. Our experience to date using a mixture of 
Kentucky King coal from Lisle, Ky., and Wharton coal from 
Wharton, W. Va., does not show any increase in strength of 
the coke that would clearly point to a gain inherent to the proc- 
ess of dry quenching. Our shatter tests show only a slight 
increase, which could be explained by the extra handling the 
coke receives in our plant due to use of the dry-quenching unit. 
We find no difference in the sulphur content and very little 
change in amount of fines produced. The coke does have a 
better appearance since the volatile matter in any “black” 
ends is burned out and the silvery appearance is retained due 
to dry-quenching. 

Our biggest problem and one that will be encountered by all 
users of this process is the matter of dust. When the container 
is charged, some dust blows over the yard, and a large cloud of 
dust rises when the container is dumped. Due to the tempera- 
ture of the coke leaving the unit, it is difficult to eliminate this 
by any spraying system, and we are trying a dust-collector arrange- 
ment. Due to peculiarities of our layout, this dust causes 
some trouble in our screening system. The writer feels that 
where new units are installed this trouble could be overcome by 
allowing time for the coke to cool after leaving the container and 
then treating with calcium-chloride solution before screening. 
We expect to try out dust collectors over our screens with final 
spraying of coke with calcium chloride before it enters trucks 
or cars for our customers. 

In the paper a statement is made that a saving on labor 
operating car and wharf will result. This is difficult to under- 
stand as the hot-car operator would be retained and the man 
formerly on the wharf would run the dry-quenching unit. That 
is our arrangement. 

The statement is also made that some steam is produced 
during the four one-hour layover periods. Our experience in- 
dicates that this is negligible and that we must keep our regular 
plant boiler under fire to take care of these drops in steam pro- 
duction. On continuous operation of the battery the steam 
production fluctuates some, and the writer doubts very much 
if it would be possible to operate on a dry-quencher boiler only, 
without some means of controlling the variations in pressure 
and steam production. At Flint we run our regular boiler, 
which is equipped with automatic controls, in connection with 
the dry-quencher boiler and obtain very good charts at the point 
of steam consumption. To obtain a load sufficient to secure 
good operation of our regular boiler we have added enough steam- 
using units to increase our steam consumption by about 15 
per cent over last year. These units replace electrically driven 
ones. 

The other data given on the Flint plant are correct. We have 
not been able to find any hydrogen in our recirculating gases, 
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and we have obtained a steam production which meets the 
guarantees. 

The difficulties we have had in operating the unit are those 
to be expected from any new equipment, and our costs cannot 
yet be taken as indicative of long-time operation results. Our 
power costs are considerably higher than those quoted on the 
seventh page, due to the fact that we are hoisting the entire 
hot car. We will undoubtedly save in maintenance of the hot 
car and the steel work in the vicinity of the quenching station 
due to the elimination of wet-quenching, but it is difficult to 
state this saving in dollars. 


AvuTHOR’s CLOSURE 


In regard to Mr. R. J. Bender’s question, the direct answer 
is ‘“‘No,’’ as we have not so far felt the need of an accumulator, 
as the boilers are generally of sufficient size to store steam. 

In the smaller-sized plants the steam-generating unit is made 
oversize and the steam is generated at a fluctuating pressure 
generally higher than the pressure at which steam is to be used. 
A regulating valve being installed on the steam outlet permits 
the steam to flow only at the pressure required. In plants 
having boilers of the type installed at Flint the steam drum is 
made of sufficient size to generally act as an accumulator. 

Fluctuation in steam pressure is generally affected by the 
charging, or coke-oven pushing, interval, and the boiler-steam 
space or reservoir is designed to suit each particular installation. 
For instance, in a plant having a 25-min. charging interval, 
the total steam temperatures fluctuation is approximately 8 
per cent, while in a plant having a 7-min. charging interval, the 
fluctuation is approximately 6'/, per cent. 

Answering the questions of Mr. H. P. Reid: (1) The total 
static pressure drop across the system is approximately 7 in., 
of water as this has been found to be economic from a fan- 
operating standpoint. Unless accurate data are available 
on the percentage of voids in the coke, the calculations are 
based on an average of 50 per cent voids with not more than 
10 per cent breeze or fines through '/;-in. screen. Data on 
pressure drops for other conditions are being collected and will 
be available later. 

(2) For such plants as that installed at Flint, the cooling time 
is 2 hours; that is, the coke container has effective volume to 
hold 2 hours’ production of coke. 

(3) Plants have been in successful operation for some years 
and the question can be answered in detail as follows: (a) The 
superheater elements have so far shown no signs of abrasion 
or wear due to the abrasive effect of the coke. (6) In installa- 
tions having horizontal fire-tube boilers no wear has been noted 
in one plant after more than four years of operation. In the 
vertically inclined type of boiler, as installed at Flint, no wear 
has so far been noted. (c) The dust collectors have so far shown 
no sign of wear or cutting. (d) The fan blades at the Rochester 
plant are renewed at the time of the yearly plant overhauling, 
although at other plants the fan blades have run two years. 
The fan housing has not been replaced at Rochester, and it is 
in the fifth year of operation. 

(4) In general the mean gas velocities through the super- 
heater space and boiler tubes are 60 to 80 ft. per sec. Each 
installation is calculated separately. 

(5) The cooling-gas distributor and the container-discharge 
opening are designed With a certain amount of adjustment to 
cause a fairly uniform flow of the coke through the container. 

(6) Yes, in special cases by using a rotary or other type of 
sealing discharge mechanism. One plant is now under develop- 
ment to receive the hot coke from a conveyor. Cold air does 
not enter the system; there are never two points open to atmos- 
phere at the same time. 
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In answer to the question of Mr. R. W. Parkinson, the 
author would say that there are many factors entering into the 
savings to be effected by dry-quenching of coke, not the least 
of which is the reduction in plant upkeep due to the elimina- 
tion of the wet-quenching, very frequently phenol-laden, vapor 
that is being found very destructive of steel work as well as of the 
neighbors’ property. 

Referring to Mr. Parkinson’s comment on the sizing of the 
coke, it will be well to bring out the fact that dry-quenched coke 
has noticeably less cross-fracture and is stronger size for size 
than the wet-quenched coke. Uniformity of usable sizes rather 


than more large pieces is really what the blast-furnace operators 
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want; in fact, crushing and screening to uniform size is now 
being very extensively demanded by the blast-furnace men. 
One plant visited by the author is arranging to screen all blast- 
furnace coke in 3 sizes through 3'/, in. on 2'/, in., through 2'/2 
in. on 13/4 in., and through 1%/,in. in 1'/, in., charging these 
different sizes separately. 

In conclusion, the author desires to thank the gentlemen 
who discussed this paper, and to add here that the brick lining 
of the coke container in one plant is now in its fifth year of 
operation without one cent of repair or expense and at another 
plant the steam produced has been more than 1050 Ib., F. & A. 
212 deg., per net ton of coke cooled. 
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The Performance 


The demands for high capacity, high efficiency, and 
flexibility have resulted in the development of modern 
stokers and pulverized-coal burners, adequate furnaces 
with steam- and water-cooled walls, air heaters, steel-tube 
economizers, etc., and have completely changed the equip- 
ment which was used for steam generation ten years ago. 
Consequently the author believes it is time that the 
methods of expressing the performance of such equipment 
should be revised to conform with new conditions. Con- 
sidering the problem of steam generation from the view- 
point of the functional purpose of the equipment, it ap- 
pears to the author that the logical method of expressing 
the performance of such equipment should be on the basis 
of the total heat absorbed by all water- and steam-cooled 
surfaces per unit of time, such a method being general 
and applicable to all types of steam-generating equipment, 
and expressing the performance, not in terms of arbitrary 
dimensions, but of actual results produced. 


HE output of steam-generating equipment is generally 
comes in terms of boiler horsepower or pounds of 
steam produced per hour. The second term is indeter- 
minate and unscientific inasmuch as feedwater temperatures, 
steam pressures, and steam temperatures vary so widely that 
there may be a difference of 25 per cent in the quantity of heat 
required to produce a pound of steam in two neighboring plants 
operating under entirely different conditions. Consequently the 
term “pounds of steam produced per hour’’ should be avoided. 
The term “boiler horsepower” is unfortunate in that no power 
is developed in the boiler, nor is there any relationship between 
boiler horsepower and the power obtainable from the steam in a 
prime mover. The term originated in 1876 when the Committee 
of Judges of Steam Boiler Trials at the Centennial Exhibition in 
Philadelphia defined a boiler horsepower as the evaporation of 
30 lb. of water per hour at 100 deg. fahr. into steam at 70 lb. gage, 
30 lb. being the average water rate of engines in use at that time. 
The term was introduced into the A.S.M.E. boiler test code of 
1884, and was finally redefined as the evaporation of 34.5 lb. of 
water per hour at 212 deg. fahr. into steam at 212 deg. fahr. 
As thus defined, a boiler horsepower is equivalent to the absorp- 
tion of 33,479 B.t.u. per hr. The term is a misnomer, and the 
only justification for its continued use is the fact that it has a 
definite numerical value and is in common use. 


Ratep CapaciTy AND Per CENT oF RATING 


The performance curves of steam-generating equipment are 
ordinarily plotted on a common abscissa of ‘“‘per cent of rating” 
or “pounds of steam evaporated per hour.” As previously 
mentioned, the second term is dependent upon several variables 
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Rating of Steam- 


Generating Equipment 


By H. L. SOLBERG,' LAFAYETTE, IND. 


and should be avoided. ‘Per cent of rating,” since it is based on 
an arbitrary “rated capacity,” is equally unsatisfactory. 

In the A.S.M.E_ boiler test code of 1899, the rated capacity of 
a boiler was defined as follows: 


A boiler rated at any stated capacity should develop that capacity 
when using the best coal ordinarily sold in the market where the boiler 
is located, when fired by an ordinary fireman, without forcing the 
fire, while exhibiting good economy; and further, the boiler should 
develop at least one-third more than the stated capacity when using 
the same fuel and operated by the same fireman, the full draft being 
employed and the fires being crowded; the available draft in the flue 
just beyond the boiler, unless otherwise understood, being not less 
than one-half inch water column.? 


On the basis of this extremely vague definition, boilers were 
rated at from 8 to 16 sq. ft. per boiler horsepower. The custom 
gradually developed of rating water-tube boilers on the basis of 
10 sq. ft. per boiler horsepower. Consequently, a water-tube 
boiler, not equipped with a superheater, is operating at 100 per 
cent of rating when the mean rate of heat transfer is 3348 B.t.u. 
per sq. ft. per hour. If a boiler is operated at 200 per cent of 
rating, it does not mean that the boiler is overloaded or subject to 
excessive thermal strains, but merely that the mean rate of heat 
absorption is 6696 B.t.u. per sq. ft. per hour. As heat absorption 
rates in excess of 100,000 B.t.u. per sq. ft. per hour (approximately 
3000 per cent of rating) are encountered under favorable condi- 
tions in certain parts of boilers, the rated boiler horsepower is 
not a measure of the maximum capacity of the unit in the same 
sense that the rating of a turbo-generator is a measure of the 
power which it can produce continuously. In fact, when units 
can be run continuously at five times rated capacity and there is 
no relation between rated capacity and maximum capacity, then 
the term “rated capacity” is little else than an arbitrary and 
meaningless one. However, the term “per cent of rating,’’ when 
applied to boilers not equipped with superheaters, does express 
in a definite though clumsy way the mean rate of heat transfer, 
and gives some indication of the conditions under which the 
boiler is being operated. 


SUPERHEATERS AND Per oF RATING 


In the case of an installation composed of boiler and super- 
heater, the developed boiler horsepower is based on the total heat 
absorbed in both the boiler and superheater and may be calcu- 
lated as follows: 

Developed boiler horsepower = (total heat absorbed per hour in 
boiler plus total heat absorbed per hour in superheater) + 33,479. 
The rated horsepower is based on the boiler surface only, although 
the superheater surface is obviously additional heat-absorbing 
surface. Consequently the per cent of rating does not indicate 
the mean rate of heat transfer in a boiler when a superheater is 
included in the setting. 


EcoNOMIZERS 


Curve A of Fig. 1 represents the temperature gradient through 
the water-cooled surfaces of a conventional boiler. It will be 
noticed that 50 per cent of the heat is absorbed in less than 25 per 
cent of the surface, and that the last 50 per cent of boiler surface 
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is relatively ineffective. If the last 40 per cent of boiler surface 
is replaced by economizer surface as shown by curve B, Fig. 1, 
then the rated capacity of unit B is only 60 per cent of that of 
unit A. Nevertheless, with the same stoker and furnace, the 
steam-generating capacity of the two units would be approxi- 
mately the same. However, the boiler horsepower developed 
at identical steaming rates would not be the same, since, 
according to the A.S.M.E. boiler test code, the heat absorbed 
in the economizer is not considered in figuring the developed 
boiler horsepower. Why should the economizer be left out 
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of consideration when it is an essential part of unit B and one 
square foot of economizer surface is more effective as a heat 
absorber than the same amount of surface which it replaces 
in the conventional boiler? For the same steaming rates, with 
unit B rated at 60 per cent of the capacity of unit A, the boiler 
and superheater are developing about 85 per cent of the boiler 
horsepower developed in unit A and are being operated at a 
percentage of rating which is about 1.4 times that of unit A. 
The higher “per cent of rating’? developed in unit B does not 
indicate that it is being forced more than unit A, since for the 
same steaming rate the mean rate of heat absorption in the boiler 
of unit B is the same as that in the first 60 per cent of unit A. 
The higher percentage of rating in case B is obtained merely by 
replacing relatively ineffective boiler surface by economizer sur- 
face. Consequently, the term “‘per cent of rating’’ is no indica- 
tion whatever of the rate of forcing a boiler unless complete data 
are at hand concerning the arrangement of the heat-absorbing 
surfaces, 

Fig. 2 shows a cross-section of the 11,400-sq. ft. boiler at the 
59th Street Station of the Interborough Rapid Transit Company. 
If this boiler, which is 24 tubes high, were replaced by a 14-high 


boiler and an economizer of sufficient size to result in about the 
same flue-gas temperatures as are obtained with the 24-high 
boiler (assuming that feedwater temperatures will permit this to 
be done), the unit would be rated at 684 hp. instead of 1140 hp.., 
but could produce the same amount of steam if set over the same 
furnace and stoker. The larger boiler would be operating at 300 
per cent of rating, and the smaller at about 450 per cent when 
producing the same amount of steam, with identical combustion 
rates on the stokers and in the furnaces, and with the same heat- 
transfer rates in the first 6800 sq. ft. of boiler surface. ‘Per cent 
of rating’’ ceases to mean anything under such circumstances 
unless the entire arrangement of heat-absorbing surfaces is 
specified. 


WaTER- AND STEAM-COOLED FuRNACE WALLS AND Ain HEATERS 


The development of steam- and water-cooled furnaces has 
resulted in a large increase in capacity brought about by the 
addition of a relatively small amount of surface. This is es- 
pecially true in cases where air heaters are employed to maintain 
the furnace temperature and permit of the absorption of a maxi- 
mum amount of radiant heat. Fig. 3 shows the remodeled boiler 
in the Fordson plant of the Ford Motor Company. By doubling 
the number of pulverized-coal burners and adding air heaters and 
water-cooled surfaces equal in area to 12 per cent of the original 
boiler surface, the capacity of the unit was practically doubled. 
Yet the per cent of rating upon which the performance curves are 
plotted in Fig. 4 is based upon the original surface of the boiler. 
In determining the rated capacity of this unit, why is the addi- 
tional saturated-steam-making surface in the furnace walls not 
included when it is the most effective surface in the boiler? If it 
is included, should the rated capacity be figured on the basis of 
10 sq. ft. per boiler hp. when the rate of heat absorption is often 
over five times that of the mean heat-transfer rate of the con- 
vection boiler? As yet there is no accepted method of determin- 
ing the number of square feet of heating surface in the furnace 
walls and screens. Under such circumstances the rated capacity 
can be figured in several different ways to give different results 
which change the “per cent of rating” developed by corresponding 
amounts. What is the value of “per cent of rating’ and “rated 
capacity” when the unit is operated continuously at five times 
its rated capacity? 

In determining the per cent of rating of a unit such as the 
Calumet boiler shown in Fig. 5, what is the rated capacity? 
If based on the boiler surface only, it is 594 hp.; if the furnace 
surface is included, it is 840 hp. Why should the economizer 
surface be ignored when it is practically as extensive as the com- 
bined furnace and boiler surface? If the economizer were re- 
placed by equivalent boiler surface, then at the same steaming 
rate the ‘‘per cent of rating’’ would be much lower, although the 
heat release per cubic foot of furnace volume and the heat trans- 
fer per square foot of radiant-heat-absorbing surface remained 
the same. What is the value of the term “per cent of rating’’ 
when applied to units of this type where most of the boiler surface 
is exposed to radiant heat? 

Fig. 6 shows a cross-section of reheat boiler No. 1 on unit No. 3 
at the Crawford Avenue Station of the Commonwealth Edison 
Company. What is the rated capacity of this unit? How is the 
per cent of rating to be determined? The rating of such units as 
this on the basis of conventional boiler surface is not only wort!- 
less but misleading. 

Fig. 7 shows a set of performance curves which was recently 
published by a prominent stoker manufacturer. In examining 
these curves, two things are very noticeable: (1) the increase in 
maximum efficiency of the newer installations, due to better 
stokers and furnaces and improved arrangements for absorbing 
the heat, and (2) the higher ratings at which the newer units are 
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operating. However, the abscissa upon which 
these curves are plotted is meaningless. The coal 
burned per square foot of grate, the heat release 
per cubic foot of furnace volume, and the maximum 
rate of heat transfer are no greater in some installa- 
tions operating at 500 per cent of rating than in 
others when operating at half of this figure. These 
high ratings are obtained by eliminating ineffective 
boiler surface, placing a maximum amount of boiler 
surface where it is exposed to direct radiation from 
the fuel bed and flame, and utilizing air heaters 
and economizers to maintain a high gas tempera 
ture throughout the saturated steam-making sur- 
faces. In other words, with adequate fuel-burning 
capacity, the per cent of rating is a function ot 
the type and arrangement of heat-absorbing sur- 
faces, and curves such as those in Fig. 7, which 
do not take into account this factor, are misleading. 

To summarize, the present system of expressing 
the performance of steam-generating equipment 
is open to the following serious objections: 

1 The “rated capacity’ bears no relation to 
the maximum capacity and is arbitrarily based on 
the extent of heat-absorbing surface of one type 
only without regard to the position of this sur- 
face, its effectiveness per unit area as a heat ab- 
sorber, or the influence of heat-absorbing surfaces 
of other types. 

2 The output, expressed in terms of equivalent 
evaporation or developed horsepower, as defined 
in the boiler test code, does not include the heat 
absorbed in the economizer, although economizer 
surface serves the same general purpose as _ boiler 
surface and is more effective per unit area than 
the boiler surface which it replaces. 

3 “Per cent of rating’ is not an indication of 
the mean rate of heat absorption in a boiler where 
superheaters are used. Nor does a high mean 
rate of heat transfer indicate that a boiler is being 
forced, since it is generally obtained by replacing 
relatively ineffective boiler surface by other types 
of heat-absorbing surface. 

Modern steam-generating equipment is com- 
posed of several different types of heat-absorbing 
surfaces, combined in so many ways and _ propor- 
tions that the performance can no longer be based 
upon boiler surface alone. The boiler, super- 
heater, economizer, and reheater are designed and 
operated as a unit, and must be so considered in 
determining the performance of steam-generating 
equipment. The function of the boiler, super- 
heater, and economizer is to absorb heat from the 
products of combustion in order to generate steam. 
The function of the air heater is to return to the 
furnace as much as possible of the heat not ab- 
sorbed by the steam- and water-cooled surfaces. 
Therefore, the logical method of expressing the 
performance of steam-generating equipment is in 
terms of total heat absorbed by water- and steam- 
cooled surfaces. 


Tue Unit or Capacity 
There are three units of capacity used in the 
A.S.M.E. boiler test code: (1) the unit of evapora- 
tion; (2) equivalent evaporation from and at 
212 deg. fahr.; and (3) boiler horsepower. The 
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unit of evaporation is the absorption of 1000 B.t.u. per hour; 
the unit of equivalent evaporation is the absorption of 970.4 
B.t.u. per hour, based on Marks and Davis steam tables; the 
unit of boiler horsepower is the absorption of 33,479 B.t.u. per 
hour. Of the three, the unit of evaporation is the simplest, 
easiest to calculate and understand. 

The output of steam-generating equip- 
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quantity of steam which it can produce per hour when burning 
coal of known characteristics. This result, expressed in thou 
sands of B.t.u. absorbed per hour in order to eliminate local 
operating conditions, should constitute the rating of the unit. 
It might be necessary to revise the rating somewhat after the unit 
has been placed in operation because of conditions not foreseen by 


ment can be most easily expressed as 
follows: 


Units of evaporation developed = 


Weight of water evaporated 

per hour X total heat absorbed 

per lb. in economizer, boiler, 
superheater, and reheater 


1000 


This differs from the present test-code 
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method in that the output is expressed in 
terms of total heat absorbed in all steam- 


and water-cooled surfaces. The output 


could be expressed in boiler horsepower by 
dividing the numerator by 33,479 instead 
of 1000. However, the name is a misnomer 


| 


| 
“After Remodeling 


and the unit is clumsy, so that it would be 


better to eliminate the term entirely. The 


output could also be expressed in terms of 


equivalent evaporation by dividing the 


| 


numerator by the latent heat of steam at 


standard atmospheric pressure, instead of 


by 1000. However, this is an unwieldy 


unit and, as generally computed, requires 


the calculation of a useless term called 
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“factor of equivalent evaporation.” The 


+ 


simplest method of expressing output is in 


terms of thousands of B.t.u. absorbed per 


hour by all steam- and water-cooled sur- 


faces 


-+-4-4 


Ratep Capacity 


The rated capacity should be based 


upon the maximum continuous load which 


a unit can carry. Otherwise the term is 


arbitrary and meaningless. The maxi- 


mum capacity of a steam-generating unit 


— Miter Remodeli 


supplied with good feedwater is generally 


limited by the amount of fuel that can 


of Combustion Space, 8.T.U. 


be burned rather than by the heat-absorb- 


ing capacity. On account of the flexibility 


Heat Liberated per Hour per Cu. Ft 


of such equipment, the numerous factors 


which may limit the capacity, and the 


manner in which characteristics of the fuel 
and operating conditions affect perform- 
ance, it is necessary to consider the entire 
fuel-burning, draft-producing, and heat- 
absorbing equipment as a unit and rate its 
capacity on the basis of the quantity of 
heat that can be transferred to steam- and water-cooled surfaces 
per hour under conditions of maximum constant-load operation 
when supplied with the fuel which is normally burned in the 
plant. In other words, rated capacity should be based upon 
actual performance and not upon arbitrary, empirical standards 
which bear no relation to the actual capacity of the unit. 

It may be urged that the rated capacity of a unit when figured 
in this manner depends upon the kind of fuel burned and other 
operating conditions and cannot be determined very closely until 
the unit has been placed in operation. However, steam-gener- 
ating equipment is generally purchased on the basis of the 


Per Cent of Boiler Rating 
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(From publication 1 C-2 of Combustion Engineering Corporation; 500,000 Ib. of steam 


per hour from one unit.) 


the designer. However, as data continue to accumulate on the 
performance of modern steam-generating equipment, it should 
be possible to estimate in advance, with reasonable accuracy 
the maximum continuous capacity of a unit. A rating so deter 
mined is certainly more satisfactory and indicative of the actual 
capacity of a steam-generating unit than a rating determined by 
present arbitrary methods which gives results which are often not 
within 500 per cent of the actual capacity of the unit. 


PERFORMANCE CURVES 


Performance curves should be plotted on a common abscissa 
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which has a definite numerical value, is readily understood, and 
leaves no opportunity for misinterpretation or false comparisons. 
The objections to “per cent of rating” and “steam produced per 
hour’ have been considered. Fig. 8 includes a set of performance 
curves plotted on a common abscissa of “‘total heat absorbed per 
hour in thousands of B.t.u. by water- and steam-cooled surfaces.” 
Other data such as draft losses, gas temperatures, heat absorbed 
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Fie. 5 Cauumer Borer 
(Boiler surface, 5938 sq. ft.; furnace heating surface, 2460 sq. ft.; econo- 
mizer surface, 8365 sq. ft.; total water surface, 16,763 sq. ft.; air-heater 

surface, 41,700 sq. ft.) 


Fia. 6 
CRAWFORD AVENUE STATION, 


in various parts of the system, etc., can be plotted on the same 
abscissa. The essential advantage of a set of curves plotted in 
this manner over the conventional curves plotted on per cent of 
rating is that the abscissa has a definite numerical value and 
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shows not only the range of capacity but the actual capacity 
developed. 

The curve of mean rate of heat transfer is plotted for the boiler 
only. It is possible, from this curve, to estimate the extent to 
which the unit is being forced if the amount and position of each 
type of heat-absorbing surface is known and a drawing of the 
setting is available. However, without this supporting informa- 
tion, the curve is of little value as an indication of the rate of 
forcing of the unit. Similarly, the curve showing the heat release 
per cubic foot of furnace volume is of questionable value until the 
kind of coal, particularly its fusing temperature, the excess air 
supplied for combustion, and the position and extent of all 
radiant-heat-absorbing surfaces are known. 

Few fields of mechanical engineering have witnessed so many 
progressive changes in the past ten years as have taken place in 
the field of steam generation. The demands for high capacity, 
high efficiency, and flexibility have resulted in the development 
of modern stokers and pulverized-coal burners, adequate fur- 
naces with water- and steam-cooled walls, air heaters, steel-tube 
economizers, etc., and have completely changed the equipment 
which was used for steam generation ten years ago. Conse- 
quently it is time that the methods of expressing the performance 
of such equipment, particularly in regard to rated capacity and 
graphical representation of results, should undergo a revision to 
bring them into conformity with new conditions. Considering 
the problem of steam generation from the viewpoint of the 
functional purpose of the equipment, it appears that the logical 
method of expressing the performance of such equipment should 
be on the basis of the total heat absorbed by all water- and steam- 
cooled surfaces per unit of time. Such a method is general and 


applicable to all types of steam-generating equipment, and ex- 
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Ef fic rency, Per Cent 


q. Ft. per Hr 


c 


Heat Release per Cu.Ft of Furnace Volume, B.tu. per Hr 
per 


Heat Transfer Rate in Boiler, 
per Sq. Ft.of Projected Grate Area 


Lb. Coal Burned per our 


80,000 120,000 160,000 200,000 
Total Heat Absorbed by Boiler, Superheater, and 
Economizer in Thousands of B.t.u. per Hr 


Fic. 8 PerrormMance Curves or Unit No. 49, R1cHMOND STATION 
(Based on data from Prime Movers Committee Report No. 267-33.) 


presses the performance, not in terms of arbitrary dimensidns’ 
but of actual results produced 
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Flow Characteristics of Special Fe-Ni-Cr 
Alloys and Some Steels at Elevated 
Temperatures 


By H. J. FRENCH,? WILLIAM KAHLBAUM,? ano A. A. PETERSON* 


In this paper the authors give the results of ‘‘creep’’ 
tests at different temperatures for three groups of alloys. 
The eleven metals in the first group included commercial 
alloys of nickel, chromium, and iron, both with and with- 
out tungsten, and low-chromium steels containing also 
tungsten, vanadium, or molybdenum. The second group 
comprised two carbon steels, a 3'/; per cent nickel steel, 
and two low-nickel-chromium steels which were tested 
only at 700 deg. fahr.; the twelve alloys of the third group 
were melted in a high-frequency induction furnace and 
their compositions were selected to show the general 
trends at 1000 deg. fahr. in the load-carrying ability of 
castings of the nickel-chromium-iron system. A metallo- 
graphic study of the creep-test specimens revealed inter- 
crystalline weakness in some of the wrought nickel- 
chromium-iron alloys, especially at temperatures between 
1160 and 1390 deg. fahr. A study was also made of the 
effect of deformation in the creep tests at different tem- 
peratures on the hardness and impact resistance of a 
chromium-vanadium steel at atmospheric temperatures. 


1 Published with the approval of the Director of the Bureau of 
Standards of the U. S. Department of Commerce. 

? Formerly Senior Metallurgist, Bureau of Standards, Washington, 
D. C. Now Metallurgist, Development and Research Department, 
The International Nickel Company, Bayonne, N. J. Mr. French 
was graduated from the School of Mines, Columbia University, 
in 1915, afterward engaging successively in chemical work at the 
Murray, Utah, plant of the American Smelting and Refining Co., 
in metallurgical work for an Eastern automobile and airplane en- 
gine plant, and in metallurgical production and inspection in the 
New York, Philadelphia, and Pittsburgh districts for the Bureau 
of Aircraft Production, U.S. A. In 1919 he joined the metallurgical 
division of the U. S. Bureau of Standards, where he was in charge 
of the section of Thermal Metallurgy and later assistant chief of 
the division. 

* Research Associate, The Midvale Company, Philadelphia, Pa. 
Mr. Kahlbaum was graduated in chemical engineering from the 
Missouri School of Mines and Metallurgy of the University of Mis- 
souri in 1920 and received a degree in Metallurgical Engineering from 
that institution in 1925. After graduation be held the position of 
research chemist and metallurgist with the Missouri State Mining 
Experiment Station cooperating with the Mississippi Valley Station 
of the U. 8S. Bureau of Mines. 

‘ Scientific Aide, Bureau of Standards, Washington, D. C. Mr. 
Peterson studied at Carnegie Institute of Technology and at George 
Washington University. He served on the metallurgical staff of 
the Bureau of Standards from February, 1922, until June, 1929. 

Contributed by the Joint Research Committee on the Effect of 
Temperature on the Properties of Metals and presented at the 
Semi-Annual Meeting, Detroit, Mich., June 9 to 12, 1930, of Tue 
American Society oF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


I—INTRODUCTION 


ONSIDERABLE attention is now being given in both this 
country and Europe to “creep” tests (or flow tests) in 
which the time-deformation relationship is determined for 
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metals subjected to constant loads for long periods at approxi- 
mately constant temperatures. Previous tests at the Bureau of 
Standards have related jointly to the development of a testing 
technique and to the procurement of data intended to assist en- 
gineers in the selection of safe working stresses for equipment de- 
signed to operate at elevated temperatures. Correlations have 
also been made between the laborious flow tests and short-time 
tension tests with the object of finding, if possible, rapid methods 
of determining approximately the load-carrying ability of metals 
at different temperatures. 


Fie. 1 Two or THe Verticat Test Units ror Frow Tests at 
DIFFERENT TEMPERATURES 


(Four vertical and six horizontal test units constituted the testing equipment 
for the flow tests. The optical micrometer used in making length measure- 
ments is shown on the stand at the right.) 


So far, data have been published for only five steels, and the 
purpose of this report is to present the results of additional tests 
extending over several years so that comparisons can be made of 
a wider range of metals, based on data secured under comparable 
conditions in one laboratory. The work simply represents the 
extension to more materials of the methods of test already de- 
scribed in detail.*.* 7 (See page 2 for footnotes 6 and 7.) 


5H. J. French and W. A. Tucker, “Flow in a Low-Carbon Steel 
at Various Temperatures,’ Technologic Papers of the Bureau of 
Standards, No. 296 (1925). 
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Tests were made of three groups of metals; the first, comprising 
commercial nickel-chromium and nickel-chromium-iron alloys 
and low-chromium steels containing tungsten, vanadium, or 
molybdenum, were tested, with one exception, under the research 
associate plan* with a research associate from The Midvale Com- 
pany, Philadelphia, Pa. The second group consisting of two 
carbon steels, a 3'/. per cent nickel steel, and two low-nickel- 
chromium steels were tested at 700 deg. fahr. to assist the Bethle- 
hem Steel Company, Bethlehem, Pa., and the Combustion En- 
gineering Corporation, New York, N. Y., in the selection of a 
composition suited for particular requirements of power-plant 
construction. The metals of the third group were used in a study 
of the flow characteristics at 1000 deg. fahr. of alloys of the nickel- 
chromium-iron system. 


II—TEST METHODS 
The test methods employed were substantially the same as 
those used previously, but subsequent to the last published de- 


Fic. 2 Improvep Resistors oF THE Heatine Units 
a = main resistor on the forming fixture 
_6 = auxiliary resistor placed outside and at the lower end of the main re- 
sistor 


scriptions a number of modifications were incorporated in the 
equipment and test procedure. Four of the ten horizontal load- 
ing machines were replaced by vertical units (Fig. 1) in which the 
frictional losses of the mechanical lever system were materially 
reduced. The new units were therefore better adapted than the 
old horizontal units for tests at the highest temperatures where 
the applied loads were the smallest. 


®*H. J. French, ‘Methods of Test in Relation to Flow in Steels 
at Various Temperatures,” Proc. Am. Soc. Test. Matls., vol. 26, 
(1926), p. 7. 

7H. J. French, H. C. Cross, and A. A. Peterson, ‘Creep in Five 
Steels at Different Temperatures,” Technologic Papers of the Bureau 
of Standards, No. 362 (1928). 

§ Described in Circular 296 of the Bureau of Standards. 


The temperature fluctuations within the test specimens were 
reduced by placing the control thermocouples at the furnace wind- 
ings instead of in the test specimens. Resistors of improved form 
(Fig. 2) were installed in the furnaces of the vertical test units to 
reduce the temperature gradients from top to bottom in the test 
specimens. In order to secure greater accuracy in the length 
measurements with the metals which oxidized most readily, the 
practice was followed of using platinum or silver wire (32 B. & S. 
gage) in small grooves as reference points for length measurements 
with an optical micrometer instead of the edge of the enlarged end 
section of the specimen. 

Only a limited quantity of some of the metals was available. 
The desire to secure the maximum information under such condi- 
tions led to the adoption of a specimen having two different 
diameters within the customary 2-in. gage length as is shown in 
Fig. 3. A given applied load produced different unit stresses in the 
two halves of the gage length of such a specimen, and this was 
equivalent to two of the customary specimens. However, the use 
of the modified test specimen is not advocated under ordinary 
conditions. It is disadvantageous to reduce the measured length 
from 2 in. to 1 in., and the abrupt change in section at the center 
of the 2-in. gage length may introduce stress concentrations and 
also tend to increase the temperature variations in the test sec- 


tions. As a result the flow produced by a given stress in the 
U.3.3TD. THREAD 
14 PER INCH 


Fie. 3  Mopiriep Frow-Test Specimen Usep IN SOME OF THE 
Tests 


(The flow under two different stresses can be followed on the one test speci- 
men. See text for discussion.) 


large half was not always as close as could reasonably have been 
expected to that produced by the same stress in the small half 
of the gage length. In cases of doubt many of the tests were re- 
peated on test bars having a gage length of uniform diameter. 


III—MATERIALS TESTED 


The composition and other details of the metals tested are 
summarized in Table 1. The eleven metals of the first group may 
be divided into three classes; the first comprised the one alloy, 
K-4, which was prepared for the Joint Research Committee on 
Effect of Temperature on the Properties of Metals® to represent 
the alloy 80 nickel, 20 chromium, widely used as resistance wire. 
Its composition is actually not representative of the bulk of the 
metal used in such wires, but it should serve ‘o indicate in a gen- 
eral way the flow characteristics of this class of material. The 
second class in the first group comprised nickel-chromium-iron 
alloys both with and without appreciable proportions of tung- 
sten, while the third class consisted of low-alloy steels having not 
more than 4 per cent of alloying elements. 

The six nickel-chromium-iron alloys in the first group represent 
compositions which have been used industrially in the construc- 
tion of chemical or engineering equipment operating at high tei- 
peratures. Alloys E1894 and E1567 were made in this country 
and the test bars from heat E1894 were taken from the riser of 


® A committee sponsored by the American Society for Testing 
Materials and The American Society of Mechanical Engineers. 
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Fic. 4 MicroGRAPHS OF THE STEELS oF Group II, TaBLe 1, IN THE CoNnpITIONS TesTED. X 100 
(These photographs supplied by the maker. Etched with 3 per cent HNO; in alcohol.) 
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Heat No. e190. Cazs Mw 140, Si 008, Ni e020, Cr 10.73, W 280 
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a casting and did not show the best properties obtainable in this 
alloy at either room or elevated temperatures (Table 1). The 
similar alloys marked FS-1 and FS-2 were made abroad. 

Alloy E1912 is an austenitic steel of the type of Krupp’s V2A 
and the English corrosion-resistant steel called Stabrite. Since 
austenitic steels are often said to retain a high proportion of their 
room-temperature strength at elevated temperatures, this nickel- 
chromium steel was included for comparison with the high- 
chromium “stainless” steels previously tested. Alloy EE1114 
is similar to alloy E1912, with the exception that it has somewhat 
higher carbon and silicon and 4.5 per cent of tungsten. 

The materials designated as E1894, FS-1, FS-2, and E1567 
have been used extensively abroad, and to a lesser degree in this 
country, the first two chiefly in the form of castings and the latter 
pair largely as forgings. Alloy EE1114, which has been used both 
in castings and in forgings, is claimed to be resistant to softening 
at elevated temperatures and to resist scaling, even in oxidizing 
and sulphurous atmospheres at temperatures as high as 2000 
deg. fahr. 

The chromium-vanadium steel, No. 10-518, Table 1, has been 
used widely for autoclaves, and, especially with a somewhat lower 
carbon content, for vessels for ammonia synthesis. The treat- 
ments to which this steel was subjected before test were intended 
to produce conditions comparable to those existing in the walls of 
forgings too large to quench and too thick to harden effectively 
in the air. 

Steels EE1139, E1549, and E1490 are compositions used in 
cylinders for the extrusion of metals. Such cylinders, or the 
liners for such cylinders, are subjected to severe service. The 
material must flow only very slowly under fairly high pressures at 
temperatures as high as 1200 or 1300 deg. fahr., and at the same 
time exhibit sufficient toughness to resist cracking. 

The two carbon steels and the three low-alloy steels comprising 
the second group of metals in Table 1 were made in 75-ton basic 
open-hearth furnaces and cast into large-end-up, hot-top ingots. 
The ingots were charged hot into the soaking pits, and after being 
brought to the proper rolling temperatures, rolled to the bloom 
sizes shown in Table 1. After heat treatment, as indicated, flow- 
test specimens were cut from the blooms, the long axis being at 
90 deg. to the direction of rolling, at points half-way between the 
center and surface but at an appreciable distance from the ends. 
The heat treatment and the method of taking the flow-test speci- 
mens were selected to represent the metal in large forgings for 
high-temperature, high-pressure power-plant equipment and 
the tests at 700 deg. fahr. were made to assist in the selection of 
a steel to meet special design requirements. The specified heat 
treatments did not reduce the strengths of the steels at atmos- 
pheric temperatures to the desired values in all cases, and it was 
necessary to repeat the treatments for some of the steels in order 
to obtain the desired properties. 

In view of the fact that some of these steels were heat treated 
more than once, the structural condition of the material as tested 
is shown in the micrographs of Fig. 4. 

The metals of the third group, Table 1, were melted in a high- 
frequency induction furnace, the charges being based on a carbon 
content of about 0.25 per cent, a manganese content of 0.5 per 
cent, and a silicon content of about 0.5 per cent. As far as was 
practicable the nickel and chromium contents of the different 
alloys were selected to conform to those found in typical com- 
mercial alloys, but the primary basis of selection was a wide- 
spread scattering over the nickel-chromium-iron ternary <is- 
gram so that the general trend of effects of composition on the flow 
characteristics at 1000 deg. fahr. could be determined. The al- 
loys were all tested in the cast condition after being heat treated 
as shown in Table 1. 

The results of tensile tests at atmospheric temperatures oF 
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Brinell hardness tests are given in Table 1 for many of the ma- 
terials in order to define better the conditions in which the differ- 
ent metals of the several groups were tested. Since the proper- 
ties of the metals in groups I and II are compared with those of 
five steels previously reported upon, the chemical compositions 
and preliminary treatments of the latter have been included for 
convenience in Table 1. 


IV—RESULTS AND DISCUSSION 


1—GeNERAL ReLatTions BETWEEN Stress, TEMPERATURE, 
DEFORMATION, AND TIME 

The flow of the metals of Groups I and II, Table 1, when loaded 
at different temperatures, is shown graphically in Figs. 5 to 17, 
inclusive. The relations between stress, temperature, deforma- 
tion, and time are similar to those observed in the steels previously 
tested, and the time-elongation curves fall into three classes 
which depend upon the metal and the temperature. 

At atmospheric and slightly elevated temperatures, initial 
changes in dimensions (initial flow) are not necessarily followed 
by continuous flow, but, due to strain hardening, the rates of flow 
may decrease with time. In many cases the flow rates subse- 
quent to the initial period (second stage of flow) may be consid- 
ered to be zero for all practical purposes, and determination of 
allowable working stresses is therefore a function of the permis- 
sible initial deformation. 

At temperatures above those at which strain hardening is ob- 
served, any appreciable initial fiow is followed by further and 
continuous deformation which may take place at approximately 
the same rate, a higher or a lower rate, depending upon the condi- 
tions of test. At such high temperatures the flow ordinarily 
increases with time and the allowable working stresses usually 
become a function of the rate of deformation subsequent to any 
initial changes in dimensions (secondary flow rates). 

At intermediate temperatures, the time-elongation curves may 
show some of the characteristics of each of the two classes of 
curves mentioned. In other words, the transition from the rela- 
tions typical of temperatures at which marked strain hardening 
is observed to the relations typical of much higher temperatures 
is most often gradual. The time-elongation curves may show 
appreciable initial deformation followed by decreases in flow rates, 
but the flow may be continuous so that fracture occurs in rela- 
tively short time. 

In ductile materials appreciable elongation eventually results 
in appreciable contraction in area. This in turn results in stress 
concentration, and the rates of fow are greatly increased just 
before fracture (final flow). 

Different methods have been used in summarizing the results 
of flow tests, but probably the most acceptable to engineers are 
those which show the relations between deformation, stress, 
temperature, and time, since the selection of allowable working 
stresses is usually not solely a function of the time for fracture 
but demands consideration of the allowable deformation during 
any selected life. The desired life and the maximum allowable 
deformation will vary with different classes of structures, and 
the viewpoints of individual designers and are likewise affected 
by the details of construction and operation. For this reason, the 
results are summarized in terms of per cent deformation per 
thousand hours at the different temperatures as is shown in 
Figs. 30 to 41, inclusive, and in Table 2. 

The stresses producing the deformation rates shown in Figs. 
30 to 41 were determined from charts giving the relations between 
the applied load and the initial flow or secondary flow rates, 
shown in Figs. 18 to 29, inclusive. The methods by which Figs. 
30 to 41 were obtained from data in Figs. 18 to 29 and Table 2, 
and the assumptions involved, have been discussed in detail in 
reports already referred to. 
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TABLE 2 FLOW-TEST DATA FOR FIVE STEELS TESTED AT 
700 DEG. FAHR. 


Secon- Stress 
dary producing 
Load, Initial flow, low per 
Steel Compo- Ib. per flow, in. per in. 1000 hr. of 
no. Type sition! sq. in. in. perin. per hr. 0.1% 1% 


10,000 0.0012 0 9,500 19,500 


4H451 0.23C 15,000 0.0054 0 


19,000 (38,000)? 
2H384 0.45C 


50,000 continuous 


oS. 


0 17,300 31,400 
15,000 0.0006 


0 
4H247 0.37C 3.46 Ni < 20,000 0.0016 0 
35,000 0.016 0 
50,000 0.021 0.00011 
10,000 0 26,000 32,000 
0.62 Cr 40,000 0.011 0.00002 
50,000 0.026 0.00008 or less 
15,000 0 20,500 38,000 
20,000 0.0009 
1H396 60.35 C 1.66 Ni 35,000 0.0051 0 
0.99 Cr 50,000 0.022 0.000015 


60,000 0.043 0.00017 


' For details of chemical composition and heat treatment refer to Table 1. 
? Bracketed values estimated. 


Where comparisons are made with the metals of group IV, 
Table 1, the required flow data for these steels were taken from 
previously reported tests which were carried out under compa- 
rable conditions.” 

One important point, which has not been given much considera- 
tion in the interpretation of flow tests, is that the numerical values 
obtained on one bar, lot, or melt of a given alloy may not coincide 
closely with the values obtained on other bars, lots, or melts. 
Similar variations in the properties of metals at atmospheric 
temperatures are well recognized and should likewise be given 
consideration in the application of flow-test data. The extent 
of these variations is not now accurately known but it has been 
shown" that the differences in load-carrying ability, from heat 
to heat of steel, may be large. Without additional data, it is 
not safe to assume that the reported values represent the average, 
maximum, or minimum of the range characteristic of a given 
metal, and safety factors must still be employed. 


2—Tue CommerciaL Nicket-CHromium-IRON ALLOYS 


In Fig. 42, comparisons are given at 700, 1000, 1125, and [350 
deg. fahr. of the metals in Groups I and II, Table 1, and the five 
steels previously tested, Group IV. The stresses producing 0.1 
per cent and 1 per cent initial elongation and also 0.1 and 1 per 
cent secondary elongation (calculated per 1000 hours) are repre- 
sented by the lower and upper limits, respectively, of the blocks 
in the chart and serve as a basis of comparison of the flow charac- 
teristics of the different metals. Comparisons can be made at 
lower temperatures in some cases, and likewise at higher rates of 
flow, from data given in Figs. 30 to 41, inclusive. 

In the relation of stress to total deformation for alloys at cer- 
tain temperatures, it is necessary to consider both the initial and 
the secondary flow. These differences can be studied in detail 
from data given in Figs. 18 to 29 and Table 2. 

The data given in Fig. 42 confirm some of the facts developed 
from practical experience, but in addition show certain features 
which have not been given much, if any, attention. At tempera- 
tures between 1125 and 1350 deg. fahr. the high-nickel-chromium 
steels were generally superior to the carbon and low-alloy steels, 
but if the deformation per 1000 hours at the higher temperatures 
is limited to 1 per cent or less, the maximum allowable stresses 
drop to low values even for the high-alloy steels. 


10 See footnotes 5, 6, and 7. 
11 See footnote 7. 
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The outstanding alloy of the group at temperatures between 
1000 and 1350 deg. fahr. was the one containing about 0.3 per 
cent carbon, 1 per cent silicon, 20 per cent chromium, 8 per cent 
nickel, and 4.5 per cent tungsten; it showed as high or higher 
load-carrying ability than any of the other alloys. Its superiority 
was most marked at 1350 deg. fahr., but tended to decrease with 
decrease in the permissible rates of flow and with decrease in 
temperature. 

With this one exception, alloys showing superior properties at 
1350 deg. fahr. did not necessarily show superiority at lower 
temperatures. At 1350 deg. fahr. superior load-carrying ability 
was shown by the alloys, 20 Cr-8 Ni-1 Si-4.5 W; 18 Cr-8 Ni; 
and 61 Ni-11 Cr-2.8 W; at 1000 deg. superiority was shown by 
the alloys 20 Cr-8 Ni-1 Si-4.5 W; 38 Ni-11 Cr-1.8 W, and 57 
Ni-10 Cr-3 W (FS-1 lot A; as rolled). 

These different alloys all represent compositions used indus- 
trially for service at different temperatures and it was not practic- 
able to attempt to determine the effects of variations in important 
elements such as nickel, chromium, and silicon upon their high- 
temperature-flow characteristics, since in only a few cases were 
the differences in composition of any two alloys restricted to a 
single element. For example, the effect of tungsten on the alloy 
nominally containing 18 per cent chromium and 8 per cent nickel 
cannot be established from data in Fig. 42 since the alloy with 
tungsten contains about twice the carbon and five times the silicon 
in the alloy without tungsten. Such circumstances do not affect 
the usefulness of the flow-test data, but made it necessary to de- 
pend upon the experimental melts, group III, Table 1, to show 
the general trends in the system, nickel-chromium-iron. 

The two lots of alloy E1912, containing about 18 per cent chro- 
mium and 8 per cent nickel with 0.15 per cent carbon, offer some 
interesting comparisons. It was originally intended to test this 
alloy only in the hot-worked condition as represented by lot A, 
Table 1. However, more samples were required before the tests 
were completed, and the bars of the second lot (B) were found to 
have a higher tensile strength at atmospheric temperatures than 
bars of lot A, due quite probably to a somewhat lower finishing 
temperature in rolling. Therefore lot B was softened by water 
quenching from 1850 deg. fahr. and subsequently tested, although 
its room-temperature tensile strength was still somewhat higher 
than that of lot A. Also, the grain size of the quenched samples 
was smaller than that of the hot-finished samples, as is shown in 
Figs. 43 and 44. 

At 990 deg. fahr. these two lots of alloy E1912 exhibited about 
the same load-carrying ability, but at 1180 deg. the fine-grained 
(water-quenched) steel was weaker than the coarse-grained ma- 
terial (Fig. 36). Comparisons of the two lots were not made at 
higher temperatures, but the evidence available gives interesting 
confirmation of the view that fine-grained metals, having more 
intercrystalline material than corresponding coarse-grained 
metals, should be stronger at atmospheric temperatures but 
weaker at high temperatures. 

There is some evidence, however, that coarsely crystalline 
metals may be dangerous from other viewpoints. While they 
flow at lower rates than corresponding fine-grained metals, frac- 
ture may occur with less total elongation. There is also the pos- 
sible added disadvantage of weakness in resisting shock at high 
temperatures as well as at atmospheric temperatures. 

In the case of the steel nomina!ly containing 18 per cent chro- 
mium and 8 per cent nickel, a marked intercrystalline weakness 
was observed at temperatures between 1165 and 1380 deg. fahr., 
and to some extent also at 990 deg. fahr., in both fine-grained and 
coarse-grained samples, though the latter seemed to show the 
more marked tendency in this direction. When the specimens 
were allowed to remain under load at 1165-1195 deg. or 1380 deg. 
fahr. until fracture occurred, the fracture was intercrystalline and 
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grain separations were to be observed at some distance back of 
the fractures, especially at the surface. These features are shown 
in Figs. 43 and 44. There is no clear evidence that this inter- 
crystalline weakness is associated with carbide precipitation at 
the grain boundaries. 
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above 990 deg., embrittlement of steels with over 0.07 per cent 
carbon has been reported to occur and has been attributed to the 
reprecipitation of carbides at the grain boundaries. 

The steel containing about 0.3 per cent carbon, 1 per cent sili- 
con, and 4.5 per cent tungsten, in addition to 20 per cent chro- 
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(Table 1 contains details of chemical composition and preliminary heat treatments.) 


According to one manufacturer, '? there is decided difference in 
behavior of this nickel-chromium steel which depends upon 
whether the carbon content is below or above 0.07 per cent. 
Quenching from around 2100 deg. fahr. has been recommended to 
bring the carbides in solution, but if subsequently reheated to 

12 Private communication. 


mium and 8 per cent nickel, showed intercrystalline weakness at 
1160 and 1390 deg. fahr., but, so far as could be determined from 
the usual metallographic examination, this was less marked 
than in the 0.15 per cent carbon steel with 18 per cent chromium, 
8 per cent nickel, and no tungsten. (Figs. 43, 44, and 45.) 
Intercrystalline weakness, possibly associated in some cases 
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with grain growth, was observed in two of the samples of the 
alloy E1567 containing 38 per cent nickel, 11 per cent chromium, 
and 1.8 per cent tungsten when subjected continuously to stress 
at 1185 deg. fahr. (Fig. 46). No similar effects were found in the 
alloy, E1894, containing about 60 per cent nickel, 11 per cent 
chromium, and 2.8 per cent tungsten which was tested in the cast 
(annealed) condition. The structure of this latter alloy was 
exceedingly coarse, as is shown in Fig. 47, and in tests at 1370 
deg. there was evidence of either carbide precipitation or the 
formation of a eutectic at the grain boundaries (b and c, Fig. 47). 
Further attention to constitutional changes and intercrystalline 
weakness of the high-nickel chromium alloys when subjected 
continuously to stress at high temperatures with comparisons of 
the alloys nominally containing 18 per cent chromium and 8 per 


- 


358535535 


25) 


STRESS— 1000 LBS. SQUARE INCH 


3 
+ 
t 


tt 


AVERAGE FLOW RATE IN SECOND STAGE — INCH PER INCH PER HOUR 


Fie. 28 Frow Data For THE Cr-Mo E1549 at DirreRENT 
TEMPERATURES 
(Obtained from Fig. 15.) 


cent nickel with both more and less than 0.07 per cent carbon, 
would seem to be merited. 


3—CaRBON AND Low-ALLoy 


If the load-carrying ability is judged by the stresses producing 
0.1 to 1 per cent deformation in 1000 hours, as in Fig. 42, the low- 
alloy steels show promising properties at 700 to 1000 deg. fahr. 
and even up to 1125 deg. 

Fig. 42 shows a number of factors which tend to improve the 
load-carrying ability of carbon and low-alloy steels. The first 
is increase in carbon content. The steel with 0.45 per cent carbon 


showed much better load-carrying ability than that with 0.23 
per cent carbon and resisted flow at 700 deg. fahr. about as well 
as the steel with 0.35 per cent carbon and either 3'/; per cent 
nickel or a combination of 1'/, to 1°/, per cent nickel and '/, to 
1 per cent chromium. 

A comparison of the stresses producing 0.1 to 1 per cent de- 
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formation in 1000 hours for 0.35 per cent carbon steel obtained by 
interpolation of values for the 0.23 and 0.45 per cent carbon steels 
with the load-carrying ability of the nickel and nickel-chromium 
steels of similar carbon content indicates that the addition of 
3'/_ per cent of nickel or 1!/, to 1°/, per cent nickel and '/; to | 
per cent chromium is relatively ineffective in increasing the re- 
sistance to flow at 700 deg. fahr. At least the load-carrying 
ability was no higher than that of a plain carbon steel of some- 
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what higher carbon content (0.45 per cent) when the metal was 
placed in a “soft’’ condition corresponding to that in large forg- 
ings. However, other characteristics of the alloy steels may give 
them marked superiority, such, for example, as superior resistance 
to grain growth on recrystallization which results from deforma- 
tion and subsequent heating in cyclic temperature operation. 
The outstanding feature with respect to the low-alloy steels 1s 
the effectiveness of quenching in raising the resistance to flow at 
temperatures around 700 to 1000 deg. fahr. It may be said 
a priori, that quenching should be followed by tempering at tem- 
peratures at, or preferably above, those of subsequent operatic 
if stability is to be expected, but it is significant that at 700 an 
1000 deg. fahr. (in one case at 1125 deg.), the quenched and tem- 
pered steels showed load-carrying ability proportionately muc! 
higher than that produced by small additions of any of the alloy- 
ing elements considered. It is largely for this reason that it was 
considered impracticable to attempt to develop the magnitude 0! 
the effects of tungsten additions to the chromium or other alloy 
steels (Fig. 42) since the heat treatments were not all comparable. 
Another item of interest is to be found in the comparison of 
the results obtained on the chromium-vanadium steel, No. 1'- 
518, ‘Table I, subjected to two different preliminary heat trea‘ - 
ments. At atmospheric and slightly elevated temperatures the 


120, 
x 


samples with the higher tensile strengths, as determined at room 
temperature, showed the higher load-carrying ability, but at 
1200 deg. fahr., the order of superiority was reversed although the 
differences between the two sets of samples were not marked. It 
is probable that this reversal is analogous to that found in the 
high-chromium-nickel steel, E1912, Table 1, already discussed. 
Once again evidence has been obtained to indicate that high ten- 
sile strength at ordinary temperatures does not necessarily signify 
high load-carrying ability at high temperatures. 


4—Errect oF PROLONGED AT DiFFERENT TEMPERATURES 
ON HARDNESS AND Impact REsISTANCE AT ATMOSPHERIC 
TEMPERATURES 


One question which may arise in the practical application of . 


metals at high temperatures is whether prolonged loading will 
produce appreciable changes in their properties at either atmos- 
pheric or elevated temperatures. Aside from precipitation of 
carbides, claimed to embrittle high-chromium or high-nickel- 
chromium steels similar to E1912, Table 1, deformation at high 
temperatures followed by cooling and reheating, which may be 
encountered in cyclic operation of high-temperature equipment, 
may result in grain growth and changes in impact resistance or 
other properties." 

Recently, Rosenhain and Hanson'* reported an appreciable 
increase in the Brinell hardness of mild-steel strips containing 
0.11 per cent carbon when subjected for about 5 years at 570 deg. 
fahr. to loads equivalent to one-third to two-thirds of their 
tensile strength determined at ordinary temperatures. This 
hardening was observed despite the fact that the samples were 
reported to have undergone only a very small amount of deforma- 
tion in the specified interval. 

No satisfactory explanation was offered for these effects, but if 
appreciable hardening can take place generally in steels without 
deformation, when they are subjected to prolonged stresses at 
high temperatures, this matter must be considered in the inter- 
pretation of flow-test data. On this account hardness and 
notched-bar impact tests were made on samples of the chro- 
mium-vanadium steel, No. 10-518, Table 1, after they had been 
stressed for long periods in the flow tests. 

The impact specimens were prepared from the reduced sections 
of the flow-test specimens, the notch being placed in the center of 
the gage length. On account of the small size of the specimens 
used in the flow tests (0.25 in. diameter), a standard impact-test 
specimen could not be obtained. Instead, specimens were pre- 
pared for a low-range Charpy impact-testing machine and had a 
length of 2.1 in., a thickness of 0.1 in., and widths varying from 
0.14 to 0.2 in., depending upon the diameters of the tested flow- 
test specimens. Whenever possible, specimens having a width of 
0.2 in. were used. However, the results were all converted 
to equivalent values for specimens having a width of 0.2 in. 

Rockwell hardness tests were also made on the broken impact 
specimens, a '/,.-in. ball and 100-kg. load (B scale) being used. 
The results are summarized together with pertinent flow-test 
data in Tables 3 and 4. 

No measurable changes were found in the hardness or impact 
resistance at atmospheric temperatures so long as no appreciable 
deformation was produced in the previous flow tests. Deforma- 
tion at temperatures at which strain hardening occurs in the 


143 P. Fischer, ‘‘Rekristallisationsversuche allgemeiner Art und 
zahlenmissige Feststellungen tiber Festigkeitseigenschaften rekris- 
tallisierten Flusseisens (Weicheisens),”” Kruppsche Monatshefte, vol. 
4 (1923), p. 77. 

14 W. Rosenhain and D. Hanson, “The Behavior of Mild Steel 
Under Prolonged Stress at 300° C.,” Jl. Iron and Steel Inst., vol. 116 
(1927), p. 117. 

16 Since the thickness of the specimens was the same in all cases, 
the impact values vary directly with the width. 
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TABLE 3 EFFECT OF PROLONGED STRESS AT DIFFERENT 

TEMPERATURES ON SUBSEQUENT HARDNESS AND IMPACT 

RESISTANCE AT ATMOSPHERIC TEMPERATURES OF THE 
CR-V STEEL, NO. 10-518, LOT A, TABLE 1 


(1575 deg. fahr.—slow cool; 1375 deg. fahr.—furnace cool) 


Tests at room tempera- 
tures subsequent 


Final Reduc- to the flow tests 

-—Flow test—— Duration elonga- tion Impact Rock- 

Speci- Temp., Load, of flow tion of area resis- well (B) 
men deg. Ib. per test, ——in flow test—— tance, scale 

no. fahr. sq. in. hours Percent Percent ft-lb. hardness 
3149 70 25,000 96 Tr 5.10 85.0 
$149 70 35,000 195 0.17 5.00 95.9 
3142 70 50,000 140 1.87 4.68 87.4 
120 70 60,000 94 3.47 4.55 90.5 
120 70 70,000 148 6.24 4.48 98.4 
126 550 20,000 96 - 4.97 83.3 
127 550 30,000 121 0.43 4.93 86.1 
13 550 40,000 164 1.40 5.11 86.0 
3140 550 50,000 168 2.07 4.22 90.8 
3140 550 60,000 121 3.84 3.08 94.0 
3140 550 70,000 168 6.40 3.53 98.8 
C 114 800 5,000 308 4.85 85.1 
C 115 800 10,000 327 5.07 93.3 
Cc 118 800 15,900 327 0.06 Si 3.23 86.1 
116 800 30,000 218 10.13 14.6 3.58 88.5 
C 128 1000 2,500 305 . 5.26 84.5 
C 130 1000 5,100 313 P 5.30 84.5 
C 135 1000 10,000 291 1.89 2.04 4.45 85.2 
C 138 1000 15,000 194 4.10 4.50 4.23 85.7 
3151 1000 15,000 288 6.24 5.30 4.36 84.9 
C3126 1200 500 315 5.21 83.4 
C3120 1200 1,000 313 5.11 84.5 
3124 1200 1,500 312 5.21 82.7 
3119 1200 3,000 288 4.99 81.9 
C3125 1200 5,000 315 7.8 5.18 83.9 


TABLE 4 EFFECT OF PROLONGED STRESS AT DIFFERENT 

TEMPERATURES ON SUBSEQUENT HARDNESS AND IMPACT 

RESISTANCE AT ATMOSPHERIC TEMPERATURES OF THE 
CR-V STEEL, NO. 10-518, LOT B, TABLE 1 


(1575 deg. fahr.—air cool; 1300 deg. fahr.—furnace cool) 


Tests at room tempera 
tures subsequent 


Final Reduc- to the flow tests 
-——Flow test—— Duration elonga- tion Impact Rock 

Speci- Temp., Load, of flow tion of area resis- well (B 
men deg Ib. per test, ——in flow test-— tance, scale) 

no. fahr. sq. in. hours Percent Percent ft-lb. hardness 
C3111 70 30,000 194 0.08 os 5.12 95.0 
3107 70 50,000 143 0.38 oa 4.47 98.0 
C3105 70 70,000 143 0.39 ; 4.84 97.3 
398 70 70,280 214 1.77 1.20 4.21 97.8 
C3148 70 80,000 216 3.13 3.15 3.88 98.5 
140 550 30,000 187 ; 4.18 98.3 
142 550 37,750 187 0.02 4.13 97.9 
C3154 550 40,000 168 4.22 93.0 
265 62,500 260 0.33 4.25 96.4 
C3103 550 70,000 91 0.74 4.10 97.7 
C3102 550 80,000 91 2.19 3.20 100.6 
266 800 5,000 308 2.74 97.2 
271 800 5,000 327 3.42 95.7 
C 262 800 9,440 197 2.20 97.1 
C 275 800 10,000 327 0.10 2.46 97.3 
C 147 800 15,000 191 0.18 “a 2.61 97.2 
C 259 800 22,000 282 0.55 ” 2.50 96.6 
C 268 800 29,600 866 8.99 1.43 3.78 95.4 
252 1000 2,500 322 0.33 4.19 98.2 
C 251 1000 4,490 489 0.10 4.47 96.7 
Cc 143 1000 7,500 305 0.52 4.65 95.3 
C 250 1000 10,000 383 1.49 a 4.45 97.1 
© 1000 15,000 288 8.52 13.06 4.46 95.7 
287 1200 500 441 0.18 4.95 92.3 
C 274 1200 785 750 1.13 §.25 88.7 
C 273 1200 1,500 367 0.57 4.92 90.1 
C 277 1200 3.000 218 2.77 5.06 93.4 


flow tests was accompanied quite generally by an increase in the 
hardness and a decrease in the resistance to impact. In all 
cases, however, the changes were small. At higher temperatures, 
1000 to 1200 deg. fahr., no measurable changes were produced in 
the impact resistance or hardness by deformation in the flow 
tests. The flow tests were not continued for such long periods 
as in the tests reported by Rosenhain and Hanson, and a steel of 
very different composition was studied. The results indicated, 
however, that no changes occurred other than those which might 
normally be expected from strain hardening. 


5—Trenps at 1000 Dec. Faur. In THE System N1-Cr-Fe 


In the tests of the commercial alloys of nickel, chromium, and 
iron it was impracticable to determine the effects of variations 
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in nickel or chromium on the load-carrying ability of the alloys at 
high temperatures since the variations in composition were not 
restricted to these individual metals. It was largely on this ac- 
count that the twelve metals of group III, Table 1, were prepared. 
Their approximate locations in the nickel-chromium-iron ternary 
diagram are shown in Fig. 48. 


ALLOY K4 


C O31; MN 2.79, NI760, SIi0.27, FE 0.80, CUQ66. 


19O00°F -3 HRS, AIR COOL. 


proximately 390 deg. fahr.), and subsequently heat treated as 

indicated in Table 1. The heat treatments were selected to pro- 

duce at least a partial grain refinement, promote diffusion, and 
leave the alloys in a “softened”’ condition. 

The alloys tested were not pure in the sense that they were 

free from all elements except nickel, chromium, and iron, since 

intentional additions were made of carbon, silicon, 

and manganese. The presence of appreciable 

proportions of the last three elements probably 


aH: exerted a pronounced effect upon numerical values 


of the flow at 1000 deg. fahr., and by acting in 


different ways in different alloys may have 
modified somewhat the magnitude of the changes 


existing in the pure nickel-chromium-iron system. 
However, it is hardly probable that the general 


trends were upset by the presence of the carbon, 


silicon, or manganese, and since most industrial- 


alloy castings of this general type contain ap- 


preciable amounts of these three metals, the 
results are probably closer to those obtainable in 


practice than would be the case with pure metals. 
Table 1 shows that not all of the alloys con- 


STRESS ~ 1000 LBS. PER SQUARE INCH 


tained the desired amounts of carbon, silicon, and 
manganese. The carbon contents were 0.20 to 


0.35 per cent in most cases, but some of the alloys 


contained as much as 0.50 per cent or as little as 


0.11 per cent. The manganese was between 0.6 


and 0.9 per cent, but the silicon varied from about 
0.5 to 1.1 per cent. These variations probably 


affected the numerical values of the flow appre- 
ciably, but in general may be disregarded since only 
the major trends in the nickel-chromium-iron sys- 
tem are to be considered. 

The specimens for the flow tests were cut from 
the castings at points midway between the outside 


SEH HHH and the center in the direction of the long axis. 


The Brinell hardness values subsequent to the re- 


corded heat treatments are given in Table 1, and 


have been used as the basis of the three-dimension 


model in Fig. 49 to give a better picture of the con- 


ditions in which the metals were tested. The 


time-elongation curves from the flow tests at 1000 


deg. fahr. are given in Fig. 50, while the relations 


between the flow and the applied loads are summa- 


rized in Fig. 51. 
As in the case of the alloys of groups I and II, 


Table 1, the load-carrying ability may be repre 


sented by the stresses producing 1 per cent 


elongation in the first 1000 hours, and a comparison 


of the metals on this basis is given in the three- 


dimension ternary model in Fig. 52. Fig. 52 


shows that the addition of nickel to the iron, con- 


taining about 0.2 per cent carbon, etc. (Table 1) 
resulted in no marked changes in the stresses 


producing 1 per cent elongation in the first 1000 
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The flow tests were not continued for such long periods as those 
made on the commercial alloys since the principal object was to 
determine general trends in the system, nickel-chromium-iron, 
rather than to secure numerical values of the load-carrying ability 
of the different alloys. 

The metals were melted in zirconia crucibles in a high-fre- 
quency induction furnace, cast in iron molds (preheated to ap- 


hours. 

The addition of chromium to iron containing 
about 0.2 per cent carbon, etc. (Table 1), did not 
improve the load-carrying ability at 1000 deg. fahr. 
appreciably until the chromium content was in the neighborhood 
of 50 per cent. In fact, the iron alloy with 30 per cent chromium 
showed the lowest resistance to flow of all of the alloys tested and 
that with 14 per cent chromium, representing the composition of 
“stainless steel,’’ was about on a par with steel containing no 
chromium. 

On the other hand, the addition of a little chromium to the 


3333 
ON: 
+t 
‘ 
: 


| 


DEGREES F. 


DEGREES 


1200 


1200 


ANNEALED 1650°F 


1100 
TEMPERATURE 


Ty. 


np B 


1100 
TEMPERATURE 


A 


A 


Hens 


tt 


ALLOY FS ~-2-LOT B. C 0.28. MN Sj 003. Ni 35.90. CRILI2.W 0.34. 


° o ” N 


= 
3 
33 
3 
;8 
o 


Data For FS-1, Lots 


9 

3 
1300 
LA 


3 


Fic. 33. Frow Data ror AtLoy FS-2, Lors A anp B 


DEGREES F. 
Fie 


1200 


100 


TEMPERATURE - DEGREES 


1100 
TEMPERATURE 


1000 


N 
HON! Yad $81 OOO! - 


HON! SE COO! - 


ALLOY FS-!I-LOT A. C 019. MN 1.62. Si 0.10. NI $7.60. CR 10.286.W 319 
AS ROLLED 
ALLOYFS-2LOTA NI 34.90.CR1I2.93.W TR. 


ie 
bo 1300 1400 
- 
AS ROLLED 
900 1200 1400 900 1000 — 1300 1400 be 
- 
2 
: 
Fare 
Na oR 


120 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


HEAT NO. E 1567, C MN 1.50, SI 0.07, Ni 38.60 , CR 10.64 , W HEAT NOE 1912, C 015,MNO.35, S1022,NI 6.46,CR 17.32 
AS ROWED (A ROLLED BARS 


INCH 


ER QUENCH 


ttittt 


oo 


STRESS — !000 LBS. PER SQUARE INCH 
STRESS — 1000 LBS. PER SQUARE 


100 “1200 


TEMPERATURE — DEGREES F. TEMPERATURE ~ DEGREES F. 


Fiow CHart ror ALLoy E1567 hia, 36) PLow ror Sree. E112 


HEAT NO. EE 0.29, MN O50, Si LI6, NI 6.00 ,CR 19.66,W 4.50 
EXPERIMENTAL HEAT FORGED (AUSTENITIC). 
INTIAL ELONGAT 


STRESS 1000 LBS. PER SQUARE INCH 


tH 


100 1200 
TEMPERATURE — DEGREES F. 


Fie. 35) ror EE1114 


4 
| 
900 . 1300 1400 900 1000 1100 1200 1300 1400 
| 
ttt 13335 3333 | HEH Hit 
800 900 1300 1400 


iron alloys with 40 per cent or more of nickel, produced a marke | 
increase in the load-carrying ability. The most effective propor- 
tions of chromium were between 5 and 20 per cent; higher pro- 
portions produced further increases but not in the same degree. 

These results explain in part the popularity of the commercial 
iron-nickel-chromium casting alloys containing about 60 to 
65 per cent of nickel and 10 to 20 per cent of chromium, This 
composition is in the range of high load-carry- 
ing ability, although it does not have the best re- 
sistance to flow. 

The strongest of the alloys at 1000 deg. fahr 
were those with little or no iron, 50 to 80 per cent 
nickel, and 50 to 20 per cent chromium, The 
highest load-carrying ability was obtained in the 
castings containing about 50 per cent each of nickel 
and chromium (alloy 1008, Table 1) but this alloy 
would be expected to offer difficulties in the foundry 
and had the serious disadvantage of fracturing 
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of elements such as carbon and silicon, may affect the load-carry- 
ing ability to a greater degree than appreciable variations in the 
proportions of nickel, chromium, or iron at least in some parts of 
the system (Fig. 52). 
V—SUMMARY 
Flow tests were made at different temperatures on three groups 
of alloys. The eleven metals of the first group comprised one 


LOT A 


HEAT NO, 10-516, C O40, MN 0.57, S1025,CR 2.26, V 0.20 
ROLLED BARS. 


IS7S*F- IHR. SILOSEL ; FURNACE COOL. 
THT 


ELONGATION 
1000 HOURS 


with low elongation (Fig. 50). The remedy for 
this latter condition may be in decrease in the im- 


purities, but foundry difficulties would be expected 
to persist under such conditions, A more prac- 
tical solution of the problem of securing higher 
resistance to flow at high temperatures would 


STRESS— !000 LBS. PER SQUARE INCH 


probably be in additions of other elements to the 
alloys containing 60 to 65 per cent of nickel and 
10 to 20 per cent of chromium. Tungsten is one 
of the additions used industrially for this purpose, 
a8 is shown by the composition of the commercia! 


alloys of group I, Table 1. 

In the alloys containing 50 per cent or more of 
nickel and 10 to 20 per cent of chromium, it would 
seem to be advisable to keep the chromium close to 
20 per cent, since a decrease to 15 per cent or less 
brings the metal into a range of rapidly decreas- 
ing load-carrying ability, as is shown in Fig. 52. 
This means that the composition variations ordi- 
narily encountered commercial production 100}; 
would result in wider variations in properties in the 
nickel-iron alloys with 5 to 15 per cent chromium 
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than in those with 15 to 20 per cent. Further- 


more, lowering the chromium should also tend to 
lower the oxidation resistance of the metal. 

It is of interest to note that the iron-nickel- 
chromium alloy having the nominal composition 


of 18 per cent chromium and 8 per cent nickel, 


which is now 80 widely used in the wrought condi- 
tion, is in the field of low load-carrying ability at 
1000 deg. fahr. It cannot compete with some of 
the other alloys in castings for service requiring 
high resistance to flow, but is attractive on ac- 
count of excellent resistance to oxidation and be- 


> 


STRESS — 1000 LBS. PER SQUARE 


cause it can be formed either hot or cold. 
While this and some of the other alloys in the 
nickel-chromium-iron system were found to have 


relatively low resistance to flow at 1000 deg. fahr. 
it should be recognized that improvement may be 
obtained through modifications in treatment or by 
varying the proportions of elements such as car- 
bon, silicon, etc. An example is found in the iron alloy contain- 
ing 14 per cent chromium. Tests on two different ingots con- 
taining, respectively, 0.24 and 0.37 per cent carbon showed (Fig 
51) that the alloy with 0.37 per cent carbon had a much better 
resistance to flow at 1000 deg. fahr. than alloy with 0.24 per cent. 

It should be recognized that variations in the general structure 
(cast or wrought metal), in heat treatment, or in the proportions 
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nickel-chromium alloy, six nickel-chromium-iron alloys, with or 
without tungsten, and four low-chromium steels containing also 
vanadium, tungsten, or molybdenum. The flow characteristics 
of these metals are summarized in charts given in the report. 
Two carbon steels, two low-nickel-chromium steels, and a 
3'/, per cent nickel steel comprised the second group of metals 
which were tested at 700 deg. fahr. When annealed so as to 


— 
ELONGATION 
200 400 600 800 1000 1200 
ad 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


HEAT NO. E 1549, C 0.53, MN 0.95, $10.23 ,CR 1.07, MO 0.44 


FORGED BARS 
HEAT NO.EE 1139 ,C 0.46, MN 037, SI O.19,CR 2.20 ,W 165,VQ25 


1740°F —IHR.OIL; HR.AIR. 


STRESS— 1000 LBS PER SQUARE INCH 


STRESS ~- 1000 LBS. PER SQUARE INCH 


700 800 900 
TEMPERATURE — DEGREES F. TEMPERATURE — DEGREES F. 


Fie. 39 Cuart For Steet EE1139 Fic. 40 Frow ror Steer E1549 


HEAT NO. E 1490. C 0.75, MN 0.52 ,S/0.31, NI QIS,CR I45,MO O54,VQ27 
FORGED BARS. 1550°F=!HR.OIL ;11I00F - 4 HR. SLOW COOL 


+ 
+ + tt 


STRESS — 1000 LBS. PER SQUARE INCH 


700 800 900 
TEMPERATURE — DEGREES F. 


Fic. 41 Cuart ror Sreer E1190 


: 
500 600 
DO 1100 
600 1000 
4 


FUELS AND STEAM POWER 


reproduce the conditions existing in large forgings the plain carbon 
steel containing 0.45 per cent carbon showed better load-carrying 
ability than that with 0.23 per cent carbon, and resisted flow at 
700 deg. fahr. about as well as the steels with 0.35 per cent carbon 
and either 3'/, per cent nickel or a combination of 1'/, to 1*/, per 
cent nickel and '/, to 1 percent chromium. However, other char- 
acteristics of the alloy steels may give them marked superiority, 
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The addition of chromium to the iron did not greatly improve 
its load-carrying ability until the chromium content reached about 
50 per cent. In fact, the iron alloy with 30 per cent chromium 
showed the lowest resistance to flow of all of the alloys tested at 
1000 deg. fahr., and the one with 14 per cent chromium, repre- 
senting the composition of “‘stainless steel,” was about on a par 
with steel containing no chromium. 
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Fic. 42 Comparisons oF ALLOYS ON THE Basis oF THE Stresses PropuctineG Bors INITIAL AND SECONDARY DEFORMATION 
(Note: Secondary deformation is calculated for 1000 hours.) 


such, for example, as superior resistance to grain growth on re- 
crystallization which results from deformation and subsequent 
heating in cyclic temperature operation. 

The third group of metals consisted of nickel-chromium-iron- 
alloy castings melted in a high-frequency induction furnace. 
Their chemical compositions were selected to cover a broad area 
in the nickel-chromium-iron system, and the tests of the metals 
were made at 1000 deg. fahr. after annealing or normalizing to 
produce softening, grain refinement, and diffusion. 

It was found that the addition of nickel to iron containing 
about 0.20 per cent carbon, 0.75 per cent manganese, and 
0.7 per cent silicon resulted in no marked changes in the stresses 
required to produce 1 per cent elongation in the first 100) hours. 


On the other hand, the addition of a little chromium to the 
iron alloys with about 40 per cent or more of nickel, produced a 
marked increase in the load-carrying ability. The most effective 
amounts of chromium were between 5 and 20 per cent; higher 
proportions produced further increases, but these were not com- 
mensurate with increases produced by additions below 20 per cent. 

The highest load-carrying ability was obtained in the castings 
containing about 50 per cent each of nickel and chromium, but 
this alloy would be expected to offer difficulties in the foundry, 
and, with the proportions of carbon, silicon, and manganese pres- 
ent, had the serious disadvantage of low ductility. 

In the case of the wrought commercial alloy containing 0.15 
per cent carbon, 18 per cent chromium and 8 per cent nickel, 
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intercrystalline weakness was observed at temperatures between 
1165 and 1380 deg. fahr., and to some extent also at 990 deg. fahr. 
This was noted in both fine-grained and coarse-grained samples, 
although the latter seemed to show the greater tendency in this 
direction. A similar tendency but in a smaller degree was ob- 
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Fic. 47 Srrucrures oF THE Cast AND ANNEALED SPECIMENS OF 
E1894 Arrer Test at DIFFERENT TEMPERATURES. X 100 


a 28,000 Ib. per sq. in. at 1215 deg. fahr. for 64 hr.; metal at fracture. 
Total elongation 18 per cent. 
6 14,000 Ib. per sq. in. at 1370 deg. fahr. for 41 hr.; 
Total elongation, 35.4 cent. 
¢ Same as 5 but at surface '/s in. back of fracture. 
Etched as indicated in Fig. 43. 


metal at fracture. 


served at 1160 and 1390 deg. fahr. in the alloy containing 0.3 
per cent carbon, 1 per cent silicon, 4.5 per cent tungsten, 20 per 
cent chromium, and 8 per cent nickel, and at 1185 deg. in an alloy 
containing 38 per cent nickel, 11 per cent chromium, and 1.8 per 
cent tungsten. 

In the case of the wrought alloy containing about 0.15 per 
cent carbon, 18 per cent chromium, and 8 per cent nickel, fine- 
grained and coarse-grained samples showed about equal load- 
carrying ability at 990 deg. fahr., but the fine-grained samples 
were weaker than the coarse-grained at 1180 deg. This should 
not be taken as a recommendation of coarse-grained metals for 
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Fie. 48 Locations oF THE ALLoys or Group III, Taste 1, on 
THE TERNARY DIAGRAM 
(The melt numbers given in the chart correspond to those given in Table 1.) 
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Fie. 49 SumMaARY oF THE BRINELL HARDNESS OF THE ALLOYS 
in Group III, 1, 1n THE ConpiTIONs 
(This model is based on data given in Table 1.) 


high-temperature service since fracture may occur with less total 
elongation than in the corresponding fine-grained metals and so 
counteract any advantages from lower rates of flow. There is 
also the possible added disadvantage of weakness in resisting 
shock. 

With one exception the wrought commercial alloys of nickel, 
chromium, and iron which showed superiority at about 1380 
deg. fahr. did not necessarily show superiority at lower tempera- 
tures. This exception was the alloy containing about 20 per 
cent chromium, 8 per cent nickel, 4.5 per cent tungsten, 0.3 per 
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AVERAGE FLOW RATE IN SECOND STAGE — INCH PER INCH PER HOVR 
Fic. 51 Frow Data For Tests at 1000 Dea. Faur. oN THE ALLOYS 
oF Group III, Taste 1 
(Obtained from Fig. 50.) 
Fie. 52 (ArLerr) Srresses Propuctng 1 Per Cent 


TION IN THE First 1000 Hours at 1000 Dec. Faur. 1n Cast 
ALLoYys OF THE System 


cent carbon, and 1 per cent silicon, which had the highest load- 
carrying ability of all of the alloys of group I. 

A study was made of the effect of deformation in the flow tests 
at different temperatures on the hardness and impact resistance 
of a chromium-vanadium steel at ordinary temperatures. No 
marked changes were found in the hardness or impact resistance 
so long as no measurable deformation was produced in the prior 
flow tests. At temperatures at which strain hardening occurs, 
deformation in the flow tests produced a small increase in the 
hardness and a decrease in the impact resistance of the steel at 
atmospheric temperatures; deformation in the flow tests at higher 
temperatures did not affect these at atmospheric temperatures. 
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Discussion 


F. K. Zrecier.'* While the results obtained in the tests upon 
various metals and alloys at elevated temperatures will doubtless 
be of considerable value to designers of structures operating 
at temperatures up to 1400 deg. fahr., there is still a distinct 
need for data on heat-resisting alloys which operate at tempera- 
tures up to 2000 deg. fahr. The manufacturers of heat-resisting 
alloys are at present using figures which are based upon a very 
high factor of safety, since no comprehensive experiments have 
been carried on at temperatures in the range where heat-resisting 
alloys are most economical to use. 

Every manufacturer of heat-resisting alloys hopes that in the 
very near future some work will be done at the high tempera- 
tures, and it is suggested that such work be undertaken as soon 
as possible and that the work be carried on with the same degree 
of care and accuracy shown‘by the authors of this paper. 


Joun L. Cox." Few who have not had close association with 
the determination of creep stresses have any proper appreciation 
of the tedious drudgery involved in their evaluation and graphic 
presentation in useful form. The paper is the epitome of over 
two years’ steady work and contains much information nowhere 
else obtainable with anything like its degree of accuracy. The 
thanks of the engineering fraternity are due its authors for their 
painstaking work. 

The data given largely concern alloys of a type coming steadily 
into more general use, as to the behavior of which under pro- 
longed loading at elevated temperatures we have had little 
real knowledge. In the usual tables of properties of such metals 
are found the tensile strength and yield point under short-time 
testing. What the behavior of the materials was under long 
exposure to stress at high temperatures has been largely a matter 
of conjecture or of experience to those who have used them. 
We are now in the way of getting much nearer to the facts, for in 
spite of many attempts to find a correlation factor between the 
short- and long-time testing, nothing satisfactory has yet been 
developed nor is likely to be. 

So many possible variables enter into long-time testing that in 
spite of the utmost care the results of different laboratories, even 
of the first class, on duplicate specimens, still vary widely. 
Differences in the sensitivity of the provision for measuring 
elongation, differences in the distribution of heat in the furnace, 
differences in the accuracy at which the temperature is main- 
tained constant, differences in the methods of applying the load, 
and differences in the place and manner of installing even iden- 
tical equipment have their influences on the results. 

In making use of such figures as those produced by the authors. 
several points must be considered. The curves resulting from 
all such researches are at best the average of only a few speci- 
mens, generally from but one bar or casting of their respective 
compositions. One must not assume that such compositions 
always give equal results. The specimens broken may be the 
best or the worst of their kind, or intermediate in quality. Vari- 
ations in composition are bound to occur in attempts to run 
identical compositions, and allowances must be made for all such 
variations. In spite of these considerations, the more accurate 
information now available permits the use of a lower factor of 
safety or a lower coefficient of ignorance. 

In many cases the strength shown at higher temperatures will 
seem astonishingly small in view of known performances of the 
materials. When such is the case, it probably means that the 


‘© Manager, Alloy Division, Ohio Steel Foundry Company, 
Springfield, Ohio. 
17 Assistant to President, Midvale Company, Philadelphia, Pa. 


Mem. A.S.M.E. 


FSP-53-9 129 
conditions of service are less severe than supposed, that there 
may be cycles of alternate heating and cooling to reduce the 
time at maximum temperature, or that the working heat of the 
parts is not as high as supposed, or that actual changes of shape 
were greater than supposed. 

Attention may be called to the differences between curves 
showing 1 per cent elongation in 10,000 hours, the minimum of the 
paper, and in 100,000 hours, available in one or two instances. 
This may be as much as 2 to 1, the longer loading giving the 
lower reading. As 10,000 hours is practically a year’s use and 
100,000 hours ten years’, it is only in cases where practically no 
distortion is permissible, as in steam turbines, that creep in a 
longer time or less creep in a shorter time is of real interest. 

It might be pointed out that alloy E-1912 is higher in carbon 
than is advisable for V2A when used at the temperatures of the 
test. The carbon for such service should not exceed 0.07 and is 
preferably lower if embrittlement is to be avoided, it being usu- 
ally produced by carbide precipitation at grain boundaries. 


J. J. Kanrer. It is evident from the paper that the inter- 
pretation of flow tests of metals is associated with certain prac- 
tical difficulties. A relationship involving time, temperature, 
stress, and deformation is obviously one presenting numerous 
aspects when applied to engineering problems. In order to ob- 
tain convenient summaries of flow test data, it is apparent that 
certain well-chosen units and constants pertaining to long-time 
tests eventually will be generally accepted. The nature of these 
constants will depend to a great extent upon the assumptions 
about flow characteristics that can be widely agreed upon. Up 
to the present time nearly every investigator has presented his 
data from a slightly different viewpoint, and as a result there are 
no broadly understood flow-test constants. 

The authors have adopted several units for expressing the 
stress-deformation relationships that they have recorded. At 
temperatures where strain-hardening effects preponderate they 
report percentages of total deformation. At higher tempera- 
tures, where creep is more easily observed to be continuous, they 
use stress values yielding various percentages of flow per 1000 
hours. The use of units involving only 1000 hours are best 
justified, perhaps, by the fact that little extrapolation is implied; 
i.e., the time periods covered in the actual testing in a number of 
cases are 1000 or more hours. 

Reports of long-time tensile tests by other investigators give 
flow-stress values in terms of time periods up to 100,000 hours. 
Such values obviously are based upon extrapolations. Their 
physical significance may be somewhat open to question. 

A number of tests, however, conducted for periods in the neigh- 
borhood of 10,000 hours have come from various sources. Such 
tests show that, at least for 10,000 hours, certain of the materials 
do not exceed the rates of creep established in the first several 
hundred hours of testing. For the materials for which this fact 
has been thoroughly substantiated, we perhaps are justified 
in computing flow-test constants in terms of total deformations 
for a 10,000-hour period. 

Considering the temperature range for steels as consisting of 
two distinct parts—a lower division for which initial elonga- 
tion is expressed and an upper characterized by secondary elonga- 
tion—is quite descriptive of the relative plastic differences in 
metals that exist between low and high temperatures, but a 
certain difficulty that requires some emphasis presents itself. 
As metals are heated through the range of extreme strain-harden- 
ing to temperatures at which they are comparatively plastic, 
the transition takes place gradually. It is difficult to say what 
the limiting temperature is at which flow rates subsequent to the 
initial period cease to be of negligible consequence. This is a 


18 Crane Company, Chicago, III. 
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problem of considerable importance because so many applica- 
tions of steels are being made at temperatures which are situated 
in the middle of this doubtful range. 

To illustrate that initial flow and secondary flow sometimes 
must be considered as relative terms only, a variable temperature 
flow test for low-carbon open-hearth steel is shown. In this 
test, while the stress was held constant at 1000 lb. per sq. in., 
the temperature was raised periodically, in steps of 50 deg. fahr. 
(28 deg. cent.) from 550 deg. fahr. (290 deg. cent.) to 950 deg. 
fahr. (510 deg. cent.), the entire test requiring 58 days (1392 
hours). Studying the time-deformation curve obtained, it is 
found that at each of the temperatures considered more or less de- 


celeration of flow takes place as the testing proceeds. (Fig. 53.) 
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It does not seem entirely necessary to set up separate stress 
constants for expressing so-called initial and secondary flow. 
Inasmuch as flow or creep so seldom occurs at an ideally constant 
rate in the temperature ranges where we must recognize creep, 
flow-stress constants might be somewhat simplified if all were 
expressed in terms of total deformation for given periods of time. 
The troublesome decision between values in the highly important 
transition ranges would then be avoided. 


R. L. Peex.” The writer is wondering if, had the rate of 
creep been computed in the way described for a constant stress 
intensity, it would not be found that the rate of creep is either 
constant or decreasing, except perhaps in the immediate vi- 
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cinity of the point of rupture. The point of this is that it seems 
likely that an increasing rate of flow under constant stress in- 
tensity indicates some failure of the material, and hence incipi- 
ent rupture. If this is true, stress intensities producing such 
increasing rates are obviously unsafe, and if for lower stress 
intensities the rate decreases with elongation (a conclusion that 
the writer has suggested as following from the data), it may be 
possible to use the distinction between the two ranges of stress 
intensities corresponding to these two conditions as a criterion 
to determine the safe limits of loading. 


Artuur McCutcuan.” The tests reported in this paper tend 
to show that the strongest casting alloys for 1000 deg. fahr. 
service are those with little or no iron, 50 to 80 per cent nickel, 
and 50 to 20 per cent chromium. The authors suggest the ad- 
dition of tungsten to improve the ductility of castings made of 
the composition. 

These metals are relatively expensive, and mention is made of 
difficulty in fabrication. The 18-8 composition while found to 
have lower load-carrying ability at 1000 deg. fahr. can be formed 
either hot or cold, although with some difficulty as judged by the 
price demanded for tubing of this composition. The question 
arises as to whether the load-carrying ability of the high-nickel 
alloy at relatively high temperatures such as 1000 deg. fahr. 
is enough better to warrant its use in preference to 18-8 alloy. 
This has reference to superheater headers and tubes, piping, valve 
bodies, etc., operating at 1000 deg. fahr. Specifically, if tubing 
of 18-8 composition KA2S8 costs 8 to 10 times as much per pound 
as carbon steel, should not this alloy of superior load-carrying 
ability cost commemsurately more? 

It is desirable to have data as to the relative sulphur at- 
tack on this alloy as compared with that on ordinary KA2S or 
similar composition having 3 to 4 per cent silicon. The latter 
material has been reported as having a high resistance to cor- 
rosion from hot sulphur dioxide, which might be present, for 
example, in the flue gases of a high-temperature superheater. In 
general, the high nickel-chromoum alloy described corresponds 
to Nichrome which shows good resistance to SO, attack.*! 

The question of the advantage or disadvantage of using very 
low carbon 18-8 alloy to avoid possible embrittlement due to 
carbide precipitation, as against the better load-carrying ability 
of high-carbon contents, is one that is very perplexing to the 
consumer at present. Especially as some difficulty seems to exist 
in producing the 18-8 alloy with carbon under 0.07 per cent. 

The value given for stress to produce 0.1 per cent elongation 
in 1000 hours with 18-8 material (designated as E1912) chances 
to agree with that found by Professor Norton at 1100 deg. fahr., 
although considerably lower at 1000 deg. fahr. As to the 
different shape of the curve for 0.1 per cent elongation noted in 
several figures from the general form of stress-temperature 
flow curves, is it not possible that the shape of these curves might 
be considerably altered if tests had been made at intervening 
temperatures? 

In many instances a creep rate one-tenth of the lowest re- 
ported in this paper has been made the basis for comparing the 
resistance to creep of metals at elevated temperatures. It is 
wondered if such extrapolation of test results is considered un- 
warranted in view of the methods of measuring deformation now 
employed. 


20 Detroit Edison Company, Detroit, Mich. 
21 See paper on “Heat Resisting Steels,”” by Dr. W. H. Hatfield, 
presented before the Iron and Steel Institute, May, 1927. 
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Experiences in Chlorinating Condenser 
Circulating Water 


By VINCENT M. FROST,' NEWARK, N. J., ano W. F. RIPPE,? KEARNY, N. J. 


This paper gives the experiences of the authors over a 
period of two years in an endeavor to better the heat 
transfer and reduce condenser cleaning costs at the 
Kearny, N. J., power station of the Public Service Electric 
& Gas Company. The condensing apparatus there con- 
sists of five 50,000-sq. ft. condensers of the two-pass type, 
each having 10,000 one-inch tubes 19 ft. 2'/, in. long. 
Chlorine control apparatus was installed, and the paper 
gives details regarding its operations, and includes water 
analyses, as well as data on condenser tests, amount of 
chlorine required, etc. The advantages and disadvantages 
of chlorination are set forth, together with the reasons for 
adopting it for the station in question. 


transfer and reduce the cost of clean- 

ing condensers in the power stations 
of the Public Service Electric & Gas Com- 
pany, it was decided to experiment with 
the use of chlorine gas in treating the 
circulating water. A cooperative arrange- 
ment was made with the Wallace & Tiernan 
Company, specialists in the application of 
chlorine control apparatus, and it was de- 
cided to try out the method at Kearny 
Station. This paper is intended to de- 
scribe the results of our experiences to date 
along these lines. 

Kearny Station is located in New Jersey on the west bank of 
the Hackensack River about 1'/, miles from Newark Bay. 
Slime troubles seriously affected the vacua obtainable in the con- 
densers, and it was found necessary to clean the condensers 
with rubber plugs at least once a week in the warm weather and 
twice a month in midwinter. Various methods of brushing 
and boiling the tubes are also used to improve the heat transfer. 
These methods, though not entirely satisfactory, were the best 
available. The character of the river water is shown by Table 
1, which represents analyses of water samples covering a full 
day in the summer. These samples were taken every two hours. 


[T° AN ENDEAVOR to better the heat 


V. M. Frost 


1 Asst. to General Superintendent of Generation, Public Service 
Electric & Gas Co. Mem. A.S.M.E. Mr. Frost was graduated 
from the Lawrence Scientific School of Harvard University, re- 
ceiving his degree in Mechanical Engineering in 1902. Following 
his graduation, he was employed by Westinghouse, Church, Kerr & 
Co. and the Westinghouse Machine Company on steam-turbine and 
condenser work, including erection, operation, and repair. He 
served as assistant engineer and watch engineer at the Williamsburg 
Power Station of the Transit Development Company, Brooklyn, 
N. Y., and as chief engineer of the Perth Amboy Plant of the Ameri- 
can Smelting and Refining Company. Since 1913, he has been 
with Public Service E’ectric and Gas Company. ; 

2 Test Engineer, Kearny Station, Public Service Electric & Gas 
Co. Jun. A.S.M.E. Mr. Rippe was born in New York City, on 
October 19, 1900. Be entered Sibley College of Mechanical Engi- 
neering at Cornell University in 1918 and was graduated in 1922. 
Upon graduation he entered the employ of the Public Service Electric 
and Gas Company as a cadet engineer, completing the course in 
1925, and has been with this company since that time. 

Presented at a Meeting of the Metropolitan Section of the 
A.S.M.E., New York, November 21, 1929. 


The analyses were made by the Department of Sewage Disposal, 
College of Agriculture, New Brunswick, N. J. 
The average of some of the pertinent items is herewith given: 


Total solids, p.p.m.... 
Suspended solids, p.p.m. 


pH 
Chlorides, p.p.m..... . 
Common salt, p.p.m... 
Dissolved oxygen, p.p.m.. 


It can be seen from the low oxygen content that the water is 
very polluted. The salt content indicates about one-half sea 
water. 

The condensing apparatus at Kearny consists of five 50,000- 
sq. ft. condensers. They are of the two- 
pass type, with vertically divided water 
boxes, and each one has 10,000 one-inch 
tubes of No. 16 gage Admiralty mixture 
19 ft. 2'/, in. long. Each condenser is 
provided with two single-speed circulating 
pumps of approximately 45,000 g.p.m. ca- 
pacity, so connected that one pump can 
supply either half or all of its own con- 
denser or of any other condenser in the 
station. During normal operation with 
relatively cold water each condenser is op- 
erated individually with one of its own 
pumps. 

The arrangement of the canals, pumps, 
and screens is shown in Fig. 1. Each condenser has its own 
intake canal which extends from the face of the dock, passing 
through the foundations of the bunker and boiler house to the 
suction chamber located beneath the turbine foundations. The 
canals are of rectangular cross-section, 9 ft. 6 in. deep and 6 
ft. 6 in. wide. Each canal is provided with revolving screens 
located in the bunker-house basement, as shown on section C-( 
of Fig. 1. The screens are about 200 ft. from their respective 
suction chambers. The velocity of the water in the canal is 1.6 
ft. per sec. with one pump in service, and 2.9 ft. per sec. with two 
pumps in service. 

It was decided to try chlorinating one unit, and No. 4 unit was 
chosen arbitrarily. This unit, which is the same as No. 2 unit 
in every respect, consists of a 47,250-kw. Westinghouse turbo- 
generator unit and a Westinghouse radial-flow condenser 
equipped with two steam-jet air pumps and one hydraulic air 
pump. Since the two units are identical in every respect and 
operate under practically the same load conditions, this gives a 
fair means of comparison. 

After deciding on what unit to install the equipment, the next 
question to come up was where to put the equipment. The 
choice lay between injecting the chlorine in the canal at the 
screen or in the suction pipe of the pumps. It was finally de- 
cided to install the equipment in the screen room and inject the 
chlorine solution immediately behind the screens for the following 
reasons: 

1 The chlorine apparatus should be kept out of the heart of 
the plant, as it is a hazard. 
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TABLE1 ANALYSIS OF HACKENSACK RIVER WATER—KEARNY STATION, SEPTEMBER 17, 1929 
(See Appendix for description of analyses.) 
Direc Acid- Alka- Dis- Biochemical oxygen demand, 
Tide tion -——Solids, p.p.m.—— ity, linity, Common solved p.p.m 
Sample elev., of p.p.m p.p.m. Chlorides, salt, oxygen, ——Dilution— 
No. ft. tide Total pended pH CaCO; CaCO; p.p.m. p.p.m. p.p.m. Straight 50% 25% 
1 93.8 High 20,310 25 7.3 10.0 114.0 10,850 17,890 1.00 7.9 16.8 
2 93.3 Ebb 21,530 14 7.3 11.5 114.0 9,250 15,250 1.00 6.0 2.8 
3 91.6 Ebb 19.940 27 7.2 13.0 118.0 10,200 16,820 0.95 1.7 14.8 
4 89.8 Ebb 17,930 39 7.2 13.0 119.0 8,800 14,510 0.90 7 5.7 3.7 
5 89.4 Flood 16,700 175 7.2 11.0 129.5 8,500 14,010 1.20 0.70 6.3 11.4 
6 92.0 Flood 18,530 68 7.2 11.5 125.0 9,300 15,330 1.10 0.50 4.5 5.7 
7 94.2 Flood 21,130 72 7.2 12.0 123.5 10,400 17,150 0.30 et 4.7 
8 93.7 Ebb 22,490 131¢ 7.2 12.0 120.5 10,400 17,150 1.55 0.30 0.6 3.8 
9 91.7 Ebb 20,180 74 7.2 11.5 119.0 10,250 16,900 1.10 a 2.9 4.7 
10 89.9 Ebb 18,450 65 7.4 15.5 128.5 9,250 15,250 0.55 2.7 2.4 
il 89.0 Low 17,320 3204 6.9 17.0 120.5 8.170 13,470 1.25 8.1 12.0 
12 91.5 Flood 18,410 88 7.1 11.0 128.0 9,250 15,250 1.15 rs 6.8 6.6 
Avg. 91.7 a28 19,410 52 7.2 12.5 122.0 9,552 15,760 1.00 0.12 4.6 7.4 
@ See Appendix, under ‘“‘Suspended Solids.” 
ee Figs. 4 and 5 give the story of the investigation. The data 
T . Zz plotted are weekly averages of hourly readings taken over the 
“tin ait = two-year period, with corrections for slight load variations. 
The air leakages of both units during the period under discussion 
< ies were about the same, so this item has been neglected. 
\ Po tied Unit No. 4 was taken out of service in January, 1928, for 
» \\, ee general overhauling, and during this period was given a thorough 
cleaning so that when it went back into service the following 
\ Ss Hb ccc, || OO || April it showed a better heat transfer than No. 2. It gradually 
so" ( }} ma became worse, however, and by August was about the same as 
‘* q No. 2. The big difference between the two units in June, 1928, 


ARRANGEMENT OF CANALS, PUMPS, AND SCREENS, KEARNY 
Power STATION 


Fig. 1 


2 Due to the comparatively small suction chamber and the 
isolation of units there would be no appreciable dilution. 

With one pump in service, it takes 2'/, min. for the water to 
travel from the screen through the pump to the condenser, while 
with two pumps in service it requires 1'/; min. The velocity 
of the water through the condenser tubes is 4.8 ft. per sec. with 
one pump in service and 8.6 ft. per sec. with two. 

This investigation is based on the theory that slime fouling 
of surface condensers is the result of definite biological growth 
and is dependent upon conditions of temperature and the pres- 
ence of normal water organisms in the circulating supply. Slime 
is a conglomerate of inorganic matter, namely, mud and silt 
bound together by algae growths of a jelly-like nature. If the 
chlorine dosage destroys the algae and prevents growth, there 
will be nothing to hold the inorganic matter together and slime 
will not form. On this basis it was believed that intermittent 
dosage at correct intervals would prevent the growth and reduce 
the total amount of chlorine to be used. Patents covering this 
intermittent process have been granted to Dr. J. Baker, of the 
Wallace & Tiernan Company. 


The equipment installed in No. 4 screen room is shown in’ 


Fig. 2 and consists of three chlorinators, each capable of handling 
720 lb. of chlorine per day with a battery of 150-lb. chlorine tanks, 
a program clock, and the necessary piping. The operation of 
this equipment is as follows: The clock trips a relay which oper- 
ates a valve in the water line supplying water to the injectors 
on the chlorinators. The discharge of chlorine solution is car- 
ried from each machine down into the canal by means of hose. 
The program clock can be so set as to give any desired frequency 
and length of dosage. The amounts of chlorine fed and the 
frequencies are shown in Fig. 3. 


was caused by tests being run on No. 4 at an intentionally reduced 
vacuum. 

Chlorination of No. 4 was started on August 10, 1928, after 
both No. 4 and No. 2 had been thoroughly cleaned by baking 


Fic. 2 Equipment INSTALLED IN No. 4 Screen Room 


and rubber plugs. After chlorination started, the increase in 
vacuum of No. 4 over No. 2 was very marked, and frequent ex- 
aminations showed the absence of slime in the tubes. This 
gain amounted to 0.2 in. in the middle of October, 1928, but some 
of this gain may be ascribed to better original cleaning of No. 4 
than of 2, although an endeavor was made to get both condensers 
in the same condition. It was not expected that there would be 
such a sudden gain in heat transfer, which is the reason for the 
foregoing statement. During this period No. 2 slimed badly 
as usual,.and even the weekly use of rubber plugs could not hold 
it near No. 4 in performance. 

The dosage chart, Fig. 3, shows that the amount of chlorine 
used per day varies from 320 lb. to 72 lb. Due to lack of data 
on the intermittent method of treatment, the dosage was purely 
experimental. The reduction in the use of chlorine was effected 
by reducing the percentage of time the chlorine was being in- 
jected rather than the concentrations. Whereas at the start 
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the chlorine was being injected for 2 min. every 10 min., by the 
middle of October it was found that injection for 3 min. every 
hour was sufficient to keep the condenser free of slime. It must 
be borne in mind that it was desired to keep the chlorine dosage 
sufficiently high to prevent the least indication of slime, and for 
that reason some of the dosages may be excessive. 

In October, 1928, since it was apparent that the slime could 
be prevented, it was decided to investigate the possibilities of 
cleaning a very dirty condenser with chlorine. Chlorination 
of No. 4 was therefore stopped on October 19, 1928, and the 
condenser was allowed to become dirty. Chlorination was 
again started on November 26, 1928, but for a while there was no 
apparent benefit and No. 4 became worse than No. 2, as shown 
‘in the first week of December, 1928. It is believed that the 
chlorine would eventually have brought No. 4 back to its ori- 
ginal advantageous condition, but owing to its heavy accumula- 
tion of slime this would have been very slow work. It was 
decided therefore to clean the tubes of both condensers as thor- 
oughly as possible and start another comparative run. 

An examination of the tubes of No. 4 condenser at this time 
showed a hard scale, which it was not expected that the chlorine 
would remove. Therefore on December 15, 1928, this condenser 
was boiled on the water side with chemicals, making it as clean 
as it was conceived to be possible. This resulted in increasing 
the coefficient of heat transfer from 185 to 270, and brought the 
vacuum to a point 0.35 in. Hg better than that in No. 2. Im- 
mediately after the boiling, chlorination was continued with 
the hope of keeping the condenser as near as possible to its con- 
dition immediately after the boiling. The advantage was in- 
creased to 0.4 in. Hg in the latter part of January, 1929, when it 
was decided to put No. 2 on a par with No. 4 by boiling it also. 
This was done and there was then very little difference between 
it and No. 4. On February 1, 1929, unit No. 2 was taken out of 
service for its annual overhauling, but the chlorination of No. 4 
was continued with the idea that when No. 2 was put back into 
service the two units would start on an even basis. On April 
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10, 1929, No. 2 was put back in service with a very clean con- 
denser and practically no difference in vacuum between it and 
No. 4. 

Upon referring to Fig. 3 it will be seen that from January 1 
to May 1, 1929, it was possible to keep the condenser free of 
slime with only 12 lb. of chlorine per day. This was done by 
operating one chlorinator for three minutes every hour for an 
eight-hour period each day. Here again the concentration of 
chlorine was maintained, and the reduction in the amount used 
was effected by cutting down on the percentage of time that the 
chlorinator was in service. 

The dosage was increased on May 1 when the water tempera- 
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ture reached 50 deg. fahr., as the growth of algae increases rapidly 
above this temperature. It is questionable whether or not 
this method of treating the water for an eight-hour period of 


the entire day is the most efficient, but suffice it to say that in 
this case it was effective. The quantity of chlorine used was 
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so small that any reduction would be immaterial in this particular 
instance. 

At this point, the most significant part of the entire investi- 
gation is presented. The two condensers started out on an 
even basis, but in a month No. 4 was 0.2 in. better than No. 2, 
even though No. 2 was being cleaned regularly with rubber plugs. 
A gain in vacuum of approximately 0.2 in. was maintained. The 
big increase on September 1, 1928, was caused by No. 2 not being 
cleaned with rubber plugs for three weeks, but as soon as this 
was done it was brought down to the 0.2-in. difference again. 
Comparing No. 4 with other units during the period that No. 2 
was out of service shows a gain of about 0.15 in. 

Condenser performance tests were made on No. 4 condenser 
with weighed condensate in June, 1928, and July, 1929, the data 
of which show the gain in heat transfer due to chlorination. These 
data are given in Tables 2 and 3. The higher flow of circulating 
water in the 1929 tests is accounted for by higher tides, which 
cut down on the suction lift of the pumps and thereby increased 
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TABLE 2 TEST OF NO. ¢ CONDENSER culties. Because of the nature of the gas, the policy has been 

Date, 1928......-.-+++++.++- 6/26 6/26 6/25 6/25 to provide that all future installations shall be outside the main 
Duration, hr... 3 3 3 3 2 
Room temperature, deg. fahr.. 87 83 82 87 building, for if a tank of chlorine were to be discharged in the 
Berometer, 20 88 29 88 29.82 29 83 
Generator net output, kw...... 21,840 28.080 38,500 41,900 main building it would drive every one into the open and cause 
Main steam pressure, lb. gage 352 356 353 352 7 
Main steam temperature, a shutdown. ; 

fahr... ; 715 713 712 711 With this in mind, when it was decided to extend the experi- 
Total steam, Ib. per hr........ 231,000 286,480 379,490 420,310 
Water rate, Ib. per kw-hr...... 10.58 10.20 9.86 10.03 ment, so layout shown in Fig. 8 was installed on unit No. 3 in 

ter). Me. ......; 28.68 28.60 28 41 28.21 July, 1929. The point of injection of the hlorine solution is 
deg. the same as on No. 4, i.e., immediately behind the screens, but 

Circulating-water inlet, deg. the essential differences are as follows: 

fahr..... 71.7 69.9 68.3 70.4 . 
Chestutian-aehes aati. Ges. 1 All equipment is installed in a separate building outside 

eal 76.7 76.1 76.6 78.7 
Circulating-water rise, deg fahr. 5.0 62 & 3 & 3 
Circulating-water flow, g.p.m.... 91,200 88,900 86,300 95,860 
Velocity of water in tubes, ft 

per sec 9.8 95 9.2 10 3 
Heat transfer, B.t.u. per sq. ft. 

per hr. 4490 5480 7140 7960 
Mean temperature diff. (loz.), 

deg. fahr 13.2 16 4 21.0 22.7 
Mean temperature diff. (arith.), 

deg. fahr 13.4 16.5 21.4 22.9 


Coefficient of heat transfer 
B.t.u. per sq. ft. per hr. per 


deg. fahr. (log.) 340 334 340 351 
B.t.u. per sq. ft. per hr. per deg. 
fahr. (arith.) 335 332 334 348 
Vacuum at air pump, in. Hg. 29.03 29.01 28.93 28.92 
Air leakage, cu. ft. per min... 12.0 8.3 6.2 8.2 


RemarKs: 1. Turbine operated non-bleeding. 2. Two circulating 
pumps in service. 3. Air leakage measured by nozzle in air-pump dis- 
charge. 


Fic. 7 Conpition oF Tuses From CHLORINATED (No. 1) AND 
UNCHLORINATED (No. 2) CONDENSERS 


the flow. In order to have a fair means of comparison the tests 
were corrected to the same water flow and temperature; the 
difference is shown in Fig. 6. The average load of this unit 
gives about 300,000 lb. of exhaust steam per hour, which corre- 
sponds to a gain of 0.15 in. Hg of vacuum. 

Fig. 7 shows the condition of two tubes removed from No. 2 
and No. 4 condensers in August, 1929, after No. 4 had been 
chlorinated for one year. The piles at the bottorm show the 
relative amounts of deposits on a four-foot length. The picture 
tells its own story. 

One of the most important drawbacks in chlorinating cir- 
culating water is the fact that it is a hazard. Chlorine gas, al- 
though not poisonous, has a choking effect and will drive men out 
of the plant if a large enough quantity is allowed to escape. The 
equipment shown in Fig. 2 gave considerable trouble, especially 
in the early stages, due to leaks and various mechanical diffi- 


Fie. 8 INSTALLATION OF ONE-TON CHLORINE CONTAINERS IN 
BuILpING OuTsipE MAIN SrrRucTURE 


the main structure. This lessens the hazard in case of leaks or 
failure of the apparatus. 

2 One-ton containers are used instead of 150-lb. tanks. The 
chlorine is cheaper when so bought, and the labor involved in 
handling a one-ton container is less than the equivalent 13 small 


TABLE 3 TEST OF NO. 4 CONDENSER 


Date, 1929........ 7/16 7/17 7/15 7/11 
Duration, hr........ 3 2 3 ; 
Room temperature, deg. fahr.. 80 78 81 87 
Barometer, in. Hg......... 30.18 30.15 30 32 320 40 
Generator net output, kw...... 14,550 23,060 30,780 39,320 
Main steam pressure, lb. gage 362 355 358 352 
Main steam temperature, deg. 

686 686 701 713 
Total steam, lb. per hr........ 166,340 244,100 316,120 397 930 
Water rate, lb. per kw-hr. 11.43 10. 58 10 27 10 12 
Vacuum at neck of condenser 

(30 in. bar.), in. Hg 28 66 28 51 28.28 27.99 
Condensate temperature, deg 

86 89 93 9s 
Circulating- water inlet, deg 

_ 76.8 77.4 77.9 79.8 
Circulating- water outlet, deg. 

fahr. 81.0 83.1 85.4 89.0 
Circulating- water rise, deg. 

4.2 5.7 7.5 9.2 
Circulating-water flow, g.p.m.. 77,600 81,100 79, 800 81,800 
Velocity of water in tubes, ft. 

per sec. 3 8 7 8.8 
Heat transfer, B.t.u. per sq. ft. 

per hr.. 3270 4650 5980 7500 
Mean temperature diff. (log.), ; 

9.3 10.9 14.2 16.5 
Mean temperature diff. (arith.), 

| 9.3 11.3 14.6 17.0 
Coefficient of heat transfer 
B.t.u. per sq. ft. per hr. per deg. - 

fahr. (log.). 350 425 420 454 
B.t.u. per sq. ft. per hr. per deg. 4 

350 412 410 441 
Vacuum at air pump, in. Hg... 28 81 28.74 28.63 28.40 
Air leakage, cu. ft. per min. 14.6 10.3 9.6 8.7 


Remarks: 1. Turbine operated non-bleeding. 2. Two circulating 
pumps in service. 3. Air leakage measured by nozzle in air-pump dis 
charge. 
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tanks. ‘The fewer connections with the one-ton containers lessens 
the possibility of leaks and reduces the labor of connecting up 
tanks. 

3 The chlorinator injects the solution continuously into the 
tower filled with limestone, and the pump operates intermittently, 
taking solution from the tower and pumping it into the canal. 
Due to the continuous operation of the chlorinator less capacity 
is required, and the chlorinators function better when in con- 
tinuous service. The disadvantage is the extra pump and tower 
necessary for this particular feature. 

At the time the new equipment was ready for operation, the 
condenser was very dirty and an effort was made first to deter- 
mine whether or not the chlorine would clean it. Apparently it 
would eventually clean it of all slime, but the ideal method seems 
to be to start with as clean a condenser as possible, with the 
expectation that the chlorine will maintain that condition. 

The question of corrosion of condenser water boxes and tubes 
has been brought up. There has been no sign of corrosion of No. 
4 condenser after being chlorinated for a period of over a year. 
The amount of chlorine in the water is so small and the time it is 
in the water is so short that it is not believed any serious trouble 
will arise from this source. Repeated tests have usually shown 
no residual chlorine in the water entering the condenser, and 
none at any time leaving the condenser during dosing periods. 
The maximum residual chlorine found at any time at the inlet 
to the condenser was 0.3 part per million. 

There is no doubt of the ability to keep the condensers at 
Kearny free of slime by the use of chlorine. Since No. 4 was 
boiled out in December, 1928, no cleaning has been done except 
for the chlorine treatment and the removal of loose matter in 
the tube ends. This fact alone proves the treatment’s effec- 
tiveness. That there is a saving due to the better vacuum main- 
tained than when cleaned only with rubber plugs, has also been 
shown. The estimated average gain in vacuum due to chlori- 
nation on a unit at Kearny operating at a 75 per cent load factor 
is 0.15 in. Hg, amounting to almost 1 per cent gain in steam 
consumption. 

The amount of chlorine required to chlorinate a condenser at 
Kearny is based on the following data: 


River-water Pounds 
temperature, Pounds Number of chlorine 
deg. fahr. per day of days for period 
32-50 40 121 4,840 
50-70 60 152 9,120 
70-80 75 92 6,900 


The advantages obtained by chlorination are: 


1 Gain in vacuum 

2 Elimination of rubber-plug cleaning 

3 Elimination of boiling of condensers 

4 Elimination of necessity of taking a condenser out of 
service to clean it, thus increasing the service avail- 
ability of the unit. This also eliminates the extra 
cost of steam used for starting turbines. 


The disadvantages of chlorination are: 


1 Cost of chlorine 

2 Maintenance of chlorinating equipment 
3 Fixed charges on additional investment 
4 Hazard. 


These items for and against chlorination have been weighed 
for the conditions obtaining at Kearny Station, and it seems 
advantageous to install the system. In different plants the vari- 


FUELS AND STEAM POWER 


ous items will vary in importance due to differences in charac- 
ter and temperature of water, loading conditions, etc. 

Acknowledgment is due Dr. J. Baker and W. J. O'Connell 
for their cooperation and assistance in the work described. 


Appendix 
EXPLANATION OF WATER ANALYSES 

Total Solids. Two analyses were made on each sample. The 
high results are due to the fact that the samples were sea water. 
The total solids then, for the most part, represent soluble mate- 
rial. 

Suspended Solids. Three analyses, two for check, were run 
on each sample. Those marked (a) were evidently high be- 
cause of the error in sampling, i.e., dragging of the “‘thief.”’ 

pH. Each sample was checked by two different indicators. 

Acidity. This was determined by using phenolphthalein as 
an indicator. Therefore the acidity is due to CO, or mineral 
acids, or to both. 

Alkalinity. This was determined by using methyl orange 
as an indicator. As there is no phenolphthalein alkalinity, the 
alkalinity in this test represents bicarbonates only. 

Chlorides. Three analyses were run on each sample. 

B.O.D. (Biochemical Oxygen Demand.) These results are 
liable to discrepancy due to the samples being sea water. The 
B.O.D. was a five-day test. The straight samples (no dilution) 
after incubation at 20 deg. cent. for five days showed no decrease 
in D.O. except in the three cases shown. The other dilutions, 
50 per cent (50 per cent dilution water and 50 per cent sample) 
and 25 per cent (75 per cent dilution water and 25 per cent 
sample), also show a variety of results. This can be accounted 
for by the presence of Chlorides, and more likely of nitrates, of 
which latter there may be a large quantity. 


Discussion 


Bert Hoventon.* Certainly every man operating condensers 
with harbor water will appreciate the difficulty of cleaning them 
by mechanical means. If the chemical method described will pro- 
duce the desired result without attacking the condenser metal, 
it will indeed be welcome. 

However, the writer is reminded of a similar experiment tried 
several years ago at the Hudson Avenue Station. In that case 
it was not condenser circulating water, but well water which 
was circulated through the generator air coolers, and it was about 
15 per cent salt water. These air coolers became heavily coated 
with slime after a few months of operation. The water was ana- 
lyzed bacteriologically and found to contain algae. The recog- 
nized method for the prevention of algae growth, the writer was 
advised, was chlorine treatment. The system at Hudson Avenue 
was such that the chlorine could be introduced at the discharge 
of the pumps, the treated water flowing into a large storage tank, 
in which there was considerable turbulence. It was felt that the 
conditions were particularly advantageous for thoroughly mixing 
chlorine with the water. An average of three pounds of chlorine 
per million pounds of water was used, the chlorine being fed 
continuously. This experiment was carried on for several weeks, 
but as the slime did not disappear, it was dropped. 

The results obtained, however, coincide to some extent with 
those of the authors. They mention the fact that, starting with 
a dirty condenser, they were not able to eliminate algae growth. 
They have found, however, that starting with a clean condenser 
they can prevent algae growth. The interesting feature to 


+ Operating Superintendent, Brooklyn Edison Company, Brook- 
lyn, N. Y. Mem. A.S.M.E. 
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the writer, in view of his experience, is that this growth could 
be prevented and the condensers kept clean with so small an 
amount of chlorine, of the order of 0.1 to 0.2 lb. per million 
pounds of circulating water. (The intermittent rate is higher— 
this refers to the average.) 

The writer has made a comparison of tests on the condenser of 
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Fic. 9 CoMPARISON OF CONDENSER PERFORMANCE AT KEARNY 
AND Hupson AVENUE STATIONS 
(1) Kearny No. 4, 1928: 50,000 sq. ft., 47,250 kw.; unchlorinated; circu- 
lating-water inlet temperature, 70 deg. fahr.; velocity, 9.7 ft. per sec. 
(2) Kearny No. 4, 1929: 50,000 sq. ft.; 47,250 kw.; chlorinated; circulat- 
ing-water inlet temperature, 78 deg. fah.; velocity, 8.6 ft. per sec. 

(3) Hudson Ave. No. 3: 70,000 sq. ft.; 50,000 kw.; old tubes, rubber 
plugged; circulating water temperature, 72 deg. fahr.; velocity, 8.4 ft. 
per sec. 

(4) Hudson Ave. No. 2: 70,000 sq. ft.; 50,000 kw.; new tubes; circulating- 
water temperature, 72 deg. fahr.; velocity, 8.4 ft. per sec. 
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Fie. 10 ComMPpaRISON OF CONDENSER PERFORMANCE AT KEARNY 
AND Hvupson AVENUE STATIONS 
((1), (2), (3), and (4): See notes under Fig. 9.] 


unit No. 4, Kearny Station, with tests on units No. 2 and No. 3, 
Hudson Avenue Station. All three condensers are of the West- 
inghouse two-pass radial-flow type. Those at Hudson Avenue 
have a more liberal surface-to-kw.-capacity ratio, namely, 1.4 
as against 1.06 for the Kearny No. 4 condenser. The two 
Hudson Avenue units are identical in design, and each has two 
circulating pumps with a combined capacity of 100,000 g.p.m. 
The Kearny No. 4 condenser has two circulating pumps with a 
capacity of 90,000 g.p.m. 

Since the condensers in the two stations are similar in design, 
even though those at Hudson Avenue have surfaces of 70,000 
sq. ft. each while Kearny No. 4 has only 50,000 sq. ft., a compari- 
son can be made both directly and by applying adjustment 
factors to the results obtained in the two stations. There are 
two comparisons to be made, namely, No. 4 Kearny using chlori- 
nated circulating water, with No. 2 Hudson Avenue with new 
tubes; and No. 4 Kearny without the use of chlorinated cir- 
culating water, with No. 3 Hudson Avenue after cleaning old 
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tubes with rubber plugs. A few graphs will illustrate the com- 
parisons. 

The dottled lines on all graphs refer to Hudson Avenue units, 
the heavy ones being No. 2 with new tubes, the lighter ones, 
No. 3 with old tubes rubber plugged. The solid lines refer to 
Kearny Unit No. 4, the heavy ones after use of chlorinated cir- 
culating water. Datafor the solid curves were taken from Tables 
2 and 3 of the paper. 

In Fig. 9 the curves are, in order of highest vacuum, Hudson 
Avenue No. 2 with new tubes; Hudson Avenue No. 3 with old 
tubes rubber plugged; Kearny No. 4 with unchlorinated cir- 
culating water; and Kearny No. 4 with chlorinated circulating 
water. The better performance of No. 2 and No. 3 Hudson 
Avenue is partly due to their having larger surfaces. This is 
particularly noticeable at high rates of steam flow; at 400,000 lb. 
per hr. there is a difference in vacuum of 0.3 in. of mercury 
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Fic. 11 Comparison OF CONDENSER PERFORMANCE AT KEARNY 
AND Hupson AVENUE STATIONS 


{(1), (2), (3), and (4) same as for Fig. 9, except that for (3), temperature 
is 70 deg. fahr. and for (4), is 78 deg. fahr.]} 
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Fic. 12 ComPpaRIsON OF CONDENSER PERFORMANCE AT KEARNY 
AND Hupson AVENUE STATIONS 


[(1),.(2), (3), and (4) same as for Fig. 9, except that for (3) velocity is cor- 
rected to 9.7 ft. per sec., and for (4) to 8.6 ft. per sec. | 


from the unchlorinated-water test, and 0.7 in. of mercury from 
the chlorinated-water test. The higher vacuum obtained with 
unchlorinated circulating water at Kearny is explained by the 
fact that the circulating-water-inlet temperature was 70 deg. 
fahr. as against 78 deg. fahr. for the chlorinated water. 

Fig. 10 shows the heat-transfer coefficient of the condensers 
under the same conditions as in Fig. 9. Here the Hudson 
Avenue No. 2 with new tubes shows the highest coefficient, 
followed in order by Kearny No. 4 with chlorinated circulating 
water, Hudson Avenue No. 3 with old tubes rubber plugged, 
and Kearny No. 4 with unchlorinated water. The difference 
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between the two Kearny No. 4 curves is larger than it would be 
if the circulating-water temperatures had been the same. 

In order to eliminate the effect of the sizes of the condensers, 
comparisons were made on the basis of pounds of steam per 
square foot of condenser surface per hour. The results of the 
Hudson Avenue tests were also corrected to conditions compar- 
able to the tests on the Kearny Unit No. 4. 

Thus Fig. 11 shows curves for Kearny No. 4 merely reduced to 
pounds per square foot per hour, while Hudson Avenue No. 2 
has the test with the new tubes corrected to 78 deg. fahr. inlet 
temperature, which was that of the chlorinated water. Hudson 
Avenue No. 3 with old tubes rubber plugged was corrected to 
70 deg. fahr. circulating-water temperature to correspond with 
the unchlorinated circulating water at Kearny. This graph 
shows the vacuum with the new tubes at Hudson Avenue to be 
only about 0.05 in. of mercury better than with chlorinated cir- 
culating water at Kearny. The chlorinated water is thus ap- 
parently very effective in improving the vacuum. 

Hudson Avenue No. 3 with old tubes rubber plugged shows 
considerably improvement in vacuum over the Kearny No. 4 
unit with unchlorinated water. There would actually be a 
larger difference, however, because the velocity at Hudson 
Avenue was only 8.4 ft. per sec. as against 9.7 ft. per sec. at 
Kearny. This shows that rubber plugging gives better results 
at Hudson Avenue than at Kearny. 

Fig. 12 shows the heat-transfer coefficients under the corrected 
conditions. The comparison of Kearny No. 4, chlorinated 
water, with Hudson Avenue No. 2, new tubes, shows the latter 
to have the higher coefficient. Moreover, the Hudson Avenue 
curve is for 8.6 ft. per sec. velocity and 72 deg. fahr. temperature, 
while the Kearny unit is for 8.6 ft. per sec. velocity and 78 
deg. fahr. inlet-water temperature. If these temperatures were 
the same, the difference between the curves would be increased, 
due to the factor of mean temperature difference increasing much 
faster than the additional heat transferred. 

In the case of Hudson Avenue No. 3 and Kearny No. 4 with 
unchlorinated water the velocities are both 9.7 ft. per sec.; with 
the former the water-inlet temperature was 72 deg. fahr. while 
with the latter it was 70 deg. fahr. 

The comparison would be more satisfactory if the Kearny 
tests had been made at more nearly the same conditions of cir- 
culating-water temperature and velocity. Nevertheless, the 
results of graph Fig. 11 indicate that further investigation is 
well warranted. A study of the effect of the chlorine on the 
life of the condenser metal would be of great interest. 


M. H. Curtey.‘ It would appear the authors have con- 
clusively proved that condenser tubes can be kept clean from 
slime by use of chlorine, especially when such slime is a result 
of sewage pollution of the circulating water. The writer was 
particularly interested, as chlorine is being tried as a means of 
controlling mussel growth at the Northport Plant of the Long 
Island Lighting Company. He had an opportunity of examining 
the condenser under treatment in April, 1929, noting particularly 
the absence of slime on the interior of the tubes. 

Bengough and May, of the Institute of Metals in London, 
England, are probably the world’s foremost investigators of 
condensers and condenser tubes. In one of their reports issued 
early in 1925 under the sub-subject of “Water Treatment,” 
they have this to say: “Slight chlorination of cooling water seems 
effective in killing or preventing the growth of organisms upon the 
tube wall, making it unnecessary to employ means of tube clean- 
ing which promote’ corrosion.” Apparently, while it has been 
known for some time that the use of chlorine would keep the 


‘Long Island Lighting Co., Bay Shore, N. Y. Assoc-Mem. 
A.S.M.E. 
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tubes clean, no practical method of applying the chlorine treat- 
ment was available, and it is due to the development of prac- 
tical apparatus by Wallace & Tiernan that full use of this treat- 
ment is made possible. 

On first hearing about the experimental use of chlorine in the 
circulating system at Kearny, the writer was particularly inter- 
ested, having in mind its use in control of mussel growth, as 
mussels in the circulating-water ducts of the company with which 
he is connected are far more serious than is the fouling of tubes. 
For the past two years, he has been investigating tube failures 
from inlet erosion-corrosion and has found that no trouble from 
this source exists where heavy sewage pollution is present. The 
sewage pollution, however, always results in bad slime on the 
tubes. The answer to an inlet erosion-corrosion, where a heavy 
coating of slime is present, is, no doubt, due to either or both of 
two reasons: namely, the slime coating protects the surface 
of the tubes against the action of the oxygen in solution in the 
circulating water; or the nitrates in the sewage consume the 
dissolved oxygen. When the oxygen content is low or nil, no 
inlet erosion takes place. It is also noticeable that no mussel 
growth is present where there is a heavy slime coating. Mussels 
of course cannot exist in water low in oxygen. In Table 1 of 
the paper, the circulating-water analyses show a very low oxygen 
content and it is of interest to know that there is no evidence of 
inlet erosion-corrosion on any of the tubes at the Kearny Station. 

In view of the above, it would be well to point out a possible 
danger in the removal of slime from tubes by the use of chlorine, 
but not from the standpoint of any damage that may result from 
the chlorine itself. 

In certain waters having possibly slight sewage pollution, but 
not sufficient to reduce to dissolved oxygen below the danger 
point, it is easily possible that considerable cleaning is required to 
remove the slime from the tubes. If the chlorinating system is 
applied, there is possible danger of cleaning the tubes so thor- 
oughly that inlet erosion will be started. This danger can prob- 
ably be avoided by using only enough chlorine to clean the tubes 
so as to leave a slight scum on the surface, this scum acting as 
protection against inlet erosion attack. 

Near the beginning of the paper the authors give their reasons 
for injecting chlorine in the canal at the screen instead of at the 
suction pipe at the pump and later they bring up the question 
of the corrosion of condenser water boxes and tubes by the 
chiorine, also stating that the maximum residual chlorine found 
at any time at the inlet to the condenser was only 0.3 part per 
million. The fact that practically no residual chlorine actually 
entered the condenser eliminates in itself any question of danger 
of the corrosion of the condenser water boxes and tubes, and 
would also seem to indicate that it is most advisable to inject 
the chlorine in the stream of water going to the condensers as 
far from the inlet to the condenser as is practical. 

The action of the chlorine is, apparently, to kill the algae 
growth, and this can be done in the stream of water on the way 
to the condenser as readily as it can be done after forming in the 
tubes. 

The paper would have been much more conclusive had it given 
some figures of the savings effected in dollars and cents, com- 
paring, the cost of other methods of cleaning with the cost of 
chlorine treatment. Taking the figures given by the authors, it 
would appear that at the factor given and the size of the unit, 
the monthly output is 24,500,000 kw-hr. Assuming 10 lb. steam 
per kw-hr., this gives 245,000,000 lb. of steam. A betterment 
in the water rate of 1 per cent will show a saving on the above 
monthly output from this unit of approximately 2,500,000 Ib. of 
steam. At 20 cents, the approximate fuel cost per 1000 lb. of 
steam shows a saving of $490 on the above monthly output. 
The summer condition of 75 lb. of chlorine per day, 30 days in a 
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month, gives 2250 lb. of chlorine, which, at 6 cents per lb. shows a 
cost of $135 for raw material. Assuming an investment of 
approximately $5000, at 16 per cent this gives about $66 per 
month for interest and depreciation charges, making a total 
cost of roughly $200 a month without any labor expense. This 
indicates a saving in use of the chlorine method of cleaning of 
approximately $300 per month over the method of cleaning by 
the use of rubber plugs. It would be of interest to know if the 
authors can give us the approximate monthly cost of cleaning 
condensers other than the one in which the chlorine is in use. 
This question of cleaning condensers is one about which the writer 
feels we know very little. The average plant plans to maintain 


an average vacuum and cleans whenever, in some one’s opinion, 
it is necessary to do so to maintain the desired vacuum, irrespec- 
tive of whether it is more costly to shut the unit down than it 
would be to maintain it in service over a longer period of time 
at the reduced efficiency due to the dirtier condition of the 
tubes. It is very rare to find the actual cost of cleaning con- 
densers billed against the savings effected by such cleaning. 

The Public Service Company and the Wallace & Tiernan 
Company are to be commended for taking the initiative in the 
use of chlorine for cleaning condenser tubes, and we should all 
be grateful to the authors for giving us the results of their work, 
which are bound to be very useful. 
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Electrical-Conductance Measurements of 
Water and Steam, and Applications 
in Steam Plants 


By MAX HECHT! anv D. S. McKINNEY,? PITTSBURGH, PA. 


In this paper a conductance method is presented for 
determining the concentration of salts in steam-plant 
water supplies. The method is applied to determine the 
purity of steam, of supplies used for boiler-feed purposes, 
and the concentration of boiler and evaporator water. 
The conductance data are refined by applying both a water 
and a CO, correction. The method for establishing the 
CO, correction is based on the preparation of a standard 
“synthetic”? water, and eliminates the errors accom- 
panying the chemical analysis of “‘pure’’ water. The 
conductance meter used may be calibrated in terms of 
dissolved salts. The relation of dissolved salts to con- 
ductance is discussed. Simple commercial equipment 
is used for measuring conductance. The data are ob- 
tained rapidly by the steam-plant personnel, and the 
results may be applied easily to the control of water 
conditions. 


PERATORS appreciate the necessity of excluding any 
() contamination from the steam and water cycle in steam 

power plants. Circulating water introduced via leaky 
surface condensers contaminates the water cycle. Erratic con- 
trol of concentration of water in steam-generating apparatus 
and carry-over therefrom contaminate the steam cycle. The 
importance of entrainment rather than moisture should demand 
the critical attention of station operators. The entrainment of 
boiler-water salts in steam causes scaling and burn-outs in super- 
heater tubes, and if the entrainment is carried into the turbine, 
blade deposits contribute to loss in turbine capacity and efficiency. 
The entrainment is also a factor in the deterioration of blade ma- 
terial because of erosion. In a review of a discussion of corrosion 
of iron, Whitney states that once corrosion of the metal of turbine 
blades is started, the water condensed in the steam passing 
through the turbine removes the corrosion products rapidly. 
The corrosion is influenced by the oxygen contained in the boiler 
feedwater. The deterioration is not noticeable in the initial 
turbine stages, which contact with dry and superheated steam, 
but is in evidence in the stages where the temperature of the 
steam is 100 deg. cent. (3)*. The possibility of one other factor 
which may influence the erosion of blade material is suggested: 
The rate of formation of water droplets may be accelerated in 
the lower pressure stages of the turbine because of the presence 
in the vapor of anhydrous dusts. The dusts are produced when 
the soluble salts and insoluble products discharged with the steam 
from the boiler drum are dehydrated in the superheater. It may 


! Chief Chemist, Power Stations Dept., Duquesne Light Co. 

2? Chemical Engineer, Power Stations Dept., Duquesne Light Co. 

* Numbers in parentheses refer to bibliography at end of paper. 

Contributed by the Joint Research Committee on Boiler-Feedwater 
Studies and presented at the Semi-Annual Meeting, Detroit, Mich., 
June 9 to 12, 1930, of Tue AMERICAN Society OF MECHANICAL ENGI- 
NEERS, 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


be considered that the individual dust particles, which may be 
electrically charged, act as nuclei for the condensation of vapor 
surrounding them when favorable temperature conditions are 
reached in the lower-temperature stages of the turbine. The 
water-enveloped particles may induce a more severe erosive action 
than are caused by droplets free from dust. 


TEMPERATURE AND CELL COMPENSATORS 


Score or Metuop 


The conductance method may be applied for all purposes 
where the relation between the “pure” and the contaminating 
supply is desired, or where concentration of soluble salts is to 
be controlled. 
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The conductance method is applied herein specifically to 
boiler-room problems. The paper includes a presentation of the 
conductance method for determining the per cent by weight of 
entrainment of boiler water in steam, the control of concentra- 
tion of water in boilers and evaporators, the detection of carry- 
over from evaporators, and related studies to demonstrate the 
precision of the conductance method. Condenser-leakage detec- 
tion by the conductance method is omitted as complete descrip- 
itons appear in the technical literature. See bibliography items 
(4) to (14); item (10) is of specific interest. 


THEORY 


It will suffice for this discussion to state that the conductance of 
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an aqueous solution depends only on the ions of the dissolved 
substances between the electrodes of a conductance cell. Fur- 
thermore, the specific conductance of a solution is a measure of 
the total of ionized substances, and depends on the kinds and 
quantity of the ions present. The theory of conductance in 
aqueous solutions is discussed by Creighton (15). 


Fitze (16) applied the conductance method for estimating 
moisture in steam leaving the boiler drum. He bases his applica- 
tion on the assumption that “impurities in the steam are due to 
entrained moisture carried over from the boiler, which, it is 
logical to assume, will carry over solids in the same proportion 
as the boiler water.” In Fitze’s method a per cent moisture 
curve was produced by measuring the conductance of boiler 
water and condensed steam, the latter generated in the boiler 
under observation. The conductance meter was calibrated in 
terms of the per cent of moisture by weight. This method 
may be considered to produce relative or apparent moisture 
results. 

It is believed that the entrainment of boiler water in steam 
may be more correctly expressed if both the conductance of 
steam leaving the drum and the conductance of boiler water in 
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Fic.5 ConpucTaNce FLASK 


the drum are coincidently measured, and the conductances 
after applying a water correction (conductance of pure water) 
and a correction for CO:, are expressed as a ratio. It should be 
noted that hydrogen sulphide (H,S) and ammonia (NH;) also 
increase the conductance, and if present, corrections must be 
applied. If the ratio is multiplied by 100, this expression will 
show the per cent by weight of boiler water entrained in the 
steam. 
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Conductance of steam 


Conductance of boiler water 


It is not necessary to produce a calibration curve as described by 


Fitze. 


Fitze and the authors observe similar conditions: the entrain- 
ment values are greater in magnitude than the moisture values 
obtained by the calorimeter method. 


in steam 


It should be considered 


that the calorimeter furnishes data for estimating moisture, 
whereas the conductance data measure dissolved salts. For the 
specific purposes of obtaining data for estimating cleanliness of 
steam, it is apparent that the entrainment method is the ap- 


propriate one to apply. 


APPARATUS 


The apparatus used for the investigation included a conduc- 


tance meter, flow cells, a conductance cell, and a flask. 


Conductance Bridge. 


This is a portable mho-ohm Wheatstone 


bridge operated on either 25- or 60-cycle alternating current. 
A special and very useful feature incorporated in the bridge is a 


temperature and cell-constant compensator. 


A general view of 


the bridge is shown in Fig. 1, and of the compensators in Fig. 2. 
The bridge has a range in specific conductance from 0.01 to 


0.000001. 


being divided into 10 divisions. 


The slide-wire range is from 1 to 12 mhos, each mho 


The temperature compensator 


covers a range from 5 to 45 deg. cent. (41 to 113 deg. fahr.). 


The standardization point is 25 deg. cent. (77 deg. fahr.). 


The 


conductance-cell-constant compensator has a range from 0.07 


to 0.11. 


to an accuracy of 1 per cent up to the 0.000001 ratio. 
that point the error may be as much as 5 per cent. 


The manufacturers state the instrument is calibrated 


Above 
The wiring 


diagram of the bridge is shown in Fig. 3. 

Conductance Cell. The glass conductance cell fitted with 
platinized platinum electrodes is inserted in the flow cell or 
conductance flask. The cell was calibrated before the test runs 


were made; 
described in the appendix. 


the cell constant was 0.861. 


This calibration is 


Flow Cell. This type of cell permits the measurement of a 
flowing supply, and prevents atmospheric contact and pollution. 
Two forms of flow cell were used. The one furnished with 


the apparatus is shown in Fig. 4. 
shown in Fig. 6, was designed by the authors. 


The improved flow cell, as 
In this design all 


of the water entering the cell must pass between the electrodes 


before discharging from the cell. 


The conductance flask (Fig. 5) 


was used in the correlated studies which follow the entrainment 


presentation. 


All of the above apparatus, furnished by the Leeds and 


TABLE 1 DESCRIPTION OF BOILER UNIT NO. 22 
Item No. 
3 Water cooling applied................... Side and rear walls 
Horizontal water screen 
6 Method of introducing feedwater....... Continuous submerged 
feed line 
7 Tubes 
a Number of tubes wide............... 47 
6 Number of tubes high............... 20 
¢ Arrangement of tubes in deck........ = 
e Outside diameter, in................. 4 
9 Steam pressure, Ib. per sq. in............. 280 
10 Total steam temperature at 200 per cent 
11 Superhent, deg. 190 
12 Feedwater temperature, deg. fahr........ 355 
13 Heating surface of boiler excluding water 
14 Water-holding capacity of boiler to drum 
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Per cent by weight of en- 
xX 100 = trainment of boiler water 


for both laboratory and plant use. 


Sampling Connections on Boilers. 
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Northrup Company, is portable, and amply rugged and sensitive 


An A.S.M.E. steam-sample 


nozzle was installed in a vertical run in the superheater-inlet 
steam lead. A connection for boiler-water samples was installed 
in the drum. The steam and water supplies were cooled under 
pressure in individual copper cooling coils, and the cooled supplies 
were passed through the flow cell, Fig.4or6. A diagrammatic 
layout of the sampling system is shown in Fig. 7. 

The importance of feedwater treatment and the control of 
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boiler-water concentration justifies consideration by both the 
boiler manufacturer and operator in selecting proper locations 
and installing facilities on the boiler for procuring representative 
samples. Evans (17) discusses the variations in concentration in 
boilers due to rating, location of sampling point, and method of 
feed, and points out that variations in daily analyses are a source 
of great annoyance to the operators. One of the authors made 
a water transverse (18) across a cross-drum boiler and showed the 


wide variation in concentration. 


ENTRAINMENT TESTS 


The description of the boiler on which the entrainment tests 
The baffle arrangement in the 
drum is shown in Fig. 8. The steam is conducted to the super- 
heater header by means of two leads from the drum. A throt- 


were made is given in Table 1. 
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tling calorimeter was installed in the “A” lead. The steam 
sample for conductance measurements was drawn from a con- 
nection to the throttling calorimeter on the “B’”’ steam lead, 
at which the pressures before the calorimeter and the tempera- 
ture at the calorimeter orifice were recorded. The recorded data 
were not used in these tests. The boiler-water-sample line was 
a 1'/.-in. perforated pipe extending across the drum, above and 
parallel to the continuous feedwater pipe; the discharge holes 
in the latter are directed downward. The sample line was pro- 
jected out from the drumhead via an unused extended water- 
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included evaporation rates, water level, and steam quality by 
calorimeter, were observed once each 5 min. Conductance of 
steam was measured once each minute, and conductance of 
boiler water at the start and end of each test run. 


Metuop ror EstimMaTiInG ENTRAINMENT 


Before each test run, the cooling coils were flushed, the dis- 
charge valves of the cooling coils were throttled, the flow cell 
was connected to the coil, and the cooling water was supplied at 
a rate to reduce the temperature of the condensed steam to within 
the range of the temperature compensator. Condensate was 
Celivered from the steam coil at the rate of one quart per minute, 
and the boiler water from its coil at the rate of 2'/, quarts per 
minute. Conductance of the boiler water was observed prior 
to the start of the test, and when the readings became concordant, 
the values were recorded. The flow cell was connected to the 
discharge from the steam coil until consecutive readings were 
consistent, which gave assurance that the flow cell and conduc- 
tance cell were free from boiler water. The conductance of the 
condensed steam was read once each minute, first adjusting the 
compensator for the observed temperature. Since the readings 
occurred at the low end of the bridge scale, a considerable travel 
of the slide wire was required to show a readable deflection of 
the galvanometer. In order to compensate for a possible error 
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glass connection. All external lines from the steam- and water- 
sample connections, including the cooling coils, were copper. 
No evidences of copper salts were found in samples which were 
completely analyzed, hence it was assumed that for the period 
the steam and water were in contact with the metals, the conduc- 
tance introduced by their salts was negligible. 

Data Observed. The boiler was under observation for a 
four-month period, and during this period 22 test runs were 
made to obtain simultaneous data on entrainment and steam 
quality, varying the rating and the water level. The data, which 


in reading, the slide wire was rotated clockwise to show a positive 
deflection, and then was rotated counter clockwise until the 
galvanometer approached zero. This procedure was reversed 
for consecutive readings. After a test run was completed, the 
conductance of the boiler water was again measured. The aver- 
age of the initial and final boiler-water readings was taken to 
represent the conductance of the boiler water during the '/:-hr. 
test run. At least '/, hr. lapsed between tests to permit the 
stabilization of water and steam conditions. 

A water correction of 0.9 X 10-* mhos per cm. was deducted 
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from all conductance readings of steam and boiler water. Creigh- 
ton (16) refers to Kendall (19), who has shown that by distilling 
tap water to which a few cubic centimeters of Nessler’s solution 
has been added in Jena glass vessels and using a block-tin con- 
denser in contact with air, water having a specific conductance of 
0.9 X 10~* mhos per cm. at 25 deg. cent. can be obtained in gne 
distillation. The authors have observed a conductance of 1.49 
< 10~* mhos per cm. at 25 deg. cent. for distilled Pittsburgh 
domestic water. (Distilled in a Barnstead still having a block- 
tin-lined condenser, and collected and stored in large glass car- 
boys.) This value is considerably lower than they were able to 
detect at the station where conductances of condensed steam, 
condensate, and distilled make-up were measured. In the ab- 
sence of conductance data for water in contact with iron and 
copper, the Kendall value was adopted as the “‘water correc- 
tion.” 

Each reading of conductance of steam and boiler water was 
corrected by deducting this correction, and each steam value 
was then divided by the boiler-water conductance. The quo- 
tient when multiplied by 100 is termed “entrainment in per cent 
by weight of boiler water in the steam.’”’ In a later section of 
this paper, it will be shown that the conductance of gases, and 
in particular CO,, must be considered and a correction must be 
made in the application of conductance measurements to “pure”’ 
water supplies. The correction values are shown in the chart, 
Fig. 13, developed for Allegheny River water contamination of 
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Entrainment by Conductance, Per Cent 
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boiler feedwater. The CO, content of the condensed steam in 
these tests measured 0.75 part per million (p.p.m.). No cor- 
rection was applied to the data since the error is large in esti- 
mating so low a CO, value. Where a considerable amount of 
CO, is present in the water, a deduction must be applied to the 
conductance of steam. 


RELATION BETWEEN MOISTURE AND ENTRAINMENT 


Efforts to plot the observed data for steam quality and entrain- 
ment against the other variables, water levels, and ratings indi- 
cated no direct relations. It is believed that this is due to the 
few number of test runs, and to the effects of other factors which 
were not observed. For example, variations in boiler-water 
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concentration for the various test runs, fluctuation in concentra- 
tion of boiler feedwater, normal fluctuation in flow rate of feed- 
water, and finally deviations of observed and actual water levels. 
A relationship is apparent between the steam quality by calorime- 
ter and entrainment by conductance, and is shown graphically 
in Fig. 9. The steam-quality data plotted represent one reading 
each 5 min. and the simultaneously observed entrainment data 
represent the average of five one-minute readings. The 45- 
deg. diagonal passing through the origin represents the theoretical 
identity of the percentage of moisture in the steam and entrain- 
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ment. In the areas included between the diagonal and the ab- 
scissa, the per cent entrainment exceeds the per cent moisture 
by calorimeter. Observations plotted in this area indicate a pos- 
sible throttling action by the dry pipe of the steam leaving the 
drum. In the area between the diagonal and the ordinate, the 
per cent moisture by calorimeter exceeds the per cent entrain- 
ment by conductance. Since the steam cannot carry moisture 
in excess of the amount entrained therein, values in the area 
above the diagonal would indicate an impossible condition. The 
observed values are represented by the circles for all runs. The 
dots represent the average per test run. The average for the 
calorimeter normal, test 12, and for tests 16, 17, and 18, in which 
attempts were made to observe steam quality under no steam- 
flow conditions, are shown on the 100 per cent quality line. If 
these four values are not considered, it will be observed the re- 
lated data parallel in general the theoretical proportionality 
graph, but fall slightly below it. It is further noted for the same 
group of determinations that the distribution of points is much 
wider on the steam-quality scale than on the entrainment scale. 
This indicates that the entrainment method is more accurate 
than the calorimetric procedure. The wide divergence of en- 
trainment values from steam quality, for very low and no steam- 
flow conditions, may be interpreted to represent non-equilibrium 
conditions as respects the quality of steam, because of the rapid 
reduction in evaporation rates to a condition suitable for estab- 
lishing a calorimeter normal. For the observed conditions, it 
appears that the entrainment in steam is greater in magnitude 
for the lower steam-flow conditions than is found under the 
normal steam output of the boiler. Agreement is found with 
Fitze concerning the difficulties of establishing the calorimeter 
normal, even at lower boiler pressures. During the service 
run of the boiler a daily observation was made for concentration, 
using the conductance method. These values were translated 
to dissolved salts, parts per million, using the calibration curve 
A-A, in Fig. 12. The interpolated dissolved salts were plotted 
in Fig. 10. The calculated concentration curve was also plotted, 
based on the average per cent entrainment, 0.35 per cent, column 
7, Table 2. The development and application of the formulas 
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TABLE 2 
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n drum, in. 


Steam quality 


Date of test (1929) 
Evaporation lb, per hr. 


| Water level i 
© from center 


Test run no, 


Duration of run, hr. 
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| Entrainment 
-——by calorimeter———. —by conductance— 


STEAM QUALITY FROM CALORIMETER, CONDUCTANCE AND CHEMICAL DATA 
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chemical 


Dis- Dissolved 
solved salts in 
salts in boiler 
steam water 

from en- from 
train- conduc- 


Specific conductance 
mhos per cm. at 25 deg. 
cent. 
Condensed 


Entrainment 


from 
data 


Avg. 
per 
cent 


> 


ton 
tor 


Notes: Values in columns 9 and 10 corrected for conductance of pure water. 


Values in column 8 calculated from formula in appendix. 

Values in column 11 calculated from column 7 X column 12. 
Values in column 12 interpolated from calibration curve Fig. 12. 
Run 16—Burners off 12 min. before run started. 


Feedwater valves and steam valves shut. 


Run 17—Burners off 70 min. before run started. Feedwater valves and steam valves shut, closed non-return valves. 


Run 18—One burner lit, 10 minutes before run started. 


Feedwater valves and steam valves shut, closed non-return valves. 


After run no. 15, calorimeter was disassembled, and mill scale removed which partly obstructed orifice. 
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for this calculation are discussed in the Appendix. The value 
used for entrainment (0.35 per cent) is the average of test runs 
1, 3, 9, 10, 11, 13, 21, and 22, in which the evaporation rates 
were maintained between 230,000 and 250,000 lb. per hr. This 
output is normally maintained by the boiler for 20 hr. daily. 
The water levels in the drum were maintained below the drum 
center, which conforms to regular operating practice. The 
average of dissolved salts of the feedwater supplied to the boiler 
was 2.08 p.p.m. This value is read from Fig. 13, the calibration 
curve developed for dissolved salts in “pure” water in the pres- 
ence of CO,. The tabulated values for the calculated concen- 
tration plotted in Fig. 10 are given in Table 8. It will be ob- 
served by reference to Fig. 10 that the concentration at infinite 


evaporation (no blowdowns) is 594 parts per million (p.p.m.), 
and at 600,000,000 Ib. evaporation the concentration determined 
by conductance was found to be 585 p.p.m. (The boiler was 
removed from service for inspection purposes.) The agreement 
of the calculated and determined value for concentration sup- 
ports the view that the entrainment value used, 0.35 per cent, 
correctly expresses the average carry-over from the boiler drum. 
It is shown in the Appendix that the entrainment may be cal- 
culated, using the concentration of the salts in the feedwater 
and in the boiler water. The acceptance of the interpolated 
dissolved-salt values of boiler water based on conductance mea- 
surements is justified by the agreement shown in Fig. 12 of curves 
A-A and B-B. Similarly the use of the interpolated dissolved- 
salt values of feedwater is justified by the agreement shown be- 
tween the dissolved salts in feedwater and in condensed steam 
shown in column 8, Table 7. A summary of the significant values 
is: 

Field test 

Con- 


Laboratory analysis 


Boiler Con- 
densed densed 
steam steam 


Number of samples averaged 2 2 20 

Dissolved salts, calculated from the 
analysis, p.p.m 

Dissolved salts, interpolated from 
conductance, p.p.m 

Specific conductance, mhos per cm. 
at 25 deg. cent 6.10 


@ Time interval between sampling and analysis, one week. 
> Calculated from entrainment data. 


The interpolation of conductance to dissolved salts is made 
from the graph in Fig. 13. The entrainment was calculated using 
the boiler-feedwater interpolated value of 2.08 p.p.m. The com- 
parison between the determined and calculated entrainment and 
steam quality by calorimeter plotted against total evaporation 
is shown in Fig. 11; at the maximum evaporation agreement is 
observed between the calculated and determined entrainment. 
The tabulated data are shown in Table 3. The agreement as 


1.63 
2.50 


2.20 
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4 1 7 | 10 1l 12 
Jviin. Niax. Avg. Min. Nax steam water ment, tance, 
per per per per per Mi ve avg. 
cent cent cent cent cent 
: 45 0.63 53 215 
78 1.08 90 215 
53 0.58 55 210 
fy 40 0.52 44 210 
Ve é 39 0.45 42 205 
43 0.50 [45 205 
43 0.53 49 210 
36 0.54 [44 0.69 300 
; 10 7-16 27 0.30 28 0.73 285 
: ll 7-16 26 0.28 27 0.74 280 
12 7-16 28 0.31 31 a 285 
e 13 7-16 28 0.29 28 0.72 290 
14 7-16 30 0.34 32 285 
15 7-16 34 0.45 37 280 
a 16 7-21 40 0.42 41 a 360 
& 17 7-21 39 0.42 40 x 360 
% 18 7-21 27 0.31 30 * 360 
19 9-20 22 0.24 23 a 545 
‘ - 1 9-20 20 0.22 21 0.36 585 
AS 22 9-20 19 0.21 20 0.36 585 
water 
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of 
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co 
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TABLE 3 STEAM QUALITY BY VARIOUS METHODS 


to 


dis- 


salts in boiler 


feedwater, p.p.m. 
calcu- 


calcu 


caleu- 
chemical >, 


vaporation of boiler 
to date of 
of 
lved 
quality 
ntrainment 
from 


lated from calorimetric » 


Test-run number 
feedwater 

test, pounds 
Steam 

lated 


E 
lated from entrainment 


“ data, per cent 


. Concentration 
Entrainment 


2 
data, per cent 


” 


oo 


181,400,000 
181,400,000 
218,400,000 
234,000,000 
234,000,000 
234,000,000 
585,000,000 
585,000,000 


Sd data, per cent 


Concentration boiler feed 


Column 6—Formula used. Entrainment = 


C2 Concentration boiler water 


= 2.08 p._p.m. = average from Table 7, Col. 8. 


COMPARISON OF DISSOLVED SOLIDS AND DISSOLVED 
AND CHEMICAL METHODS 


TABLE 4 
SALTS BY CONDUCTANCE 


Conductance method — 
Dis- Dis- 
solved solved 
salts salts 
inter- inter- 

polated polated 
from from 
obs cale. 
cond. cond. 


Chemical method 


Specific Specific 

conductance conductance 

at 25 deg. at 25 deg. 
cent cent 


Dis Dis Dis 
solved solved’ solved 
solids salts salts 

by by cal- 

analysis, analysis, culated, observed calculated, plot, plot, 
ppm. ppm. p.p.m mhos percm. mbhospercm. p.p.m. p.p.m. 
Data from boiler fed with “‘pure"’ feedwater 
215 223 445x« 440 
303 307 5.62 5.95 
305 321 6.20 
305 330 6 64 
379 398 7.54 
337 367 7.20 
337 348 7.08 
407 429 7.80 
449 468 8 60 
440 469 8.20 
457 502 9.42 
438 476 9.00 
513 531 10.06 
474 499 9.65 
Data from boiler fed with 100 per cent 
x 1074 


~ 


1704 1744 4 1800 
1995 2011 4 23! 2200 
Evaporated residue of 500 cc. boiler water, residue dried at 120 
deg. cent 
2 Difference between column 1 and sum of colloidal materials by 
analysis of column 3. 


46 
55 


Column 1 


TABLE 5 AVERAGED ANALYSES OF ALLEGHENY RIVER 
WA 


TER 


Number of samples averaged 
Dissolved ion parts per million 


(Mg) 

Bicarbonate (HCOs). 
Sulphate (SOx). 
Chloride (Cl) 
Nitrate (NOs).... 

Sum of dissolved ions.................- 


Colloidal salts 
Organic matter. 
Silica (SiOz) 
Oxides, iron and alumina ‘(R2Os). 


3 
140.3 (a) 


Sum of colloidal! salts 19.6 (6) 
Dissolved solids (a + 6)........... 159.9 

Note: The colloidal salts are considered to eee: a , eegiigihie effect on the 
conductance of water. 

The weights of chemically pure reagents were calculated from the dissolved 
ion values in Table 5, to produce when dissolved, the ‘synthetic’ water 
containing 1000 p.p.m. of dissolved salts. The weights are shown in Table 
o-A, 
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shown between the determined entrainment and moisture by 
calorimeter was anticipated from the concordance observed in 
Fig. 9. 

In Fig. 10 a wider divergence is observed during the initial 
part of the run between the observed dissolved salts (interpolated 
from conductance) and the theoretical concentration, but at the 
end of the run the two curves coincide. Similarly in Fig. 11 
closer agreement is observed at the end of the run between the 
steam quality by various procedures than is found in the early 
part of the run. It is further observed that the steam quality 
apparently improved with the increase in concentration of boiler 
water and total evaporation. Hence it may be noted that for the 
observed case some condition existed in the more dilute water 
which is unfavorable to the production of dry and clean steam. 


BoILer- AND CONCENTRATION MEASURED 
BY CONDUCTANCE 


In attempts to measure concentration of boiler water by con- 
ductance an electrode was designed by other investigators (pri- 


Determined Conductance 


scale 


re Water 
Softened Water 


vs 
Salts by Analysis 
alculated 


nce 
Pure Water 
Softened Water 


and D Scale 


fed Salts 


AandB 


3 5 9 
0 10 60 

Specific Conductance at 25 

Mhos per Cm. X io" 


0 
10 AB Scale 
Scale 


RELATION OF SpeciFic CONDUCTANCE TO THE DISSOLVED 
Satts 1n Borter WaTeR 


Fic. 12 


vate communications) for insertion through the drum of a boiler. 
The difficulties encountered included the deterioration of the 
insulation of the cell element by the boiler water, and inability 
suitably to locate the element in a zone of uniform water con- 
centration and temperature. Relatively large errors in measure- 
ments may be caused by local variations in concentration and 
temperature when fresh feedwater is introduced into the drum ad- 
jacent to the location of the cell. These observations apply as 
well to evaporators, and in the following discussion it should be 
remembered that concentration in evaporator salines is included, 
even though not specifically discussed. 

These difficulties were avoided by adopting the simpler pro- 
cedure of withdrawing water through an internally installed 
perforated pipe extending across the drum. The water was 
cooled under pressure to prevent “flashing,” and the conductance 
was measured as the water passed continuously through a glass 
flow cell (Fig. 6) in which the conductance cell was installed. 
Compensation was made for temperature observed before each 


TABLE 5-A WEIGHTS OF REAGENTS FOR “SYNTHETIC” RIVER 
WATER 


Weight in solution 


Reagents, chemically pure grade: milligrams 


Calcium sulphate, CaSO«.2H:O0 
Magnesium sulphate, MgSO«..7H20 
Sodium bicarbonate, NaHCO; 
Sodium sulphate, Na»sSO« 
Sodium chloride, NaCl 
Sodium nitrate, NaNO; 
Sum of dissolved salts. . 1268.9 
The weights of reagents were in distilled water, 
(boiled to free the water of atmospheric gases, cooled, but excluding CO»), 
1 ce. of the solution contains 1 p.p.m. dissolved salts ‘anhydrous basis). 


. . 


Col. 1 
! 
3 21 0 
9 300 99.64 0.44 0.69 cas 
10 285 99.82 0.28 0.73 ie 
11 280 99.78 0.27 0.74 “a, 
13 290 99.87 0.28 0.72 ey 
21 585 99.83 0.21 0.36 Pe 
. 22 585 99.89 0.20 0.36 on 
2 3 4 
DD 
C 
3 3 
Q 
1720 33.5 1600 x 
1548 31 1500 
1589 1645 33 37.8 10°" 1450 1500 
2313 44 2100 ae 
1988 40 1900 x 
1714 37 1750 Ce 
1849 1858 44 46.1 2100 1800 
1914 40 1900 
1776 38 1800 
6.4 


146 


conductance reading. The readings were reported in specific 
conductance at 25 deg. cent. 

As previously stated, the conductance of water varies directly 
as the dissolved salt content, provided the relation of the ions in 
the water remains the same. For each supply of water or steam 
in a specific station, the relation of conductance and dissolved 
salts will be a constant; however, the constants will differ from 
one another for various supplies. When desired, the calibration 
of the conductance meter is made in terms of dissolved salts, 
parts per million, the adopted procedure for stating concentra- 
tion in plant control (20). The calibration, once established, is 
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conductance of the water expressed in specific-conductance units 
It may be considered that practically complete ionization of 
salts occurs in water at the concentrations normally met with in 
the various supplies in the steam plant. Neglecting the colloida| 
substances, which lack conductance characteristics, the water 
contains metallic and non-metallic ions, each possessing a dis- 
tinct ionic equivalent conductance. The factors for converting 
the ions to conductance, and the application of the factors to a 
typical boiler-water analysis, are shown in Table 9. The calcula- 
tion of the ionic analysis to hypothetical combination to deter- 
mine the dissolved salts is both unnecessary and erroneous (20). 
The comparison of the mea- 


TABLE 6 EFFECT OF DISSOLVED SALTS AND CARBON DIOXIDE ON THE CONDUCTANCE OF _ suredand calculated conductance 


LABORATORY DISTILLED WATER 


1 2 3 4 1 2 
Observed 
Salts of Observed specific Salts of 
“synthetic” carbon conductance, “synthetic” 
Test water added, dioxide, mhos per cm. Test water added, 
number p.p.m. p.p.m., at 25 deg. cent. number p.p.m. 
1 0 0.82 1.46 X 1076 5 0 
0 3.17 3.07 8 
0 5.05 3.99 8 
0 8.81 5.41 s 
8 
2 0 1.18 1.54 X 107* 6 0 
1 1.18 3.91 16 
1 3.17 5.12 16 
1 4.47 5.85 16 
1 9.52 7.44 16 
16 
3 0 1.65 1.56 X 10°* 7 0 
2 2.00 6.00 32 
2 6.11 7.58 32 
2 7.64 8.56 32 
2 9.75 9.46 32 
2 10.93 9.86 32 
4 0 1.18 1.43 X 107 8 0 
4 1.41 10.91 64 
4 5.05 12.19 64 
4 7.05 12.99 64 
4 9.99 13.71 64 
4 11.75 14.28 64 


a Used average of carbon dioxide values observed in tests numbers 1 to 5. 
6 Used average of sp. cond. values observed in tests numbers 1 to 5. 


permanent, and is applicable to all boilers in the station unless a 
major change is made in the quality of feedwater or chemical 
treatment. 

The data required for calibrating the meter include a series of 
conductance readings, and dissolved salt concentrations, the latter 
determined by analysis, over the range of concentration antici- 
pated in the service run of a boiler or an evaporator. The smooth 
curve drawn through the plotted points establishes the desired 
relation for the boiler water under observation, and permits the 
ready conversion of conductance units to dissolved salts. When 
the conductance is to be expressed in specific-conductance units, 
it must be referred to a stated temperature, and the cell constant 
must be known and applied. Temperature correction and cell- 
constant calibration are discussed in the Appendix. In the 
laboratory analysis of water, the weights are obtained both of 
the dried residue after evaporating a measured volume of filtered 
water and of the constituents of the residue. The analysis 
report gives the weight in parts per million of colloidal and non- 
ionized materials which include organic matter, silica, and oxides 
of iron and aluminum, and of ionized materials which may in- 
clude calcium, magnesium, sodium, carbonate, bicarbonate, 
hydroxide, sulphate, phosphate, chloride, and nitrate. The 
evaporated residue is termed “dissolved solids.”” When the 
sum of the colloidal and non-ionized materials is subtracted 
from the dissolved solids, the difference is termed ‘dissolved 
salts.” 


ConDUCTANCE BY CALCULATION 


The conductance may be calculated from the ionic analysis 
by multiplying each ion present by the respective equivalent 
ionic-conductance factor. The sum of the products equals the 


provides a means of determining . 


the relation between dissolved 
Observed specific salts and conductance and for 
carbon conductance, hecki th lytical 
dioxide, mhos per cm. checking the analytical proce- 
p.p.m. at 25 deg. cent. dure. 
1.18 
1.18 4 As previously stated, obser- 
= gh vations for steam quality were 
~Ue - ‘ 
10.58 22.38 made on a boiler during its ser- 
9 
a x 10-*(6) Vice run. The feedwater sup- 
eo Q plied to the boiler was a mixture 
7.06 39.46 of 98 per cent condensate and 2 
39. 
16 80 = ‘= per cent distilled make-up. The 
x 10°*(+) boiler water was sampled _peri- 
3.76 75.15 odically. These samples were 
completely analyzed, and the 
x 10-8») Conductance was both measured 
1.18 143.56 and calculated. The data are 
1183 shown graphically in Fig. 12 
3.03 145.96 i 
37 37 14598 and are tabulated in Table 4, 


showing the relation between 

conductance and dissolved salts 

A similar procedure was used at 
another station for establishing the relation between conductance 
and dissolved salts of boiler water. This boiler was supplied 
with 100 per cent zeolite-softened feedwater. These data are 
also included in the graph and table. 


Metuop Propuces CLosE RESULTS 


The values are reported as specific conductance at 25 deg 
cent. The water correction 0.9 X 10~* mhos per cm. has a very 
small effect on the observed values of boiler water, hence the 
origin of the graphs may be considered at zero conductance and 
dissolved salts. In Fig. 12 the curves marked A-A and B-B 
refer to the station where “pure’’ feedwater was concentrated, 
and curves marked C-C and D-D refer to the station where zeo- 
lite-softened water was concentrated. The calibration curves for 
each station are respectively A-A and C-C. They represent the 
relation of observed conductance (column 4) and dissolved salts 
by analysis (column 2) in Table 4. The curves drawn to check 
this procedure, B-B and D-D for each respective station, repre- 
sent the relation of calculated conductance (column 5) and dis- 
solved salts calculated from the analysis (column 3). The boiler- 
water concentration in terms of dissolved-salts range for the 
“pure” water station was from 215 to 474 p.p.m., and for the 
zeolite-softened water station, from 1100 to 2750 p.p.m. The 
agreement between the two procedures is shown by the values 
taken from each curve and shown in columns 6 and 7. It may be 
concluded that the conductance method produces results wel! 
within the error of analysis. It is obvious that the conductance 
measurement made in less than one minute after the sample is 
available is preferable as a plant procedure for concentration 
control, when compared to the many hours required for the com- 
pletion of the analysis. 
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TABLE 7 COMPLETE CHEMICAI, ANALYSES OF BOILER FEEDWATER AND CONDENSED STEAM 
3 4 5 6 7 8 oe) 10 ll 12 13 14 15 16 17 18 19 20 21 
Solids in water —Salts in water— -————-—Corrected ionic analysis———-—— 
p.p.m. p.p.m. 


by 


from 
matter 
+ Al) by 
Specific conductance at 
p-p.m. 


Free CO: by analysis, 
25 deg cent. 
Magnesium, p.p.m. 
Bicarbonate, p.p.m. 
Sulphate, p.p.m. 


Interpolated from sp. 
P.p.m. 


cond. 


Organic 


s Date supply sampled 


Unit sample 
Dissolved by anal. 
Suspended by anal. 
Total by analysis 
By analysis 
analysis, p.p.m. 
analysis, p.p.m. 
pH analysis 
Calcium, p.p.m, 


Oxides (Fe 


1929 
Boiler feed average 
1-2 


ONAN 


Nitrate, p.p.m. 


Chloride 


Sr SONS MOM OM 


on 

tn 


Condensed steam to superheaters 
O 4.46 50 : 0. om 
6.47 0 6.47 2.40 0. 2.95 
2.45 2.45 2.50 0. 1 
C Cite 3 Dissolved solids by analyses, evaporation of 4000 cc. residue dried at 180 deg. cent. 
Suspended matter estimated by filtering total sample through asbestos mat in crucible. 
Sum of columns 3 and 4. 
Sum of determined and corrected ions, column 15 to 21, inclusive. 
Columns 3 less the sum of columns 9, 10 and 11; these materials are considered colloidal in character and have a negligible conductance. 
Interpolated from graph, Fig. 13, correcting for CO: shown in column 13. 
, 10 and 11. Followed standard methods, American Public Health Assn., 1926 edition. 
Determined with hydrogen electrode. 
Used standard methods, A.P.H.A, 
Conductance measured with mho-ohm Wheatstone bridge. 
, 16, 18, 19, 20 and 21. Used standard methods, A.P.H.A. 
Sodium is indirectly determined. Evaporated residue, column 3, treated with H2SO, and evaporated, then weighed to determine total sulphate 
from which are subtracted silica and oxides of iron and alumina (columns 10 and 11), and calculated sulphate of lime and magnesia. The differ- 
ence is sodium sulphate, from which the sodium ion is calculated. 


ess 
co 


6.10 0. 0 0 
6.00 0. 0 0 
6.20 0. 


on 


TABLE 8 CALCULATED CONCENTRATION OF BOILER WATER TABLE 9 CONVERSION FACTORS FOR CALCULATING CON- 
AT VARIOUS EVAPORATIONS DUCTANCE FROM IONIC ANALYSES 


Evaporation / (Evap.) ¢(1—E) of dissolved equivalent Factots for 
Lb. X 108 102-33 K (C2 salts, p.p.m. Milli- conductance, specific conductance 
equivalents mhos per per part per million 
lons by analysis, per equivalent at mhos per cm. at 
p.p.m. million 25 deg. cent. 25 deg. cent. 
Hydrogen, H* 9921 50.0 K = 347.2 X 
Calcium, Ca** 0499 0 a= 2.99 
Magnesium, Mg 0822 b 
Sodium, Na‘ 0435 a 
Bicarbonate, HCO;~ 0164 ‘ d 
a 
a 
a 
b 


Carbonate, CO;~~ 0333 
Hydroxide, OH~ 
Sulphate, SO." ~ 
Chloride, Cl~ 
Phosphate, ~~ 
Nitrate, NO;~ 


0588 
0208 
.0282 
0316 
-0161 X 


18. 
Infinity Infinity 


CNS ROR 


m toe tom to 


CO, Correcrion or CONDUCTANCE a “Handbook of Chemistry and Physics,"" Hodgman and Lange, Chemical 
ectrochemistry,’’ by Creighton and Fink, John Wiley an ns, vol, 
rhe authors recently recommended the installation of conduc- “Panic XXXIV. p 134. (Values calculated to 25 deg. cont., from 18 des. 
tance apparatus for recording the quality of condensate returned cent. by formula 19, p. 133.) 
¢ Landolt and Boernstein Tables. 
to a central heating plant through an extensive condensate-re- d@ No published data in literature. Authors have interpolated this value 


turn system. Since it was desired to calibrate the recorded data from ions having approximately the same ionic weight and valence. 


in terms of actual dissolved salts, a laboratory investigation was 
tmade to determine the effect of varying concentration of CO, on APPLICATION OF FACTORS TO WATER ANALYSES 


the conductance of water and the development of a CO, correc- acter fer 
Corrected ions specific conductance, Specific conductance, 
tion curve. Also in the case of evaporators, when CQ, gas is oy ambien chee aaraun-an 


evolved from the water fed to the evaporators, the conductivity p.p.m. _p.m. 25 deg. cent. 
of the condensed vapor is not a true measure of dissolved salts x 10-6 
unless the conductance is compensated for the influence of CO:. Sotem 

A survey of the available “pure’”’ water supplies in the various Hydroxide ; 
steam stations and of laboratory-distilled water produced evi- ao BESS 


dence that the laboratory supply prepared in a Barnstead still, 
and having a block-tin-lined condenser, had a minimum of con- sonal a rig | x 10 
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ductance measured after cooling the boiled water and preventing 
contact with CO,. When calibrating the conductance meter by 
selecting the ‘best’? supply at the station, an error may be un- 
avoidably introduced because the quality of the supply may vary. 
It is convenient to use a “‘standard”’ water for calibrating the 
conductance meter in terms of dissolved salts, the calibration 
including a CO, correction. 


METHOD FOR DEVELOPING CO, CoRRECTIONS FOR CONDUCTANCE 


The procedure used in the development of the standard “‘syn- 
thetic’ water eliminated the necessity of making a series of com- 
plete analyses of distilled supplies. The analytical errors intro- 
duced would be greater in magnitude than the actual dissolved 
salts in the water. The method used was to add increasing 
increments of dissolved salts to laboratory-distilled water, mea- 


tance reading was observed, following which a 50-cc. portion was 
removed for estimating the CO,.. This procedure was repeated 
for the increase in concentration of CO, up to the desired maxi- 
mum. 

A curve was drawn for each increment of dissolved salts show- 
ing the relation between CO, and conductance. These curves 
were extended to zero CO.. The conductance of the water at 
zero CO, was then plotted against dissolved salts added, and the 
curve extended to a conductance of 0.07 * 10~* (the conductance 
of pure water at 25 deg. cent.) (22). This point represents zero 
dissolved salts. The negative of the dissolved salts indicated by 
this intersection is the concentration of the distilled water. In 
these data this value was 0.6 p.p.m. (It must be appreciated 
that accurate determination of this value by chemical analysis 
would be difficult.) This value represents the water correction, 
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Specific Conductance at 25 Deg.Cent. 
Mhos per Cm. X 106 


Fic. 13. Dissotvep IN FEEDWATER AND CORRECTION OF CONDUCTANCE FOR CO; 


suring the conductance, then adding varied amounts of CO, 
saturated water and remeasuring the conductance. 

The “‘synthetic’’ water was made by averaging 20 analyses 
of Allegheny River water which include the yearly range in dis- 
solved salts. Allegheny River water supplies three of the steam 
stations in Pittsburgh operated by the Duquesne Light Company 
and its subsidiaries. The data obtained are being applied to 
each station for steam-quality studies. 

The necessary volume of the laboratory-distilled water was 
boiled to free it of atmospheric gases and then cooled, preventing 
the absorption of CO,.. Various volumes of the “synthetic” 


-water were added to the CO.-free distilled water to obtain in- 


creasing weights of dissolved salts, preparing a 1.1 liter volume of 
each concentration. The conductance of the solution was 
measured using the conductance flask, Fig. 5. The CO. was 
estimated in a sample removed from the flask (21). Another 
sample was saturated at room temperature with CO, gas released 
from a CO, tank. Approximately 5-cc. increments of the CO, 
saturated solution were added to the main solution. A conduc- 


which is added to the data of column 2, Table 6, for construction 
of the final curve. The final curve so obtained is shown in Fig 
13, marked zero CO.. From the first family of curves, values of 
conductance for even parts per million of CO, may be read and 
curves for various CO, contents constructed. 

The curve shown in Fig. 13 was used to obtain the dissolved- 
salt values, column 8, shown in Table 7. The related data shown 
in the table support the view that the conductance method may 
be considered accurate for pure-water supplies, as in the chemical 
procedure unavoidable errors are introduced: first, dust inclu- 
sions while the water is evaporated, and second, the analytical 
errors in estimating small amounts of constituents. 


APPLICATION OF CONDUCTANCE 


In addition to the detection of condenser leakage, the conduc- 
tance method is valuable for tracing and locating introductions o! 
raw water at other points in the feedwater cycle. 

One practical application of conductance equipment wil! be 
described in tracing the source of contamination in a large re- 
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turn system. Two steam plants of the Allegheny County Steam 
Heating Company supply the central business section of Pitts- 
burgh with steam for heating purposes, and the extensive distribu- 
tion system includes facilities for the return of the major portion 
of condensation to the boilers. It is essential that the returns be 
free of scale-forming contamination, for at one plant these re- 
turns provide 80 per cent of the feedwater, and at the other plant 
the returns will eventually amount to 65 per cent of the feed- 
water. Boiler outage for cleaning purposes cannot be scheduled 
during the six-month heating season, throughout which period 
the heat-transfer surfaces of the boilers must be kept free from 
scale. ‘To insure this clean condition, a limited amount of treat- 
ment is added to the boiler water. Obviously if the contamina- 
tion in the returns is held to a minimum, the treatment dosage 
may also be limited, and the generated steam furnished is clean. 

The source of contamination is the domestic city-water supply, 
introduced into the returns by leaks in the customers’ water 
heaters, since the city-water pressure exceeds the steam pressure 
used for this service. Conductivity recorders are installed at 
each steam plant, and are equipped with manually adjusted com- 
pensators for temperature and CQO, correction. The recorded 
data are shown in terms of dissolved salts. The station chemist 
makes a daily test for CO, in the condensate and adjusts the CO, 
compensator, The station operator observes the temperature 
of the condensate once per shift, and adjusts the temperature 
compensator. The recorder is provided with alarm contacts 
which give both a bell and light signal when the dissolved salts 
reach the maximum setting, which is 25 p.p.m. dissolved salts. 
The station operator advises the maintenance division when the 
continuous record above 25 p.p.m. is noted, and a survey is 
started to locate the point of contamination. Samples of con- 
densate are obtained at junctions of the various branches and the 
main return line. Measurements are made using the portable 
conductance bridge to identify the contaminating branch. 
Samples are then obtained at each customer’s premises, and the 
leaking location is readily found. The customer cooperates by 
making the repair to the leaky coil, and until it is made the con- 
densate at this location is diverted to the sewer. 

In the usual instances where the surveys were made, the de- 
tection was made by the above procedure in a single working 
day. A system of detection lends itself to similar applications 
in the industrial field where process steam condensed may be 
returned to the boiler. 

Carry-over of evaporator liquor into the vapor requires im- 
mediate correction if deposits in boilers are to be held to a mini- 
mum. The continuous observation for small amounts of carry- 
over by chemical means is difficult and time-consuming. The 
application of a conductance recorder for this purpose provides a 
visible record, and the operation of the evaporator can be im- 
mediately adjusted to eliminate the production of poor-quality 
vapor. Relatively large amounts of CO, are evolved in the evap- 
orator due to the thermal decomposition of the bicarbonate and 
carbonate present in the evaporator feedwater. Correction 
must be applied to the conductance in order to obtain the dis- 
solved-salt content. An installation of recorders has been made 
on evaporators at the Colfax power station for this purpose. The 
recorders are equipped with CO, and temperature compensators. 
The conductance cells are installed in receptacles through which 
a portion of the condensed vapor from the evaporator passes. 
The concentration of liquor is measured using a portable con- 
duetance bridge. This system permits a more ready control 
of quality than has been previously experienced. 

The trend in recent boiler-plant practice is toward treatment 
of feedwater, even in distilled-water stations. Such water condi- 
tions demand a more intensive control of concentration in the 
boilers if entrainment of salts in the steam is to be held at a mini- 
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mum. Respecting the apparatus, it appears that continuous 
blowdown systems equipped with heat exchangers are past the 
experimental stage. However, there is need for improvement 
in the methods of controlling concentrations within desired limits 
with the use of such equipment. Conductance methods are 
readily applicable to the problem of measuring concentration and 
steam quality. The measurements are easily observed provided 
adequate sampling facilities are available. The measurements 
may consist of “‘spot” readings if a portable conductance meter 
is used, or, where a continuous record is desired, the conductance 
of condensed steam and of boiler water may be recorded. The 
entrainment of salts in the steam is readily calculated from these 
data. 

Sampling facilities are installed on the boilers at the Colfax 
station for obtaining steam and water samples, and the conduc- 
tance data are being used for limiting entrainment and control of 
concentration. The portable conductance bridge and a flow 
cell are used for obtaining the readings. 

It is possible to consider as a practical application a system 
of indicating or recording conductance apparatus combined with 
motor-operated valves automatically controlling concentration 
in steam-generating vessels. The recorder may show actual 
concentration. If alarm contacts are electrically connected to 
a controller, a motor-operated valve on a continuous-blowdown 
system may be regulated to maintain concentrations in the water 
between suitable limits. It is further considered that a system 
of automatic control can be applied to evaporators, whereby ther- 
mal conditions within the evaporator may be adjusted automati- 
cally to permit the production of clean vapor. In this applica- 
tion, conditions of back pressure and dilution of the liquor may 
be adjusted automatically by motorizing both the vapor-outlet 
and blowdown valves, the regulation to be made via a controller, 
energized when the vapor quality exceeds a set maximum value. 


CONCLUSIONS 


The conductance method has been successfully applied to 
boiler-room problems for observing entrainment in steam and 
concentration of salts in steam-generating vessels. 

The accuracy of the conductance method equals that of chemi- 
cal analysis when concentrated water supplies are tested. The 
accuracy of the conductance method if corrected for CO, is 
superior to that of chemical analysis when pure water supplies 
are tested. 

The entrainment method described is shown to evaluate cor- 
rectly the amount of carry-over from steam-generating apparatus. 
The speed and simplicity of obtaining conductance data recom- 
mends it as a valuable plant method. 
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Appendix 


Conductance Cell Constant. The cell constant of the conduc- 
tance electrode should be known so that the observed conductance 
data will be comparable regardless of the cell used. The con- 
stant should be redetermined if the electrodes require cleaning 
or replatinizing. In commercial practice the electrode areas 
and spacing are not 1 sq. em. (0.155 sq. in.) nor 1 em. (0.3937 in.), 
respectively. However, the cell constant may be found by 
determining the conductance of any solution whose specific con- 
ductance has been exactly established. Generally a potassium 
chloride solution is used for this purpose. Creighton gives a 
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value of specific conductance for 0.1 N potassium chloride of 
0.0128988 mhos per cm. at 25 deg. cent. (15). The 0.1 N solution 
is prepared by dissolving exactly 7.4556 grams of chemically 
pure potassium chloride in distilled water, in a 1-liter volumetric 
flask, and diluting the solution to exactly 1 liter. The solution 
should be prepared at 25 deg. cent. The cell electrode and a 
thermometer are inserted in a glass vessel, and a volume of the 
prepared solution is added to the vessel sufficient to submerge 
the electrodes. The temperature of the solution should be ad- 
justed to 25 deg. cent. + 1 deg. The observed conductance and 
corresponding temperatures are plotted, and the conductance at 
25 deg. cent. is read from the graph. The value is substituted for 
c in the equation, which is solved for K. 


ewe 
c 
where K = cell constant 
k = specific conductance of 0.1 N potassium chloride at 
25 deg. cent. 
c = measured conductance of 0.1 N potassium chloride 


at 25 deg. cent. 


If the conductance meter measures resistance, the reciprocal of 
the reading should be used for c. 

Note 1. Two standard temperatures, 18 and 25 deg. cent. 
appear in the literature. The 25-deg. standard more nearly 
approximates room-temperature conditions. This temperature 
appears in recently published methods. 

Note 2. When out of service the electrodes should be sub- 
merged in distilled water. If the electrode surfaces have been 
allowed to dry, they should be rinsed with denatured alcohol and 
distilled water before using. When first using electrodes, or 
after replatinizing, a period of 30 min. should elapse before 
readings are taken. ; 

Note 3. If the electrodes have been contaminated, they should 
be replatinized. A 3 per cent platinic chloride solution with 
'/4 per cent of lead acetate is used for platinizing. The elec- 
trodes are immersed in the solution and the leads connected 
to a dry cell supplying sufficient voltage to cause a barely ap- 
preciable evolution of gas. The polarity is reversed frequently 
and the operation continued for 3 to 5 min. until the electrodes 
are both covered with a velvety black deposit. 

Temperature Correction. The specific conductance of aqueous 
solutions increases with temperature rise. In practice, an ap- 
proximate temperature correction may be applied, since it is 
not always convenient to measure the conductance at the 25-deg. 
cent. standard. Any conductance (L,) measured at a tempera- 
ture t» may be calculated to a standard temperature /, by sub- 
stitution in the following formula: 


Lm (ts + K) 
L, = 
tm + K 


If temperatures are measured in degrees centigrade, K = 
20.6; if in degrees fahrenheit, K = 5. Thestandard temperature 
used herein is 25 deg. cent. or 77 deg. fahr. The coefficient 2.1 
per cent per deg. cent. or 1.2 per cent per deg. fahr. may be used 
for small temperature differences (10). 

Conductance Calculations. Reference is made in the paper to 
the calculation of conductance from the ions found in water. 
The factors for converting the parts per million to the specific 
conductance values are given in Table 9, and an example of 
the calculation is also shown. 

Calculation of Boiler-Water Concentration and Entrainment 
From Chemical Analyses. The development and application of 
formulas for checking the rate of concentration, and of entrain- 
ment permit verifying the actual concentration, which is shown 


plotted in Fig. 10, and steam quality and entrainment, columns 
6 and 7, respectively, in Table 2. 
Rate of Concentration of Boiler Water. 


Let F = total boiler feed in lb. K 10° 
C = concentration of boiler water in p.p.m. 


c¢ = concentration of boiler feedwater in p.p.m. 
K = holding capacity of boiler in lb. x 10° 
E = entrainment as fraction of F. 
Then 
dC CE 
dF 
and 
Fi Ci c—CE Ci (c/E) 
Then 
K K 
F,— F, = loge (e — C\E) = E loge (ec — 
K — C\E) 
k F, = — loge — 
E og (c — 


Changing to logy and transposing, 
(ec —C,E) 


E(F, — F,) = 2.303K log ————... 
( 1) O£ (c—C2E) 


Case1l. To Determine if Blowdown Is Necessary to Limit Con- 
centration. It will be appreciated that at infinite evaporation 
(assuming no scale is deposited) the weight of solids entering the 
boiler must equal the weight leaving it entrained in the steam, or 


c=C.E and C, == 


This may be derived mathematically as follows: Equation |! 
may be written 


C\E 
C.E 
E(F, — F,) 
1()2- 3034 


The limit of the right-hand side of the equation as F approaches 
infinity is zero, hence when F equals indnity, 


e=C.E and == 


If substitution in this formula leads to a value of C, below the 
maximum allowable value, no blowdown is necessary. Example 
(Case 1): 


c 2.08, from Table 7, average of column 8 
E = 0.35 per cent = 0.0035 from Table 2 average of column 7 
2.08 


C; = = 594.3 p.p.m. 
0.0035 


From experience, the maximum allowable concentration 0! 
boiler water has been empirically set at 4250 p.p.m. Hence no 
blowdowns are necessary for control of dissolved salts. Blow- 
downs may be made if suspended solids are present in the water, 
provided the boiler has been banked. The purpose of the blow 
down is to prevent the sedimentation on the lower tube-bank sur- 
faces. 

Case 2. Change in Concentration With No Blowdowns. 


F,— F, = Evaporation 
c = C, 
F, = K 


; 
| 
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Equation [1] then becomes 


e(1 — E) 


E(F,;—F,) _ E(evap.) 
2303K 2303K 


Example (Case 2): The concentrations calculated at various 
evaporations with no blowdowns, using Equation [2], are shown 
in Table 8, and these values are plotted in Fig. 10. The values 
used for the calculations are: 


2.08, from Table 7, average of column 8 
K 0.12 million lb., from Table 1, item 14 
E 0.35 per cent = 0.0035, from Table 2, average of col- 
umn 7. 


The steps in the calculations are illustrated when calculating 
the concentration for the evaporation of 10,000,000 Ib. Sub- 
stituting in Equation [2], 


2.0811 — 0.0035) 


0.0035 x 10 
508 — X 0.0035 


2.303 0.12 


2,08(1 — 0.0035) 
°F 2.08 — C, X 0.0035 


0.1266 = 


2.08 (1 — 0.0035) 
2.08 — 0.0035 


1.3384 = 


C, = 151.6 


Case 8. Change in Concentration With Continuous Blowdown. 
By substituting in Equation [2], the maximum allowable value 
for C2, F: can be calculated. Blowdown should commence at 
this point. 


Let B = blowdown in lb. X 106 
C; = concentration of boiler water after blowdown and 
refilling to original water level. 


K—B B 
2 K +e K 
Substitute C, in Equation [2] and recalculate F:; call this value 
F;. Then, F; — F; + B = amount of water (in lb. X 10°) that 
may be fed to the boiler before the next blowdown. Since each 
succeeding cycle will be identical, this is all the calculation re- 
quired. 

Case 5. Scale or Sludge Formation. In case scale or sludge 
is being formed in the boiler, the calculated value of (C, will 
exceed that actually attained. In this case c should be decreased 
by the concentration of scale forming materials in the boiler 
feedwater. 

Case 6. Change in Water Level. Calculate C, using Equation 
(2). Let K be holding capacity at the original water level, and 
K, be the holding capacity at the new water level. Let C; be 
the concentration at. the new water level. Then 
K — K, 

K 
The various holding capacities of the boiler must be calculated 
for corresponding water levels from the boiler dimensions. 

Note: In general, knowing any two of the quantities, c, C2, 
and E, the third quantity may be calculated for any value of F2 
using Equation [2]. It should be noted that very slight errors 
in the determination of E (or of c if the boiler feed is of high 
purity) will make large differences in C>. 

It should also be noted that the equation leads to a value of 


Ce Ce 
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C which assumes uniform concentration in the boiler. Since the 
concentration at various points in the boiler varies considerably 
(18), sampling arrangements must be made to secure as near an 
average sample as is possible. 
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Discussion 


Stpney CorneE.u.‘ The theory of conductance depends upon 
the ions dissolved, and the accuracy of the measurements gets 
back on final analysis to the determination of total solids in 
distillate, condensate, or mixed feed. Some serious errors can 
occur in the assumed simple matter of this determination of 
total solids by direct evaporation of a liter of distillate and sub- 
sequent weighing. 

The accuracy of measurement of conductance is high, a cali- 
bration to an accuracy of 1 per cent being mentioned by the 
authors, but in the simple matter of total solid determination 
errors often of startling amount may be encountered, thereby 
throwing the accuracy of the entire measurement out. 

Calculations of per cent of entrainment or of carry-over con- 
tamination can readily be made from the data, as illustrated 
by the authors, but for calibration or for calculation of total 
solids in any of the liquids measured by conductance a deter- 
mination of total solids by direct weight must be made. 


Company, 


* Consulting Chemical Engineer, Griscom-Russell 


New York, N. Y. 
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Unfortunately no standardized methods have as yet been pro- 
posed for this important matter. Serious contamination can 
occur in distillate samples in the sampling, in the holding, and in 
the evaporation to dryness. More serious errors can be en- 
countered in the every-day matter of weighing. The make-up 
of synthetic waters in turn is exposed to marked errors from the 
same sources, and the following may be taken asa tenative stand- 
ard for the determination of total solids in distillate. 


--1000-cc. 
Erlenmeyer 
Flask 


Tube 


Beaker 


Fig. 14 


Distillate from evaporators may run to as low as 1 p.p.m. 
total solids and to range upward to as high as 10 p.p.m. for 
condensate, and the laboratory evaporation of a liter sample may 
take four or five hours to dryness. A liter sample can be taken 
as a standard quantity for this test; no smaller because of the 
measurement by weight involved, and no larger because contami- 
nation from outside sources will upset the advantage. Hence 
an Erlenmever Pyrex 1000-cc. flask calibrated and marked should 
be made the sampling vessel. Fit to this flask a XX XX cork with 
single hole, and 5-mm. glass tube 5 in. long. Avoid a rubber cork 
as contamination will always occur, and a glass stopper cannot 
be fitted to this size neck. This sample is inverted over a 150-cc. 
Pyrex beaker, the sample flowing down until the end of the tube 
is covered and the beaker is on the hot plate. Obviously con- 
tinuous feed takes place, with no possibility of outside contami- 
nation, as might occur with beaker transfer. Avoid all washing 
with distilled water, as often laboratory distilled water contains 


2 p.p.m. total solids. If condensation takes place on the Erlen- 


meyer flask and tends to flow back into the beaker, place the 


flask at an angle, as shown in Fig. 14, supporting it on the chem- 
ical stand. 

Naturally the sample flask, the beaker, and the tube must be 
chemically clean to start with and the beaker be correct, 
weighed. 

A 150-cc. beaker will weigh approximately 50 grams. Very 
few laboratories possess correct weights; in fact, daily usage 
causes a rapid deterioration in their accuracy. Further, heat, 
light, draft, ete., affect the accuracy of a chemical balance. It is 
admitted that a few hours’ time in the weighing of assays causes 
a marked variation. Thus if it were possible the sample should 
be evaporated instantly to dryness and the beaker be weighed 
before and after. Obviously this is impossible. To avoid error 
it, is very necessary to weigh the sample beaker by the tare 
method, using a metal dish with sand or shot therein and getting 
final balance with the rider. The rider type of balance is superior 
for this sort of work, and the rider must be correct, and one wit! 
Bureau of Standards certificate is probably the safest to use 
The beaker should have been heated on a hot plate or in an oven 
to 125 deg. cent. for 10 min., placed in a desiccator until cool, 
and weighed. When the sample is evaporated to dryness, the 
beaker should again be brought to 125 deg. cent. for 10 min., cooled 
in the desiccator, and weighed, the rider over the beam being thx 
only weight difference. In fact a 1 mg., a 5, and a 10 are the 
weights used. 

Obviously the balance case must be dry, it must have the usua! 
pot. of sulphuric acid or other dehydrating means therein, and it 
should be equipped with a thermometer. The volume of a 
150-cc. beaker is in itself one to impose some variation by tem- 
perature alone, and as 25 deg. cent. is mentioned on the third 
page of the paper under discussion as the standardization point 
for the cell, this might be taken for the weighing. 

The writer has noted errors of 100 per cent by different. chem- 
ists in the matter of total solids in distillate, and when ful! 
appreciation of the fact that a measurement. by direct weight o/ 
1 part in 50,000 is necessary, some betterment in technique may 
be evolved. That is, the beaker mentioned weighs 50 grams 
The total solids in 1 liter of distillate may be as low as | p.p.m., 
or 0.001 gram, and of course weighing on the usual chemica! 
balance to 0.0001 gram. 

In any event; no sample should be allowed to rest overnight 
once evaporation has started, as dust is always falling, and 1! 
takes very little contamination to impose wide errors. 

The effect. of gases, their measurement in small quantity in 
turn, is a difficult matter, but this matter of weighing of tota! 
solids alone requires unusual care to be correct. Based on this 
correctness rests the calibration of the conductance measuring 
instrument. 


Jor A. Beran. The authors have treated the subject of con 
ductance of solutions very thoroughly in this paper, and have given 
much consideration to applying corrections to make the data 
presented comparable. When the determinations have been 
made in a thoroughly scientific manner and the slight corrections 
for pure water and dissolved carbon dioxide have been applic, 
the results are valuable in steam-power-station practice. “Ther 
must be, however, proper precautions used in performing |!:c 
conductance tests. 

Conductance measurements for determining condenser leak- 
age are now quite generally used and are reliable for the purpose. 
Using the conductance method for determining moisture in ‘le 
steam and the carry-over or entrainment of mineral salts docs 


5 Superintendent, Philo Plant, Ohio Power Company, Philo, 
Ohio. Mem. A.8.M.E. 
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not present any unusual difficulties after certain constants have 
determined and applied. The conventional calorimeter for 
measuring moisture in the steam is far from dependable, and there 
is a dire need of a more reliable method since the advent of high 
steam pressures and boilers operating at increasingly higher ratings. 

The control of boiler and evaporator concentrations presents 
no great difficulties. The conductance method has been in 
use some time for determining the time for blowing down. It 
does not seem impossible to control motor-operated blow-off 
valves by the conductance of the boiler or evaporator water 
and to automatically control the concentration. 

To properly use and apply the electrical conductance measure- 
ments in any steam-power plant it is necessary to do certain 
preliminary work, such as preparing graphs for the various con- 
ditions of the water used. The graphs prepared for one plant 
cannot be used in another, and in some plants the character- 
istics of the water change from day to day with the wind and 
weather. 

The results obtained by the authors compare favorably with 
those obtained by the time-consuming methods now in use and 
considered reliable. The method may seem to be a great devia- 
tion from standard power-station practice, but electrical con- 
ductance measurements may be quickly made and dependable 
results obtained wth the use of proper equipment and careful 
sampling. 


Bert Hovcutron.* During the past few years carry-over in 


steam has demanded an increasing interest. This has been due 
to the increased size of boiler installations and more particularly 
to the increased steaming rates per unit of steaming area. At 
these steaming rates, with consequent increase of violent ebulli- 
tion in the steam drum, greater difficulty has been experienced in 
designing efficient steam baffles to effectively prevent carry- 


over. Several cases are on record in which carry-over has been 
sufficiently serious to cause turbine shutdowns. 

It has been customary to determine the quality of the saturated 
steam leaving the boiler by a throttling calorimeter and to esti- 
mate carry-over from the steam quality obtained. This method 
is indirect, and usually the indications thus obtained are not as 
high as the carry-over actually present in the steam. The devel- 
opment of a more direct method for the determination of carry- 
over is therefore timely. 

The proposed method for obtaining “entrainment in per cent 
by weight of boiler water in steam’ necessarily assumes an 
accurate boiler-water sample. The concentration of dissolved 
solids in boiler-water samples taken simultaneously at different 
points in a boiler varies widely, at times as much as 400 per cent. 
Percentages based on data as inaccurate as boiler-water samples 
can hardly give reliable information unless sufficient points on the 
boiler are taken to insure comparatively average boiler-water 
concentration. The writer does not feel that it is necessary to 
convert “entrainment in steam’”’ to “entrainment in per cent by 
weight of boiler water in steam” and can only view such a pro- 
cedure as introducing an unnecessary error. 

In Fig. 11 the authors present data indicating that entrain- 
ment in steam diminishes as boiler-water concentration increases. 
This is contrary to fact in ordinary boiler practice. Many in- 
vestigators have shown that carry-over not only increases but 
increases rapidly with increasing boiler-water concentrations. 
The writer believes that if the boiler-water concentration had 
carried higher than the 600 p.p.m. indicated, the evidence would 
have been unmistakable and the apparent errors avoided. 

The authors make a correction for carbon dioxide in steam. A 
daily analysis is made and the CO, compensator set accordingly. 

‘ Operating Superintendent, Brooklyn Edison Company, Brook- 
lyn, N. ¥. Mem. A.S.M.E. 
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Such a procedure assumes that the concentration of CO, and 
other entrained gases is constant over a period of time. Gases 
usually found in steam, that is, air and carbon dioxide, vary 
materially in concentration, thus making accurate compensation 
difficult. To make the conductivity method reliable, means 
should be developed to minimize the entrained-gas correction. 

The conductance method is applicable to the measurement of 
dissolved solids in the steam. With the feed-treatment methods 
in use in many boiler plants, suspended as well as dissolved solids 
are present in boiler water. These suspended solids are entrained 
with the steam, and from a practical standpoint will cause the 
same clogging in superheaters, valves, and turbine blades as the 
dissolved solids which the authors have determined by the con- 
ductance method. 

In the appendix, formulas have been developed to calculate 
the solids in the boiler, and it is brought out that a point of 
maximum is reached in boiler-water concentration, solids being 
entrained with the steam as rapidly as they enter with the feed- 
water. There is another agency that prevents the building 
up of boiler-water concentrations, and that is “leaky” blowdown 
valves. The writer has seldom heard of cases in which boiler 
water concentrations built up but that a “leaky” blow-down 
valve was involved. 

The writer wishes to commend the authors on their work and 
believes that this conductance method, so long in use for con- 
densates and feedwaters, may yet be developed to the point where 
it will be a standard method for the determination of carry-over 
in steam. 


J. A. Hance.’ The writer has had no experience with the 
apparatus described, but has reviewed the paper and has also 
conferred with our electrical and chemical departments and 
others, and submits the following comments. 

Our chemical laboratory makes analyses, from time to time, 
of various boiler feedwaters. These analyses are made in accord- 
ance with conventional methods, and the results obtained show 
the principal elements that are present, but they have no definite 
way of determining how these elements are combined in the water. 
Similar samples sent to other laboratories show divergent results. 

Likewise calorimeter tests made to determine the quality of 
the steam frequently show widely different results. 

The methods proposed in this paper appear generally to be 
based on sound principles, and the writer is of the opinion that 
the method is of value in determining the dryness of steam, but 
he is not certain as to its value in determining the suitability of 
certain waters for boiler use. 

It appears that the electrical conductance of water would vary 
with each element present and also with the quantity of each 
element that may be present. If one were to consider only the 
elements that are listed in Table 5 and consider each element 
varying in quantity from zero to a maximum by small increments, 
he would obtain an infinite number of combinations, many of 
which would probably show the same electrical conductance. 
It would also appear that certain waters may show a satis- 
factory electrical conductance, but may contain elements that 
may have corrosive or scale-forming influences which would 
render them unfit for use. 

It is not clear how steam-generating plants could correct the 
water without resorting to conventional chemical analysis. 
It would require very careful or trained observers or physicists 
to make the corrections and the calculations referred to. 


H. F. Jounstone.*§ The device which the authors have per- 


7 Baldwin Locomotive Works, Philadelphia, Pa. 
8 Special Research Associate in Chemical Engineering, University 
of Illinois, Urbana, IIl. 
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fected will find a large use, not only in determining carry-over in 
steam boilers and following impurities in return lines, but also 
in the control of chemical processes in which there may be a 
change of conductance due to the reactions involved. The writer 
is most interested in the observations that the authors make in 
which “‘it appears that the entrainment in steam is greater in mag- 
nitude for the lower steam-flow conditions than is found under 
the normal steam output of the boiler,” and also, ‘‘the steam 
quality apparently improved with the increase in concentration 
of boiler water and total evaporation, for the observed 
case some condition existed in the more dilute water which is 
unfavorable to the production of dry and clean steam.” A 
systematic study of the steam produced by a boiler by means of 
the conductance method may lead to some valuable information 
about foaming, of which so little is known at present. The 
writer wishes to congratulate the authors and the Society on this 
very useful paper. 


M. D. Baxer.® The conductivity bridge has proved to be a 
valuable asset for a comparative study of water and water condi- 
tions in central power stations. After a standard cycle has been 
eatablished so that all the salts in the water are comparatively 
the same, a very close check can be maintained on regulation of 
treatment needed. In the cycle at the Springdale Station of the 
West Penn Power Company, the contamination is mostly Alle- 
gheny River water through condenser leakage, and the treatment 
is trisodium phosphate and sodium hydroxide. The carry-over 
with the steam and the evaporated make-up is carefully watched 
so as to have as pure a water as possible in the feedwater cycle. 
By measuring the conductivity of the water supplies, a control 
has been established so that a weekly check on boiler waters 
has become a matter of routine. 

We have found that the conductivity bridge can be used with 
very accurate results only on waters containing less than 20 
p.p.m. total solids. When the concentration is above this, results 
are varying and erroneous and can be used only comparatively. 
Due to the presence of various ions in the solution, the degree of 
ionization may vary with the preponderance of any one, and 
tabulated results have shown such a wide discrepancy that the 
bridge cannot be considered an accurate indicator of conditions 
when concentrations are high. 

During a protracted study of boiler-water concentrations, 
in which over 1100 determinations were made, the parts per 
million by evaporation were plotted against conductance in mhos 
X1075; the resulting curve sheet was a mass of dots with abso- 
lutely no relationship between the various boilers. During 
this test, control conditions were as near ideal as was possible 
to maintain. Similar results were obtained in an effort to check 
on parts per million in evaporator concentrate. It was noted 
that a curve accurate to within 10 per cent could be drawn for 
each run of a boiler or evaporator, but that this curve would 
not be satisfactory for any other piece of apparatus and would not 
be satisfactory for the next run of the same boiler or evaporator. 

Entrainment tests were run on a boiler similar to the one 
described in the article, but it was found necessary to collect 
entrainment samples and take calorimeter readings on each 
saturated steam lead. This was caused by the variation in 
concentration of the two ends of the boiler. Due to the in- 
accuracy of conductance reading at the higher concentrations, 
a 1 per cent solution of the boiler water was used. After mak- 
ing all necessary corrections, more consistent results and closer 
checks as to the moisture content determination of the calorime- 
ter were obtained. Tests were run on boilers having boiler- 
water concentrations varying from 600 to 1250 p.p.m. 

Due to the erratic results obtained with higher concentration 
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in a solution, the writer has been unable to compare any analysis 
with conductance units. Some comparison has been obtained 
by using a 1 per cent solution and multiplying this result by 
100. An example of this is one sample of Allegheny River 
water which had a conductance of 210 X 10-5 mhos, a 1 per cent 
solution of the same having a conductance of 2.56 X 1075 mhos. 
Theoretical conductance based on analysis was 249 X 1075 mhos. 
This is the closest agreement between theoretical and actual 
conductance which the writer has ever been able to obtain. 

Conclusions: The conductivity bridge is a valuable instru- 
ment in tracing and determining contamination and as a guide 
in controlling feedwater conditions. It is also of value as a 
method of determining entrainment and for obtaining com- 
parative data when concentrations exceed 20 p.p.m. Its great 
advantages are speed and the fact that the operators can use 
the instrument and obtain comparative results. 


E. B. Powe.u.'® The paper is of special interest at this 
time, and the writer would appeal to the authors to continue 
the work which they have so capably taken up. 

With the growth in use of high-pressure steam turbines and 
engines of so-called “back pressure” type, exhausting to in- 
dustrial process systems having no return or but small return 
of condensate, steam contamination by entrainment becomes of 
increasingly serious concern. In plants of this type economic 
considerations will usually dictate chemical treatment of the 
boiler-feed make-up, rather than distillation of make-up, wherever 
the available water supply is susceptible of the required degree 
of “purification” by chemical means. In general, this will 
result, in much higher solid content in boiler feed, and in conse- 
quence much higher rate of concentration of dissolved and sus- 
pended solids in the water within the boiler, than occurs in the 
more conventional type of utility power plant. Moisture en- 
trainment in steam from the boilers of this newer type of plant 
must therefore be subject to even closer control. 

The work which the authors have described and that covered 
by earlier papers mentioned in their bibliography has been 
devoted primarily to the development of a mechanism for 
observation and measurement of entrainment. Obviously this 
can be looked upon only as an introduction to a larger study. 
From the laboratory aspect Prof. C. W. Foulk has made ad- 
mirable progress in the development of the theory of priming. 
The testing of the elements of his theory by the criterion of the 
operating boiler plant is still to be undertaken, and, in fact, 
although priming is one of the oldest problems associated with 
the steam boiler, the field remains but scantily explored. The 
authors have made a most valuable contribution in preparing 
the ground for further analysis. The data of their paper sug- 
gest numerous lines of attack leading toward a more thorough 
understanding of the phenomenon. It is to be hoped that, 
having carried the work to the extent which they have, the 
authors may be persuaded to continue their studies and investi- 
gations at least to the point of clearing the many elements of 
uncertainty to which they call attention, such as the increase 
of entrainment at low rates of boiler steaming, which would 
seem to cast considerable doubt upon current methods of steam 
calorimeter calibration and the wide departure of the individual 
conductivity and calorimetric determinations from the mean 
relationship indicated by the average of an extensive series of 
such observations. 


E. L. McDonatp." The writer’s first experience with the 
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electrical conductance method of measuring water contami- 
nations dates back to 1919, when current at a fixed voltage was 
passed through two carbon electrodes (with fixed distances and 
exposures) immersed in glass jars of condensed steam, conden- 
sate, and river water, giving relative conductivities and, in 
turn, condenser leakage (properly corrected for temperature). 
Curves plotted for various temperatures and dilutions facili- 
tated the determinations. 

Since 1927 the writer has experimented with electrical re- 
corders, using this same principle and for the same purpose. 

More recently he has experimented with the same apparatus 
and also with the portable conductance bridge type for deter- 
mining carry-over on 1400-lb. boiler units. The portable instru- 
ment is in daily use for determining boiler-water concentrations. 

Much of the writer’s experience substantiates the findings of 
the authors; however, in attempting to determine the carry- 
over on the 1400-lb. boiler units, an inexplainable and as yet 
unsolved problem has been met which throws doubt into the 
value of such a method where higher pressures and temperatures 
are concerned, at least until more experimental work is con- 
ducted. 

Very briefly, the situation is this: 

The conductivity method has been used and proves reliable 
for determining soluble salts in various waters throughout the 
plant. Solutions of known quantities have been used to check 
its accuracy, and evaporative tests have been made on a great 
number of boiler-water samples to also prove this. 

In attempting to determine carry-over in the 1400-lb. boiler 
units, equipment was installed similar to that used by the authors 
(A.S.M.E. steam sampling tube and condenser coils), and a great 
number of both steam and water samples were taken. 

Solids were determined on all samples by both the electrical- 
resistance method and by carefully conducted evaporative tests. 

Both of these methods checked reasonably close on the 1400-Ib. 
boiler water, but in no case could a check be obtained on the 
1400-lb. steam sample. The total solids in solution by actual 
weight averaged about seven times the amount indicated by the 
resistance method. The per cent carry-over of solids by actual 
weight agreed closely with that indicated by relative M.O. 
alkalinity. 

Space and time will not permit presenting details, but the con- 
clusions drawn to date are: 

The electrical-resistance method is based on the complete 
ionization of solids in solution. Practically all solids in this 
boiler water were in solution and apparently completely ionized. 
The check against actual evaporative tests verifies this. 

Some chemical change apparently takes place when converting 
water to steam at high pressures which decomposes or changes 
the relative conductivity of the constituents in the boiler water 
(aside from CO,); otherwise the electrical method, which checks 
the solids in the boiler water, would also check on the steam 
samples, which should contain the same solids. 

The electrical method appears to indicate the approximate 
per cent moisture carry-over, but not the total solids carried 
over. Calorimeter determinations, while not entirely reliable 
at this pressure, showed moisture carry-over in the same region 
as the electric figures. 

Chemical methods (evaporative tests and M.O. alkalinity) 
give total solids in solution, but not per cent moisture carry-over. 

On the tests in question, there was a rather definite difference 
between total solids in solution and approximate per cent moisture 
carry-over, the former being about seven times the latter, but 
to date the definite reason for this great difference is unaccounted 
for. 

Some additional experiments are being carried out as time 
permits, which may clear this point, and it is hoped that some 
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comments or suggestions may be evolved from the discussion 
submitted that will be of value. 

In the meantime it is suggested that if the electrical-conduc- 
tance method is to be used for determining solids or moisture or 
carry-over on high-pressure equipment, it should be checked 
against the weight as determined by an evaporative test, which 
in the final analysis (assuming the sampling is representative) 
is the actual amount of solids leaving the boiler drum. 

No attempt is made to present the vast amount of data col- 
lected during these experiments, but merely to outline briefly 
the difficulty encountered and the final deductions to date. 


W. N. Greer.'* The paper has described the measurements 
in terms of specific conductances, and it might be well to elabo- 
rate on the value of making or, at least, of tabulating conductivity 
measurements in terms of specific conductances. The specific 
conductance is equal to the measured conductance multiplied 
by the cell constant and/or the specific conductance is equal to 
the cell constant divided by the measured resistance. Since the 
cell constant of the conductivity cell is a function of the area of 
the electrodes and their distance apart, it is at once evident that 
conductivity cells of the same design will seldom have the same 
cell constant, due to small variations in manufacture, especially 
those made in the hands of the glass blower. Tabulating the 
results, then, in terms of specific conductance makes the results 
comparative and independent of the conductivity cell used. 

The modified design of the flow-type conductivity cell de- 
scribed in the paper is no doubt an improvement over that pre- 
viously described by Messrs. Parker and Greer and referred to 
in the paper. The improvement is primarily concerned with the 
position of the electrodes in the flow chamber, since in this new 
design the solution flows more or less directly through the elec- 
trode proper, immediately subjecting it to changes in the solu- 
tion, whereas in the previous design the solution had a tendency 
to flow around the electrodes, and the latter was not immediately 
subjected to small changes of the solution. 


AvtTuors’ CLOSURE 


Questions of like nature have been developed in the discussions 
presented; hence the authors will answer them as a group rather 
than directing their reply specifically to the separate discussions. 
Because of the interest expressed in the discussion and of the value 
of the supplemental data obtained subsequent to the submission 
of the manuscript, the authors take the liberty in answering the 
questions of including the additional data in their closure. In 
general, the discussion is directed to sampling, standardization of 
the method, and the interpretation of the conductance data. 

Concerning the physical features involved in the boiler-test 
set-up, the importance of adequate sampling facilities was suffi- 
ciently stressed to the engineering personnel, and facilities were 
provided for sampling both steam and boiler water. In the case 
of boiler unit 22, steam sampling nozzles were properly located 
in the two steam leads from the drum to the superheater inlet 
manifold. Because of previous experience, and the background 
of the boiler-water traverse test (see reference item 18) boiler- 
water samples were not secured from the gage-glass water columns 
as such samples would not be representative of the average maxi- 
mum concentration in the drum. It was observed that a sampling 
line installed in and extended across the length of the drum 
produced samples showing correct concentration of boiler water 
in the drum. In the traverse referred to, this observation had 
been checked by installation of a line in the drum as described, 
and in addition a sample nipple was located at each fifth header- 
tube cap in the 52 uptake water headers extending across the 
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boiler. Each of the individual lines was connected to a separate 
cooling coil. The concentration of boiler water was measured by 
the conductance method. Samples were taken hourly for 24 
hours. The comparisons of concentrations are based on the aver- 
aged results for the test period. The average concentration of 
boiler water from the drum sampling line was found to measure 
6.6 < 10~§ mhos per cm., a difference of but 11 per cent from 
the average concentration of the 10 header samples, 7.3 « 1076 
mhos per cm. It was observed, however, that the location of the 
two feedwater inlet pipes influenced the concentration of boiler 
water in the drum. For example, at the drum center the con- 
centration was observed to be at a maximum, 8.5 X 10-5 mhos 
per cm., 55 per cent higher than the minimum concentration of 
5.5 mhos per ecm. found directly under the feedwater 
distributor. For obtaining the data used in the development of 
the entrainment from boilers where Zeolite-softened water was 
evaporated, a boiler-water sampling line was located lengthwise 
in the drum of a multidrum boiler wherein the steam generation 
was at a maximum. The steam sampling nozzle pointing down- 
ward was located adjacent to the drum in the horizontal steam 
line leading to the main steam header. The physical layout of 
the plant did not permit locating the nozzle in a vertical run of 
the pipe; nevertheless the indications of entrainment as shown 
in Figs. 15 and 16 are considered correct, since evidence of en- 
trainment from this station was detected remote from the plant. 

Sampling nozzles of new design for both steam and boiler 
water have been developed by the authors and the engineering 
personnel, and a schedule of tests will be started in several multi- 
drum boilers. Comparisons will be made for steam quality by 
the conventional quality method and the conductance method. 

The condenser circulating-water supply at Pittsburgh is con- 
sidered fresh but polluted in character; hence condenser leakage 
cannot be readily detected by any chemical test. Immediate 
stoppage is made if leakage is indicated by the conductance 
method. The make-up is evaporated. Therefore as “pure” 
water is supplied to the boilers, no undue concentration of boiler- 
water salts has been found. At Colfax, blowdown of boiler water 
is not necessary during the operating service run of the boiler; 
hence the valves are not operated. The loss of concentration 
because of leaky blow-down valves is a valuable comment. 
The valves are, however, checked regularly by touch for indica- 
tion of leakage while the boiler is in service. The concentration 
was found to be but 703 parts per million of dissolved salts by 
gravimetric analysis in an adjacent boiler when the boiler was 
drained. The boiler was operated over the same period as boiler 
unit 22 and during its 3565 service hours evaporated 716,000,000 
lb. of water. 

The conductance measurement of the station supplies can be 
obtained readily by the operating personnel. The chemist’s 
services are required initially, however, for the preparation of 
the necessary calibration curves. Once such curves are estab- 
lished for each of the various water supplies used in the station, 
they are permanent, unless a major change occurs in the quality 
of the water supplies. It is obvious that the relation of dissolved 
salle and specific conductance of steam, raw water, and concen- 
trated boiler water in a single station cannot be plotted on a 
single chart, since the ion distribution of these waters differs. 
Unfortunately for the users of industrial water, there is no stand- 
ard procedure available for the chemical analysis of such supplies. 
The authors have modified the Standard Methods of Water 
Analysis (see reference item 21) as per the footnotes included in 
Table 7. When waters of the “pure” quality are subjected to 
chemical analysis, a minimum of 4 liters is evaporated for the 
dissolved solids determination; and as is customary in the ma- 
jority of industrial laboratories, the evaporation is conducted in 
platinum over a steam bath to avoid evaporation losses; pre- 
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cautions are exercised to maintain the atmosphere in the vicinity 
of the evaporation in a clean condition; analytical balances are 
maintained in proper condition by experienced repair men; 
precision analytical weights are used, and are calibrated monthly 
against Bureau of Standards certified weights, used for no other 
purpose. With the weighing precautions as enumerated, it will 
be conceded that the gravimetric determination represents the 
most accurate one the chemist has at hand. Because of the 
doubt of determining accurately the dissolved salts of a water 
containing from but two to five parts per million and in spite of 
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the excellent agreement of the data tabulated in Table 7, column 
3, the authors believed the most accurate method of establishing 
for “pure” water the relation of dissolved salts and specific 
conductance was by the use of a “synthetic water.” The linear 
relations in the concentrated waters is checked by the plot of the 
“Calculated Conductance vs. Calculated Salts,” Fig. 12, and in 
the supplemental Fig. 17, in which additional data are supplied. 
Inspection of the tabulated data and the summary in Table 10 
shows that the deviation of the observed and calculated conduc- 
tance is well within the experimental error of the analysis. 

The data in Table 4, boiler fed with “pure” feedwater, and 
in Table 7, boiler feedwater, have been similarly summarized. 

The authors conclude from the foregoing that the submitted 
comments concerning the non-concordance of the conductance 
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From Table 4: 


1 minus 2 divided by column 2 
3 minus 2 divided by column 2 
4 minus 5 divided by column 4 
6 minus 7 divided by column 6 


Ratio of columns 
Ratio of columns 
Ratio of columns 
Ratio of columns 


or From Table 7: 


3 minus 7 divided by column 7 
6 minus 7 divided by column 7 
8 minus 7 divided by column 7 


Ratio of columns 
Ratio of columns 
Ratio of columns 


Maximum Average Deviation 
deviation deviation of average 
+ 34.4 17.6 + 17.6 
+ 9.8 5.3 + 5.3 
+ 7 3 3.6 + 2.4 
+t 9 ‘ 5.0 ? 3 7 
250.0 127.0 +127.0 
+112.0 18.2 + 13.9 
+350.0 64.0 + 22.2 


TABLE 10 COMPARISON OF DISSOLVED SOLIDS AND DISSOLVED SALTS BY CONDUCTANCE AND CHEMICAL METHODS 


1 2 3 3 4 6 7 
Dissolved Dissolved Dissolved Specific Conductance Dissolved salts 
solids — salts — salts at 25 deg. cent. interpolated from 
i by analysis, by analysis, calculated, Observed Calculated, Observed conductance Calculated 
p.p.m. p.p.m. p.p.m. mho per cm mho per cm. Plot Conductance plot 
606 561 563 12.30 xk 10~¢ 11.00 x 10~¢ 500 490 
1159 1050 946 23. 21.35 1100 920 
; 1556 1424 1326 33.00 30.25 1560 1280 
1616 1520 29.00 1380 
1647 1548 31.80 1520 
1737 1553 1532 42.98 40.48 2040 1740 
1709 1589 1645 33.80 37.80 1600 1620 
1849 1704 1744 44.20 36.40 2100 2000 
1866 1714 37.50 1760 
1828 1720 33.50 1600 
1907 1733 39.20 1840 
1935 1776 38.20 ; 1800 
1998 1849 1858 44.70 46.10 2120 2000 
2062 1914 40.50 1920 
: 2140 1925 1915 53.20 50.41 2520 2400 
2092 1933 1850 43.30 42.52 2060 1800 
2118 1934 1935 48.20 51.31 2280 2200 
2185 1988 ‘ 40.50 1920 
2146 1995 2011 49.60 55.40 2360 2400 
‘ 2248 2075 2017 56.03 53.14 2520 2280 
2378 2243 2238 48.30 49.04 2300 2120 
2438 2313 44.50 2120 
2887 2745 . 46.50 2200 
“ 3091 2997 2889 60.50 62.13 2880 2640 
3882 3675 3605 74.00 78 43 3520 3400 
: Summary: 
— (* — (9) 
(2) (4) (6) 
Maximum deviation, . +11.8 —9 +11.9 +17.9 
Average deviation, %..... 8.0 2.6 6.3 7.0 
Deviation of average, + 8.0 66 


data and dissolved salts appear to be not well founded. It must 
be considered that in deriving the calculated conductance the 
individual value for each sample is subject to all of the errors in 
eo the determination of the individual ions. 

ai Another questioned item is the interpretation of the term 
dissolved salts in terms of specific conductance. The chemist 
uses the following nomenclature in reporting the results of analy- 
sis of water. The total dissolved solids of a water included sus- 
pended solids and dissolved solids. The weighed residue obtained 
after evaporating a measured volume of filtered water is desig- 
nated as dissolved solids. The dissolved solids includes the col- 
loidal and non-conducting items, organic matter, silica, and the 
oxides of iron and aluminum, and the ionized substances possess- 
ing conductance characteristics, termed dissolved salts. The 
correlation of conductance may only be made with reference to 
the dissolved salts. It is probable that with a clearer under- 
standing of these terms a user of the conductance method who has 
implied that the results are erroneous may be able to readjust 
: the voluminous data compiled by him and make them usable. 
P The authors are not aware of any method other than the gravi- 
metric method for determining rapidly the total dissolved solids 
in water. 

It will be observed from the supplemental data herewith, Table 
11 and Figs. 14 and 15, that the carbon-dioxide compensation of 
supplies containing measurable amounts of carbon dioxide must 
be made if accuracy in the entrainment value is desired. The 
frequency of making the CO, test is based upon the local plant 
conditions and the rate of change of CO, concentration in the 
steam discharged from the boiler. The steam condensate returns 
referred to in the paper possessed a constant CO, content; hence 
a daily test suffices. In the tests on entrainment of steam gener- 
ated in boilers using Zeolite-softened water, the CO, test was made 


at 10-minute intervals throughout each test run. In these runs 
the conductance of the steam was measured each minute, and 
the readings were used to compare the method of test for moisture 
in steam as published by Fitze (see reference item 16) with the 
method presented by the authors. The authors believe the follow- 
ing formula correctly expresses Fitze’s method: 


Ls — Lw 


ALs 
A%BW 


= per cent moisture 


Where 
Ls = measured conductance of steam 
Lw = water correction derived by transposition of 
curve 
Ls 


%BW 


= the change in the conductance of steam 
caused by the addition of 1 per cent boiler 
water 


The formula for the authors’ method included the constants for 
water correction and the derived value for the CO, correction 
Ls— Leo: — L 


~ < 100 equals per cent by weight of entrainment 
Lew — Lw 


of boiler water in steam 


Where 
Ls = measured conductance of steam 
Lw = water correction 0.9 x 10-* mhos per cm. 
Leo: = carbon dioxide correction 
Lew = conductance of boiler water 


The curves for obtaining the CO, correction are shown in fig. 
17, calculated from the data given in Table 6. 
The tabulated data shown in Table 11 also include the entrain- 
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TABLE 11 COMPARISON OF CONDUCTANCE METHODS FOR DETERMINING QUALITY STEAM 


Boiler Number 

Run Number. . 

Date of Run..... 

Duration of run, min. 

Steam flow, Ib. per hour 

Steam pressure, Ib. per sq. in. gage 


Supply sampled .... Steam 
Analyses, values in p.p.m.: 
Dissolved solids, ev 
Organic matter..... 
Silica 
Oxides of iron and aluminum. 
Dissolved salts, by ne item 1 
Magnesium (Mg).. 
Bicarbonate (HCOs). 
Carbonate (COs) 
Hydroxide (OH).. 
Sulphate (SO,). 
Chloride (C1). 
Dissolved salts calculated from analy sis, sum (6 to 13 incl.) 
Carbon dioxide (COs). 
Specific conductance, mhos- per em. 10... 
Specific conductance corrected, mhos per cm. 10° 
Entrainment, ratio of dissolved salts, item 5, per cent... 
Entrainment, cond. of composite samples, item 17, per cent 
Entrainment, observed readings, average. . 
Moisture, observed readings, average... 


Dissolved salts steam 
Dissolved salts boiler water 


Ls —Lca—Lw 

00 
Law—Lw x1 
Ls—Lw 

SLs per AU BW 
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ment in per cent calculated using the dissolved salts found (by 
chemical analysis) in the steam and boiler water. Considering 
the value so obtained as a standard, it will be observed that the 
data secured by the authors’ procedure approximate the standard 
considerably closer than do the data supplied by Fitze, wherein 
no CO, compensation is made. 

The authors have not arrived at any additional explanation of 
the observation, “it appears that the entrainment in steam is 
greater in magnitude for lower steam-flow conditions than is 
found under the normal steam output of the boiler,” and, “the 
steam quality apparently improved with the increase in concentra- 
tion of boiler water and total evaporation.”” They wish to point 
out that sufficient evidence by other than conductance measure- 
ment is included in the paper to support Fig. 11 for the observed 
conditions. 

The final general factor which is mentioned is the change of 
conductance because of change in concentration of the individual 
ions. Considering the experimental data reported in this paper, 
the authors believe that boiler concentrations up to 5000 parts 
per million of dissolved salts may be considered as dilute solu- 
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tions. The graphs shown in the Figs. 12 and 16 are considered 
linear. It has been noted that the equivalent conductance of 
salts, such as NaCl, CaCh, NaNOs, NasSO,, and '/; Na,COs, 
show a more rapid decrease in equivalent conductance from zero 
concentration up to approximately 300 parts per million of the 
salt, and beyond this concentration the slopes of the graphs are 
linear. The slope for NaOH is linear throughout its range. The 
authors confess that they do not know how the ions are com- 
bined within the boiler at operating temperatures and pressures, 
and hesitate to correct the data they have accumulated for the 
small change in the conductance. The substantial agreement 
that they have found between the observed and calculated 
relations as shown in Figs. 12 and 16 permits them to conclude 
that the error they may have made in their calibration of the 
meter units in terms of dissolved salts may be considered of minor 
value. 

The authors are grateful to the discussors for their presentation 
of the various aspects of the paper and believe that a large field 
is open for investigation both in the industry and in the engineer- 
ing schools 
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Design of Thick-Walled Tubes Subjected to 


Pressure and Heat Input 


With the increases in pressure and oil temperature, 
which have accompanied the development of distillation 
and cracking equipment in recent years, has arisen the 
need for a rational method for the design of thick tubes 
subjected to internal pressure and heat input. The au- 
thor has accordingly developed in the present paper 
formulas for temperature and pressure stresses in such 
tubes, and for calculating the optimum tube for given 
conditions. Examples of calculations are given, as well 
as particulars of experimental investigations, both com- 
pleted and contemplated, for the determination of the 
values of the constants employed in the formulas. 


ITH the increases in pressure 
Wie oil temperature which have 

taken place in oil-refinery dis- 
tillation and cracking equipment within 
recent years, the need of a rational method 
for the design of thick tubes subjected to 
internal pressure and heat input has be- 
come increasingly urgent. 

In presenting this paper no claim is 
made that a tested and final solution has 
been found. The question of combined 
temperature and pressure stresses is a 
controversial one, a large group of engineers of high standing 
denying the existence of the temperature stresses. From the 
mathematical work which accompanies this report, the develop- 
ment of the theory to which the author adheres may be followed. 
In the laboratories of the Standard Oil Development Company 
the determination of constants for use in the equations developed 
is being given intensive study, and, as the ultimate step in round- 
ing out the work, it is hoped by testing tubes under pressure 
and heat input, to prove or disprove the theory. The ulti- 
mate solution of this problem will not be due entirely to the 
efforts of mechanical engineers as the difficulties facing the de- 
signer have a metallurgical as well as a mechanical aspect. 

While the present paper was prepared primarily for use in the 
design of oil-refinery pipe stills and cracking furnaces, it has a 
direct application in the design of any equipment employing 
tubes subjected to internal pressure and heat input from the 
outside, and with a change in mathematical signs will cover the 
design of tubes in which heat flows outwardly. 


! Assistant Manager of General Engineering Department, Standard 
Oil Development Company. Mem. A.S.M.E. The author was 
graduated from Rutgers University, 1914, with a B.S. degree in 
electrical and mechanical engineering. Spent one and one-half years 
in power-plant test work. Joined the Standard Oil Company in 
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In the design of our earlier cracking units, that is, those built 
up to 1926, no account was taken of temperature stresses. The 
allowable stress in the tubes was taken as that given by the 
A.S.M.E. Boiler Code, and the stress in the tubes was calculated 
by the thick-wall formulas. As oil temperatures were relatively 
low, from 850 to 860 deg., and the pressure moderate, being 
350 Ib. at the outlet tube of the furnace, and as very liberal 
allowance was made to care for the loss of wall thickness due to 
corrosion, tube failures were rare, loss of property negligible, 
and injury to attendants non-existent. 

In 1926 cracking units for 750 lb. oil discharge preseures were 
built which gave an oil pressure at the inlet tube of the furnaces 
of around 1000 lb. In the design of these units also no tempera- 
ture-stress allowance was made, though the tubes were designed 
with a liberal corrosion allowance and of sufficient thickness to 
withstand at the hottest tube the full pressure which could be 
developed by the feed pumps, namely, some 1200 lb. By suit- 
able oil flow the tube carrying the hottest oil was not in a section 
of the furnace where it would be subjected to high heat inputs. 
For these reasons tube failures in these settings have also been 
extremely rare. 

The next step in the development of cracking furnaces called 
for a setting which had no zones of low heat input. A furnace 
was required in which the oil and flue gas traveled in a counter- 
current manner, the heat input being as nearly uniform through- 
out the setting as possible. Such a furnace has the tube carrying 
the hottest oil in the so-called ‘‘radiant’’ section of the furnace 
where the heat inputs average 10,000 B.t.u. per sq. ft. of exposed 
tube surface. 

(Note that in this paper heat inputs will be spoken of in this 
manner instead of the heat input per square foot of projected 
areas, which is the practice of some designers.) 

It was realized that the securing of a fair heat input through 
a relatively thick tube, through the layer of hard coke which 
builds up on the inner wall of the tube due to the conversion of 
the cracking stock to gasoline, and finally through the oil film 
which exists between the coke layer and the oil, would give rise 
to metal temperatures greatly in excess of those encountered in 
boilers. It was also realized that the condition would be aggra- 
vated by the fact that the oil receiving the heat would be at 
an elevated temperature, have a low thermal conductivity, and 
would not be boiling at least to the extent that water does in a 
steam boiler. It was estimated that under these conditions the 
tubes would have an outside wall temperature of from 950 to 
1100 deg. or higher, depending. upon the various factors men- 
tioned. 

The allowable stresses in metals and alloys at such elevated 
temperatures were very poorly defined, and it was obvious that 
the initial steps toward a rational design for such tubes had to 
be, first, the selection of a proper metal, and, second, the deter- 
mination of safe stresses for this metal. 

The temperatures mentioned above are within the range over 
which a metal is considered to elongate at a uniform rate when 
subjected to a sufficiently high stress. Although this phenome- 
non has been the subject of numerous publications, it may not 
be amiss to mention that this uniform elongation is known as 
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creep.” To put it a little differently, it may be said that at a 
given temperature there is some stress which will, in a given 
period of time, cause the metal to elongate or creep a definite 
percentage of its original length. The 100,000-hr. creep is the 
one in most general usage, and is the stress which, at a given 


Fie. 1 Execrric Furnace Usep In CREEP DETERMINATIONS 


temperature, causes the metal to elongate 1 per cent of its origina! 
length in 100,000 hr. (11.4 years). 

Some of the tube manufacturers had already made creep 
determinations on a few alloys, but because of the many con- 
ditions to be met in oil-refinery work it was felt advisable to 
install equipment and make determinations for those materials 
for which a possible use could be foreseen. Creep-determina- 
tion equipment consists essentially of an electric heating furnace, 
a system for loading the test specimen, a micrometer for reading 
the elongations, and thermal control equipment for maintaining 
the furnace temperature at any desired point. Our metallurgical 
laboratory has available at present twenty-five such furnaces 
arranged in batteries of five. 

The furnace is shown at F in Fig. 1, and was constructed by 
the metallurgical division of the company from information 
supplied by the Union Carbide and Carbon Corporation. It 
consists of an alundum tube 1'/s in. in inside diameter and is 
space-wound with Nichrome IV wire. Alundum cement is 
applied over the spaced wire and the tube and wire covered 
with 4 in. of insulation. The furnaces are 12'/, in. long and give 
a very uniform temperature distribution over the middle 6 in. 
of the specimen. The sample to be tested is screwed into blocks 
C and D, Fig. 1, and the load applied by the double lever A and 
B which has a multiplying ratio of 100 to 1. By this system 
stresses up to 75,000 Ib. per sq. in. may be applied to the standard 
0.505-in.-diameter test specimen. Elongation of the test speci- 
men is measured by means of a large-size micrometer, the gear 
and worm of which have been calibrated. The micrometer 
device M is turned by wheel W when necessary to keep the bubble 


in lever L in the center of the glass. The dial R is calibrated to 
twenty-five millionths of an inch, and readings estimated to the 
nearest five millionths. 

The temperature is controlled within five degrees plus or minus 
by means of potentiometer controls, relays, and resistors. The 
control C of Fig. 2 operates a relay X which in turn cuts in or 
out a part of resistor R-1. Resistor R-2 is in series with the 
furnace, which, after once being set for a given temperature, 
need not be changed. Fig. 2 shows a control system for five 
furnaces, each equipped with a controller. The temperature 
of each specimen is recorded on the potentiometer recorder 
shown at 7’ in Fig. 3. Fig. 3 also shows the control system for 
a bank of five furnaces operated simultaneously at the same 


Fig. 2 Furnace ContTrROLs 


temperature by a single controller. Rheostats R, Fig. 3, are in 
series with each furnace and compensate for the slight differences 
in furnace characteristics. 

Fig. 4 shows a specimen with the thermocouples attached, 
the specimen being ready for insertion in the furnace. One 
thermocouple is connected to the controller and the other to 
the recorder. 

In operation the specimen is given an initial load which is 
based on previous experience or represents the best guess possi)!e. 
The application of the load elongates the specimen immediately, 
after which the rate of elongation decreases, and on a chart in 
which the elongation is the ordinate and time the abscissa, the 
curve becomes horizontal, that is, the specimen has ceased to 
elongate. The load is then increased, and this time a greater 
period is required before the line becomes horizontal. Increases 
in loading are continued until the line no longer becomes hori- 
zontal but continues to slope upwardly to the right, indicating 
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a continuous uniform elongation. By properly adjusting the 
load the rate of elongation can be brought to approximately 
1 per cent in 100,000 hr., and after this condition has been es- 
tablished the apparatus is allowed to run from 2000 to 3000 hr. 
From the elongation which takes place in this 2000- to 3000-hr. 
period, the actual rate of creep for 100,000 hr. is calculated. 
In practice two furnaces are used per test, one being set to give 
a creep of a little over 1 per cent and the other a little less than 
1 per cent, so that at the conclusion of the test the 1 per cent 
point is calculated by interpolation. As a final test a specimen 
is stressed with the load given by the interpolation, and a check 
test made for 3000 hr. It can readily be understood that the 
determination of a complete creep-point curve covering a range 
of from 900 to 1500 deg. and requiring the determination of at 
least four points to insure an accurate and smooth curve, occu- 
pies a long period of time. For example, assuming 3000 hr. 
per test, three tests for the determination of each point on the 
curve, and four points required for a complete curve, a total of 
36,000 hr. or 4.1 years would be required to produce this curve 
if only one machine were available. With twenty-five machines 


Fie. 3 Conrrot System For BANK oF Five FURNACES 


available working in the method outlined above it should be 
possible to make about six curves per year. 

We now have eleven of the furnaces on high chrome-nickel 
covering the temperature range of from 800 to 1300 deg. in an 
attempt to correlate the creep limits at 25,000, 50,000, and 
100,000 hr. Three machines are on low-carbon steel, six on 
various chrome steels, and five on special alloys for very high 
temperatures of from 1800 to 1900 deg. It was mentioned 
above that an attempt was being made to correlate the creep 
rates at three different periods; this is being done as the 100,000 
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hr. is a long time in the oil industry and few indeed are the 
pieces of equipment which are not scrapped before the end of 
such a period. One per cent in from five to six years, or, say, 
50,000 hr., would appear to be a logical creep limit, as it more 
nearly represents the life of our equipment. 

The full-line curve on Fig. 5 gives the 100,000-hr. creep on 
KA28. It extends from 900 to 1300 
deg. fahr. The broken-line curve 
represents one originally supplied 
by the Babcock & Wilcox Company 
for Enduro which covers the range 
from 1000 to 1500 deg. fahr. As 
these curves are the work of two 
independent investigators, it is 
fairly safe to assume that the over- 
lapping portions, at least, may be 
used for design work. Their close 
agreement can be noted, in spite of 
the considerable difference in car- 
bon content: 0.07 per cent for 
KAQ2S and 0.43 per cent for Enduro. 

Table 1 gives some scattered 
values for four steels. To date, 
sufficient points have not been de- 
termined to make it possible to 
draw complete curves. 

Following the determination of 
safe stresses, the next logical step 
in the solution of the problem was 
the derivation of a suitable formula 
with which the actual stresses set 
up in the tubes could be calculated 

The most general case is one in 
which relatively hot oil is forced 
through a tube under pump pres- 
sure, the tube being located in a 
suitable furnace whereby heat is 
imparted through the tube to the 
oil by radiant brickwork and hot 
flue gas. 

Under such conditions there should be, according to previous 
investigators: 


Fie. 4 Specimen 

THERMOCOUPLES AT- 

TACHED, Reavy FoR IN- 
SERTION IN FURNACE 


1 Stresses accompanying the temperature drop through the 
tube wall 

2 Stresses accompanying the pressure difference between the 
inside and outside of the tube. 


Temperature stresses have been discussed by Lorenz,? Dahl,’ 
and Orrok.‘ The principal theories of pressure stress are those 
of Lamé, Barlow, and Clavarino, and are to be found in standard 
textbooks dealing with this subject. 

All the above writers make various assumptions and have 
worked out many different cases of pressure and temperature 
stresses. Using their work as a general guide, and starting with 
the fundamental stress-strain equations, formulas have been 


TABLE 1 CREEP VALUES FOR FOUR STEELS 
-——Lhb. per sq. in.——~ 
900 
deg. fahr. 


0.12 to 0.18 per cent carbon steel 


2 Dr. Ing. Rudolph Lorenz, ‘‘Temperaturspannungen in Hoh- 
zylindern,” Zeitschrift des Vereines deutscher Ingenieure, 1907, p. 743. 

30. G. C. Dahl, ““Temperature and Stress Distribution in Hollow 
Cylinders,” Trans. A.S.M.E., vol. 46 (1924). 

Geo. A. Orrok, ‘High-Pressure Steam Boilers,’’ Trans. A.S.M.E., 
vol. 49-50 (1928), paper FSP-50-32. 
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obtained which apply to the conditions in oil-refinery pipe-still 
and cracking furnaces. The derivation of these is given in 
Appendix No. 1 of this paper. 

When heat flows through the walls of a tube (from the outside 
to the inside in cracking furnaces), a temperature drop is estab- 
lished. That is to say, any fiber of the material is hotter than 
the one just inside it. Consequently the thermal expansion 
of the outer fibers is greater than that of the inner fibers. From 
this a little consideration will show that the outer fibers are in 
compression and the inner ones are in tension. 

An example may make this clearer. Consider two precisely 
similar strips of metal, laid one upon the other, with a strip of 
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insulating material between them and clamped together. If 
heat be applied from one side, the exposed strip will tend to 
become longer. The hotter strip can only expand by stretching 
the cooler one. The cooler strip is obviously in tension, and its 
resistance to being stretched produces compression in the hotter 
strip. If we had a pile of many such insulated strips instead 
of only two, with a rise in temperature upward from strip to 
strip, i.e., heat applied from the top, the action described above 
would take place between adjacent strips. Further than this, 
any strip in the pile would have all the strips below shortening it 
and all the strips above stretching it. Strips near the top would 
be in compression, and those near the bottom would be in tension. 
This is because a strip close to the top would be acted upon by 
more strips which tend to shorten it than by strips which tend 
to elongate it (above it), and vice versa. Finally, there would 
be a strip somewhere in the pile which would be neither shortened 
nor elongated, but would remain its original length. 

The same remarks apply to the strips considered breadthwise 
instead of lengthwise. The same stresses are set up, as the 


strains and temperature changes are identical in the two direc- 
tions. 

Now apply all the above to a set of insulated concentric hoops, 
forming a laminated ring. We then have a clear conception of 
what goes on in a metal tube or cylinder with a temperature drop 
from the outside to the inside. The outside will be in compres- 
sion, the inside in tension, and one cylindrical surface will remain 
at its original circumference. This of course applies to the hoop 
stresses. From the breadth considerations we can see that 
lengthwise or axial stresses exist in the cylinder. 

In the pile of strips, there are no stresses vertically, since in 
this direction expansion is unrestrained. In the laminated 
cylinder, however, this is not so. The stretching of the inner 
hoops and contracting of the outer ones accompany a pressure 
between them, in a radial direction. There are corresponding 
distortions affecting the hoop and axial strains. These strains 
are not now identical, and the hoop and axial stresses are not, 
in general, equal at any point in the laminated wall. It is, 
however, obvious that, at the inside and outside surfaces, the 
radial stress is zero. Here, due to expansion, we should expect 
the hoop and axial stresses to be equal, and the mathematical 
analysis given in Appendix No. 1 shows this to be the case. 

The principal stresses to be considered are those in the axial 
and circumferential directions at the inside and outside tube 
surfaces. They are expressed by the equations (see Appendix 
No. 1): 


Temperature Stresses: 


2 1 


m 
= stress at t 
fo 2(m — 1) i= log. K 


tube surface 


) Axial or hoop 


Axial or hoop 
2 
2(m — 1) K?—1 loge K/ tube surface 
Pressure Stresses: 
2P 
[3] Fo = 1 Hoop stress at outer tube surface 
K? +1 
[4] Fy =P K + i Hoop stress at inner tube surface 
Fy 
(5) F= Axial stress anywhere 
[6] T= Temperature drop through tube wall 


where a coefficient of thermal expansion 
E = Young’s modulus for the material 
fo = temperature hoop stress at outer surface 
fi |= temperature hoop stress at inner surface 
Fo pressure hoop stress at outer surface 
P; pressure hoop stress at inner surface 
K_ = ratio, outside diameter + inside diameter 
k = conductivity 
1/m = Poisson’s ratio 
P = internal pressure 
Q. = rate of heat input at outside surface 
To, 71, 7 = tube radius, outside, inside, anywhere 
To = outside metal temperature — inside metal tem- 
perature. 


On considering the formulas for temperature stress, we s°e 
that they contain the physical quantities a, E, and 7) in the 
form of a product. An increase in any or all of them increases 
the stress. 
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Taking them in order, an increase in a, the coefficient of thermal 
expansion, means that the same temperature rise will be accom- 
panied by a greater expansion of the material. The stretching 
of the cooler portion will then be more, and greater stress will 
result. A metal of zero thermal expansion would give a zero 
temperature stress. Such metals are available, but those known 
lack other essential characteristics. 

E, Young’s modulus, is defined by the quotient, stress over 
strain. It is obvious that, for the same strain, an increase in E 
means an increase in stress. 

An increase in 7», the temperature difference between two 
points, affects the expansion of the material in the same way as 
does an increase in a, stress increases for the same reason. Ty 
also depends on the conductivity k. For a low k, or small 
conductivity, a greater temperature difference 7’ is required for 
the same flow of heat. 

From the above considerations, material for tubes should 
have the following characteristics: 

Small expansion due to temperature 

Small modulus of elasticity 

High conductivity 

Great tensile strength at high temperatures. 

To facilitate the use of the formulas, Table 2 has been pre- 
pared. 

Column K gives values of outside diameter + inside diameter 


Column A gives values of seasons 


K 1 
K?+1 
Column B gives values of Rn 
1 al 
Column C gives values of m1 log (always negative) 
2K? 1 
Column D gives values of ni log.K 
We then have: 
‘otal outside hoop stress = P< | 
1 maET,C 
Total outside axial stress = 5 PA — 2m — 1) 
+ bending stress...... [8] 


TABLE 2 VALUES FOR USE IN FORMULAS 


Outside rad. 2 1 
(x Inside rad. A B At+L C loger A,C+D 

K A B Cc D K A B 

1.01 99 50 100.50 1.000 1.000 1.26 3.40 4.40 
1.02 49.50 50.50 0.995 1.005 1.27 3.26 4.26 
1.03 32.84 33.84 0.991 1.009 1.28 3.13 4.13 
1.04 24.51 25.51 0.987 1.013 1.29 3.01 4.01 
1.05 19.51 20.51 0.984 1.016 1.30 2.90 3.90 
1.06 16.18 17.18 0.981 1.019 1.31 2.80 3.80 
1.07 13.80 14.80 0.978 1.022 1.32 2.70 3.70 
1.08 2.02 13.02 0.975 1.025 1.33 2.60 3.60 
1.09 10.63 11.63 0.972 1.028 1.34 2.51 3.51 
1.10 9.52 10.52 0.969 1.031 1.35 2.43 3.43 
1.11 8.62 9.62 0.966 1.034 1.36 2.35 3.35 
1.12 7.86 8.86 0.963 1.037 1.37 2.28 3.28 
1.13 7.22 8.22 0.960 1.040 1.38 2.21 3.21 
1.14 6.68 7.68 0.957 1.043 1.39 2.15 3.15 
1.15 6.200 7.200 0.954 1.046 1.40 2.08 3.08 
1.16 5.79 6.79 0.951 1.049 1.41 2.02 3.02 
1.17 5.42 6.42 0.948 1.052 1.42 1.97 2.97 
1.18 5.10 6.10 0.945 1.055 1.43 1.91 2.91 
1.19 4.81 5.81 0.942 1.058 1.44 1.88 2.88 
1.20 4.55 5.55 0.939 1.061 1.45 1.82 2.82 
1.21 4.31 5.31 0.937 1.063 1.46 1.77 2.77 
1.22 4.10 5.10 0.935 1.065 1.47 1.72 2.72 
1.23 3.90 4.90 0.933 1.067 1.48 1.68 2.68 
1.24 3.72 4.72 0.930 1.070 1.49 1.64 2.64 
1.25 3.56 4.56 0.927 1.073 1.50 1.60 2.60 
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2(m — 1) 
2 2(m — 1) 
+ bending stress...... [10] 


The bending stress depends on the manner in which the tube is 
supported, and is calculated by the usual formulas. The total 
axial stress is sometimes important, as cases have occurred in 
which tubes sagged down under the action of the combined axial 
stresses. 

As an example of the use of Table 2, consider a tube 5 in. O.D., 
4.2 in. I.D., with a heat input at the outside of 10,000 B.t.u. per 
sq. ft. per hr. Take P as 1000 lb. per sq. in. Let the material 
be KA2S, in which, assume 


11.5 X 10~* inches per inch 

24.5 X 10 lb. per sq. in. 

§ + 4.2 = 1.19 

144 (B.t.u. per sq. ft. per in. of thickness per deg. fahr.) 
31/3 or 1/m = 0.3 


loge(1.19) X 10,000 X 2.5 


Then 75 = 44 


30 deg. from [6] 


maE 5 X 11.5 XK 24.5 
2(m—1) 7 
From Table 2, for K = 1.19, A = 4.81, B = 5.81, C = 0.942, 
D = 1.058. 
Outside Hoop Stress: 


201 


1000 X 4.81 = 4810 from [7] 
—(201 X 30 X 0.942) = —5700 


— 890 
or 890 lb. per sq. in. compression. 
Outside Arial Stress: 
—5700 from [8} 
+2405 
—3295 


or 3295 lb. per sq. in. compression + the bending stress. 


Inside Hoop Stress: 
1000 X 5.81 = 5810 from [9] 
201 X 30 X 1.058 = 6400 


12,210 tb. per sq. in. tension 


$22 Inside Azial Stress: 

916 1.084 2405 from [10] 

913 1.087 

911 1.089 6400 

909 — 

905 1098 8805 Ib. per sq. in. tension 
902 1.098 

900 1.100 + bending stress. 
897 1.103 
895 1.105 It will be seen from the above that the inside 
ese : int hoop stress is the one which governs design, since 
886 1.114 the bending stresses can be made very small by 
884 1.116 

882 1.118 proper supports. If we take the 5-in. O.D. tube 
$78 1 igs and vary the inside diameter, we can compute 
876 1.124 

873 1.127. 3. yor 

871 1.129 From this table, the curves shown in Fig. 6 
868 1 iba are plotted. As indicated on the plot, the inside 
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TABLE 3 HOOP STRESSES, LB. PER SQ. IN. 
Inside Outside 
K To hoop stress hoop stress 
1.04 6.8 26,900 23,160 
1.06 10.1 19,250 13,990 
1.08 13.4 15,780 9,400 
1.10 16.5 13,950 6,310 
1.12 19.7 12,960 4,050 
1.14 23.8 12,440 2,100 
1.16 25.8 12,240 860 
1.18 28.7 12,200 — 350 
1.20 31.6 12,300 —1,410 
1.22 34.5 12,500 —2,360 
1.24 37.4 12,770 —3,280 
1.26 40.0 13,050 —4,020 
1.28 43.0 13,480 — 4,780 
1.30 45.5 13,850 —5,450 
HEAT INPUT) 10.000 @TU.PER 8Q.FT. 
OF OUTSIDE SURFACE PER HOUR. 
INTERNAL PRESSURE 1000 “75§Q IN. 


INSIDE SURFACE 


FOF OF 


HOOP STRESS IN 


K. RATIQ OUTSIDE DIA.TO DIA, 


Fie. 6 Hoop Srressges Heatep Tuses UNDER PREssURE 


hoop stress has a minimum value, and for the corresponding 
value of K the outside hoop stress is zero. As this value oc- 
curs at K = 1.173, the 5-in. O.D. tube having the lowest in- 
side hoop stress would have an inside diameter of 


5 + 1.173 = 4.25 in. 


As pointed out above, the inside hoop stress is the one which 
governs design. Then by the selection of the proper thickness 
for the conditions imposed we can secure the minimum hoop 
stress. This is the optimum tube for the conditions—a tube 
either thicker or thinner would be weaker. If the inside hoop 
stress exceeds the safe working stress of the metal, which is 
usually taken at from 60 to 80 per cent of the 100,000-hr. creep, 
then the designer must either reduce the metal temperature, 
the heat input, or the pressure, or else find a metal having a 
higher creep limit. 

For practical caiculations, plotting the curves to find the 
optimum tube involves considerable labor. This can be avoided 
by the use of Table 4, the mathematical derivation of which is 
given in Appendix No. 2. 
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The following example shows its use in the direct calculation 
of the above-mentioned optimum tube: 


b = 14Qr = 1.4 X 10,000 X 2.5 = 35,000 from [11] 
2P/b = 2000/35,000 = 0.057 
This lies between K = 1.16 and 1.18 in the table. By interpola- 
tion, 
1.18 0.061 0.057 
1.16 0.049 0.049 
0.02 0.012 0.008, 
K = 1.16 + 0.02 X 0.008/0.012 
0.013 
K = 1.173 
Inside temp. hoop stress = 
35,000 X 1.053 X log. 1.173 = 5900 from [14] 
Inside pressure hoop stress = 6.30 X 1000 = 6300 from [9] 
Total inside hoop stress................ 12,200 


Outside temp. hoop stress = 
—35,000 X 0.947 X log. 1.173 = —5300 from [13] 


5.30 X 1000 5300 from [7} 


Total outside hoop stress.............. 0 


These results check with Table 3. It will be noticed that the 
inside-hoop-stress curve is very flat in the neighborhood of the 
minimum value. It is therefore quite accurate enough to take 
K as the nearest value given in Table 4 without resorting to 
interpolation. This has only been done in the above instance for 
the sake of completeness. 

We might have started with the inside diameter of 4.25 in., 
to agree with some particular oil velocity. Then for the same 
total heat input to the tube, we should have had Q = 10,000 x 
(5/4.25) and b would have been 


1.4 X [10,000 X (5/4.25)] X 2.125 = 35,000 


the same value as before. Then by the use of Table 4, K would 
have been found to be 1.173, giving an outside diameter of 
4.25 X 1.173 = 5 in. The table can thus be used to get the 
optimum tube, if the total heat input, the internal pressure, 
and either the inside or outside diameter be known. In fact, 
if any three of these quantities be known, the other can be 
found for optimum conditions. If we had a tube 5 in. O.D., 


TABLE 4 FOR USE IN SELECTION OF OPTIMUM TUBE 


2P 2P 
K b K b 
1.02 0.0018 1.52 0.470 b = 1.4 Or for KA2 Eq. 4 
1.04 0.0031 1.54 0.505 = 0.47 Qr for steel Eq. [12 
1.06 0.0071 1.56 0.540 
1.08 0.012 1.58 0.585 Temperature hoop stresses for 
1.10 0.019 1.60 0.620 Optimum Conditions: . 
1.12 0.027 1.62 0.660 Outside: bC loge K_ Eq. [13) 
1.14 0.038 1.64 0.698 Inside: 6D loge K Eq. [14) 
1.16 0.049 1.66 0.740 
1.18 0.061 1.68 0.785 P = internal pressure 
1.20 0.075 1.70 0. Q = B.t.u. per sq. ft. per hr 
1.22 0.091 1.72 0.875 through any _cylindrical 
1.24 0.105 1.74 0.920 surface of radius 7. For 
1.26 0.126 1.76 0.970 a given heat flow into a 
1.28 0.145 1.78 1.018 length of tube, Qr = 
1.30 0.165 1.80 1.065 const. 
1.32 0.189 1.82 1.110 
1.34 0.209 1.84 1.160 
1.36 0.235 1.86 1.220 
1.38 0.260 1.88 1.265 
1.40 0.286 1.90 1.325 
1.42 0.317 1.92 1.385 
1.44 0.342 1.94 1.430 
1.46 0.375 1.96 1.495 
1.48 0.405 1.98 1.550 
1.50 0.438 2.00 1.614 
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4'/, in. I.D., K would be 1.173, and 2P/b, by interpolation, 
would be 0.057; then 


b 


II 


With P known as 1000, 


2000 


0.057 X 1.4 waite 


Qr 


Q = -~— = 10,000 at the outside 


with Qr known’ as 25,000, 
_ 14 X 25,000 X 0.057 
2 


P = 1000 
An example is now given, taken from experience, of the occa- 
sional importance of axial stresses. 
Carbon-steel tube 4 in. O.D., 3!/, in. 1.D., span 18.58 ft. 
Weight of tube and contents, 322 lb. P = 400 lb. per sq. in. 
Bending moment, 1/8 X 322 X 18.58 X 12 = 8980 in.-lb. 
Section modulus, 3.55 in.* 
Compression in top fiber = 8980 + 3.55 = 2520 ib. per sq. in. 
Tension at low point of inside wall = 2520 x (3.25/4) = 2050 
Ib. per sq. in. 
For the existing conditions, 


E = 17.5 X 108; a = 11.35 X 10-*; 1/m = 0.3; 
T = 28°; K = 1.23; m/2(m —1) = 5/;. 
Total outside axial stress: 


-5/7 X 11.35 & 17.5 X 28 X 0.933 = —3700 from [8] 
Bending stress = —-2520 


1/2 X 400 X 3.9 = Axial pressure stress = 780 


—-5440 
or 5440 lb. per sq. in. compression in upper fiber. 


Total inside axial stress: 
5/7 X 11.35 X 17.5 K 28 XK 1.067 4250 from [10] 
1/2 X 400 X 3.9 = 780 
Bending stress = 2050 
7080 Ib. per sq. 
in. 


Tension at low point of inside wall = 


The creep stress of the material was 6600 Ib. per sq. in. at the 
temperature of the inner wall, and the above tension exceeds it. 
The tube actually sagged in service. This instance is a demon- 
stration of the existence of high axial stresses due to temperature 
effects, as the bending stresses are quite insufficient to account 
for the sagging. 

All the foregoing formulas are based on the supposition that 
the heat input is uniform all over the outside tube surface. In 
actual tubes this is not so. The heat input is a maximum at 
points nearest the source of heat and diminishes to a minimum 
at points furthest from it. This case is being studied by C. O. 
Rhys. The work done to date appears to show, however, that 
the inside hoop stress, as calculated above, would still be the 
governing factor in design. 

A study of the formulas shows that the rational design of 
thick-walled tubes requires a knowledge of a number of physical 
properties of the material used. The modulus of elasticity, 


5 Total heat input to tube, (B.t.u./hr.) X r (in.) 
Total cylindrical surface (sq. ft.) at radius r 
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Poisson's ratio, the coefficient of expansion, and the therfnal 
conductivity all enter into the equations either directly or in- 
directly, and must all be known. The latter two are usually 
supplied by the manufacturer of the steel or alloy in question; 
the first two are seldom given. For the determination of the 
modulus of elasticity, there has recently been set up in our 
laboratory an Amsler hydraulic testing machine of 60,000 lb. 
capacity and an Amsler-Martens mirror extensometer with 
which changes in length of two-millionths of an inch can be 
measured. Equipment is also available for the determination 
of the modulus of elasticity at elevated temperatures as well as 
at atmospheric temperatures. No equipment is available at 
the moment for the determination of Poisson’s ratio; it is planned, 
however, to install a torsion machine by means of which the 
modulus of rigidity may be accurately determined at both 
atmospheric and elevated temperatures. The modulus of 
rigidity and Young’s modulus are all that are necessary to make 
possible the calculation of Poisson’s ratio, and it is felt that this 
method, particularly at elevated temperatures, is far more 
feasible than through the determinations of lateral and longi- 
tudinal strains. The importance of Poisson’s ratio, which is 
usually given as 0.3, may be judged from the statement that a 
reduction of this ratio to 0.2, which is the value given by some 
investigators for certain alloys at high temperatures, reduces 
the stresses set up by the heat input by 12 per cent. 

One other factor is the tube-wall temperature. While it does 
not enter into the equations, it is of paramount importance. 
The tube-wall temperature naturally determines the safe working 
stress which the tube will withstand, as reference to the creep 
curve of the material will show very clearly. The prediction 
of tube temperatures could well form the subject of a separate 
report, but because of the complexity of this problem it can only 
be briefly touched upon in this paper. | 

In general, an oil-refinery furnace is designed to raise a given 
quantity of oil from a known entering temperature to a known 
final temperature. The heat-input rates are usually well estab- 
lished from past operating conditions, so that the temperature 
of the oil at points throughout the setting may be readily caleu- 
lated. From these data the tube-wall temperature is calculated 
from the drop through the oil film for which numerous formulas 
have been given by other investigators; however, allowance 
must be frequently made for surface cracking, boiling, critical 
temperature conditions, etc., all of which may set up a gas film 
at the point of contact with the inner tube wall or with the 
layer of coke in the tube. In case a layer of coke exists in the 
tube, due allowance must be made for the temperature drop 
through this layer, which may vary in thickness from '/» in. 
to as much as */, in., depending upon the time-temperature 
relationships, the cracking rate of the oil in question, and the 
length of time that the unit has been on stream. 

These factors seriously affect the tube-wall temperature, and 
an attempt is now being made to correlate the data secured from 
recorded tube temperatures with the theoretical drops through 
the metal, coke, and oil film. For very high mass velocities of 
700 lb. per sq. ft. per sec., with little coke formation, the outer 
tube wall may be only 60 to 80 deg. hotter than the oil for a 
heat input of 10,000 B.t.u. per sq. ft. per hr., but with mass 
velocities of 350 to 400, where coke formation is present, the 
tubes may be 200 deg. or more hotter than the oil. 

As pointed out earlier in this report, the question of the 
existence or non-existence of temperature stresses is contro- 
versial. 

The final step in the research program outlined in the second 
paragraph of this paper is the laboratory check of the stress 
formulas. While we are quite convinced of the existence of 
temperature stresses, we hold no brief for the theory and would 
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be the first to reject it could conclusive reasons be found for 
taking this step. Reference to the examples already given will 
show that with temperature stresses eliminated the remaining 
stress, i.e., that due to pressure, is approximately one-half of the 
sum of the two. This would mean that in some cases the use 
of thinner tubes would be permissible, with a very considerable 
monetary saving particularly in the case of high-chrome-nickel 
alloys. In other cases it would allow the employment of greatly 
increased heat inputs, with a resulting reduction in the cost 
of the furnace due to the lesser number of tubes required. 

To check the mathematical theory of temperature stresses, 
equipment has been set up which will allow of testing to destruc- 
tion tubes of various sizes and materials under varying condi- 
tions of temperature, pressure, and heat input. 


and serves to carry the heat away. Fig. 7 shows a schematic 
diagram of the test equipment. The pressure medium is a low- 
melting-point lead-bismuth-cadmium-tin alloy which is contained 
in the annular space between the test tube and the inner seamless 
tube, and in two containers which are a part of the high-pressure 
piping system. This alloy has a melting point of approximately 
160 deg. fahr. and is completely liquid at approximately 200 deg. 
fahr., so that it must be kept hot at all times. For this purpose, 
the containers are steam jacketed, and a small current can be 
maintained in the electric-furnace heaters at all times. There 
are also extra heater plates underneath the fittings to furnish 
additional heat through the flanges and exposed metal. Pres- 
sure is applied on the liquid alloy by means of water from the 
high-pressure pump, the contact between the water and the 


Valve. 


Te. — 


Fic. 7 Scuematic DiaGRAM oF Test EQuiPpMENT 


The apparatus consists essentially of the test section heated 
by a radiant electric-resistance heater, with suitable controls 
and meters, a pressure medium, high-pressure connecting fittings, 
a cooling system, and a high-pressure pump. The test section 
is contained in a special reinforced-concrete building, while the 
pump and all the controls are in a separate building 50 ft. away. 

The test section consists of an 8-ft. length of tube of the size 
under test, mounted in flanges and bolted up to special nickel- 
chromium alloy fittings designed to operate under a pressure 
of 3000 lb. at 1200 deg. fahr. under normal working conditions. 
Supported centrally inside the tube is a one-piece seamless steel 
tube which is welded closed at one end and flanged on the other 
end to form a seal between two adjacent fittings. Water circu- 
lates inside this tube, being brought in through a */,in. pipe, 


metal being in these containers, a second container being used 
to transmit pressure on the liquid-metal system back through « 
water medium to gages in the control house. The high-pressure 
pump is a triplex, motor-driven pump designed for a maximum 
of 25,000 lb. per sq. in. with a capacity of 250 cu. in. per min. 
In the system is an air-loaded pressure accumulator with a dis- 
placement of approximately 28 cu. in. This system is protected 
by means of an adjustable 15,000- to 25,000-lb. safety valve as 
well as by two frangible disks which are now designed to blow 
at 14,000 lb. The electric furnace consists of nichrome ribbon 
wound on porcelain insulators, forming a square around the test 
section. The resistance winding is in four separate sections, 
the two sides and bottom being connected together in thirds 
of the furnace length, while the top heater is a separate unit. 
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Heat is transmitted through the steel tube and through the 
pressure medium to the inner steel tube, from which the heat is 
removed by circulating water. The heat flow through the test 
tube and the temperature of this tube are controlled within 
certain limits to produce temperature stresses. The outside 
surface temperatures of the tube are taken by means of eight 
thermocouples peened in the outer surface. No. 22 Chromel 
Alumel wire is used to obtain accurate temperature as it is the 
smallest size considered practicable for use under our particular 
conditions, and two No. 14 thermocouples are placed alongside 
two No. 22 to indicate the difference in temperature at the 
junction due to heat transmission along the thermocouple wires. 
The No. 14 wire is the size used in our regular service on cracking 
furnace tubes, and is used in this test merely to check the differ- 
ence in indicated temperature. The present program covers a 
series of tests with outside tube temperatures ranging up to 
1400 deg. fahr. and with a rate of heat flow through the tube 
ranging up to 30,000 B.t.u. per hr. per sq. ft. of outside tube 
surface. The pressure may be carried up to 14,000 Ib. per sq. in. 

While this equipment will give a rough check on the tem- 
perature-stress theory, its greatest value lies in its ability to 
determine the factor of safety of a tube against rupture. It will 
show, for example, that a commercial tube operating at tempera- 
ture 7’ with heat input Q and internal pressure P will not fail 
until the pressure reaches some multiple of P. It cannot check 
the equations accurately as these are all based on the elastic 
properties of the material, whereas this machine will only give 
bursting conditions. 

To check the temperature-stress theory without exceeding 
the elastic limit of the material, a second testing device is being 
considered in which a thick tube would be heated from the 
inside and the strain on the outer wall measured by sensitive 
extensometers. With such apparatus the temperature stresses 
could be checked by comparison with those calculated directly 
from the formulas already derived. 

At least part of the discrepancies between results obtained 
by French and those of the 8S. O. D. Co. are due to the great 
differences in the lengths of time in making the tests and the 
interpretation of the data. In Mr. French’s work tests were 
carried on for 500 hr. or less, while in our own work as long as 
6000 hr. was required to obtain the desired result. 

Also steel obtained from different sources of supply, and even 
different heats may produce varying results. In this connection 
the author quotes from Mr. French’s paper the following: 


One important point, which has not been given much considera- 
tion in the interpretation of flow tests, is that the numerical values 
obtained on one bar, lot, or melt of a given alloy may not coincide 
closely with the values obtained on other bars, lots, or melts. Simiiar 
variations in the properties of metals at atmospheric temperatures 
are well recognized and should likewise be given consideration in 
the application of flow-test data. The extent of these variations is 
not now accurately known but it has been shown that the differences 
in load-carrying ability, from heat to heat of steel, may be large. 
Without additional data, it is not safe to assume that the reported 
values represent the average, maximum, or minimum of the range 
characteristic of a given metal, and safety factors must still be 
employed. 


In the work by Norton, he states that the creep loads may be 
relied upon to within +25 per cent, and that relative values 
should be somewhat closer. Results obtained in our own labora- 
tory may differ from those of other investigators by appreciable 
amounts and still be as accurate as it is possible to determine 
at the present time. This is because of the reasons given above. 

With a full knowledge of safe stresses, well-defined values for 
the modulus of elasticity, Poisson’s ratio, thermal conductivity, 
and coefficient of expansion, and laboratory-checked formulas 
for the calculation of stresses, the designer could proceed with 
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the assurance that his designs were not only safe but economical 
as well. The program outlined is still far from completion, and 
for this reason the data contained in this report should be con- 
sidered as preliminary as the report is not presented as a final 
one. Until the theory is disproved, however, it seems advisable 
to accept the existence of temperature stresses, as this is the 
safer procedure to follow if human life is to be safeguarded and 
damage to equipment reduced to a minimum. 
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Appendix No. 1—Derivation of Formulas for 
Temperature and Pressure Stresses in Tubes 


AKE a cross-section near the middle of a long circular tube. 
Let the temperature at any point be called 7. At the inside 
surface 7 = 0, and at the outside surface 7 = 7. There is 
thus a temperature drop through the tube from the outside to 
the inside. Also let there be an internal fluid pressure P. 
Radial Strain. Before the temperature drop is established, 
let the radius to any point in the wall be called r. When the 
temperature drop exists, let this radius become r + u. Then 
an element of material, of radial dimension dr will change by 
du. If a be the coefficient of thermal expansion, and e the radial 
strain, the radial change of the element will be . 


aT dr+edr 
and we can write 
du =aTdr+edr 


du 
= ——aT 
e a a 
Hoop Strain. When r increases to r + u, the circumference, 
2xr increases by 2rraT7’ + 2xrf, where f is the circumferential, 
or hoop strain. We thus have 


u = raT + rf 


r 


Azial Strain. When two similar insulated strips are first 
fastened together and then one of them is heated, compression 
sets up in one and tension in the other, with consequent bending 
of the strips. When such strips are replaced by long, thin, 
concentric tubes (strip length corresponds with tube-axis length) 
such bending cannot occur, and all fibers stretch axially by the 
same amount. If therefore » = axial displacement and z = 
axial length from some origin, it appears that dv/dz would be 
constant. Calling the axial strain g, we should have, as above, 


dv 
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Strain and Stress Equations. Collecting from above, u-s«oi.ldu 1 du ildu u T 
uw _ (m + 1)a— 
du Trae d rdr fr d 
(Radial strain) lide aT 
dr? rdr m—1 ar 
u 
i d dT 
dr| rdr dr 


g= (Axial strain) 


These are the strains in the three directions at right angles 
d dv 

The dilatation is given by D’ = = + = 
dr r dz 

3aT’ (Love, ‘Mathematical Theory of Elasticity,” p. 61), and 


the usual stress strain relations of the form 


to each other. 


Fie. 8 E.Lement oF WALL 
(1 in. in length at right angles to section shown. ) 


+ 2Ge 
2GD 426 
2 
can be written 
| 
2g [ du ud 1} 
2G [duu dv 7 
| 


where R, H, and Z are the radial, hoop, and axial stresses. (@ 
is the modulus of rigidity, or shearing modulus, and 1/m is 
Poisson’s ratio. 

Equations of Equilibrium. If we take an element of the tube 
wall as shown in Fig. 8, its equilibrium, in the plane of the paper, 
is given by 


(R + dR)(r + dr)do — Rrdp = Hdrdo 


or 


Radial Displacement. From [15] and [16] we then have, 
remembering that dv/dz is a constant, 


To integrate this, 7’ must be expressed in terms of r. For 
cracking-coil work we require the ‘“‘steady-state’’ relation, 
which is expressed by the well-known heat-conductivity equa- 
tion 

@T 1dT 
dr? r dr 


of which the solution is, for the boundary conditions 


r=r, T = To (outside) r=r7r,, T = 0 (inside) 
To r 
loge K = 
log.K ro/ts 
and 
dT To 1 
dr log-K r 


This is sometimes called the temperature gradient. 
Inserting '18] in [17] we have, 


dild m+1 aT>) 1 
—|-— (ur)| = 
dr| rdr m—1 log.K r 
m+1 aT r 
dr m — 1 log.-K 1 
m+1 aT, r r 1 C; 


from which 


du _m+1 (ioe +2)—S ion 
: 


and 
u m-+i1 aT, 1 r 1 Ci 
- = —— log, - —- — +C».... [21] 


Evaluation of Constant C;. By inserting [20] and [21] in the 
first of [15] and simplifying, we have, for the radial stress, 


2G aT, m+1 r 1 


(m + 1)aT, lo 
bog KO’ 


dv Ci 
+ mC 


This is — P (compression) at r = 7, and 0 when r = 1 sO 
that we have, making these substitutions and subtracting: 


m—2| 2 m—1 To? 


—(m + ver | 


ro? 1 


ia 
dr 
rorce 
DIAGRAM 
a 
; 
dR K? — 1 m+11 
—R=r— = 26 | C, ———- — - aT 


{15}: 


m 
2G d 
Hy = + (m—1) 44+ 2— (m+ par | 
m—2 & 
Subtracting, 


2G du u 
| — — + 


Substituting in this from [20] and [21], putting r = ro, 


2c; m m+1 1 
Hy = 2G 


Inserting the value of C, from [22], 


1 m+1 m+1 aT» 2P 
Hy = 
m+1 2 1 2P 
T 


the outside hoop stress. 

The term in P is due to pressure oniy, and the other part of 
temperature only. We call these F> and fo, respectively. 

Hoop Stress at Inside. At the inside surface the radial stress 
is a compression equal to the internal pressure. We can write 


2G du 
—P = | m+ ver] 
H, = + (m—1) — (mt ver | 
m—2 dz 


Subtracting, 


H, = 28 om —2) 
m— 2 r dr 


Substituting in this from [20] and [21], puttang r = rn, 


2C; m+1 aTo 
= 2¢ (— ——_}—P 


Inserting value of C, from [22], 


2K? m+1laTo m+1 


m+1 2K? 1 
= P 


(the inside hoop stress.) The term in P is due to pressure only, 
and the other part to temperature only. We call these F; and 
fi, respectively. 

Azial Stresses. By the usual stress-strain equations, we can 
write the axial strain at the outside and inside surfaces. Consider 
temperature stresses only, or P = 0. 
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Hoop Stress at Outside. At the outside surface we have from 
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Ho 


Bm | 
[25] 
mE 
Subtracting and transposing, since dv/dz is constant, 
= (H, — Ho) + EaTo.......... [26] 
From [23] and [24], 
1 
— Hy = 2GaT. 


2G 
Inserting this in (26], noting that E = nt 1) 
Z, — = 2GaT, + 2GaT, 
m(m — 1) 
1 
41) 
m—1 
= 2GaT> 
m+1 


Z; Zo = H, — Ho from [27]. 


This last relation shows us by [26] that Z,, Zo, can be inter- 
changed with H,, Ho in [25], or Z; = H; and Zo = Ho, or the 
temperature parts of the hoop and axial stresses are the same 
at the inside and outside surfaces. 

The axial stress due to pressure in a tube closed at the ends is 


P 


(ro? — r;?) 


Summary. Collecting from the above, we can write the 
equations for the stress in terms of EZ, Young’s modulus, instead 
of G, the shearing modulus. 


K? +1 (Inside hoop 


H, (_2K? 1 
2(m—1)\K*—1 log. K K?—1 stress) 
maET = +z (Outside hoop 
2(m — 1) —1 stress) 
maET, (2 2K? (Inside axial 
~ 2(m—1)\K?—1 stress) 
maET'y 2 + (Outside axial 
~ 2(m— 1) \K?—1 stress) 
R, = —P (Inside radial stress) 
Ro = 0 (Outside radial stress) 


In the above, the formulas for temperature and pressure 
stresses are those of Lorenz and Lamé, respectively. 


Appendix No. 2—Derivation of Formulas for 
Calculating the Optimum Tube 


‘TH heat input through a unit area is given by the tempera- 
ture gradient multiplied by the coefficient of heat conduc- 
tivity k. 


171 
dy Z 
att 
‘ 
u du 
= 2¢6|-—— 
r dr 
% 
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u du 
r dr 
| 
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Calling the heat input Q, and taking the temperature gradient 
from Equation [18], Appendix No. 1, 


kT o 1 
log-K r 


or 


Qr logeK 


To 


For a given total-heat input to a circular tube, Qr is constant. 
We can then write, for the inside hoop stress (see Summary, 
Appendix No. 1), 


maEQr beck ( 2K? 1 ) pKt+1 


2m—1) k \K?—1 logeK 
maEQr (2K? logeK :) 
2(m—1)k\ K?—1 K? — 


Differentiating with respect to K, 


dH, __maKQr ((K*—1)(4K log.K + 2K) — 4K? 
(K* — 1)? 


Equating to 0 and simplifying 
maEQr 

2(m — 1)k 

maEQr 


2(m — 1)k 
inside hoop stress, 


(K? — 1 — 2 log -K) —2P = 0...... [28] 


Putting =, b, we have the condition for minimum 


— = K?—1—2log.K.......... .. [29] 


from which Table 4 has been calculated. The following values 


have been taken for cracking-coil conditions: 


m a E k 

pure 1 B.t.u. X in. 
Units... number deg. lb. per sq. in. sq. ft. <hr. X deg. 
Steel... 4 10 x 10-8 23 x 108 330 
KA2S.. 11.5 < 24.5 10 144 


which give b = 0.47 Qr for steel 
b = 1.4 Qr for KA2S8. 


Qr 
Since ? jog Ky’ we can write [28] as 
maET, { K?—1 
—2])—2P =0 
2(m — log. K ) 


or 


maET ( 2 1 ) 2P 
2(m—1)\K?—1 log K?— 1 

or the outside hoop stress = 0 and the outside axial stress re- 
duces to P/(K? — 1), the axial stress due to pressure only. 
The inside axial stress is readily shown to be H, — PK*/(K*? — 1) 
from the summary, Appendix No. 1. For the optimum tube 
we thus have: 

Inside hoop stress: H, = bD loge-K + PB (See Table 2) 

Outside hoop stress: Ho» = 0 


Inside axial stress: Z, = H,— = 
K?—1 
P PA 
Outside axial stress: Zo = or 
Inside radial stress: R =—P 


Outside radial stress: R = 0 


or, when H; is a minimum, three of the other stresses are less 
than H, and the remaining two are zero. 


: 
4PK 
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High-Burned Kaolin Refractories 


The development of high-fired kaolin refractories is 
briefly described. The various products made from kaolin 
such as brick, tank blocks, light-weight brick, and insu- 
lators, are discussed from the point of view of their physi- 
cal characteristics. Also, the service results obtained 
with these products in typical installations for the past 
ten years are outlined. The results as a whole show that 
kaolin, when burned to a sufficiently high temperature, 
will make a refractory possessing very desirable qualities. 


AOLIN is the decomposition prod- 
K uct of feldspar rock. It can be 

divided into two main classes, 
residual and sedimentary. The residual 
kaolin is found in the same position as 
the rock which it displaces, and contains, 
therefore, a considerable amount of un- 
decomposed particles of quartz and other 
minerals which were present in the origi- 
nal rock. The sedimentary kaolin, how- 
ever, has been washed out of the previous 
type of deposit and has settled to form 
beds in some ancient lake or sea. While this material was being 
transported, all of the larger particles were left behind, so that 
the kaolin itself is comparatively pure as found in the best beds 
and contains few non-clay minerals, 

Probably the most important deposits of residual kaolin 
occur in the southern United States. While some of these 
deposits are unsatisfactory for making refractories because of a 
lowered melting point, the majority are remarkably pure and 
uniform. The deposits generally occur in layers of 10 to 40 
ft. in thickness, and usually there is an overburden of 5 to 30 
ft. Of course, the deposits with the least overburden are gener- 
ally the most economical to work. The mining of this kaolin is 
comparatively simple as it is only necessary to strip off the over- 
burden and take the clay out with steam shovels, the bed being 
so soft that blasting is unnecessary. It is also unnecessary to 
do any hand selecting as is the common practice in many fire- 
clay mines, because here the kaolin is of great uniformity. 

A typical analysis of a Southern sedimentary kaolin is given 
in the following table (it will be noted that the amount of fluxing 
elements is very low): 


1 Assistant Professor of Ceramics, Massachusetts Institute of 
Technology. Professor Norton wes graduated from Massachusetts 
Institute of Technology in 1918. He was Assistant Physicist and 
Chief Physicist for the National Advisory Committee for Aero- 
nautics until 1923. He then joined the Babcock & Wilcox Company 
for research and development work in ceramics. In 1929 he was 
appointed to his present position. Professor Norton is a member 
of the American Ceramic Society and a Fellow of the American 
Physical Society. He has published a number of papers dealing 
with refractories 

Presented at the French Lick Meeting, French Lick, Ind., 
October 13 to 15, 1930, of Tue American SocreTy oF MECHANICAL 
ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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Magnesium oxide......... ; 0.22 
Sulphur trioxide............. ; 0 04 


The kaolin itself consists in large part of a clay mineral, 
but there is associated with it in very small amounts a number 
of minerals such as quartz and rutile. 

The physical properties of this kaolin are also of considerable 
interest. The melting point is 3200 deg. fahr. in an oxidizing 
atmosphere. The shrinkage and porosity are given in Fig. 1. 
To show the comparatively large and continued shrinkage of the 
kaolin there are also plotted similar curves for a high-grade 
Pennsylvania fireclay. 

The main advantage of the kaolin as a refractory material is 
its extreme purity and uniformity, which permit the manu- 
facture of a high-grade refractory which will not vary an ap- 
preciable amount as received from month to month or year to 
year. Kaolin, however, has a high shrinkage on firing, which 
until recently had prevented the use of this material for a high- 
grade refractory. It was not until the development of practical 
methods of burning at temperatures around 3000 deg. fahr. 
that successful high-grade refractories could be made from this 
material. At present, however, kaolin refractories are being 
manufactured on a large scale. 


TREATMENT OF THE Raw MATERIAL 


The shrinkage of the kaolin is completed by burning it nearly 
to the melting point, which also reduces the porosity practically 
to zero. This hard-burned material is then crushed into grog 
of the proper fineness for the purpose, and is then bonded to- 
gether with some of the raw kaolin and again burned at a high 
temperature. Years of experimenting have led to the belief 
that a good refractory must have a structure which is in equilib- 
rium at all temperatures up to the highest that it would ex- 
perience in use. This means that the brick to be stable must be 
made of pure homogeneous material and be fired at a tempera- 
ture higher than the temperature of use. 


STaNDARD ReEFracrory Bricks 


The standard brick is made of a rather coarse kaolin grog 
bonded together to give a well-knitted and continuous structure, 
but at the same time to allow sufficient flexibility to give good 
resistance to spalling. The structure is well shown in the photo- 
micrograph in Fig. 2. This brick has been used where tempera- 
tures or loads are high, such as in boiler furnaces, reheating and 
forge furnaces, enamel furnaces, oil stills, kilns, ete. This brick 
has the advantage over the usual fireclay brick in that furnaces 
can be run at higher temperatures, higher loads can be supported 
by the hot refractories, and more insulation can be safely used. 
Under conditions where the brickwork is subjected to a flowing 
slag, it has been found in many cases that the kaolin brick does 
not show as large a margin of superiority over fireclay brick as 
under other conditions. 

As an example of service, the kaolin bricks were installed in the 
solid front wall of the boilers of a large central power station 
several years ago, and have since been giving good service. 
These boilers are fired by underfeed stokers. The life of the 
kaolin brick is from 15 to 18 months, while fireclay brick averages 
2 months, and ventilated silicon-carbide walls average 3 to 4 
months. 

Similar results were obtained at another large central station 
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with underfeed stokers, the kaolin brick being operated 18 
months with no trouble, while other refractories have given 
trouble by the adhering slag tearing off the surface. The kaolin 
brick has found wide use in oil-fired stationary boilers, and gives 
on an average of three to five times the life of first-class fireclay 
brick. Fig. 3 shows the bridge wall of an oil-fired boiler made 
of kaolin bricks after 4600 hours of service. 

A large majority of all the American ships with oil-fired 
water-tube boilers use the kaolin brick because of the com- 
paratively long life and freedom from shutdowns. 

The high load capacity of this brick is illustrated by its wide 
use in enameling furnace piers. A large proportion of the 
continuous enameling furnaces in this country use kaolin brick 
in the piers. In one periodic enameling furnace this brick has 
given good service in the piers for over seven years. 

The kaolin bricks find considerable use in reheat and forge 
furnaces because they allow a higher furnace temperature, 
and therefore an increased capacity for a given furnace. They 
also permit considerable insulation of the walls and crown, which 
in turn means a considerable fuel saving. In the case of kilns 
for burning refractories, terra cotta, etc. the kaolin brick has 
been found to give good service in fireboxes, piers, floors, and 
- lower walls. In general they give a life of three to four times 
the life of the average firebrick without distortion or spalling. 


Tank BLocks 


The structure of the tank blocks made from kaolin is some- 
what different from that of the standard brick as shown in the 
photomicrograph of Fig. 4. Here the porosity is reduced and 
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Fie. 1 SHow1nG SHRINKAGE AND Porosity or KAoLins 
AND FYRECLAYS 


the grog grains are completely knitted together to form a con- 
tinuous structure. However, enough pores remain to give a 
slight amount of flexibility to the structure, so that there is no 
danger of cracking the blocks when heating up the tank. This 
structure is unique in being homogeneous and yet not too sensi- 
tive to spalling and cracking. The homogeneous structure 
has the great advantage of permitting the block to wear down 
with a smooth and even surface. No pits or grooves are formed, 
as is usually the case with most fireclay blocks, and because of 
this, seeds and cords are eliminated from the glass. 

Some of these blocks were used in a tank making flint glass. 
The results showed that the kaolin blocks give a life of three 
to five times that of good fireclay blocks. Another set of kaolin 
blocks was used with boro-silicate glass in a small tank, and 
these are still giving good service. These blocks after one 
month’s service are shown in Fig. 5; the freedom from cracks 
and grooves is noticeable. 

Other blocks have been used with opal glass, and have shown 
a life of about one and one-half times the best of any of the other 


Fie. 2. PHoromicroGrapH oF THIN Section oF Kaourn Brick. 
Crossep Nicot Prisms 


(The clear black areas are voids. The mottled appearance of the fired 
particles is due to the formation of very fine mullite crystals, which crystallize 
with the same orientation as the original kaolinite particles.) 


Fie. Borer Bringe Watt or Kaowin Bricks Arrer 4600 
SreaminG Hours 


blocks. It was particularly interesting to note that they showed 
no cracks and no grooving, as indicated in Fig. 6, which shows «_ 
tank after a_33-week run. 


Brick 


There is a considerable demand for a brick that will with- 
stand the severe conditions of oil-burning boilers, and yet be 
light in order to reduce the weight of the propulsive equipment 
of ships. A kaolin brick of this type has been developed which 
weighs not more than 5'/, lb., as compared with the 7 lb. for 
the average firebrick. This brick has a high porosity, but is 
strongly bonded and will give service equal to or better than the 
average fireclay brick. Some of these light-weight brick have 
been in service 18 months in destroyer boilers and are still 
in good condition. A kaolin-base cement is used to coat the 
surface of the wall in order to close the pores and prevent pene- 
tration of the oil slag into the brick. 
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INSULATING BRICK 


An insulating brick has been developed using kaolin, which, 
though still somewhat in the experimental stage of manufacture, 
has been thoroughly tried out. When this brick is used in 
furnaces, it takes the place of the refractory and at the same 
time has a high degree of insulating value. This unique property 
limits the high-temperature zone close to the inner surface and 
permits unusual furnace efficiencies. Two small furnaces were 
made up exactly alike, one with fireclay brick and one with the 
kaolin insulator. With the same burner the first one reached 
the maximum temperature of 1900 deg.fahr., and the second 
a temperature of 2600 deg.fahr. Some of these bricks have 
been used in furnaces which were suddenly heated and cooled 
as much as 200 times, with maximum temperatures ranging 
from 2000 to 2900 deg. fahr., with no signs of cracking or de- 
terioration. It should be clearly understood, however, that 
these bricks will not withstand slag. This condition would 
of course be expected from their high porosity. 


CRUCIBLES 


PHOTOMICROGRAPH OF THIN SEcTION OF KaoLin GLass Carbon-free crucibles are being manufactured of kaolin for 

Tank Biock. X60, Crossep Nicou Prisms melting glass, enamels, and metals. A fine-grained, dense struc- 

are much larger. ‘The light-colored particle is'a mail bleb of corundum) ‘ure is used with about 8 per cent porosity, but the flexibility 
is kept high enough to prevent cracking, even on rapid heating. 

These crucibles will withstand reheating many times without 

cracking, and may be used for melting glass, enamels, or metals 


Fic. 5 Experimentat TANK THREE Biocks Fie. 6 A Compiere TANK or KAo.uin 
(After one month's service with boro-silicate glass.) (After 33 weeks’ run on opal glass.) 


TABLE 1 PHYSICAL PROPERTIES OF VARIOUS TYPES OF KAOLIN REFRACTORY without danger of contaminating the melt 


Light cat, oe In melting alloy steel in high-frequency 


Kaolin Standard weight _insulat- quality Penn- furnaces as many as 250 heats have been 
kaolin ing refrac- sylvania 
Property brick b obtained from one crucible by lining the 


Weight of standard brick, |b 7.3 crucible with kaolin cement and relining 


Density, lb. per cu. ft ' 126 . 
par 25 at intervals whenever the cement became 
Start of deformation under load of ' thin 
. Ib. per sq. deg. fahr..... 2 2750 
eformation of 10 per cent under 
load of 25 Ib. per sq. in., deg. fahr.. 2900 ahs i CEMENTS 
Start of permanent volume change 
without load, deg. fahr........ 2900 2 A number of types of cement have been 


0.0000024 0.0000024 0.0000024 developed with a kaolin base. These ce- 
Cycles in 2900 deg. fahr. air-spalling - ments include high-temperature cements 

Melting point, deg. fahr me 3200 3200 3200 with a kaolin bond, a low-vitrifying ce- 

— ment with a low-vitrifying clay bond, air- 
fahr...... ; oo 1.9 setting cement, and patching cement with 

Thermal con 

fabr...... a low fire shrinkage. 
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Comparative Physical Properties of Chro- 
mium-Nickel, Chromium-Manganese, 
and Manganese Steels 


By C. L. CLARK! ano A. E. WHITE,? ANN ARBOR, MICH. 


This paper gives the results of short-time tensile tests 
at 75 and 1000 deg. fahr., and creep tests at 1000 deg. fahr., 
on certain selected steels. The steels investigated belong 
to either the chromium-nickel, the chromium-man- 
ganese, or the manganese series. Certain other alloying 
elements as silicon and tungsten were also present. The 
chromium-nickel steel specimens were taken from both 
bar and tube stock, and certain of them were tested in 
both the hot-rolled and water-quenched conditions. 

The results indicate that the substitution of manganese 
for nickel in chromium-nickel steels is detrimental, at 
least in so far as the load-carrying ability of the alloy is 
concerned. Also that while the creep resistance of the 
manganese and manganese-tungsten steel at 1000 deg. 
fahr. is superior to that of many pearlitic steels, it is not 
equal to that of the Enduro KA2 type of alloy. 

WCW temperatures in many 

industries, the need for metals to 
successfully withstand not only the nec- 
essary stresses but also the oxidizing at- 
mosphere is becoming more pronounced. 
For temperatures up to a certain maxi- 
mum, 1000 or 1100 deg. fahr., the so-called 
pearlitic steels may be successfully used. 
Certain of them, when in the proper heat- 
treated condition, possess remarkable 
strength at the higher temperatures and 
are able to resist to the necessary extent 
the corrosive action of the gases with which they are in con- 
tact. 

For temperatures much above 1000 deg. fahr. the effect of any 
beneficial heat treatment is largely lost, and the strength of all 
pearlitic steels decreases rapidly. In this temperature range the 
austenitic steels display superior characteristics both in regard 
to load-carrying ability and resistance to oxidation. The dividing 


ITH the advancing trend in 
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1 University of Michigan. Mr. Clark received the degrees of 
B.S. in Chemical Engineering in 1925, M.S. in 1926, and Ph.D. in 
1928 from the University of Michigan. He has specialized in metal- 
lurgy and is now Research Engineer in the Department of Engineer- 
ing Research at the University of Michigan. 

2 Director of the Department of Engineering Research and Pro- 
fessor of Metallurgical Engineering at the University of Michigan. 
Mem. A.S.M.E. Professor White received his B.A. from Brown 
University in 1907 and his Sc.D. in 1925. After graduation he 
served a few years with the Jones and Laughlin Steel Company, 
Pittsburgh, Pa. He has been at the University of Michigan since 
1911, except for two years spent with Ordnance Department, U.S. A., 
during the World War. 
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Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Tae American 
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line between these two zones is not definitely marked, and in 
certain applications pearlitic steels can be used above 1000 deg. 
fahr., and in many, austenitic steels are used below 1000 deg. 
fahr. 

The types of austenitic steels commonly used for high-tem- 
perature service are not diversified, commercial practice con- 
fining itself almost completely to those chromium-nickel steels 
known as Enduro KA2. On the basis of our present knowledge, 
the confinement to this particular series of steels is not unwar- 
ranted, for they do possess the outstanding properties for the 
majority of applications. These steels, however, also possess 
certain undesirable characteristics, and substitute steels, free 
from these disadvantages and yet possessing the valuable prop- 
erties of Enduro KA2, would be highly welcomed. Whether 
or not certain other austenitic steels would fulfil these condi- 
tions is unknown, at least from the information available in 
the literature. 

The work reported in this paper was 
undertaken to determine the effect of cer- 
tain changesin composition upon the physi- 
cal properties of steels of the Enduro KA2 
type. Also in order to ascertain the truth 
of the statement sometimes made that all 
austenitic steels should exhibit nearly the 
same properties at high temperatures, re- 
gardless of the alloying elements present, 
the investigation was extended to include 
a straight 14 per cent manganese steel, 
and a 14 per cent manganese, 1.0 per 
cent tungsten steel. 


MATERIALS 


The alloys investigated belong to either the chromium-nickel, 
the chromium-nickel-silicon, the chromium-manganese-silicon, 
the manganese, or the manganese-tungsten series. Their com- 
positions and the condition in which they were tested are given 
in Table 1. 

The first four steels in the table were secured from commercial 
sources, while the remaining four were made at the University 
of Michigan laboratories. Those designated as KA2 and RS 
were received in l-in. and */,in. round bars, respectively, while 
KA28S-H and KA2S-R were obtained in the form of a 5-in.-di- 
ameter tube having a wall thickness of approximately */, in. 
As shown in the table, one section of this tube was water quenched 
and pickled, while the remaining was hot rolled. 

The steels prepared in the U. of M. laboratories were made 
in a 35-lb. Ajax high-frequency induction furnace. The melts 
were cast into tapered ingots approximately 2'/, in. square 
at the top, and these were forged into */, in. round bars by the 
Atlas Drop Forge Company. In order to maintain the carbon 
content as low as possible, Armco iron was used as a base in 
melting. 


A. E. Wurre 


PROCEDURE 
The two temperatures chosen for the comparison of the ten- 
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TABLE 1 CHEMICAL COMPOSITION AND HEAT TREATMENT OF STEELS material possesses slightly higher strength characteris- 
tics, but its ductility is considerably lower than that 
Designation alloy Heat treatment C Mn Si Cr Vi Ww of the water-quenched material. Especially is this true 
KA2 Ni-Cr Water quenched 0.09 0.40 0.57 18.15 9.65 of the percentage of elongation in 2 in. 
KA2S-H Ni-Cr Water quenched 0.05 0.37 0O.68 18.28 9.35 
KA2S-R Ni-Ce rs Hot-rolied an 0.05, 9.37 9.68 18. 28 9.35 Steels Al and B1, which differ from KA2 mainly in 
R i-Cr- ater quenche .02 .494 2.35 18. 10.26 : , 
Al Mn-Cr-Si Water quenched 0.158 6.32 2.58 18.02 ... that the nickel has been replaced by 6.32 and 9.78 per 
Bl Mn-Cr-Si Water quenched 0.110 9.78 2.81 18.72 cent of manganese, respectively, show this substitution 
A4 n Water quenched 0.072 15.40 ; 
Mn-W Water quenched 0.076 14.42 1.23 to have resulted in increased strength and decreased 


sile characteristics of these steels were room temperature (75 deg.) 
and 1000 deg. fahr. The experimental work consisted of short- 
time tensile tests at each of these temperatures, and long-time 
creep tests at 1000 deg. fahr. 

The method used for the determination of the short-time 
tensile properties was the same as that described in previous 
papers by the authors.** The deformation produced by each 
increment of stress is measured by Ames dials reading to one- 
ten-thousandth (0.0001) of an inch. 

The apparatus employed in the creep tests is shown in Fig. 1. 
This is fully described in a paper presented at the Semi-Annual 
Meeting of The American Society of Mechanical Engineers at 
Detroit’ last June. The deformation produced by a fixed 
‘load is measured by the rotation of two mirrors mounted on 
rollers. Readings to 2.8 millionths (0.0000028) of an inch 
are possible. 

In performing the creep tests, a fixed load is applied and main- 
tained constant until either the flow comes to a complete stop 
or until it has reached a steady state. The load is then either 
increased or decreased, depending on the magnitude of the 
rate of deformation under the previous load. 


RESULTS 
SHort-Time TENSILE TEsTS 
The short-time tensile properties of these steels were deter- 
mined at 75 and 1000 deg. fahr. The results are given in Tables 
2 and 3. 


Tests at 75 Deg. Fahr. 
are given in Table 2. 


The results of the tests at 75 deg. fahr. 


TABLE2 TENSILE PROPERTIES OF SELECTED STEELS AT 75 DEG. FAHR. 


Tensile Proportional Elon- 


ductility, with the latter being the more pronounced. 
As is the case with lower-alloyed steels, increasing the manganese 
from 6.32 to 9.78 per cent resulted in increased tensile-strength 
values, but in a decrease in the proportional limit. No consistent 
variation was obtained in the ductility, the higher-manganese 
steel showing the maximum elongation and the minimum reduc- 
tion of area values. 
Steels A4 and A5 differ from the preceding ones in that their 
principal alloying constituent is manganese. These steels 


Fic. 1 APppaARATUS FOR DETERMINING RATE OF CREEP OF METAL 


possess a tensile strength comparable to that of the 
low-carbon Enduro KA2, but their remaining physical 


@ Specimen broke outside of gage marks. 


The KA2 bar material possesses higher strength 
properties than does the steel of similar composition, 
but with a lower carbon content, taken from tubes. 


TABLE 3 TENSILE 


strength, limit, gation Reduction 
Duigne- Ib. per Ib. per in 2 in., area, properties are much lower. Their ductility was so low 
ion ype composition sq. in. sq. in. percent per cen 
KA2 0.05 C, 18 Cr, 8 Ni 100,000 25,000 60.0 63.0 that in each case fracture was obtained in the fillet of 
Al 0. 05 ¢, i es 8 Ma, 3 Si 122-200 54,000 22.5 44.0 Tests at 1000 Deg. Fahr. The results of the tests at 
1 r n i 5. i i 
Aa 0:05 14 Ma 84'850 9/000 1000 deg. fahr. are given in Table 3. 
A5 0.05 C, 14 Mn, 1W 77,750 8,000 As at atmospheric temperature the higher-carbon bar 


stock KA2 has greater strength and lower ductility than 
PROPERTIES OF SELECTED STEELS AT 1000 DEG 
FAHR. 


Tensile Proportional Elon- 
strength, limit, gation Reduction 


sae D - Ib. lb. per in 2in., of area, 
With the ductility values the converse is true. These ene Type composition hg sq. e per cent per cent 
differences are partly due to the variation in carbon KA2 0.05 C, 18 Cr, 8 Ni 62,050 14,000 40.5 68.6 

: : KA2S-H 0.05 C, 18 Cr, 8 Ni 54,950 7,000 67.0 73.1 

content and to the manner in which the metal was Ka2S-R 0.05 G. 18 Gr. 8 Ni 54,600 81000 43.5 67.0 
fabricated RS 0.05 C, 18 Cr, 8 Ni, 3 Si 81,300 21,000 37.8 52.2 
Al 0.05 GC, 18 Cr,6 Mn, 3 Si 43,100 13,000 29.0 62.3 

The effect of heat treatment on the properties of the 31 0.05 C, 18 Cr, 10 Mn, 3 Si 61,350 8,000 23.0 54.5 

A4 0.05 C, 14 Mn 43,400 7,000 45.0 74.4 
chromium-nickel alloys is obtained from a comparison 45 0.05 C’ 14 Mn,1W 50/200 s'000 36.0 72.4 


of specimens KA2S-H and KA2S-R. The hot-rolled 


7A. E. White and C. L. Clark, ‘Properties of Boiler Tubing at 
Elevated Temperatures Determined by Expansion Tests,” Trans. 
A.S.M.E., vol. 48 (1926), p. 1075. 

4A. E. White and C. L. Clark, “Stability of Metals at Elevated 
Temperatures,” Trans. A.S.8.T., vol. xv (1929), p. 670. 

5’ A. E. White, C. L. Clark, and L. Thomassen, “An Apparatus 
for the Determination of Creep at Elevated Temperatures,’ Pre- 
print, Semi-Annual A.S.M.E. Meeting, Detroit, June 9-12, 1930. 


the lower-carbon tube stock, these differences are the most 
marked in the case of the proportional-limit and percentage-of- 
elongation values. Also, as before, the quenched and hot-rolled 
materials differ from one another mainly in that the quenched 
material possesses the greater ductility, which is most noticeable 
in the percentage of elongation values. 

Steel RS, which differs from the remaining chromium-nicke! 
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steels in that it contains a higher amount of silicon, possesses 
the highest strength characteristics at this temperature of any 
of the steels considered. As would be expected, its ductility 
is somewhat lower. 

The replacement of nickel of the chromium-nickel steels with 
6.32 per cent of manganese resulted in decreased tensile strength 
and percentage of elongation values, but produced no marked 
effect in either the proportional limit or percentage reduction 
of area. Increasing the manganese content to 9.78 per cent, 
steel Bl, raised the tensile 
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creased or decreased, depending on the magnitude of the flow 
previously obtained. 

Numerical results taken from these two figures are given in 
Table 4. The first three columns of this table are self-explana- 
tory. The fourth gives the deformation occurring in what is 
commonly known as the first period of creep. This includes 
both elastic and plastic deformation, and also any elongation 
involved in the specimen’s adjusting itself to the applied load. 
It does not include the relatively large amount of elastic def- 


strength but caused a marked 000640 


lowering in the remaining physi- 


cal properties. oe 


The 14 per cent manganese 


steel, A4, has properties compa- — 


rable to those of the low-carbon 


Enduro KA2 in the hot-rolled 0.00520 


state. Its tensile strength is 


0.00480 
somewhat lower, but the remain- 


ing values are nearly identical. 
The addition of 1.23 per cent 


tungsten to this steel slightly 
increased the strength and low- 


| 
| 


ered the ductility. 


Creep CHARACTERISTICS AT 


1000 Dec. Fanr. 


Creep tests were conducted at 
1000 deg. fahr. on all of these 


‘2771 Lb. 


steels with the exception of the 
bar stock KA2 and the manga- 


Sq In ] 
| 


nese-chromium-silicon steel, Al. 
The results are given in Figs. 


50,000 Lb. per Sq In 


2, 3, and 4, and in Tables 4 and 5. 

Figs. 2 and 3 give the time- 
elongation curves of the chro- 
mium-nickel and manganese 


| 
| 
H 


/4,/98 lb. per Sa RS. 


16 230 Lb. per Sql 
tbh per In 


steels, respectively. In each of 
these tests a fixed load was ap- 


Y 


To >> per 


lb per Saln 


13,970 Lb. per Sq.Jn. 


4,710 Lb per Sa.Jn. 
i | 


plied and maintained constant 
until either the flow came to a 


tb per SqJn 


stop or until it remained at a con- 100 ©. 200 


stant rate for at least 200 hours. 


Then the load was either in- Fia. 2 


TABLE 4 FLOW CHARACTERISTICS AT 1000 DEG. 


Total 


Load deformation of 
per sq. in., 
Type of alloy Ib. 


0.05 C, 18 Cr, 8 Ni, 3 Si 


Designation 
RS 


C000 O90 0000 000 


KA2S-H 18 Cr, 8 Ni 


18 Cr, 8 Ni 


>, 18 Cr, 10 Mn, 3 Si 


14 Mn 


.14Mn,1W 


300 400 500 


FAHR. OF SELECTED STEELS 


Duration 


t 


Ist period, period, 
i hr. 


700 800 300 120 i300 «(1400 1700 


Time, Hours 


600 


Creer CHARACTERISTICS OF CHROME-NICKEL AUSTENITIC STEELS AT 1000 Dec. Fanr. 


formation obtained immediately 
upon application of the load. The 
fifth column records the period of 
time required for this creep, while 
the sixth, which is obtained by di- 
viding the figures in the fourth col- 
umn by those in the fifth, gives the 
average rate of creep during this 
period. This value has no practical 
significance as the rate of creep 
is constantly diminishing. It is, 
however, a measure of the metal’s 
strain-hardening ability. 

The figures in the seventh column 
are of greatest importance, for they 
show at what rate the metal will de- 
form when subjected to the given 
condition. These figures are ob- 
tained from the slope of the curves 
in Figs. 2 and 3 after a steady state 
of flow has been obtained. 


Rate of Rate of 
deformation deformation in 
in lst period, 2nd period, 

in. per hr. per cent/1000 hr. 


S9999 999 S990 


| | | | 
| | | 20.350 Lb per Sa Ir 
| 
gee 
| | | | | a 
0.900120 
9,225 0.000250 2.000033 0.011 
17,000 0.000470 1 0. 0000037 0.031 
21.800 0.000530 100 080 WER 
30,000 0.001000 75 170 
9,225 0.000000 0 000 
11.710 0.000140 50 000 
14,193 0.000180 200 500 
17.771 0.000410 200 066 
20,350 Ke 290 
KA2S-R 9,225 0.000105 75 000 
11,710 0.000080 50 000 
13970 0.000500 325 000 
16.230 0.000380 100 101 
Bl 0.05 11,900 0.000360 150 128 
13,300 0.000000 0 
15.850 0.000260 50 362 
A4 0.6 5,000 0.000040 25 000 
7.500 0.000080 25 000 
11.900 0.000650 175 092 
14.200 0.001640 225 272 
17,085 0.004400 175.0 992 
AS 0.05 9,225 0.000360 100.0 000 
11,710 0.000400 100.0 000 at. 
14.200 0.000560 175.0 056 
16.500 0.000760 175.0 165 4-3 
19.350 0.001420 150.0 360 
20.185 0.000880 100.0 498 
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Previous work of several investigators has shown that if the 

logarithm of the rate of deformation be plotted against the 
logarithm of the stress producing the deformation, a straight- 
line relationship will be obtained under certain conditions. 
Fig. 4 shows the values plotted in this manner. It will be ob- 
served that practically straight lines are obtained in nearly all 
cases. 
This type of chart is useful for two reasons: First, it allows 
various steels to be readily compared in so far as their load- 
carrying ability is concerned; and second, if the amount of allow- 
able deformation is known, then the maximum stress to which 
a metal can be subjected is easily determined. 

Considering the relative merits of the steels being investi- 
gated, the chromium-nickel alloys are seen to exhibit the greatest 
load-carrying ability at this temperature. The alloy of this 
type containing 2.35 per cent of silicon is superior to the speci- 
mens taken from tube stock. Results to date also indicate 
the water-quenched material to be somewhat superior to that 
in the hot-rolled conditions. 

Replacing the nickel in Enduro KA2 with 9.78 per cent of 
manganese, steel Bl, has resulted in a marked lowering of the 
metal’s ability to withstand continuous loads at 1000 deg. fahr. 
The straight 14 per cent manganese steel, A4, is slightly supe- 
rior to B1, while the addition of 1.23 per cent of tungsten has 
noticeably improved the load-carrying ability of the manganese 
steel. In fact, the properties of the manganese-tungsten alloy 
are comparable to those of the hot-rolled KA2 tube stock. 

In Table 5 are given values taken from Fig. 4, showing the 
stresses required to produce deformation at the rate of 0.01, 
0.10, and 1.0 per cent per 1000 hours. Values are not given 
for steels KA2S-H and KA2S-R as the tests on those are not 
as yet completed. 


TABLE 5 STRESSES REQUIRED TO PRODUCE DESIGNATED 
RATES OF CREEP IN SELECTED STEELS AT 1000 DEG. FAHR. 


-———Per cent per 1000 hr.—— 
0.10 


Designa- 0 : 1.0 
Type ———Lb. per sq. in.————~ 


0.05 C, 18 Cr, 8 Ni, 3 Si 
12,100 
15,750 
The load of 12,000 Ib. per sq. in. required to produce flow at 
the rate of 0.01 per cent per 1000 hours with the low-carbon high- 
silicon chromium-nickel alloy is comparable to the value of 


15,000 lb. previously reported for Enduro KA2. 


CONCLUSIONS 


The results obtained from the short-time tensile and long- 
time creep tests allow certain conclusions to be drawn regard- 
ing the effect of composition, fabrication, and heat treatment 
on the high-temperature characteristics of the selected steels. 

In so far as the short-time tensile properties at room tempera- 
ture are concerned, the substitution of manganese for the nickel 
in the Enduro KA2 type of alloy results in a slightly increased 
strength and greatly decreased ductility. The tensile strength 
increases with the manganese content while the proportional 
limit decreases. Specimens of the chromium-nickel alloy taken 
from tube stock display less strength and greater ductility than 
those from the bar material. Whether or not this material is 
water-quenched or hot-rolled makes no appreciable difference in 
the strength properties, but does greatly affect its ductility as 
shown in the percentage of elongation, the quenched material 
possessing much higher values. The manganese steels proved 
to be extremely brittle. 

The short-time tensile properties of the material at 1000 deg. 
fahr. arrange themselves in approximately the same order 
as at room temperature. The two straight manganese steels 
possess a good degree of ductility at this temperature, in fact, 
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superior to that of the chromium-manganese alloys and compar- 
able to that of the hot-rolled KA2. 

The creep results at 1000 deg. fahr. indicate that the chromium- 
nickel alloy from the bar stock has greater load-carrying ability 
than those from tube stock, and that the water-quenched mate- 
rial is slightly superior to the hot-rolled material. Also that the 
substitution of the nickel with manganese has produced a marked 
lowering in the material’s ability to withstand continuous stress. 
The 14 per cent manganese steels possess properties comparable 
to those of the chromium-manganese steel, while the addition 
of tungsten was found to increase its resistance to a marked 


degree, 
Discussion 


F. H. Norton.* Professors Clark and White have given 
valuable and interesting data in their paper. On the whole their 
results verify the statement the writer made some time ago that 
all austenitic steels were in a separate class in regard to resistance 
to creep at high temperatures. At that time tests were available 
only on the nickel-chromium austenites, and these new data on 
manganese and manganese-tungsten steels are very welcome. 

The authors show that all of these steels have a creep resis- 
tance of 8000 to 12,000 Ib. per sq. in. for a 1 per cent elongation 
in 100,000 hours at 1000 deg. fahr., which may be compared with 
a resistance, under the same conditions, of only 3000 or 4000 
lb. for carbon steel. At higher temperatures this difference 
would be even more marked. It would appear that the small 
differences found between the various austenitic steels tested for 
this paper might almost be within the experimental error, as 
the specimens were held at one load for only 300 hours. 

The authors have plotted their results on logarithmic paper, 
and it is interesting to notice that their points, in all cases, fall 
on a straight line and that the average slope is 1 in 5, which is an 
excellent confirmation of the 5th power flow regime which the 
writer recently called attention to. 

It would be most interesting if the authors continued the work 
on these steels up to higher temperatures, to determine whether 
the various austenitic steels showed the same similarity. 


J. J. Kanrer.? The authors report tension test values for 
75 deg. fahr. and 1000 deg. fahr. These values afford an inter- 
comparison of several austenitic alloys, several of the nickel- 
chromium alloys studied giving results comparable with those 
obtained at Crane Company laboratories. As is noted from the 
accompanying table (see Table 6), the results of the two labo- 
ratories are in fairly good agreement on similar grades and con- 
ditions of materials. There is a notable peculiarity brought out 
very clearly in the Crane Company results that bears emphasis. 
The proportional limits shown by the water-quenched material 
in general are considerably less than those given by the hot- 
rolled and hard-rolled conditions. That proportional limit 
at high temperatures cannot be taken as a criterion of long-time 
strength in this instance is demonstrated by the fact that creep 
stresses obtained on water-quenched KA2S are equal to those 
for the smaller-grained hot-rolled metal. Elsewhere’ it has been 
shown that at higher temperatures than 1000 deg. fahr. creep 
stresses for water-quenched KA2S are considerably higher than 
those shown by the metal as it cools from rolling. 

Even at 1000 deg. fahr., the extreme case of fine grain size in- 
feriority is brought out by creep results on hard-rolled KA2 
as compared with hot forged KA2. A very high elastic ratio is 

* Massachusetts Institute of Technology, Cambridge, Mass. 

7 Crane Company, Chicago, III. 

8 J. J. Kanter and L. W. Spring, ‘‘Some Long-Time Tension Tests 
at Elevated Temperatures,” A.S.T.M. Proceedings, 1930, and Va've 
Wor!d, Dec., 1930. 
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TABLE 6 TESTS OF SEVERAL AUSTENITIC ALLOYS, IN POUNDS PER SQUARE INCH 


Tested at 75° F.———~  — Tested at 1000° F. — 
Propor- Propor- 
Tensile tional Tensile tional — stresses (per cent per 1000 ——— 
strength limit strength limit 0.01 0.10 


U.M.2 C.Co.* U.M. C.Co. 


C.Co. U.M. C.Co. U.M. C.Co. 


U.M. C.Co. U.M. 


KA2, hard-rolled......... 
KA2, water-quenched.. 


108,950 .... 62,500 .... 69,300 . 40,000 .... 7,000 .... 16,000 60,000 


KA2S, hot-rolied.......... 2,300 87, "300 17,500 20,100 54,600 59,100 8,000 16,000 13,500 20,000 18,500 23,000 
KAQ2S, water-quenched.... 82,800 16,250 20,200 54,950 58,600 7,000 5,500 13,500 17,0008 18,000 23,000 
Ni- Cr-Si, hot-rolled. . 128) 900 45,000 79,100 35,500 10,000 a 19,000 53,000 


* U.M., University of Michigan; C.Co., Crane Company. 
6 Estimated from Fig. 4 (Clark and White ). 


exhibited by the hard-rolled material at both atmospheric and 
1000 deg. fahr. This high elasticity in short-time tests is re- 
flected by the creep stresses representative of high rates of def- 
ormation (1 per cent in 1000 hours). When minute creep is 
observed, however, the high-tensile KA2 is found to suffer a 
drastic reduction in its ability to withstand slight deformation. 

The tensile properties of austenitic steels, in the various con- 
ditions and treatments to which they are responsive, apparently 
obey the same rules which have been found to apply to other types 
of steel. Fine grain size at the lower temperatures is conducive 
to high strength and elasticity. At extremely elevated tem- 
peratures large grain promotes creep resistance. 


N. B. Prutmya.2 Manganese and nickel have a number of 
similarities in the way they behave in iron alloys, but they also 
have some points of dissimilarity, and it is not very safe to venture 
predictions regarding the qualities of one series based upon the 
nature of the other. The authors have pointed out a difference 
in strength properties at high temperatures between the chrome- 
manganese and chrome-nickel steels. While this is significant, 
the question is potentially one of so much importance to users 
and producers of metals for high-temperature service that it may 
be urged, without the slightest reflection upon the authors’ 
research, as one deserving careful and independent verification. 

While the paper is of course limited to a discussion of strength 
properties, it has doubtless come under the observation of the 
authors and would be interesting to know what comparison can 
be made between the chrome-manganese and chrome-nickel 
steels with respect to their corrosion by oxidation or other agen- 
cies at high temperatures. 


* Research Laboratory, International Nickel Company, Inc., 
Bayonne, N. J. 


Avutuors’ CLOSURE 


The authors appreciate the comments of the people who have 
discussed this paper and are pleased to know that the results 
reported by them are in accord with those obtained by other 
investigators. 

In regard to the comments of Professor Norton, the authors 
agree that austenitic steels possess the greatest creep resistance 
at the more elevated temperatures, but do not believe that such 
is necessarily the case at 1000 deg. fahr. They are aware of 
steels of the pearlitic type which possess, at 1000 deg. fahr., 
creep characteristics above the austenitic steels herein discussed 
or those of the chromium-nickel type. 

The authors also agree that for each metal there is perhaps a 
temperature range in which the creep results, when plotted on 
logarithmic paper, fall on straight lines and that the average 
slope is 1 in 5. They feel, however, that at temperatures below 
this range, if the results fall on straight lines, the lines have 
decidedly different slopes. 

They are also aware of many cases, in the lower tempera- 
ture ranges, in which this type of plotting does not yield straight 
lines. 

Concerning Mr. Pilling’s remarks, the authors did not intend 
to convey the impression that the chromium-manganese steels 
were not worthy of additional study, and they are looking 
forward to the publication of additional data on these steels. 

The authors are also in agreement with Mr. Kanter in that 
fine-grained materials possess the maximum creep resistance 
at temperatures below the “equicohesive’’ temperature range, 
while coarse-grained materials possess the maximum values 
at temperatures above. 

They also wish to thank Mr. Kanter for the confirmatory data 
he has presented. 
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Properties of Non-Ferrous Alloys at 
Elevated Temperatures 


By C. L. CLARK! anv A. E. WHITE,? ANN ARBOR, MICH. 


This paper gives the results of an investigation of the 
properties of certain non-ferrous alloys at elevated tem- 
peratures as determined by short-time tensile and long- 
time creep tests. The alloys considered are of four groups: 
the nickel-copper, nickel-cobalt-titanium, copper-zinc, 
and copper-zinc-tin series. The alloys are tested at tem- 
peratures both above and below their lowest temperature 
of recrystallization. 

Results indicate a superiority of the nickel-base alloys 
over the entire temperature range. The outstanding 
member of this group is Konel metal, which has short- 
time tensile properties at 1000 deg. fahr. comparable to 
Enduro KA2, and the greatest creep resistance at this 
temperature of any alloy of which the authors are aware. 
Monel metal retains its properties well up to 800 deg. fahr. 

Of the copper-zinc alloys, those containing 70 per cent 
or more copper are superior to those with 60 per cent of this 
element. None of these alloys can be used at tempera- 
tures much above 400 deg. fahr., and for those containing 
lower amounts of copper, 300 deg. fahr. is believed to be 
the maximum working temperature if stressesfof ap- 
preciable magnitude must be considered. 


metals when subjected to sustained 

loads at elevated temperatures is 
one that is receiving a great deal of at- 
tention at the present time. To date, 
however, a large share of the published 
work has been concerned with the be- 
havior of ferrous alloys, or of non-ferrous 
alloys of the chromium-nickel type. This 
present paper records the results obtained 
from non-ferrous alloys of the copper- 
zinc, the copper-zinc-tin, the nickel-cop- 
per, and the nickel-cobalt-titanium series. 


fan question of the behavior of 


C. L. 


The work on these alloys was undertaken as it was felt a, 


great need existed for this type of information. Many of these 
alloys find wide use at slightly elevated temperatures in such 


1 University of Michigan. Mr. Clark received the degrees of 
B.S. in Chemical Engineering in 1925, M.S. in 1926, and Ph.D. 
in 1928, from the University of Michigan. He has specialized in 
metallurgy, and is now research engineer in metallurgy in the De- 
partment of Engineering Research at the university. 

2 Director of the Department of Engineering Research and Pro- 
fessor of Metallurgical Engineering at the University of Michigan. 
Mem. A.S.M.E. Professor White received his B.A. from Brown 
University in 1907 and his Sc.D. in 1925. After graduation he 
served a few years with the Jones and Laughlin Steel Company, 
Pittsburgh, Pa. He has been at the University of Michigan since 
1911, except for two years spent with the Ordnance Department, 
U.S. A., during the World War. 

Contributed by the Joint Research Committee on Effect of Tem- 
peratures on the Properties of Metals and presented at the Annual 
Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Taz AMERICAN 
Socrety or MEcHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


applications as valve fittings, while others are used in tubular 
form at even higher temperatures. Each will render satis- 
factory service at temperatures up to a certain maximum, pro- 
vided the proper balance is maintained between temperature 
and stress. The information herein given is hoped to be of 
great value in properly defining these conditions. 


MATERIALS 


The alloys investigated belong to either the copper-zinc, 
the copper-zine-tin, the nickel-copper, or the nickel-cobalt- 
titanium series. Their composition, the condition in which 
they were tested, and the source from which they were obtained 
are given in Table 1. 

Ambrac metal differs chemically from Monel mainly in that 
the relative percentages of copper and nickel are interchanged 
and an appreciable amount of zinc added. The metal designated 
as K is the material known as Konel metal, which was developed 
at the Westinghouse Company and is claimed to have out- 
standing high-temperature properties. It differs from Monel 
metal in that the amount of nickel has been increased, the copper 
replaced with cobalt, and titanium added. 

The amount of copper in the copper-zine alloys varies from 

85.0 to 69.5 per cent, while in the copper- 
zine-tin alloys it ranges from 77.3 to 58.8 
per cent. 

The materials were received in */,-in. 
round bars and were all in the hot-rolled 
condition except three, designated as C, 
A, and Bin the table. In each of these 
cases the bars were given a final '/,-in. 
cold-draw. 


PROCEDURE 


The experimental work in this inves- 

tigation consisted of short-time tensile 

A. E. Warrs tests at normal and elevated temperatures 

determination of lowest temperature of recrystallization by 

means of hardness tests, and metallographic examination and 
long-time creep tests at selected elevated temperatures. 

The method used for the determination of the short-time 
tensile properties was the same as that described in previous 
papers by the authors.** The specimen is maintained at the 
desired temperature by means of an electric furnace inserted 
in a screw type of tensile machine. The furnace is calibrated 
so that the temperature distribution over its entire length is 
known. The load is applied in increments up to the proportional 
limit, and the amount of deformation produced by each is deter- 
mined by two Ames dials reading to one ten-thousandth (0.0001) 
of an inch. 

The apparatus and procedure used in the long-time creep 
or flow tests was described at the 1930 Semi-Annual Meeting 


3A. E. White and C. L. Clark, ‘‘Properties of Boiler Tubing at 
Elevated Temperatures Determined by Expansion Tests,’’ Trans. 
A.S.M.E., vol. 48 (1926), p. 1075. 

4A. E. White and C. L. Clark, “Stability of Metals at Elevated 
Temperatures,”’ Trans. A.S.S.T., vol. xv (1929), p. 670. 
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TABLE 1 CHEMICAL COMPOSITION, MECHANICAL CONDITION, AND COMMERCIAL SOURCE OF NON-FERROUS ALLOYS 


TEMPERATURE, DEG. FAHR. 


Fig. 1 StrenNetH or Non-Ferrovus ALLoys AT ELEVATED 
TEMPERATURES 


TABLE 2 TEMPERATURE OF RECRYSTALLIZATION OF NON- 


FERROUS ALLOYS OF THE COPPER-ZINC, COPPER-ZINC-TIN, 
NICKEL-COPPER, AND NICKEL-COBALT SERIES 


Temp. of recrystallization, deg. fahr.—--—~ 

Designation Type Hardness tests Metallographic examination 
R-85 85-15 Over 400, under 600 Over 400, under 500 
E-2 77-22- Over 400, under 600 Over 400, under 500 
E-1 60-40 Over 300, under 400 Over 300, under 400 
E-3 59-40-1 Over 300, under 400 Over 300, under 400 
B 70-30 Over 400, under 600 Over 400, under 500 
A 71-28-1 Over 400, under 600 Over 400, under 500 


Over 800, under 1000 
Konel Over 1000, under 1200 


° 
3 
& 


of The American Society of Mechanical Engineers in Detroit.5 
The apparatus is of the single-lever type, having a lever ratio 
f24 tol. A fixed load is applied and the resulting deformation 


INVESTIGATED 
Desig- Chemical composition 
nation Types of material Cu Zn Sn Ni Fe Mn Co Ti Condition Source 
M Monel 29.70 rr ae 67.70 1.77 1.28 aia en Hot rolled Int. Nickel Co. 
© Ambrac 64.08 5.67 i 29.38 .. 0.42 aay . Final '/s-in. cold drawn Am. Brass Co. 
K Konel ei (0.36 Al) (0.54 Si) 73.02 6.47 0.15 17.20 2.38 Unknown Westinghouse Mfg. Co. 
A Admiralty 71.05 27.95 0.97 ink we a ad im Final '/s-in. cold drawn Am. Brass Co. 
B Brass 69.48 30.44 “a Final '/s-in. cold drawn Am. Brass Co. 
E-1 Brass 60.21 39.72 0.16 0.020 grain size Bridgeport Brass Co. 
R-85 Brass 85.00 14.92 aia 0.030 grain size Bridgeport Brass Co. 
E-2 Admiralty 77.26 21.61 1.18 0.020 grain size Bridgeport Brass Co. 
E-3 Tobin bronze 58.79 40.43 0.88 0.025 grain size Bridgeport Brass Co 
110) MATERIAL CHEMICAL COMPOSITION and maintained constant until either the flow comes to a com- 
és SN antes PJ “ ZN OF E MN plete stop, at least in so far as it is measurably within the limits 
c — 6408 2938 567 77 eas of sensitivity of the apparatus employed, or until it has assumed 
100 ° Pye 6948 — 3044 — — a steady rate for at least 200 hours. Then the load is either in- 
R85 a = creased or decreased, depending on the magnitude of the def- 
cA 0.97 7105 — 2795 — ormation previously obtained. 
> 005 — For the determination of the lowest temperature of recrystalli- 
M zation, specimens of each alloy were severely cold worked, after 
a. — which they were subjected to tempering at various tempera- 
——> tures. They were maintained at temperature five hours, hard- 
ness readings being taken before and after the heating operations. 
2 70+ ys The temperature at which a sharp decrease in hardness was 
J ~ aed obtained was designated as the lowest temperature of recrys- 
7) EK Xe tallization. The location of this recrystallization temperature 
«6 KX Ss was also checked by metallographic means. 
RESULTS 
nes Lowest TEMPERATURE OF RECRYSTALLIZATION 
D4 Dias \ The temperature of recrystallization of each of these alloys 
2 a was determined by hardness tests and metallographic means. 
x In this particular case an accurate determination of this tem- 
30 perature was not felt necessary and a recrystallization range 
= rather than definite temperature was determined. The results 
are given in Table 2. 
2 On the basis of the recrystallization temperature the alloys 
may be divided into three groups. In one group, this tempera- 
ture ties above 800 deg. fahr., in another, between 400 and 600 
16 deg. fahr., and in the third, below 400 deg. fahr. 
The alloys containing large amounts of nickel fall in the 
O first group. The Konel metal retained at temperatures as 
fe) 200 400 600 800 1000. +1200 high as 1000 deg. fahr. all of the hardness given it through cold 


working, while the Monel metal did not undergo a loss in hard- 
ness at temperatures up to 800 deg. fahr. This indicates their 
respective temperatures of recrystallization to be over 1000 
and 800 deg. fahr. Since these alloys differ mainly in that the 
copper in the Monel metal has been replaced by cobalt, it is 
evident that this replacement has resulted in the recrystalli- 
zation range being raised 200 deg.fahr. Cobalt of course melts 
at a much higher temperature than does copper, and this may 
account for the increase. 

The copper-zine and copper-zinc-tin alloys containing 7() 
per cent or more of copper fall in the second group, that is, their 
lowest temperature of recrystallization lies over 400 and under 
600 deg. fahr. The alloys of these two series containing 60 per 
cent copper recrystallize at temperatures below 400 deg. fahr. 
Thus they belong to the third group. The lowering of this tem- 


measured by two misrors fastened to rollers TABLE 3 TENSILE STRENGTH AT INDICATED TEMPERATURES OF NON 


which are rotated by any change in length of FERROUS ALLOYS OF THE 


the’specimen. The sensitivity of the measuring 
system is such that readings accurate to 2.8 — teee 


millionths (0.000028) of an inch are obtainable. x Ni-Cu-Ti 
In performing this test a fixed load is applied ¢ ” Ni-Cu-Zn 
R- -Z 
‘A. E.SWhite, C. L. Clark, and L. Thomassen, Gu-Zn 
“‘An"Apparatus for the Determination of Creep at 
Elevated Temperatures,” Preprint, A.S.M.E.Semi- 4 ~ Gu-zn-Sn 
Annual Meeting, Detroit, June 9-12, 1930. E-3 Cu-Zn-Sn 


NICKEL-COBALT-TITANIUM, COPPER-NICKEL, 
COPPER-ZINC, AND COPPER-ZINC-TIN SERIES 


Material -———Temperature of test, deg. fahr.———~ 
Composition Condition 75 400 600 800 ane 

67-30 Hot rolled 84,000 ... 76,000 64,000 46,000 
29-64-5 '/s-in. cold drawn 91,500 80,950 77,500 65,250 48,500 
85-15 Hot rolled 43,800 38,525 29,950 20,250 * ano 
70-30 1/,-in. cold drawn 70,000 65,550 51,500 21,000 9,4¢ 
60-40 Hot rolled 55,350 45,750 25,150 8,700 
77-22-1 Hot rolled 50,600 50,175 40,625 25,600 ‘ ane 


71-28-1 '/s-in. cold drawn 68,500 65,950 55,800 26,400 
59-40-1 Hot rolled 
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perature with increasing amounts of zinc should be ex- 
pected, as zinc itself possesses a much lower recrystalliza- 
tion temperature than does copper, being 70 deg. fahr. as 
compared to 392 deg. fahr. 


ZA 


SHort-Time TENsILE Tests 


The short-time tensile properties of each of these alloys 
were determined at room and selected elevated tempera- 
tures. The results are given in Tables 3 to 6 and Figs. 1 
to 4, inclusive. 

Fig. 1 and Table 3 show the effect of composition, mechanical 
working, and temperature on the tensile strength of these alloys. 
Three of the alloys, designated as A, B, and C, were in the 
cold-worked condition and the remainder were hot-rolled. 

Again the high-nickel alloys display the maximum properties 
throughout the entire temperature range investigated. Konel 
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TABLE 4 PROPORTIONAL LIMIT AT INDICATED TEMPERATURES OF NON- 
COPPER-NICKEL- 


FERROUS ALLOYS OF THE NICKEL-COBALT-TITANIUM, 
COPPER-ZINC, AND COPPER-ZINC-TIN SERIES 


Condition 
Unknown 
Hot rolled 
1/s-in. cold drawn 
Hot rolled 
1/,-in. cold drawn 
Hot rolled 
Hot rolled 
1/s-in. cold drawn 
Hot rolled 


nation Type Composition 
K Ni-Cu-Ti 73-17-2 
vi-C 67-30 
29-64-5 
85-15 
70-30 
60-40 
77-22-1 
71-28-1 
59-40-1 


Cu-Zn-Sn 


metal was tested only at 1000 deg. fahr., but at this temperature 
it was much superior to the remainder. Its strength is compa- 
rable to that of Enduro-KA2, a chromium-nickel steel widely 
used at elevated temperatures. The Ambrac alloy displayed 
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TABLE 5 PER CENT ELONGATION IN TWO INCHES AT INDICATED 
TEMPERATURES OF NON-FERROUS ALLOYS OF THE NICKEL-COBALT- 
TITANIUM, COPPER-NICKEL, COPPER-ZINC, AND COPPER-ZINC-TIN 


SERIES 
Material 


Temperature of test, deg. fahr. 
Condition 75 400 600 800 1000 


Unknown 
Hot rolled 
1/s-in. cold drawn 
Hot rolled 
1/,-in. cold drawn 
Hot rolled 
Hot rolled 
1/s-in. cold drawn 
Hot rolled 


Cu-Zn-Sn 
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Fie. 3 Per Cent ELONGATION OF NON-FERROUS ALLOYS AT 
ELEVATED TEMPERATURES 


slightly higher values than did Monel, but it is to be remembered 
that the Ambrac was cold-rolled while the Monel metal was hot- 
rolled. Initial treatment greatly affects the short-time tensile 
properties, and if the Monel had been cold worked it would have 
displayed a much higher strength. 

With the copper-zinc-base alloys, the two cold-worked mate- 
rials possess the greatest strength. With increasing tempera- 
tures their superiority diminishes, and at the 
lowest temperature at which marked recrystal- 
lization occurs under the condition of the test, 
their strength is nearly identical to that of the 
other alloys containing 70 per cent or more of 
copper. The two alloys containing 60 per cent 
of copper lose their strength rapidly at tem- 
peratures above their lowest temperature of re- 
crystallization, about 400 deg. fahr. 

These figures emphasize the need of knowing 
the initial condition of the metal. From Fig. 
1 it appears as if the 70-30 brass has a strength at the lower 
temperatures much superior to that of the 85-15 alloy. This 
is without doubt due to the lower-copper alloy being in the 
cold-worked and the 85-15 brass in the hot-rolled condition. If 


B 73172 42.5 
Ni-Cu-Zn 29-64-5 17 12.0 
Cu-Zn 70-30 24 24.5 > 
Cu-Zn 60-40 51 
Cu-Zn-Sn 77-22-1 71 : 
Cu-Zn-Sn 71-28-1 35 33.0 
| 
8 69.48 — 3044 — 
60.17 — 3952 — 
R85 85.00 — 1492 — 
90 A 71.08 — 27.95 — 
60.08 — 38.72 0.05 
E2 77.26 21.61 
= os 
100 6948 — 3044 — 
60.17 — 3952 — |_| 
85.00 — i492 — 
71.05 — 2795 — 
90 60.08 — 38.72 008 — 
| | 
80 
A 
fe) 
200 
3 28,000 
4 38.000 
9,0) 
2 6.750 
1 7,000 
ate 
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TABLE6 PER CENT REDUCTION OF AREA AT INDICATED TEMPERA- : sai : 
TURES OF NON-FERROUS ALLOYS OF THE NICKEL-COBALT-TITA.  V#lUes superior to those of the 85-15 alloy, this is believed 
NIUM, COPPER-NICKEL, COPPER-ZINC, AND COPPER-ZINC-TIN SERIES _ to be due to their initial treatment and not to the composi- 


nation ype ompositio: onditio: 7 1 
_The variation in the percentage of elongation values are 
M_  Ni-Cu 67-30 Hot rolled 67.0 .. 659.2 44.1 15.7 given in Fig. 3 and Table 5, while those of the percentage 
Ni-Cu-Zn 29-64-5 1/sin. cold drawn 67.0 68.2 47.5 46.0 22.3 
R-85 Cu-Zn 85-15 ene walled 690 482 .. ioe of reduction of area are given in Fig. 4 and Table 6. 
B Cu-Z 70-30 ~—'1/s-in. cold d 61.5 28.5 9.0 23.0 26.0 indi ili 
taaa These all indicate that the ductility of these alloys tends 
E-2 Cu-Zn-Sn 77-22-1_ Hot rolled 76.4 65.7 54.6 35.0 .. to decrease with increasing temperature. In the case of 
A Cu-Zn-Sn  71-28-1 '/sin. colddrawn 64.0 40.0 25.5 56.5 39.4 
RS CaeteSa 80-40-1 Hot rolled 518 576 566 492  .. the cold-worked materials, however, this decrease is inter- 
rupted at the temperature at which recrystallization can 
1107 MATERIAL CHEMICAL COMPOSITION occur, and a sharp increase in ductility is obtained. With 
SN cu Nt ZN FE MN increasing temperatures, the ductility of these cold-worked alloy 
M — 2970 67.70 — 177 1.28 
— 64.08 2938 567 — 0.42 
B —- 69.48 — 3044 — _ The only exceptions to the above statements appear to be 
Et 0.07 60.17 — 3952 — th ial 60 f The d 
R 85 din 8500 — 1492 — nel e materials containing per cent of copper. e ductility 
90 A 0.97 71.05 — 2795 — — of these alloys is increased with the first rise in temperature, 
0.05 the decrease not beginning until temperatures of 400 to 600 
onl deg. fahr are attained. These alloys differ for the other copper- 
E2 base alloys studied in that they are not homogeneous solid solu- 
re tions, and the presence of the additional constituent may account 
gs for their difference in behavior. 
Ch ~ 
Lonc-Time Creep TEsts 
ee z= Long-time creep tests were conducted on the majority of 
z |e! ee St A these non-ferrous alloys at temperatures both above and below 
50 E3e-\ \ their lowest temperature of recrystallization. The results are 
N given in Figs. 5 through 8 and Table 7. 
\ Vv While a large number of time-elongation curves have been 
40 \ \ m Sa collected showing the behavior of these materials when subjected 
% ’ , to continuous stresses for long periods of time, only one typical 
“ E2\ example is included. That, designated as Fig. 5, gives the 
30 ~/ _ creep characteristics of Monel metal at 600 and 800 deg. fahr. 
\ Ne! B In obtaining these data, a fixed load is applied and the deforma- 
y, Le tion of the specimen recorded at daily intervals. As soon as it is 
20 
: \ evident that flow has either come to a complete stop, at least 
»M within the limits of sensitivity of the apparatus employed, or has 
10 assumed a steady state for 200 hours, the load is either in- 
creased or decreased. 
rR BS It is seen that in this particular case the Monel metal at 600 
99 
F) 200 400 00 300 00071 deg. fahr. was able to withstand loads as great as 22,000 lb. 


TEMPERATURE, DEG. FAHR. 


Fig. 4 Per Cent Repuction oF AREA OF Non-FEeRROUS ALLOYS AT 
ELEVATED TEMPERATURES 


the two were placed in the same initial condition, it is probable 
that the 85-15 brass would have the greatest strength. 

Fig. 2 and Table 4 show the variations in proportional limits 
under the same conditions. The alloys high in nickel have 
the maximum values at practically all temperatures. At 70 deg. 
and 400 deg. fahr. the cold-worked Admiralty metal has greater 
strength than the hot-rolled Monel, but this is because of the 
initial condition of the two materials. The Konel metal is much 
superior at the only temperature it was tested, 1000 deg. fahr., 
again having a value comparable to that of Enduro KA2. The 
cold-worked Ambrac has greater values at the lower temperatures 
than the Monel, but above 800 deg. fahr. the case is reversed. 
This is again due to the initial condition of the alloys. 

The two cold-worked alloys of the copper-base series are 
superior to the remaining alloys at the lower temperatures, but 
at 800 deg. fahr. their strength is comparable to that of the 
materials containing 70 per cent or more of copper. Those con- 
taining 60 per cent of copper lose their strength rapidly at tem- 
peratures above 400 deg. fahr., which is approximately their 
lowest temperature of recrystallization. 

Again the importance of knowing the initial condition of the 
metal should be emphasized, for while the 70-30 brass possessed 


per sq. in. without undergoing continuous deformation with 
time. When the load was increased to 27,500 lb., however, 
continuous flow did take place but only at the rate of 0.028 per 
cent per 1000 hours. This same material at 800 deg. fahr. can 
withstand stresses at least as great as 15,850 lb. without con- 
tinuous flow. 

Attention should be called to the apparent downward slope of 
the line representing the behavior of Monel metal at 600 deg. 
fahr. under a load of 17,000 Ib. Closer inspection will show that 
the line does not have a continuous slope, but is composed of two 
practically horizontal lines, with one displaced downward with 
respect to the other. This displacement is without doubt due to 
an external factor, such as a sudden jar on the apparatus, and 
should be considered as such. 

When continuous flow is obtained, its magnitude is deter- 
mined mathematically from the slope of the curves shown in 
Fig. 5. It may, of course, be expressed in any variety of unit 
desired, but the authors have found that of percentage per 1000 
hours to be convenient. 

Previous work has shown that, if the logarithm of the rate 
of creep be plotted against the logarithm of the stress producing 
that deformation, a straight-line relationship will be obtained 
under certain conditions. This has been done and the results 
are shown in Figs. 6 to 8, inclusive. It is seen that not only 
are straight lines obtained in nearly all cases, but also that 4 
majority of the lines are nearly parallel to one another. 


| q 
| 
| 
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Charts of the above type are valuable, for they not 
only allow the relative merits of the various alloys to be 
compared but they also furnish a rapid means of calcu- 
lating allowable working stresses, provided the amount of 
permissible deformation is known. Certain values of this 
type have been taken from the charts and are given in 
Table 7. 

Table 7 briefly summarizes the results obtained from 
the creep tests, and places them in a form so they may be 
readily used. It also gives certain other information such 
as the short-time proportional limit at the various tem- 
peratures, and the recrystallization range. 

From Table 7 it is seen that the Konel metal possesses 
the greatest creep resistance of any of the alloys. At 1000 
deg. fahr. it was able to withstand a stress of 43,920 lb. per 
sq. in. without suffering continuous deformation. Although 
its short-time tensile properties were comparable to those 
of Enduro KA2, its creep resistance is vastly superior. 

Of the remaining materials, the Monel metal is the su- 
perior and retains its creep resistance well at temperatures 
up to 800 deg. fahr. At 1000 deg. fahr. a sharp break oc- 
curs, a load of 1650 lb. being sufficient to produce con- 
tinuous deformation at the rate of 0.01 per cent per 1000 
hours. 

The copper-base alloys possess good creep resistance at 
400 deg. fahr., but have little load-carrying ability at 600 
deg. fahr. The cold-worked brass and Admiralty metal 
have the greatest resistance of any alloys of these series at 
400 deg. fahr., and their values are nearly equal. At 600 
deg. fahr. the Admiralty is slightly superior to brass, but 
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TABLE 7 SHORT-TIME TENSILE AND LONG-TIME CREEP CHAR- 
ACTERISTICS OF NON-FERROUS ALLOY AT ELEVATED 


TEMPERATURES 
Temperature Tem- Prop. 


of recrys- perature, limit, Creep characteristics, 


tallization, deg. Ib. per —— per cent per 1000 hr. 
Material deg. fahr. fahr. sq.in. Noflow 0.01 0.10 1.00 10.0 
70-30 Over 400 400 13,000 10,000 12,700 18,000 27,000 40,000 
Under 600 600 6,750 850 
70-29-1 Over 400 400 21,000 10,000 13,000 19,000 27,000 40,000 
Under 600 600 15,000 “es ali 1,950 3,800 7,200 
800 8,000 1,100 1,900 
Monel Over 800 600 28,000 22,000 26,000 36,000 46,000 —" 
Under 1000 800 20,000 18,780 19,000 23,500 29,000 ace 
1000 =13,500 1,650 4,300 11,500 30,000 
1200 1,700 4,650 
Konel Over 1000 1000 22,000 43,920 
Under 1200 
85-15 Over 400 400 7,000 7,500 8,800 12,000 17,000 
Under 600 
77-22-1 Over 400 400 8,000 10,500 13,000 16,500 
Under 500 
60-40 Over 300 400 8,000 
Under 400 
59-40-1 Over 300 400 16,000 — 3,500 5,700 9,400 


Under 400 


neither has sufficient strength to allow its use com- 
mercially at this temperature. Both were tested at 800 
deg. fahr. and while values are included for the Admiralty 
metal, the brass deformed so rapidly that the rate of 
creep was not constant but continuously increasing. 
Consequently they cannot be included in a chart of this 
type. 

The 85-15 brass is inferior to the 70-30 alloy in its 
ability to resist creep at 400 deg. fahr., but this may be 
due to the initial condition of the two materials. The 
77-22-1 alloy was much superior to the 59-40-1 material, 
but inferior to the 70-29-1 Admiralty metal. 

The values in the table show the creep characteristics 
of the alloys to be dependent on their lowest temperatures 
of recrystallization. In every case at the temperatures 
below this critical one the alloy was able to withstand loads 
of considerable magnitude without continuous deformation, 
while, at temperatures above this critical point, continuous 
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creep was obtained with any load, no matter how small. 
It is regretted that at the present time there are no results 
on similar alloys available in the literature so that a comparison 
can be made. More confidence is placed in results which may 
be checked by those from other sources. Until additional infor- 
mation does appear, these figures must be taken at face value. 


CONCLUSIONS: 


The results obtained allow certain conclusions to be drawn 
regarding the effect of temperature, mechanical working, and 
chemical composition upon the short-time tensile and creep 
characteristics of certain non-ferrous alloys. The effect of 
chemical composition and the temperature of recrystalliza- 
tion was also determined. 

In so far as the temperature of recrystallization is concerned, 
the alloy series arrange themselves in the order of decreasing 
temperature as nickel-cobalt-titanium, nickel-copper, and copper- 
zine alloys. Of the copper-zinc alloys, those containing 70 
per cent or more of copper have a higher range than those con- 
taining 60 per cent. 

The short-time tensile tests show the high-nickel alloys to 
possess the maximum strength over the entire temperature 
range, with the Konel metal being the outstanding member 
of this group. With the remaining alloys, the cold-worked 
materials possess the greatest strength at the lower tempera- 
tures, but their superiority decreases with increasing tempera- 
ture, and at temperatures at which marked recrystallization can 
occur, their properties are comparable to those of the hot-rolled 
alloys. The strength of the alloys containing 60 per cent of 
copper falls off at a more rapid rate with increasing temperature 
than do those containing 70 per cent or more of copper. 

The ductility of each of the alloys tends to decrease with in- 
creasing temperature. In the case of the cold-worked materials, 
however, this decrease is interrupted at the temperature of 
recrystallization. At this point a sharp increase occurs, which 
is again followed by a decrease with rising temperature. 

The creep results again show the high-nickel alloys to possess 
the maximum load-carrying ability at all temperatures and 


TABLE 8 TESTS OF MONEL METAL AND NICKEL 
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Concerning the relationship between the lowest temperature 
of recrystallization and creep characteristics, it is observed 
that at temperatures below the lowest temperature of recrys- 
tallization loads of appreciable magnitude do not produce 
continuous flow, while at temperatures above, continuous flow 
is obtained with any load regardless of its magnitude. 

The authors wish to express their appreciation to The Detroit 
Edison Company for the financial aid given to this work, and 
to C. F. Hirshfeld, Chief of Research for The Detroit Edison 
Company, for his kindly interest and advice. 


Discussion 


J. J. Kanter.’ The field of long-time tests on non-ferrous 
metals is one which as yet has been but little touched. Con- 
tributions in this direction fulfil an urgent need. 

In regard to rolled Monel metal, it should be of interest to 
note that much higher strength and elasticity at elevated tem- 
peratures than the authors report can be obtained on cold- 
drawn material. If the object of using Monel metal under 
temperature is high strength, these results should recommend 
it. (See Table 8.) 

The strength of cold-drawn Monel, nearly 60,000 lb. per sq. in. 
at 1000 deg. fahr., is second only to the Monel result reported 
by the authors. The reduced elongation and reduction of area 
which characterize these nickel alloys are shown by the Crane 
Company tests to occur also in pure nickel. This tendency 
toward brittleness, however, is greatly alleviated at 1200 deg. 
fahr., indicating that minimum points on the ductility-tem- 
perature curves occur in the vicinity of 1000 deg. fahr. 

An important aspect of tensile properties of wrought brasses 
and bronzes is their change during fabrication. When hot- 
rolled and extruded stock is forged or hot-stamped, it invariably 
is found to have undergone drastic softening. The difference 
in hardness between the ‘‘as received’ stock and the formed 
parts corresponds approximately to the loss sustained through 
a dead anneal. In order to properly evaluate high-temperature 
tensile properties representative of hot-worked articles, it is 
imperative that the test specimen be pre- 
pared from either hot-forged or annealed 


ture of tests, deg. fahr.——-—-—~ 
Source of tests Material 75 400 600. 800 1000. 1200 Stock. A number of non-ferrous alloys have 
Tensile Strength (Lb. per Sq. In.) been tested under temperature in both the 
Clark and White..... Hot-rolled Monel 84,000 76,000 64,000 46,000 ” iti 
Crane Company..... Cold-drawn Monel 95,300 87,000 83.000 75.700 58.350 37,900 received” and annealed conditions at 
Crane Company..... Cold-drawn Monel 120,800 107,000 100,000 86.250 59,900 34,400 Crane Company laboratories. These tests 
Crane C i 70, Y : 4 8, 27, 
»roportional Limit (Lb. per Sq. In. 
Clark and White. Hot-rolled Monel 30,000 ....._ 28,000 19,500 13,500 to the hot-rolled and extruded in propor 
Crane Company Cold-drawn Monel 47,500 57,000 55,000 44,800 : oe tional limit at temperatures up to 500 deg. 
Crane Company Cold-drawn Monel 92,500 70,000 77,000 52,500 = - fah h d f 50 75 t 
Crane Company... Hot-rolled nickel 24,000 28,000 26,500 17,500 14,000 6,000 ahr., to the order o to ¢o per cent. 
Elongation (Per Cent in 2 In.) Tensile-strength values likewise undergo an 
Clark and White.....  Hot-rolled Monel 45.0 42.0 33.0 15.5 . appreciable reduction of from 15 to 30 per 
Crane Company. . Cold-drawn Monel 28.5 26.5 28.0 24.5 13.0 43.2 
Crane Company..... Cold-drawn Monel 19.5 17.5 22.0 21.0 3.5 23.5 cent. 
Crane Company..... Hot-rolled nickel 48.0 46.0 46.0 52.0 29.5 32.0 The proportional limits of dead-annealed 
, Reduction of Area (Per Cent) brasses, while small in value at temperatures 
Clark and White..... Hot-rolled Monel 67.0 59.2 44.1 15.7 
Crane Company..... Cold-drawn Monel 53 3 53 0 53 O 45.2 23.5 43:2 from 75 to 400 deg. fahr., persist in measur- 
Crane Company..... Cold-drawn Monel 57.4 57.5 52 47.8 4.6 35.1 . , 
Crane Company.. .. Hot-rolled nickel 77.5 74.0 720 705 336 342 able values at temperatures above those for 


to be capable of use at higher temperatures than the copper- 
base alloys. The Konel metal possesses the greatest load-carry- 
ing ability at 1000 deg. fahr. of any material of which the authors 
are aware. 

On the basis of these results the maximum safe working tem- 
perature for certain of the alloys when appreciable stresses 
must be withstood are believed to be as follows: Konel, at least 
1000 deg. fahr.; Monel, 800 deg. fahr.; copper-zinc-base alloys 
with 70 per cent of copper, 400 deg. fahr.; copper-zine alloys 
with 60 per cent of copper, 300 deg. fahr. 


which this constant has practically vanished 
in the case of hot-rolled and extruded material. At 600 deg. 
fahr., a temperature for which the authors report 1500 and 1750 
Ib. per sq. in. proportional limit for hot-rolled yellow brass, it 
can be shown that the same material, when annealed at 1500 
deg. fahr., retains a proportional limit of 7000 to 12,000 lb. per 
sq. in. Creep tests on the annealed brass show a rapid decline 
of load-carrying ability in the vicinity of 400 deg. fahr., as has 
been reported by the authors for hot-rolled brasses. The red 
bronzes (not covered in the Clark and White report) are found 
~ Crane Company, Chicago, 
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in Crane Company tests to resist creep up to about 600 deg. fahr., 
a margin of 200 deg. fahr. superiority to yellow brass. 

It is of interest to note the types of fracture which are obtained 
on high-temperature tensile-test specimens, particularly non- 
ferrous metals and alloys. Normally, at atmospheric tem- 
perature, wrought brasses and bronzes rupture with cup-like 
fractures of a silky contour. Fractures of this kind persist up 
300 or 400 deg. fahr., where they commence to take on a more 
irregular or heterogeneous appearance. At 500 deg. fahr. and 
above, the breaks are characterized by jagged contours and 
complete disappearance of cup. In the case of Monel metal 
and other nickel-base alloys, similar transitions occur between 
800 and 1000 deg. fahr. For carbon and low-alloy steels a 
similar change is usually found between 800 and 900 deg. fahr. 
Highly tempered alloy steels that give a star-like or radially 
cracked fracture when cold, usually pass through a temperature 
range giving cup fractures before reaching irregular rupture. 
Austenitic irons and steels do not completely transform from 
silky to irregular rupture until they reach 1200 deg. fahr. 

These transformations in fracture type are usually interpreted 
as being due to change from rupture through the grains to 
rupture by separation of grains along their boundaries. This 
temperature or range of temperature has come to be called the 
“equicohesive’’ on the assumption that it represents a state in 
which the grain boundary strength is equivalent to the crystal- 
line cohesive force. Long-time test results indicate that it is 
in this critical range that metals start to creep at small loads. 
The temperature of recrystallization determined by the authors 
for the various alloys they considered are all well within the 
range where the fracture type usually changes. May it be 
suggested that the value of Table 2 would be greatly enhanced 
if it were correlated with descriptions of the fractures obtained 
in the tensile investigations. 


W. B. Price.’ In support of the authors’ statement that 
‘Results indicate a superiority of the nickel-base alloys over 
the entire temperature range,’’ the writer would like to record 
the results of some short-time tensile tests carried out some 
six years ago on Adnic. Adnic is a copper-nickel-tin alloy of 
the following composition: copper, 70 per cent; nickel, 29 
per cent; and tin, 1 percent. Its recrystallization temperature 
would be over 1100 deg. fahr. and under 1200 deg. fahr. Tests 
conducted on 4/j.-in. cold-drawn material gave the following 
results: 


Temperature of Tensile strength, 
tests, deg. fahr. lb. per sq. in. 
70 .... 94,000 
387 . 82,900 
557 81,000 
769 70,600 
957 ....+. 59,300 


If these results are plotted on Fig. 1 of the paper, it will be 
noted that the curve is above the curve for Ambrac and Monel 


metal. 
The proportional-limit results over the same temperature 


range were as follows: 


Temperature of Tensile strength, 


tests, deg. fahr. lb. per sq. in. 
70 .. 60,000 
387 58,500 
557 60,000 
769 46,300 


7 Chief Chemist and Metallurgist, Scovill Manufacturing Com- 
pany, Waterbury, Conn. 


be very much superior to any of the other alloys, even Konel. 

In the November, 1927, issue of Mining and Metallurgy 
there was an article by the writer on “The Physical Properties 
of Adnic.”” In that paper, in Fig. 1, a comparison of the physical 
properties of Monel metal and Admiralty nickel (Adnic) are 
shown in which the tests were carried up to 1500 deg. which is 
500 deg. higher than the temperature used by the authors. 
Note the high proportional limit and tensile-strength values 
at elevated temperatures exhibited by Adnic when compared 
with Monel. 


P. G. McVerry.® It is indeed interesting to see the results 
of independent tests of one of the Konel alloys which have been 
developed in the Westinghouse Research Laboratories. The 
first knowledge that the authors were investigating this material 
came when the paper was received. 

In Tables 2, 4, 5, and 6, the condition of the test specimens 
is given as “unknown.” The company is not acquainted with 
the history of this particular bar, but has obtained similar test 
results after heating at 900 deg. cent. (1652 deg. fahr.) for two 
hours and cooling in the furnace. 

To supplement the data given in the paper, Table 9 gives 
physical properties at 24, 400, 500, and 600 deg. cent., corre- 
sponding, respectively, to 75, 752, 932, and 1112 deg.fahr. These 
values were all obtained after annealing two hours at 900 deg. 
cent. (1652 deg. fahr.). 


TABLE 9 PHYSICAL PROPERTIES OF KONEL 


Density, 8.59 
Average coefficient of expansion: 0-100 deg. cent. 10.75 «K 1076 
0-700 deg. cent. 14.30 K 107* 


Temperature, deg. cent............. 24 400 500 600 
on 
Proportional limit, lb. per sq. in... 24,000 23,000 
Johnson's limit, Ib. per sq. in... . 29,500 31,500 
Yield point (0.2 % plastic strain), Ib. 55,500 55,400 39,800 41,600 
per sq. in...... ac 46,500 2,750 
Yield point (0.5% total strain), Ib. 57,000 56,900 41,000 43,200 
Ultimate strength, Ib. per sq. in... .. 82,500 66,000 
Young’s modulus, millions of Ib. pe 29.4 26.3 25.9 243 
Elongation in 3 in., per cent........ - 4 ro 4 18.3 15.6 
Elongation in 2 in., per cent... . 33.0 18.5 
Reduction of area, per cent...... a a's os 44.5 25.5 


The analysis referred to in the paper is one of a series of alloys. 
By variations in the constituents, it has been found possible to 
improve the alloy to meet various service conditions. A com- 
prehensive investigation of the system has been in process for 
about three years, and the writer expects to present a paper 
on the subject before the A.I.M.E. in February. 


Artuur J. HerscHMANN.’ This is an exceedngly interesting 
paper which has given much information and many ideas. In 
view of the statement that one of the main objectives of these 
investigations is the application of results to benefit central- 
station practice and construction for highest pressure in con- 
junction with highest temperature, it may be pertinent to tell 
of one instance of highest pressure and temperature where car- 
bon steel has thus far been satisfactory. 

The Loeffler boiler, which the writer represents, operates 
on 1900 lb. and 950 deg. total temperature. Drums and tubes 
have been in constant operation on slightly lower pressure and 
temperature for over three years, and no creep or change of 


8 Mechanical Engineer, Research Engineering Department, 
Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. Mem. 
A.S.M.E. 

* Agent for U. S. A. for Vitrovice Steel Works (Czechoslovakia), 
New York, N. Y. Mem. A.S.M.E. 
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FUELS AND STEAM POWER 


physical properties has been observed with testing equipment 
at disposal. It may be stated that these high-pressure drums, 
which are now about 44 in. diameter each and about 26 ft. 
long, are out of the fire. They are 2°/, in. thick. The super- 
heater tubes are of 45 carbon steel, there being no rolled joints; 
everything is welded. There is now a slight addition of molyb- 
denum, but only because it is relatively cheap and its increased 
cost is offset by the obvious advantages of consequently thinner 
tubes. The reason why this company can use 950 deg. total 
temperature is that its system precludes an accidental rise 
of such total temperature in the superheaters during operation, 
owing to the pump of the Loeffler system which invariably cools 
these tubes with ample steam. Loeffler boilers are built for 50 
and 75 tons of steam per hour, on steel as stated. 

The 2500-hp. Loeffler locomotive of the German Reichsbahn 
has a high-pressure drum of nickel-chromium steel owing to the 
desirability of obtaining the lowest possible weight. 

Answering the statement that ordinary carbon steel could not 
very well serve a much higher combination of pressure and tem- 
perature than the foregoing, the writer would repeat that the 
circulating pump of the Loeffler design enables the working in 
these limits with considerable safety. Professor Loeffler could 


see no advantage in going above such pressure and temperature. 
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Avutuors’ CLosuRE 


The authors appreciate the discussion which has been offered 
to this paper and are pleased to find their work in agreement 
with that of other investigators. They wish to thank Mr. 
Kanter for his comments and additional data showing the 
affect of heat treatment and methods of fabrication on the re- 
sulting physical properties of these non-ferrous alloys. They 
are well aware that the initial condition of these alloys greatly 
affects their properties, but time has not as yet allowed the long- 
time creep tests to be conducted on each of these alloys in all 
possible conditions of fabrication and heat treatment. 

In regard to Mr. Price’s comment, it: should be understood, 
of course, that when the authors made the statement, “Results 
indicate a superiority of the nickel-base alloys over the entire 
temperature range,” they were referring only to the alloys 
considered in this paper. 

They have not as yet conducted any tests on Adnic, but 
are hoping to be able to investigate this interesting alloy at a 
later date. 

The authors are also gratified for Mr. McVetty’s comments 
and additional data concerning Konel metal and to Mr. Hersch- 
mann for his comments as to operating temperatures and pres- 
sures in the Loeffler boiler. 
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Fractures in 


During the past several years many specimens of failed 
boiler materials have been brought to the authors’ at- 
tention with questions as to the mechanism and probable 
cause of the failures. In some cases the pieces consisted 
of fractured portions of tubes, blow-off pads, saddles, 
plates, rivets, and similar boiler parts. The examinations, 
which were to a large extent metallographic in nature, 
have led to some generalizations and classification of 
cracks and fractures as related to the causes of failure. 
This paper classifies the types of failure and gives their 
metallographic characteristics. The material presented 
consists of a short review of the literature on boiler-meial 
failures, a detailed description of fractures in boiler metal 
due to known causes, and a description of actual failures 
in service. 


ROM a study of the literature the causes for failures in 

boiler materials may be divided roughly under three 

general headings: defects due to the composition of steel 
or to steel-mill practice, defects due to methods of boiler con- 
struction, and defects developing as a result of conditions of 
operation of the equipment. These divisions are not entirely 
clear-cut due to the close interrelationship of these factors. 

High sulphur and especially high phosphorus contents in steel 
have been mentioned as contributing causes of brittleness by 
Fowler* and by Law.‘ Houghton® believed that the combined 
contents of phosphorus and arsenic determined to a large extent 
the satisfactoriness of boiler steel. 

Segregation of constituents®’* and other non-homogeneities 


1 Professor of Metallurgy, Director, Department of Engineering 
Research, University of Michigan. Has been a member of the faculty 
of the U. of M. since 1911. Previous to that he was with the Jones 
and Laughlin Steel Co. in charge of certain phases of research work. 
He is the author of many papers on metallurgy. 

2 Associate Investigator in the Department of Engineering 
Research, University of Michigan. Born December 16, 1900. 
Attended Detroit Junior College, the University of Chicago, and 
received degree of Bachelor of Science, Chemical Engineering, at 
the University of Michigan in 1923; received degree of M.S.E. at 
same institution in 1928. Was associated with the Studebaker 
Corporation for three years as analytical and plant chemist. Asso- 
ciated with the University of Michigan continuously since 1924. 
Member of honorary societies Sigma Xi and Iota Alpha and of 
technical societies American Society for Steel Treating and American 
Electrochemical Society. Published one paper on metal cleaning 
and six on chromium plating. 

H. Fowler, ‘‘Notes on Fractures in Locomotive Boiler Tubes,” 
Trans. Faraday Soc., 1921, pp. 82-90. 

‘E. F. Law, “Brittleness and Blisters in Thin Steel Sheet,” Jl. 
Iron and Steel Institute, vol. 69, pp. 134-144, 1906. 

*S. A. Houghton, ‘Failures of Heavy Boiler Shell Plates,” Jl. 
Iron and Steel Institute, vol. 89, pp. 266-292, 1914. 

*R. S. Williams and V. O. Homerberg, ‘‘The Macroscopic Ex- 
amination of Steel,’’ Trans A.S.S.T., vol. 6, pp. 295-314, 1924. 

7 W. Rosenhain and D. Hanson, “The Failure of Boiler Plates in 
Service and Investigations of the Stresses That Occur in Riveted 
Joints,’”’ Jl. Iron and Steel Institute, vol. 97, pp. 313-324, 1918. 

* Anon., “Explosion of an Autogenously Welded Boiler,”’ Genie 
Civil, vol. 90, pp. 245-246. 

Contributed by the Joint Research Committee on Boiler Feedwater 
Studies and presented at the Semi-Annual Meeting, Detroit, Mich., 
June 9 to 12, 1930, of Tae American Society oF MECHANICAL 
ENGINEERS. . 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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Boiler Metal 


such as are revealed by macroscopic etching, a Rosenhain etch,* 
or by sulphur prints” are commonly found near fractures. In 
many cases, however, segregations do not constitute a serious 
defect. 

Pipes, blow holes, seams, and inclusions constitute defects of a 
serious nature. In order to improve the quality of boiler plate, 
Houghton‘ suggested that not more than 45 per cent of the ingot 
be used for this purpose. It is general practice, however, ac- 
cording to McKnight and Humpton,'! with rimming carbon steel 
to utilize about 70 per cent for boiler plate, and with nickel steels 
about 60 per cent. In order to improve the physical properties 
much of the boiler steel is being supplied in the normalized condi- 
tion. 

Many failures have been traced to serious strains induced by 
careless riveting!*:!3.\4.4 in the process of constructing the boiler. 
Sharply bent flanges" if not properly heat-treated are quite apt to 
suffer from aging and become brittle or they are liable to fail by 
corrosion. Boiler-making methods have been improved greatly 
by drilling instead of punching the rivet holes, by more careful 
calking, and in general by improving the fit of the various parts of 
the boiler so that undue stresses are not set up in the seams." 
Many of the defects enumerated thus far can be detected by good 
inspection methods. 

A large share of failures occur from defects which although they 
may have their inception in the stresses or flaws present when 
the boiler went into service do not, however, make their appear- 
ance until after the boiler has been in service for some time. 
Cracking sometimes occurs in stressed parts due to a phenomenon 
known as blue brittleness. If a piece of low carbon steel is de- 
formed and heated to from 300 to 450 deg. cent., the material 
becomes brittle, and the fractured steel has a bluish tinge. 
Nickel and especially chromium raise the temperature at which 
such embrittling takes place. Brittleness’* is also developed on 
aging. It was observed that some boiler plate which was known 
to be ductile when the boiler was built became markedly less 
ductile after several years’ use. 

Age-hardening after cold drawing is due to the carbon according 
to Pfeil.* Carbon-free iron does not age, but as little as 0.0025 


* W. Rosenhain and J. L. Houghton, ‘‘A New Reagent for Etching 
Mild Steel,” Jl. Iron and Steel Institute, vol. 89, pp. 515-524, 1914. 

10 F. Rogers, “‘Note on the Investigation of Fractures,”’ Jl. Iron 
and Steel Institute, vol. 85, pp. 379-386, 1912. 

11°C. McKnight and W. G. Humpton, “The Manufacture of 
Nickel Steel Plate,’’ International Nickel Co., Bulletin No. 14, 1929. 

12 E. Schulz, “Boiler Sheet Failure,’ Elektro-Journal, vol. 5, pp. 
1-10, 1925. 

13 P. Ludwik, “Elastic Limits, Blue Burittleness, and Caustic 
Embrittlement,”’ Zeit. Verein deut. Ing., vol. 70, 385-386, 1926. 

14 F, Miller, “Explosion of a Cellulose Cooker,”’ Zeit. Bayerischen 
Revisionsvereins, vol. 31, pp. 195-197, 209-213, 1927. 

18 Anon., ““Embrittlement of Boiler Plates by Chemical Agency,” 
Iron and Coal Trades Review, vol. 117, p. 367, 1928. 

16 W. Quack, “Boiler Explosion Due to Fatigue Fracture,’’ Warme, 
vol. 48, pp. 369-372, 1925. 

17 §. W. Parr and F. G. Straub, ““Embrittlement of Boiler Plate,” 
University of Illinois Experiment Station, Bulletin No. 177, 1928. 

18 ©. E. Stromeyer, “The Aging of Mild Steel,”’ Jl. Iron and Steel 
Institute, vol. 73, pp. 200-221, 1907, also ‘‘Further Experiments on 
the Aging of Mild Steel,’ Jl. Iron and Steel Institute, vol. 75, pp. 
86-104, 1908, also ‘“‘The Aging of Mild Steel and the Influence of 
Nitrogen,”’ Jl. Iron and Steel Institute, vol. 79, pp. 404-420, 1909. 

1” L. B. Pfeil, “The Change in Tensile Strength Due to Aging of 
Cold-Drawn Iron and Steel,” Jl. Iron and Steel Institute, vol. 118, 
pp. 167-181, 1928. 
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per cent of carbon will permit aging. Iron oxide acts similarly. 

Cracking has been ascribed by some writers to pure physical 
Wolff? describes some transcrystalline cracks and 
suggests that fatigue is an important factor contributing to the 
failure. Similarly Rosenhain and Hanson**** believed that 
cracking might occur in mild carbon steels through prolonged 
tensile stressing. However, upon loading steel containing 0.10 
per cent carbon with stresses up to */; of the normal ultimate 
strength for over five years and maintaining a temperature of 
300 deg. cent., no fracture took place. 

Cracking in boiler metals has also been considered a corrosion 
phenomenon. Kérber and Pomp* demonstrated by means of 
etching agents containing copper that locally strained areas were 
present and that corrosion and cracking took place along these 
lines or directions of high stress. 

Cracking due to brittleness and strain is in general through 
the grain. A large number of boiler cracks are intercrystalline 
and start at points of high localized stresses. This phenomenon 
has been termed by some caustic embrittlement. Parr and 
Straub'’-*8 in a series of carefully controlled tests showed that 
intercrystalline cracking such as is often found in boiler plate 


_ could be reproduced in the laboratory at operating boiler tempera- 


tures by maintaining a piece of steel in tension under a stress near 
the elastic limit in contact with a solution containing no less than 
100 grams per liter of sodium hydroxide. They point out that 
high stresses may occur in the vicinity of riveted joints, and that 
in small cracks or fissures acting as capillaries a high concentration 
of salts can be formed. Careful control of the boiler-water com- 
position and the addition of sodium sulphate will materially de- 
crease chances of embrittlement. Suggestions of other possible 
mechanisms of intercrystalline cracking have been made, notably 
that of corrosion-fatigue by MacAdam.” Pfeil® has showed 
that occluded hydrogen always weakens the grain boundaries so 
that intercrystalline cracks are formed. In many cases inter- 
crystalline cracks have developed in the presence of stress and a 
corroding medium. For example, low carbon-steel pans used in 
evaporating sodium-nitrate solutions cracked where the metal 
was bent sharply. Solutions of other nitrates and alkalies acted 
in the same manner on stressed steels. 

The water in the boilers if not properly controlled™ as to its 
pH, oxygen, and carbon-dioxide content may cause corrosion and 
pitting of the steel. Woodvine and Roberts*® showed that segre- 
gation of constituents in the metal also affected the pitting and 
corrosion in boiler tubes. If the process of water softening is 


20 B. Straus and A. Fry, “Crack Formation in Boiler Plates,” 
Stahl u. Eisen, vol. 41, pp. 1133-1137, 1921. 

21G. Ness and D. A. MacCallum, “Fractured Boiler Plates,’’ 
Ji. West Scotland Iron and Steel Institute, vol. 35, pp. 101-109, 1928. 

22 E. B. Wolff, ‘‘The Failure of Boiler Plates in Service and In- 
vestigations of the Stresses That Occur in Riveted Joints,” The Engi- 
neer, vol. 124, p. 456, 1917. 

23 W. Rosenhain and D. Hanson, “Intercrystalline Fracture in 
Mild Steel,”’ Jl. Iron and Steel Institute, vol. 101, pp. 2-24, 1920. 

24 W. Rosenhain and D. Hanson, ‘The Behavior of Mild Steel 
Under Prolonged Stress at 300 Deg. Cent.,’”’ Jl. Iron and Steel In- 
stitute, vol. 116, pp. 117-125, 1927. 

28 F. Koérber and A. Pomp, “Cracks and Corrosion in Boiler 
Parts,” Zeit. Bayerischen Revisionsvereins, vol. 30, pp. 279-285, 
295-301, 1926. 

26S. W. Parr and F. G. Straub, ‘“‘The Cause and Prevention of 
Embrittlement of Boiler Plate,’’ University of Illinois Experiment 
Station Bulletin No. 155, 1926. 

27 —D. J. MacAdam, Proc. A.S.T.M., vol. 26, p. 88, 1926, discus- 
sion; Proc. A.S.T.M., vol. 27, p. 70, 1927, discussion. 

*L. B. Pfeil, “The Effect of Occluded Hydrogen,” Proc. Royal 
Soc., London, vol. 112, p. 182, 1926. 

* J. Jicinsky, ‘Corrosion and Cracking of Boiler Plates and 
Tubes,”’ Glickauf, vol. 63, pp. 1373-1380, 1927. 

% G. R. Woodvine and A. L. Roberts, ‘‘The Influence of Segrega- 
tion on Corrosion of Boiler Tubes and Superheaters,” Jl. Iron and 
Steel Institute, 1926, vol. 113. 


not adequate, scale will form in the tubes and permit overheating 
which may lead to bulges and even ruptures of the tubes. 


CHARACTERISTIC Fractures To KNown Causes 


In order to present more or less ideal type failures, boiler-tube 
material was caused to fail by bending, compression, tension, 
impact, fatigue, and by caustic embrittlement. The character- 
istics of each type of failure were noted and were later compared 
with those of failures actually met with in boiler materials. 

The material used in this study was ordinary boiler tubing hav- 
ing the following analysis: 


chs 0.14 per cent 
0.14 per cent 


It was annealed at 1800 deg. fahr. for four hours and cooled 
slowly in the furnace in order to produce equiaxed, unstrained 
crystals of large size. Photomicrographs in Figs. 1 and 2 show 
the structure of the metal at 100 and 1000 diameters, respectively. 
At the lower magnification a tendency can be seen for the carbides 
to be distributed along lines in the direction of working. In 
general the material is fairly clean, homogeneous, with distinct, 
straight grain boundaries. 

The failures produced in the manners described were in some 
cases accompanied by deformation of the crystals and in others 
the crystals were not deformed. The results of the tests are 
therefore taken up according to that classification. 


FaiLurEs ACCOMPANIED BY DEFORMATION OF THE CRYSTALS 


Slip Lines. Upon subjecting a polished and etched section of 
this steel to a stress by squeezing in a vise, lines corresponding to 
the crystallographic planes of slip are formed. Typical slip lines 
are shown in photomicrographs in Figs. 3 and 4 at 100 and 1000 
diameters, respectively. Lines of slip are shadows due to differ- 
ences in level caused by the sliding of different portions of a 
crystal along gliding planes. In the case of a-iron, this represents 
the trace of the [111] plane. The stress must be, locally at least, 
beyond the elastic limit of that crystallographic constituent so 
that failure or disorganization of a series of unit cells takes place. 
After repolishing and re-etching the specimen it will be found that 
the slip lines (or slip bands) have disappeared. This is shown in 
photomicrographs in Figs. 5 and 6. Repolishing effaces the 
differences in level and thus eliminates the evidence of slip. 

X Lines. A strip of this steel was bent through an angle of 
180 deg. and then bent flat again. Photomicrograph in Fig. 7 
presents a longitudinal section at 100 diameters through the axis 
of bending. Bending took place along an axis perpendicular 
to the edge shown in photomicrograph Fig. 7 and roughly through 
the middle of the picture. A number of lines can be seen existing 
in some of the crystals. Since polishing and etching do not com- 
pletely efface these lines, they must be considered a severer type 
of slip line or, to use the nomenclature of Howe,*! they are X 
lines or X bands. They are found in this steel only in the ferrite; 
a typical system is shown in photomicrograph Fig. 8 at 1000 di- 
ameters. It is to be noted that X lines have formed only in a 
portion of the crystals, undoubtedly in those crystals only whose 
orientation favored deformation by stresses applied in the direc- 
tion in which the force was applied in this case. It is to be noted 
further that all of the X lines make angles of 45 deg. or less with 
the axis of bending. It can be inferred that the orientation of the 
undeformed crystals was such that they resisted deformation 
sufficiently so that no traces of X lines resulted. 


31 H. M. Howe, “The Metallography of Steel and Cast Iron,” 
p. 452, edition of 1916, McGraw-Hill Book Co. 
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Whereas a slip line may be a phenomenon affecting material in 
a section having a thickness equal to a few unit lengths of the 
space lattice, several Angstroms wide, an X line embraces a sec- 
tion of metal at least 0.0001 in. wide. 

It is generally accepted that etching effects in crystal aggre- 
gates are due to differences in the solubility of the various con- 
stituents. In pure substances or in solid solutions where the 
chemical composition is uniform, differences in appearance noted 
under the microscope are due to the differences in solubility as a 
result of orientation. X lines can probably be explained on the 
basis of one or more of the following hypotheses: 

1 They may represent sections of a crystal containing greater 


Fie. 7 Section THrouGH Axis oF BENDING AFTER SPECIMEN 
Was Bent 180 AND Back—rTHE X LINES 
ForMeEp WILL Stitt Be THERE AFrerR REPOLISHING AND Rge-Ercu- 
InG—Nore X Lines MAKE ANGLES Less THAN PLUS oR Minus 45 
Decrees WirtH Axis oF BENDING—aT 100 DIAMETERS 


Fig. 8 Same as Fic. 7 put at 1000 DIAMETERS 


strain and therefore, being at a different electrolytic potential, 
dissolve at a different rate in the etching medium. 

2 They may represent sections of metal having distorted, 
partially disorganized, or otherwise imperfect unit cells and thus 
exert a greater solution pressure. 


3 They may represent sections of metal, the orientation of 
whose lattice is slightly different from that of the rest of the 
crystal. Howe inclines to the last explanation when he says: 
“Hence these X bands may be twinned layers, or at least layers 
of different even if not symmetrically different orientation.” 

Failure by Bending. It was found necessary to bend this steel 
through 180 deg. and back three times before failure was induced. 


Fie. 9 Specimen Was BrokeN BY BENDING Back AND Fortu 

TuHRovuGH 180 Decrees THREE TIMES—PHOTOMICROGRAPH AT 100 

DIAMETERS SHows EpGe or Fractrure—Notre TuHat X Lines 

PARALLEL THE AXIS OF BENDING Much More CLoseLy THAN IN 

Fie. 7—1n Most Cases THE X Lines MAKE ANGLES Less THAN 10 
Deerees WitTH Axis oF BENDING 


Fie. 10 Section One-Hatr Back From BrnpinG FracTuRE— 
Nore Burst Grain BouNnDARIES AND CRACKED CrysTaL—aT 100 
DIAMETERS 


The stresses naturally were a mixture of tension and compression. 
Photomicrograph Fig. 9 shows at 100 diameters the fractured edge 
which had been preserved by copper plating for 36 hr. Although 
not readily apparent, careful examination will show that the 
fracture is transcrystalline, that is, it passes through the crystals. 
It is interesting to note in the vicinity of the failure that, (1) the 


32 H. M. Howe, “The Metallography of Steel and Cast Iron,” 
p. 455, edition of 1916, McGraw-Hill Book Co. 
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Fie. 11 Same Section as 1n Fia. 10 nut at 500 Diameters—Nore Fractures Run 
THE GRAINS 


an 


wi 


Fie. 12 Benpine Farture at 500 Diameters—Nore Burst Grain BounpDARIES IN LOowER PORTION AND THE 
CRACKS IN THE LARGEST CRYSTAL 


= 4 


- 


Fie. 16 Same as Fia. 14 sur at 1000 DriaMEeTeRS—ProceEss 
oF ELONGATING THE PEARLITE CONSTITUENT AND THE FLOW oF 
Ferrite Are SHOWN 


Fie. 13 A Lone TRANSCRYSTALLINE CRAcK DvuE To BrenpINGc— 
at 1000 DIAMETERS 


Fie. 14 Epe@e or Specimen SuBJECTED TO COMPRESSIVE STRESS— Fic. 17 


Compression Farture at 100 
aT 100 DIAMETERS 


or Grain Took Piace ONLY ALONG 


Fie. 15 Same as Fia. 14 put at 1000 Diametrers—Nore Incrprent Fie. 18 aT 1000 DramMeTERS OF COMPRESSION 
FAILURES IN THE FERRITE FaILure 


é 
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crystals are deformed as would be expected, and that (2) a larger 
portion of the grains exhibit strain lines or X lines than were 
visible in photomicrograph Fig. 7. Some of the lines are double 
so that it would not be incorrect to term them X bands. Few 


Fic. 19 Epce or Tension Is Across THE 
Grain—at 100 DIAMETERS 


Fie. 21 Cracxinc Dug To SHowN at 1000 DIAMETERS 

—Tuis Secrion Was Asout One-Hatr Incu Back From THE FrRac- 

TURE—CRACKING TooK PLACE IN THE PEARLITE ALONG A LINE 
MAKING AN ANGLE oF 45 DEGREES TO THE APPLIED STRESS 


of the X lines and X bands, the directions of which are assumed 
to be indicative of the orientation of the crystals, make angles 
greater in magnitude than about plus or minus 10 deg. with the 
axis of bending. Such a condition may well be explained on the 
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basis of movement of the grains in the aggregate approaching as 
limit a condition of identical orientation. 

Photomicrograph Fig. 10, also at 100 diameters, shows an area 
more remote from the edge of the fracture. Less severe X lines 


Fig. 20 Tension Fracrure at 500 Diametrers—-Nore Frac 
MENTATION OF CARBIDES AND ABSENCE OF STRAIN Lines IN Row oF 
CryYsTALs ADJOINING FracTuRED EpGe 


Fig. 22 aT 1000 Diameters SuHowine 45 De- 
Gree SHearR Fartures in Due To TENSILE PULL 


and a larger portion of undeformed crystals can be seen. Two 
important points are brought out in this picture. First, some of 
the crystals seem to have abnormally wide grain boundaries and, 
second, failure can be seen taking place in some of the grains. 
Upon examination of the wide boundaries at higher magnifica- 
tion, shown at 500 diameters in photomicrograph Fig. 11, the 
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boundary around a small grain possessing X lines is seen to be 
ruptured. The crystals are actually torn apart. This same con- 
dition is shown in photomicrograph Fig. 12 also at 500 diameters. 
In the former the formation of a series of cracks can be seen run- 
ning across in a direction parallel to the axis of bending and 
parallel to the X lines in two smaller adjacent crystals. It is not 
unlikely to suppose that this large crystal also possessed X lines 
until failure took place which relieved the strains and permitted 
the crystal to recover elastically. 

The presence of burst grain boundaries shows that technically 
one may think that a bending fracture is sometimes intercrystal- 
line. Actually, however, a bending failure is transcrystalline as 
shown by the fractured edge in photomicrograph Fig. 9, in cracked 
crystals in photomicrographs Figs. 10 and 11, and even more con- 
vincingly at 1000 diameters in photomicrograph Fig. 13, which 
clearly shows a long transcrystalline crack. 

Failure by Compression. Another strip of this same boiler tube 


until they too are oriented in a direction favorable to distortion 
by the existing stress. 

On the other hand no definite cracking can be observed in the 
pearlite. The pearlite is elongated in the direction normal to the 
compressive force as is shown at 1000 diameters in photomicro- 
graph Fig. 16. The pearlite does probably crack, but it cannot 
be observed readily at this magnification due to the darkness of 
the constituent. The portions cracked off are then carried along 
much as logs are floated along on the surface of a stream, and the 
voids filled with the relatively plastic ferrite. 

Since no serious cracking or fracturing occurred, a less ductile 
steel was then used. A */,-in. round bar, 3 in. long of 0.20 per 
cent carbon steel was subjected to a compressive load of 100,000 
Ib. Cracking took place along the Liiders lines, planes making 45- 
deg. angles with the axis of compression. Microscopic examina- 
tion revealed the fact that no appreciable distortion of the crystals 
took place except along the Liiders lines. This situation is 


Fie. 23 PxroromicroGrarH aT 3000 DIAMETERS oF A 45-DEGREE 
Farture Dve to Tension—tTHE Fiow or Ferrite Has Cavusep 
RoTaTION OF THE LowER FRAGMENT OF THE PEARLITE GRAIN— 
Nore THE Ferarite Fiowine Into THe Voip at THE Ricut SIpE 


steel was subjected to a compressive stress of about 125,000 Ib. 
per sq. in., which flattened the specimen considerably. After 
being copper plated for 36 hr. it was polished and etched. Photo- 
micrograph Fig. 14 at 100 diameters shows a condition of flatten- 
ing of the crystals. The X lines parallel the edge of the specimen 
fairly well. Failure takes place in two different manners. The 
softer constituent, the ferrite, distorts along its gliding planes in 
those crystals which are favorably oriented. Two such crystals 
can be seen in photomicrograph Fig. 15 at 1000 diameters. Dis- 
tortion has taken place up to the point of incipient cracking of the 
crystals. Again it is to be noted that the failures make angles of 
less than plus or minus 30 deg. with an axis normal to the com- 
pressive stress. Such deformation undoubtedly permits less 
favorably oriented crystals to move by manner of plastic flow 


Fic. 24 Tension Specimen aT 1000 DIAMETERS—THE SLENDER 

PEARLITE GRAIN AT THE RiGut Has SEPARATED ALONG 45 DEGREE 

Lines AND Ferrite From THE SINGLE CrystaL aT Its Lerr Has 
FLowep In, CoMpLeTety THE Vorps 


clearly shown at 100 diameters in photomicrograph Fig. 17, 
which was taken along a crack. Photomicrograph Fig. 18 at 
1000 diameters demonstrates the stringing out of the ferrite and 
pearlite until the axes of each grain paralleled the axis of failure. 
Whether the failure goes through or around the grains cannot be 
unequivocally demonstrated although it is most likely of a trans- 
crystalline nature due to slip. 

Failure by Tension. A flat strip of the boiler-tube steel was 
next caused to fail by a tensile stress. After copper plating to 
preserve the fracture, the specimen was polished and etched for 
microscopic examination. Photomicrograph Fig. 19 of the edge 
of the fracture at 100 diameters shows the elongation of the 
grains in the direction of the tensile stress. Fracture has taken 
place across the crystals as is demonstrated even more clearly in 
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photomicrograph Fig. 20 at 500 diameters. The latter photo- 
micrograph was taken with vertical lighting and hence does not 
bring out in full detail the X lines in the crystals. Close exami- 
nation, however, will reveal the surprising fact that, although evi- 
dences of strain other than elongation of the crystals are visible in 
some grains, those in which fracture took place do not reveal any 
strain lines whatever. The small particles of dark material in the 
large ferrite grains are undoubtedly fragments of carbide parti- 
cles. Those in the copper layer are presumably particles of 


Fie. 25 ProromicroGrapH aT 100 Diamerers oF THE EDGE oF 
Impact 


Epe@e or Impact Farture at 100 DiamMerers—in 
SeEcTION SHEAR Was AN ImporRTANT Factor 


Fie. 26 


pearlite which were torn loose in polishing and became embedded 
in the soft copper. 

Naturally a fracture does not take place suddenly but occurs in 
stages along a plane which has been weakened by an accumulation 
of failures in individual crystals. Failure in mild carbon steels 
through tension seems to start in the relatively strong but brittle 
pearlite constituent. This was first noted by Rosenhain.* 

As a tensile stress is applied the ductile ferrite, by elongating 


38 W. Rosenhain, ‘Deformation and Fracture in Iron and Steel,” 
Jl. Iron and Steel Institute, vol. 70, pp. 189-228, 1906. 
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and cold working, constantly increases the stress existent in the 
pearlite which undergoes no appreciable elongation. Evidently 
the cohesive force between grains is greater than the strength of 
the pearlite. The pearlite fails not necessarily along any slip 
plane, but along a shear plane at about 45 deg. to the direction of 
the tensile stress. Photomicrograph Fig. 21 at 1000 diameters 
shows a typical failure occurring in a pearlite grain. The fracture 
cuts across the laminations in the eutectoid; the dark portion 
between the two halves of the crystal represents a void. The 


- 


Fig. 27. Burst Grain Bounparies Due to Impact—art 500 
AMETERS 


Fie. 28 Burst Grain Bounparies at 1000 DIAMETERS 


two portions were clearly parts of a single pearlite particle; after 
shearing along a 45 deg. plane, due to the movement of the ferrite, 
the two portions appear to be separated about 0.0005in. Photo- 
micrograph Fig. 22 also at 1000 diameters shows a similar condi- 
tion except that fracture took place not along an unidirectional 
line but along several lines the direction of each being plus or 
minus 45 deg. to the line of stressing. 

The next stage in failure by tension is shown at 3000 diameters 
in photomicrograph Fig. 23. Rotation of the lower fractured 
portion of the pearlite can be seen to have occurred probably he- 
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cause the long arm at the left of the picture extended outward into 
the moving stream of ferrite. Rotation was accomplished much 
as a log floating crosswise in a river and fixed at one end soon tends 
to assume a position paralleling the direction of flow. A second 
interesting feature brought out in this picture, tending to illustrate 


Fie. 29 Burst Grain BouNDARIES AND Srrain Lines DveE To 
Impact—aT 1000 DIAMETERS 


Fie. 30 SrraineED AND UNSTRAINED CRYSTALS IN Impact SPECcI- 

MEN AT 1000 DiameTeRS—NotTe UNEVEN ConToUR OF 

Tuese Figures PropasBty THORNS, A Type oF NEUMANN 
BanpD 


the plastic nature of ferrite under stress is the fact that ferrite is 
flowing into the right-hand side of the void. It is generally 
known that if a specimen is left under a condition of stress in 
excess of the elastic limit for a period of time and then ruptured, 


the tensile strength proves to be greater than if a tensile-strength 
measurement had been made in the usual manner. It is not im- 
probable that incipient local failures in the pearlite are healed by 
the plastic flow of the softer constituent, and that even new 
atomic bonding may be effected. The completion of this flowing- 
in process is shown at 1000 diameters in photomicrograph Fig. 24. 
The slender carbide particle at the right has cracked along 45 
deg. shear lines, and the voids created in this manner have been 
apparently filled by material from the single-ferrite crystal ad- 
joining it on the left. X lines can be seen in some of the ferrite 
grains in the vicinity. But again, no X lines can be seen in 
crystals which have been in contact with a erack or a void. Ten- 
sion failure is undoubtedly a pure shear phenomenon. 

Failure by Impact. A specimen of this boiler-tube material 
was notched and fractured by means of a blow of ahammer. In 


Fie. 31 Fatigue Fracture at 100 FRAcTURE 
Gores THrovucH THE Grain—TueErRE Is No DisrorTION OF THE 
CRYSTALS 


so ductile a metal as this, a failure by pure impact can hardly be 
expected. Although one would expect some of the grains to fail 
through impact, a large number tend to bend and, hence, to fail 
by shear. Photomicrograph Fig. 25 shows at 100 diameters a 
portion of the fracture in which impact played a major role. 
Strain lines and distorted Neumann bands of the wedge type can 
be seen. The grains in general are not very severely deformed. 
Photomicrograph Fig. 26 also at 100 diameters shows that portion 
of the edge of the fracture which was probably due to shear. 
The grains seem inclined in the direction of the applied stress. 
The edge of both of these sections is so indistinct that it is not 
possible to state definitely whether fracture occurred along the 
boundaries or through the grains. Photomicrograph Fig. 27 at 
500 diameters shows a number of burst grain boundaries and 
some strain lines roughly paralleling the fracture. The same 
things are shown at 1000 diameters in photomicrographs Figs. 25 
and 29. In these latter two pictures are shown strain lines in the 
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same crystals which are in contact with voids, a combination less 
common in the failures due to bending, compression, or tension. 
Because of the burst grain boundaries, failure by impact must be 
in part at least an intercrystalline phenomenon. 

Some of the grains of ferrite are not distorted at all whereas 
others are very badly strained. Photomicrograph Fig. 30 
shows at 1000 diameters such a case occurring in two adjacent 
crystals. The short parallel ridges (whose directions make angles 
of less than 45 deg. with the axis of failure) have been described 
by Osmond* as thorns, a special type of Neumann band. 

A Neumann band by definition is a section of a crystal the 
orientation of whose crystallographic planes is the mirror image 
of the original crystallographic planes. This reversal of orienta- 
tion is brought about in ferrite by sudden severe shock. Perhaps 
if the shock had been more severe than was the case in this 
sample, rupture would have taken place in shorter time and 
changes in orientation would have been effected without further 
deformation of the grain. Thus the usual straight Neumann 
band might have been produced. 


Fie. 32 Same as Fie. 31 put at 500 Diameters 


Obviously, since a thorn is a structure which is revealed only 
upon etching, the same possible explanations for their appearance 
on etching must be true as in the case of X bands. Thorns un- 
doubtedly represent a severe disturbance of the orientation of the 
crystallographic axis in a portion of a grain. Since it is not 
possible by X-ray analysis or any other manner to measure the 
degree of change in orientation, it cannot be determined whether 
the axes are symmetrically reversed, and hence whether a thorn 
is a true Neumann band. Thorns might even represent a struc- 
ture intermediate between a Neumann band and the original 
crystal. 

It has been demonstrated that failures by bending, by com- 
pression, by tension, and by impact all occur with deformation 


%4 Osmond, Fremont, and Cartaud. Rev. de Metallurgie, Mem., 
vol. 1, p. 28ff, 1904. 
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of the crystals. The fractures are through the crystals. Impact 
failures show the presence of burst grain boundaries, but even so 
one could not accurately classify an impact failure as inter- 
crystalline. 


FarLtures Not ACCOMPANIED BY DEFORMATION OF THE CRYSTALS 


Failure in mild steels not accompanied by deformation of the 
crystals makes up the second general type. 


In this classification 


Fie. 33. Fatigue Crack Ferrite One-Hatr From Frac- 
TURE—AT 100 DIAMETERS 


4 


Fie. 34 Fatigue Crack at 1000 Diameters ILLUSTRATING TRANS- 
CRYSTALLINE NATURE OF FAILURE 


also the fractures or cracks may be divided into those which are 
transcrystalline and those which are intercrystalline. 

Failure by Fatigue. Fatigue cracks illustrate the first type. 
A specimen of the boiler-tube material was caused to fail in an 
Upton Lewis type fatigue machine. After copper plating for 
36 hr. photomicrographs Fig. 31 and 32 were taken to show at 
100 and 500 diameters respectively the appearance of the fracture 
which is clearly across the crystals. Photomicrographs Fig. 33 
and 34 at 100 and 1000 diameters respectively show a trans- 
crystalline fatigue crack which occurred about '/; in. from the 
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Fie. 38) Same as 37 put at 1000 DIAMETERS 


Fic. 36 Same as 35 But at 1000 Diameters—Nore TuHat 
CrackinG Is Stoppep BY PEARLITE GRAIN BUT PROCEEDS AGAIN IN Fie. 39 
THE NExT FERRITE CRYSTAL 


INTERCRYSTALLINE CRACKING IN WrovuGHT IRON DvE TO 
SHOWN 


EMBRITTLEMENT BY Contact WiTH PHOSPHATE LIQUORS 
aT 100 DIAMETERS 


N 
te 

- 
~ 
pea 


Fic. 37 INTERCRYSTALLINE CracK TO EMBRITTLEMENT BY 
Contact Caustic Sova Liquors—SHown aT 100 DIAMETERS Fie. 40 Same as Fic. 39 put at 1000 DIAMETERS 


Fie. 35 Farigve Crack at 100 DIAMETERS 
+ 
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break. The probable mechanism of fatigue cracking is shown at 
100 and 1000 diameters in photomicrographs Fig. 35 and 36. 
Cracking takes place in the ferrite in stages in a manner such that 


Fie. 41 IN TEeRCRYSTALLINE CRACK IN Due TO OCCLUSION OF 
HyproGen (PHOTOMICROGRAPH By PFEIL, PROCEEDINGS OF 
Royat Society, Lonpon) 
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Fie. 42 Crack in Borer Tuse Dve To THE Top Por- 
TION 1N Removine Ir From Tuse SHeet—at 100 DIAMETERS 


Fig. 43 PHOTOMICROGRAPH AT 
Section or BritrLe Borter Tuse Wuicw Hap BEEN IN SERVICE 
Over Twenty YEARS—BrITTLENESS Was PropaB Ly DvuE To AGING 
—Nore Pecuuiar Grain BounDARIES 


100 DiaMeETERS oF TYPICAL 


the crack proceeds by short breaks varying in direction. Crack- 
ing does not proceed through the pearlite grains. The pearlite 
undoubtedly transmits the stresses to the next ferrite grain which 
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will then crack in the usual manner. When actual fracture occurs 
the pearlite fails because it alone is bearing all the load. 

Failure by Caustic Embrittlement. Intercrystalline cracking 
without deformation of the grains is sometimes brought on 
through the agency of sodium hydroxide. Photomicrographs 
Figs. 37 and 28 show at 100 and 1000 diameters an intercrystalline 
crack in a low-carbon steel tube. This tube had been in service 
in a vertical-tube caustic-soda evaporator for about one year 


Fic. 44 BorLeR TuBE—SHOWN aT 
2000 Diameters—Tuis Tuse Is ProBpaBLy oF BESSEMER STEEL 


Fie. 45 Typicat Structure or AGep Borer Tuse at 1000 
DIAMETERS—NoTE THE Dirty Gratin BOUNDARIES AND THE UN- 
EVEN SURFACE OF THE METAL 


No stress other than the weight of the tube had been applied. 
The temperature of operation was 190 deg. fahr., and the crack 
shown occurred 1'/; in. below the tube sheet. At the time of 
removal the tube was exceedingly brittle. Its ductility returned 
upon being exposed to air for some time. This example is given 
because it represents a true case of caustic cracking. 
Intercrystalline cracking and brittleness can also take place in 
phosphate solutions. Photomicrographs Figs. 39 and 40 show 
cracked portions of a wrought-iron hanger strap for a steam coil 
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Fie. 48 Same Specrmen as SHOWN IN Fia. 47 at 1000 DiamMerers 
—Nore THAT THE SURFACE OF THE Meta Is SMooTH AND NORMAL 
ALL RESPECTS 


Fie. 46 Section ar 1000 Diameters or BritrLe Borer TuBE 

SHow1nG TuHorns, A oF NEUMANN BaNnp—THESE WERE 

PrRoBABLY PRopUCED BY HAMMERING WuicH Was DoNneE TO REMOVE 

THE TUBE FROM THE TUBE SHEET 
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Fie. 49 A CrysTAL IN THE AGE-EMBRITTLED BOILER 


Tuse at 850 LINES y RYSTAL 
Fie. 47 ArrerR ANNEALING THE BriTTLeE BoILeR TuBE at 1600 Di oTe Lines on Craces Wirsin Cry 


DeGrREES FAHRENHEIT THE GRAIN BOUNDARIES BECAME QUITE 
CLEAN—SHOWN aT 100 DIAMETERS 


Fie. 50 Same as Fic. 49 put at 2000 Diamerers—ONE CRACE 
Erruer Is IN on STARTING FRoM AN INCLUSION—TRACES 
Fie. 51 Same as Fia. 50 put at 4000 DIAMETERS or Grain Bounparies CAN Bg SEEN 
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from a tank used for dissolving sodium phosphate. This strap 
did not support any appreciable load. It failed after eight weeks 
operation at 140 deg. fahr. in a solution containing 55 per cent of 
commercial trisodium phosphate calculated on the basis of the 
anhydrous salt. After exposure to the air the original ductility 
returned to the uncracked portion of the metal. 

Pfeil® reports similar cracking while cathodically pickling 
coarse-grained iron in sulphuric acid. Photomicrograph Fig. 
41 is a reproduction of an intercrystalline crack produced by him 
in this manner. He concluded that occluded hydrogen weakens 
the grain boundaries. 


Actua Borter FaILures 


Up to this point failures have been discussed which were due to 
known causes. Failed boiler materials from service are usually 
not quite so characteristically clean cut as to 
type and easy to identify as were these more 
or less ideal cases. A few actual cases fall- 
ing under the above types will be given. 

Methods of Investigation. A few purely rou- 
tine considerations must be briefly explained 
because it is only in the light of the results 
of these that approach can be made to an in- 
terpretation of the metallographic study. Be- 
fore attempting any serious analysis of a failed 
part, data should be secured regarding the 
duration and temperature of service, the 
probable stresses to which the piece was sub- 
jected, the manner in which failure manifested 
itself such as by leaking, cracking, or by com- 
plete rupture, and any other facts that might 
have any bearing on the case. 

A chemical examination of boiler steels will 
show them to fall roughly within the follow 
ing limits of composition: 


0.10 to 0.30 per 
0.30 to 0.60 per 
under 0.050 per 
under 0.050 per 
0.01 to 0.10 per 


cent 
cent 
cent 
cent 
cent 


Manganese 
Sulphur 
Phosphorus. .... 
Silicon 

Some boiler tubing has been analyzed and 
found to contain even less than 0.01 per cent 
of silicon. 

A metallographic examination of sections 
etched with 4 per cent Nital will reveal the 
relative grain size, the distribution of the car- 
bides, whether or not the metal has been an- 
nealed, condition of working, and the presence 
of inclusions. Boiler tubing and plate often contain inclusions 
which if well dispersed rarely cause failure. A Rosenhain etch 
will reveal the presence of segregations and other non-homo- 
geneities. One must not be over-hasty in ascribing cracks or 
ruptures solely to the presence of non-homogeneities as revealed 
by this etch because a large number of boiler tubes which ren- 
dered many years of satisfactory service have been examined, 
and under the Rosenhain etch showed severe ghost lines, phos- 
phorus segregations, and other non-homogeneities. Wrought 
iron and Bessemer steel have been used widely in the past with 
fair success, and these as is well known contain many inclusions. 

A metallographic examination of the failed area itself will yield 
the most valuable information. Failure usually manifests itself 
first through the formation of a crack; as the cracked area in- 
creases in size complete rupture of the piece may ultimately take 
place. The appearance of the fracture and of the metal in its 
vicinity will vary with the cause. 
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A study of a large number of boiler-material failures has led to 
a grouping of fractures under two main headings determined by 
the metallographic appearance. These are failures accompanied 
by deformation of the crystals, and failures not accompanied by 
deformation of the crystals. The principal subclassifications 
which can be made will distinguish between transcrystalline and 
intercrystalline fractures. 

There is another distinctive type of failure observed when a 
boiler tube explodes due to overheating the metal. Because of 
the temperatures involved and the drastic thermal changes to 
which the metal is subjected, the crystal structure is far from 
normal, and no data can be obtained regarding the trans- or inter- 
crystalline nature of the failure. 

Failure by Bending. In removing a boiler tube a tool was used 
so that one end of the tube was badly crimped. A cracked sur- 
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Fig. 52 TRANSCRYSTALLINE CRACKS IN AGE-EmMBRITTLED BorteR Tuse at 4000 


DIAMETERS 


face was noted. It was then desired to know whether these 
cracks were due to caustic embrittlement, a matter of great con- 
cern to the plant from which the tube came, or to other causes. 
Photomicrograph Fig. 42 shows at 100 diameters a section near 
one of thecracks. This represents more or less of a tension failure. 
The metal was bent in one direction, the fiber in the side shown in 
the picture was in tension. Elongated crystals and the absence of 
fine secondary cracking can be seen. Undoubtedly this tube was 
somewhat brittle. 

Failure by Impact and Aging. In striking, with a small ham- 
mer, the end of a boiler tube which had been in service from 1903 
until 1928, pieces broke off which were so brittle that they frac- 
tured upon being dropped to the floor. Chemical analysis showed 
the presence of 0.087 per cent sulphur, indicating that it probably 
was of Bessemer steel. The presence of an exceedingly large 
number of inclusions is shown in photomicrograph Fig. 43 at 100 
diameters and in photomicrograph Fig. 44 at 2000 diameters. 
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Fie. 53 PHoTomicroGRaPH AT 100 DIAMETERS SHOWING CRACKS 

ForMED By STRESS AND CORROSION AT JUNCTION OF SHANK AND 

Heap or A Rivet—NotTe SMALL TRANSORYSTALLINE CRACK IN 
CENTER 
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Fic. 54 TRANSCRYSTALLINE CRACKS FoRMED By STRESS AND 
CORROSION AT JUNCTION OF SHANK AND HEap oF Rivet SHOWN AT 
100 DIAMETERS 


Fie. 55 Farture By STRESS AND CORROSION IN A BoILER TUBE 

SHOWN aT 100 DIAMETERS—IN ROLLING IN THE TUBE A GouGe Was 

Mave ALonG OnE Sipe—Corrosion Proceepep UNTIL THE TuBE 
FatLep 


Fic. 56 Forainc Lap in a Biow-Orr Pap SHown at 100 
AMETERS 


57 Crack 1n Top Enp or Borter Tuse at 100 DIAMETERS 
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A study was made to determine the reason for the behavior of 
this metal. The metallographic appearance of this specimen was 
unusual. Referring back to photomicrograph Fig. 43 the grain 
boundaries can be seen to be wavy, indistinct, actually double in 
some cases. Photomicrograph Fig. 45 at 1000 diameters shows 
segregation of material at the boundaries. The first clue to the 
nature of the failure was gained by examination of the section 
shown at 1000 diameters in photomicrograph Fig. 46. In addi- 
tion to all the peculiarities shown in the other illustrations, this 


Fie. 58 Same Secrion as Fie. 57 sur at 1000 DiAmMerers 

SuHowine INTERCRYSTALLINE NATURE OF CrACK—THIS FAILURE 
Was Prosasiy Due to Caustic EMBRITTLEMENT 


Fie. 59 INTERCRYSTALLINE Crack Dve To Caustic EMBRITTLE- 
MENT SHOWN AT 2000 DIAMETERS 


section shows a series of fringes or thorns at the grain boundaries 
and presents an uneven surface giving the appearance of stamped 
impressions. This structure is identical with that of an impact 
failure shown in photomicrograph Fig. 30. This steel has under- 
gone what is termed aging and has become embrittled through 
repeated heating and cooling. The original properties of an aged 
low-carbon steel can be restored by heating above the A; tempera- 
ture. Photomicrographs Figs. 47 and 48 show a more normal 
structure after annealing at 1600 deg. fahr. 
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That this steel was brittle is shown in its manner of fracture. 
A ductile material will distort by gliding along slip planes; a 
brittle metal will crack along a plane of stress. Photomicrograph 


Fie. 60 PxHotromicroGrapH at 1000 Diameters or INTERCRYS- 
TALLINE CORROSION IN THE PEARLITE CONSTITUENT IN A CRACKED 
BorLer BLow-Orr Pap 


Fig. 61 Cracks 1n A Borer Biow-Orr Pap at 100 DiaMeTERS— 

Type or Crack Is Frequentty Met—tTxHe Crystau Struc- 

TURE OF THE METAL AND WIDTH oF THE CrAcK Make It DiFFiIcuLt 

To DeTeRMINE WHETHER OR Not It Is Due To Caustic EMBRITTLE- 
MENT 


Fig. 49 shows a single crystal which contains within its boundaries 
short cracks running in various directions. Higher magnifica- 
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fions reveal faint boundary lines as though this crystal had once 
been made up of several small ones and was therefore the result of 
a recrystallization process. Photomicrographs Figs. 50 and 51 
at 2000 and 4000 diameters respectively show a crack running 
into or from a sulphide inclusion. It is very doubtful whether the 
presence of even this large number of inclusions contributed to 
the failure of the metal. Cracks appearing in the steel are trans- 
crystalline and run through inclusions only if the inclusion hap- 
pens to be inits path. This is shown at 4000 diameters in photo- 
micrograph Fig. 52. 

Two Failures by Stress and Corrosion. Some rivets taken from 
service were examined for possible cracking. Photomicrograph 
Fig. 53 shows at 100 diameters two cracks due to corrosion which 
occurred at the junction of the rivet head and shank. In the area 


Fig. 62 ANoTHER Crack From a Borter Pap at 100 
DIAMETERS 


of metal between the two large fissures a small transcrystalline 
crack proceeding through undeformed crystals can be seen. 
A similar appearance was presented by the rivet shown at 100 
diameters in photomicrograph Fig. 54. In this case, however, 
the erack is filled with the products of corrosion. The Jevons 
modification of the Fry etch showed that cracking had occurred 
in the area of highest local stress. Corrosion not directed by 
stress will usually proceed uniformly rather than by penetrating 
the metal in the form of cracks. Stressed areas carry a different 
electrolytic potential than unstressed areas. 

A boiler tube started to leak at a point about an inch below the 
tube sheet. Examination showed that the tool used to expand 
the tube in place had been inserted carelessly so that a gouge was 
cut on the inner surface of the tube. Corrosion started at that 
point and gradually proceeded through the tube until leakage 
occurred. Photomicrograph Fig. 55 at 100 diameters shows a 
section of the crack. The black area represents the crack; the 
dark gray, products of corrosion; and the remainder is naturally 
the steel. 

Slag, Forging Shuts, and Seams. Another source of failures in 
boiler materials is due to slag inclusions, forging shuts, and seams. 
Failure can readily occur due to mechanical causes under these 
conditions. Such a failure is shown in photomicrograph Fig. 56 


at 100 diameters. These types of failure are generally regular in 
direction. 


FatturE THrouGH INTERCRYSTALLINE CRACKING 


Parr and Straub” have described a phenomenon in boiler ma- 
terials which they identify as caustic embrittlement. An accu- 
rate description of the effect they produced in the laboratory 
would be intercrystalline cracking in steel due to local tensile 
stresses in excess of the elastic limit, and to contact with solutions 
of caustic soda whose concentrations are in excess of 100 grams 
per liter. In very carefully controlled experiments they showed 
that, if the above conditions were met, intercrystalline crack- 
ing would take place regardless of the quality or previous thermal 
treatment of the steel. They pointed out the similarity bet ween 


Fie. 63 Typicat Secrion at 100 Diameters From a Tuse WHIcH 
Burst Dus To OVERHEATING 


these cracks and those found in boiler materials; that due to 
capillary action, high concentrations of sodium hydroxide were 
not improbable in the seams of the boilers, and that stresses near 
the rivets were probably quite high. 

Photomicrographs Figs. 57 and 58 show at 100 and 1000 di- 
ameters a typical intercrystalline crack in a boiler tube. The 
course of the crack in the ferrite is shown at 4000 diameters in 
photomicrograph Fig. 59. Photomicrograph Fig. 60 taken at 
1000 diameters of a cracked blow-off pad shows corrosion taking 
place in the pearlitic constituent. These failures have been con- 
sidered due probably to caustic embrittlement. Many boiler 
failures, however, show cracks such as those presented at 100 
diameters in photomicrographs Figs. 61 and 62 which were taken 
of a cracked blow-off pad. The nature of the failure is not 
clearly defined because of the peculiar grain structure, and be- 
cause the cracking takes place both through and around the 


crystals. 
FaILurRE BY OVERHEATING AND BuRSTING 
An entirely different type of structure is exhibited by boiler 
tubes which have burst in an explosion. Sometimes material 


lodges in the tube and prevents the circulation of the water or 
scale formation permits overheating. As the temperature of the 
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tube increases the tensile strength of the metal diminishes. A  tlement caused by caustic. In fact we have, like the authors of 
point is reached where the pressure exerts stresses in excess of the this paper, found various types of failures brought about by vari- 
yield point and failure takes place with explosive 

violence. Photomicrograph Fig. 63 shows the 

structure of the metal. It apparently had been 

heated above 1600 deg. fahr., and was quenched 

by the rush of steam around it. 


CONCLUSION 


The characteristic appearance of failures in 
boiler metals due to various common causes has 
been discussed. Bending, compression, tension, 
and impact according to the conditions described 
in this paper all produce fractures which are pre- 
dominantly through the grain. Failure in such 
cases is accompanied by deformation of the crystals. 
Impact failures under some conditions may be pro- 
duced with very little deformation. Fatigue cracks 
are always transcrystalline without deformation 
of the grain. Caustic embrittlement, as found in 
metal which has been in service in alkaline liquors, 
produces intercrystalline cracks. The actual 
mechanism of this phenomenon is not completely 
understood although it would seem that it is a 
result of the embrittling action which occluded 
hydrogen exerts upon the grain boundaries of iron. 
The causes of many actual failures of boiler mate- 
rial can be more or less satisfactorily traced by 
comparison with fractures produced in the labora- 
tory. 
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Discussion 


F. G. Srraus.* In reading this most interest- 
ing paper one is impressed with the fact that much 
time must have been spent by the authors in 
preparing the material. They are to be con- 
gratulated upon their technique in preparing their 
specimens for micro-examination. The micro- 
graphs which they have shown illustrate the points 
they emphasize in an excellent manner. 

This paper should help clear up the confusion 
which must have resulted from the publication of 
recent articles which have attempted to place the 
responsibility of most boiler-metal failures on 
corrosion fatigue. The authors show very clearly 
the different types of failure which result from 
stress, stress and corrosion, and so-called caustic 
embrittlement. 

The writer is of course primarily interested in 
the intercrystalline cracking which they describe. 
The results of the work at the University of 
Illinois agree in almost every detail with the re- 
sults of the work reported. 

Some engineers have the impression that we 


fai 
ascribe all c of boiler-metal failure to embrit Fie.65 Cracks 1n Same Heaper As SHowNn IN Fic. 64, BUT TRANSCRYSTALLINE AND 
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ous causes. The writer would like to discuss a few cases of failure illustrate that to arrive at definite conclusions as to causes one 
which proved very interesting and almost misleading, and which must make a thorough study of al! contributing factors, in the 
same manner as the authors of this paper have done. 
In a large power plant using an older type of 
superheater, cracking was encountered in the su- 
a a perheater headers. The cracks were starting from 
Fea S, 9 the edge of the handholes. There had been evi- 
P) See i dence of high caustic concentration in the boilers 
and carryover to the superheaters. Microexamina- 
2 tion of the polished specimen gave the typical in- 
tercrystalline crack shown in Fig. 64. The plant 
to caustic embrittlement. A more thorough study 
ORE, ° of the specimens cut from the cracked header in- 
“9 ._& dicated that caustic was not the cause of the 
cracking. The micrographs taken of these sec- 
e tions are shown in Figs. 64 to 67, inclusive. 
Further study showed that some of the rods sup- 
ge porting the header had broken, and the header 
Jom without proper support was bending. The gases 
Bed ‘ striking the metal were between 1200 and 1500 deg. 
WTA TS fahr. The conditions of operation were such that 
this cracking could be readily explained on a z 
basis of high temperature, stress, and high nitride. : 
The second case involved tube ends that were 
brittle and appeared to be laminated. The ends 
would break off. The fracture did not have a 
bright metallic luster. The tube could be separated 
into two layers running lengthwise of the tube. 
Microexamination of one of these tubes gave the 
result shown in Fig. 68. This indicates that the 
tubes were burned, apparently during manufac- 
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Fic. 66 Cracks 1n SAME HEADER AS SHOWN IN Fic. 64, BUT TRANSCRYSTALLINE . ture. 
AND FoLLow1nG NitripE NEEDLES. X 250 The writer is extremely interested in the state- 


ment that the authors make relative to the fact 
that they have encountered typical intercrystalline 
cracking in steel which has been in contact with 
concentrated phosphate solutions. Our research 
has indicated that small amounts of phosphate 
tend to retard the embrittling action of caustic 
soda. It has been known that concentrated nitrate 
solutions produce this same type of cracking. 
We have found that small amounts of nitrate in- 
troduced in concentrated caustic solutions stop the 
action of the caustic. 


H. C. Dincer.* The authors are to be con- 
gratulated upon this paper, which presents a mass 
of definite and useful information upon a very 
much discussed subject. In giving definite data 
as to the observed character of the cracks pro- 
duced by definitely known causes much valuable 
information can be learned, and this information 
can then be used in investigation of actual cracks. 

The paper, however, has not sufficiently con- 
sidered the character of the cracks produced by 
cyclic stress accompanied by corrosion. This is 
the actual condition that is generally presented 
to the metal in the boiler. It also seems to be 
a fact that many if not most of the actual cracks 
in boilers show some evidence of both transerystal- 
line and intercrystalline cracking. The evidence 
presented by the authors seems to indicate that 

%¢ Captain, U. S. Navy, Officer in Charge, U. 5. N. 
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true intercrystalline cracks are produced by stress in the presence 
of very high caustic concentration. In actual boilers these con- 
ditions are not produced either in the seams or elsewhere, but 
we do have variations of cyclic stress in the presence of variable 
corroding medium. We therefore have some kind of corrosion 
fatigue in all boilers, unless perhaps we could absolutely exclude 
oxygen from the water. There is some evidence that a caustic 
condition tends to accelerate the formation of intercrystalline 
cracks, but we also have many cracks partially intercrystalline 
where no caustic was present. We must then assume that 
corrosion tends to intercrystalline failure and stress to trans- 
crystalline, or perhaps slow failure is pro-intercrystalline while 
rapid failure, due to higher stress, is more likely to be transcrystal- 
line. The amount of oxygen and corroding salts present also, no 
doubt, accounts for variations. 

The authors’ deductions as to slippage, deformation, and final 
failure though crystal cracks present a logical picture of what may 
take place. This is in entire agreement with the phenomenon 
of corrosion fatigue. A real explanation of boiler cracks is 
really not possible unless the varying effects of corrosion accom- 
panied by cyclic stress are con idered. 

So-called “caustic embrittlement” appears to be but one of 
many variations of possible conditions. If we can keep the 
water in the least destructive condition (this is not yet fully 
known, but would seem to be deaerated water controlled at 
about nine pH), we can lessen the effect of corrosion. If we 
design our pressure parts to avoid stress concentration and cyclic 
stress as far as possible, we can lessen the destructive effect of 
cyclic stress. In view of the fact that neither of these can be 
very easily controlled where uncertainty exists, it is well to have 
an adequate margin of safety and in the design to consider that 
both corrosion and fatigue are likely to be present. One thing 
is fairly well established and it is that it is extremely desirable to 
keep the water away from the highly stressed metal of a riveted 
joint. Sealing of joints by inside calking or other means, such as 
by cements or lasting coatings, is extremely desirable. The 
coating of the water side of all joints by a durable protective film 
that will effectively keep the mixture of air and water away from 
the stressed surface of the metal ought to give some protection. 
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D. S. McKinney anp Max Hecurt.” It may be considered 


that the contribution the authors have made to the literature 
on fractures in boiler metal will be of distinct benefit to workers 
closely associated with plant operation. 


The comparison of 


Fic. 69 Specimen as Burnt, PartTiatty MeEttep, Arr-CooLen, 
UNETCcHED. X 100 


photomicrographs of boiler metal failures due to known causes 
with those found in boilers should produce more exact knowledge 
of the conditions accompanying boiler metal failure. 

Under the heading of “Failures Through Intercrystalline 
Cracking,’ the suthors refer to Figs. 57 to 62 inclusive. In 
the writers’ opinion, Figs. 61 and 62 exhibit a structure character- 
istic of severe overheating. 

In their own laboratory intercrystalline cracking has been pro- 


lat; $ 
tet 
Fic. 70 Same Specimen, Ercuep 4 Per Cent Nitat. X 100 


(Cracks noted in Fig. 69 are intercrystalline.) 


duced by abnormal heat-treating and cold-working new boiler 
metal (a rivet), carbon 0.2 per cent. The photomicrographs 
given in Figs. 69 and 70 show the cracks before and after etching. 

The absence of evidence of overheating or cold-working cannot 
be taken as conclusive evidence that this abnormal treatment 
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has not been given to the steel, as these evidences may be removed 
by annealing. However, cracks once formed cannot be healed by 
annealing. 

Freeman and Quick have shown that intercrystalline crack- 
ing is found in steel of varying carbon content, including Armco 
iron, exhibiting ‘secondary brittleness.” 

In the writers’ opinion, since intercrystalline cracks may be 
produced in several ways other than “caustic embrittlement,” 
they cannot be considered as evidence of such embrittlement. 

Pertinent to this discussion are the following extracts from 
Freeman and Quick’s publication, ‘Tensile Properties of Rail 
and Some Other Steels at Elevated Temperatures,’’ Bureau of 
Standards Journal of Research, Report No. 164, Vol. 4, No. 4, 
April, 1930. On page 573, it is stated: 


The fact that intercrystalline failure is observed in the secondary 
brittle range of such widely diverse materials as Armco iron, rail 
steels, and a 1 per cent carbon steel as well as some alloy steels indi- 
cates very definitely that secondary brittleness is not related to 
composition, but must be related to some grain boundary phenom- 
enon common to all of the steels. 


On pages 590 and 591, it is further stated: 


It has been shown that secondary brittleness may be present in a 
relatively pure iron, rail steels, high-carbon steels, and alloy steels. 
The low ductility has been shown to be related apparently to a grain 
boundary condition of the steel as was indicated by the marked 
intercrystalline shattering found in specimens tested in the secon- 
dary brittle range. The cause then must be related to one or more 
of the following: some structural condition, an element, or non- 
metallic inclusions which may be present in steels of widely varying 
composition. The influence of free cementite has been suggested. 
The fact that annealing below the Ac; transformation affects the 
degree of secondary brittleness indicates that it may be related to a 
constituent capable of solid solubility or precipitation at tempera- 
tures below the A; transformation. 

A study has been made of the tensile properties of rail steels and 
some other steels at elevated temperatures. Special study was 
made of the tensile properties in the approximate temperature range 
of 400 to 700 deg. cent. It has been found that the ductility of 
all rail steels, as measured by percentage elongation, and reduction 
of area, decreased with increase in temperature over a portion of this 
temperature range. In some instances the.decrease in ductility is 
very marked, the elongation and reduction of area values becoming 
less between approximately 500 to 650 deg. cent. than at normal 
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atmospheric temperatures. The same phenomena have been found 
to exist in Armco iron, a 1 per cent carbon steel, and some alloy 
steels. This range of temperature in which low ductility becomes 
manifest has been termed the ‘‘secondary brittle’ range to dis- 
tinguish it from the well-known “blue brittle’? range occurring at 
200 to 300 deg. cent. and the “hot-short’’ range which is usually 
associated with the A; transformation and high sulphur content. 
The phenomenon has been termed “secondary brittleness.” 

The degree of secondary brittleness varies markedly between 
individual heats, and the temperature of the maximum effect also 
varies. 

The data indicate that the secondary brittleness is not confined 
to individual rails or ingots, but is apparently a property of the heat 
asa whole. It has been shown that the degree of secondary brittle- 
ness is decreased by annealing at a temperature (700 deg. cent.) 
slightly below the Ac; transformation as well as at the usual anneal- 
ing temperature above the Ac; transformation. 

The fact that secondary brittleness is found in other steels than 
rail steels suggests that other types of unexplained failures, such 
as internal cracks in ingots or forgings, may be due to secondary 
brittleness. 

The data indicate that equalization of temperature and slow cool- 
ing of rails and other steel shapes through their secondary brittle 
range are desirable procedures to follow in order to prevent forma- 
tion of shatter cracks. 


AvutTuHors’ CLOSURE 


The point raised by Professor Straub on intercrystalline cracking 
due to overheating or burning is very interesting. Overheating 
of low-carbon steel, however, cannot be brought about at the tem- 
perature of the furnace gases, given as 1200 to 1500 deg. fahr. A 
temperature of between 2200 and 2400 deg. fahr. is necessary. 

The authors were not familiar with “secondary brittleness” 
which Mr. Hecht mentioned, and have found his comments very 
interesting. 

The authors appreciate the importance of corrosion fatigue as a 
probable mechanism of boiler cracking, as Captain Dinger points 
out. Before submitting the paper, they communicated with 
Mr. D. J. McAdam, Jr., who has done a great deal of work in this 
line. The authors requested a photomicrograph on a specimen 
having an intercrystalline crack due to corrosion fatigue. His 
reply was that up to the present he had no photomicrographs or 
specimens with intercrystalline cracks due to corrosion fatigue. 
For this reason the authors did not discuss this phase of failure 
at greater length. 
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Frictional Resistance and Flexibility of 
Seamless-Tube Fittings Used 
in Pipe Welding 


By SABIN CROCKER! ann ARTHUR McCUTCHAN,? DETROIT, MICH. 


The trend toward the use of welded piping has led to the 
development of seamless-tube fittings. These fittings are 
a decided departure from both the cast fittings and long- 
radius pipe bends heretofore used, and their introduction 
has occasioned considerable speculation as to their relative 
merits and correct application. This paper is confined 
to a discussion of: (a) the relative friction loss in elbows 
and bends of different radii, and (b) the relative flexibility 
of pipe lines made up with long-radius bends as distin- 


guished from cast fittings and from seamless-tube fittings 
having a radius of 1'/, pipe diameters. The authors have 
compiled and analyzed the available data on friction 
loss in elbows and bends, and present a detailed compari- 
son of the flexibility of piping made up with seamless- 
tube fittings, long-radius bends, and cast fittings. Seam- 
less-tube fittings (R/d — 1'/:) are found to compare to 
advantage with the older types of construction in both 
phases considered. 


HE application of fusion welding to 

the fabrication and erection of steel 

pipe lines has progressed rapidly 
in recent years both in the extent of use 
and in new types of construction made 
possible thereby. A decided improve- 
ment in welded construction has been 
effected through the development of 
ready-made elbows and returns of a radius 
comparable to long-radius cast fittings 
and forged from seamless tubing. For 
convenience these will be referred to in 
this paper as seamless-tube fittings. Such 
fittings are made at the present time in 
sizes from 1 in. to 18 in., inclusive, in standard iron-pipe size, 
as shown in Fig. 1, and from sizes 1'/; in. to 12 in., inclusive, 
in extra strong. The three standard types, i.e., 45- and 90-deg. 
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ells and the 180-deg. returns, are made, 
and all fittings are scarfed 45 deg. to 
facilitate their application. The usual 
center-line radius of such fittings is 1'/, 
internal pipe diameters, although other 
radii can be obtained. 

Before proceeding with a presentation 
of the friction loss and flexibility data 
which constitute the principal subjects of 
this paper,‘ a few photographs will be 
introduced to illustrate how seamless-tube 
fittings are applied in the construction of 
welded pipe lines. They are adapted 
readily to the fabrication of branch con- 
nections equivalent to tees and the like, as shown in Fig. 3. 
Where flanges are required, the seamless-tube fitting can be 
welded on, as shown in Fig. 4(a), which compares to advantage 
with the equivalent piece built up with a screwed elbow and 
screwed flange, Fig. 4(b). 

Where welded construction is used, seamless-tube fittings 
have a decided advantage over the mitered square-corner job 
made in the field as regards strength, reduced friction loss, and 
appearance. Typical examples of mitered elbows are shown for 
comparison with a seamless-tube elbow assembly in Fig. 5. 
Examination of Fig. 5 indicates that decidedly less field labor 
is required in cutting and welding in the case of the seamless- 
tube elbow. 

That the assembled product made up with seamless-tube 
fittings makes a good-looking job and provides easy turns for 
fluid flow is illustrated in Figs. 6 and 7. The noticeable absence 
of flanges adds to the appearance of the piping ensemble, and 
has a decided advantage in the application of covering. The 
general effect is entirely different from anything that can be 
obtained with mitered elbows, and should do much toward 
developing a preference for welding over older types of construc- 
tion. 

It is the purpose of this paper to discuss in some detail the 
use of seamless-tube fittings from a piping-design standpoint, 
comparing them with mitered fittings, cast fittings, and long- 
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radius pipe bends as regards pressure drop and flexibility. In 
the latter connection a comparison will be made of the elastic 
properties of piping made up with long-radius pipe bends as 
distinguished from seamless-tube fittings having a radius of 
1'/, pipe diameters. 


I—PRESSURE DROP IN ELBOWS AND BENDS 


A misconception is more or less prevalent to the effect that 
short-radius bends and fittings cause appreciably greater pressure 
drop than do long-radius bends. This idea is not borne out by 
published results, provided the mean radius of curvature is 
from 1'/; to 2 times the inside pipe diameter. More data on 
the frictional resistance in bends are available for air and water 
than for other fluids. Some of the leading references on this 
subject are quoted in succeeding paragraphs. 

Air. Fig. 8, reproduced from “Fan Engineering’ of the 
Buffalo Forge Co., is based on data presented in a paper by 
Frank L. Busey on “Loss of Pressure Due to Elbows in the 
Transmission of Air Through Pipes or Ducts,” A.S.H. and V.E. 
Transactions 1913, page 336. The pressure drop in percentage 
of a velocity head is given for elbows of different radii, the center- 
line radius being expressed in percentage of the pipe diameter. 
It is evident from this diagram that very good results are ob- 
tained with R/d = 1'/:, and that almost nothing is to be gained 
by making R/d greater than 2. 

Further data on the flow of air through elbows of different 
radii are given in an article by William D. Edwards entitled 
“Pressure Losses in Air Ducts,’’ published in The Heating and 
Ventilating Magazine, Feb., 1928, page 69. Fig. 9, which is 
reproduced from that article, shows the equivalent resistance 
of different-radius elbows and bends expressed as the product 
of a bend constant and pipe diameter. The bend constants 
serve as indices of the pressure drop through each type of bend, 
and are plotted in Fig. 10 as Resistance Factor vs. Mean Radius 
of Bend. Inspection of Fig. 10 indicates that here again no 
appreciable reduction in pressure drop is shown for a mean radius 
of bend greater than 1'/; times the inside pipe diameter. In 
this instance the nearest approach to a mitered elbow is given 
a friction loss of between 11 and 12 times that of a bend having 
a radius of 1'/: pipe diameters. 

Water. That similar relations of pressure drop to bend radius 
exist for other fluids is shown by the curves of Fig. 11 which 
give fractional velocity heads lost in screwed elbows and in 
water-pipe bends of different radii. These curves were plotted 
from data taken from several sources® as indicated. Deduction 
has been made in each case for the friction loss which would have 
occurred for a corresponding length of travel through straight 
pipe, so that the results represent loss which is directly charge- 
able to the type of bend or fitting. The curves show a rapid 
decrease in elbow friction as R/d increases from less than one 
until it reashes 1'/, or 2. For values of from 2 to 4 the decrease 
in elbow friction diminishes slightly, and for values of R/d above 
5, with the exception of the Weisbach curve, there is a rapid 
increase in bend friction. A similar tendency to increase at 


* These data were published in the following references: 


a “Mechanics of Engineering,”’ by Dr. Phil. Julius Weisbach, 
(Coxe’s translation), page 895. 

b “An Experimental Study of the Flow of Water in Pipes,"’ 
by Augustus V. Saph and Ernest H. Schoder, Trans. 
A.S.C.E. paper 964, vol. 51, 1903. See also “Curve Re- 
sistance in Water Pipes,’’ by Ernest H. Schoder, Trans. 
A.S.C.E., March to June, 1909, vol. 62. 

ce G. J. Davis, Trans. A.S.C.E., vol. 62, 1909, pp. 97-112. 

d@ A.W. Brightmore, Proc. Inst. of Civil Engrs., vol. 169, pp. 315. 

e “Selection of Elbows Can Regulate Pipe-Line Pumping 
Costs," by Prof. J. H. Pound, Oil Field Engineering, 
Dee. 1, 1929. 


values of R/d greater than 2'/, was observed in large-diameter 
pipes by Williams, Hubbel, and Fenkell,* who found a point 
of minimum friction at R/d equal to 2'/2. For values of R/d 
exceeding 5 or 6 several of these investigators observed fluctuat- 
ing friction losses which did not appear to bear a definite relation 
to bend radius. This portion of Fig. 11 has been drawn in as 
smooth curves which the authors believe should represent 
average results. The authors of the papers from which these 
data were taken attributed the increase in friction loss at values 
of R/d above 4 or 5, to the greater length of pipe travel over 
which flow disturbance persisted, acting to counterbalance the 
lesser degree of disturbance produced in longer-radius bends. 
Or, in other words, they took the view that a long-radius bend 
tends to maintain the disturbance and attendant high frictional 
loss over a greater length of travel than does a short-radius bend, 
hence producing a greater total loss although the loss per unit 
length of travel isnot so great. This fits in with the theory that 
elbow or bend loss is caused in part by increased turbulence of 


Fie. 4(a) FLANGep AsspmBLY Wirs SeaMLess-Tuse 
AND WeELpING Neck FLANGE 


Fig. 4(b) Fiancep AssempLty Mapes Wits Screwep ELsow 
ScREWED FLANGE 


flow in the bend and beyond, as well as by shock resistance to 
change in direction. In short-radius fittings or 90-deg. mitered 
elbows, the predominating loss is that due to shock, while in 
long-radius bends, where the change in direction is more gradual, 
the loes is due principally to increased friction. The foregoing 
leads to the conclusion that medium-radius bends of smooth 
curvature and full cross-section are preferable from a pressure- 
drop standpoint to either mitered elbows or long-radius bends. 

It will be noted that three of the curves plotted in Fig. 11 
refer to a flow velocity of 5 ft. per sec. These writers reported 
similar observations at other flow velocities ranging from 2 to 
15 ft. per see. in the same and other sizes of pipes, the general 
shape of the curves being similar, although the fractional ve- 
locity heads lost in bend friction varied with the velocity and 
pipe size. It seems reasonable to suppose that with sufficient 
data available it would be possible to formulate an equation 
involving radius of curvature and diameter of pipe, and velocity, 
density, and viscosity of the fluid, which wou'd be more widely 


® Trans. A.S.C.E., vol. 47, 1902, pp. 1-335. 
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applicable to the flow of water and other fluids in bends.’ The 
curves presented in Fig. 11 are offered merely as typical of 
conditions in bends of different curvature with a view to illus- 
trating the characteristic tendency for variance in pressure 
drop with R/d. 

Other Fluids. The above data apply to the flow of air and 
water as noted. The authors have been unable to locate any 
results of equivalent tests covering the flow of steam and other 
fluids through bends of different radii, but it is reasonable to 


4 


Fie. 5 Comparison oF Two Types or Miterep ExLsows WITH 
A SEAMLESS-TUBE ELBow 


assume that such fluids exhibit similar characteristics. In an 
article by M. Hottinger in Gesundheits-Ingenieur, vol. 51, 1928, 
page 723, dealing with the flow of water through bends and 
fittings, the following statement is made: “The tests made in 
the Laboratory for Heating and Ventilating at the Polytechnic 
Institute, Berlin, concerning pressure losses in different elements 


7 See “Piping Handbook” (McGraw-Hill Book Co., Inc.), by 
Walker and Crocker, pp. 84 to 99, for description of a rational formula 
applying to the flow of fluids in general. The authors believe it 
would be possible to introduce the effect of curvature into such 
formulas, thus obtaining a widely applicable set-up for dealing 
with bend friction. 


Fig. 6 Wetpep Pier Construction In A Ustna Two 
SeaMLESs-TuBE ELBows 


Fic. 7 Wetpep Construction In A TUNNEL, Ustna Seam- 
Less-Tuse ELBows 
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of a distributing system, gave results showing that the coeffi- 
cients of resistance are the same for pipes carrying water (cold 
or hot)* and steam of low or high pressure. (See Bulletin No. 
5-1913 of this Laboratory.) Therefore my experiments on 
bends and fittings were made only with cold water from 48 to 
54 deg. fahr.’’ While the above statement is somewhat broad 


E.:-7hroat and Ovter Side, Both Square 


80 


70 | Throat 


Square, } 


Outer Side 
60 


Cent of Velocity Head Lost in Bend 


| 
|_| 
0 2s 50 75 100 125 150 175 200 225 250 
Center-Line Radius in Per Cent of Pipe Diameter -£ x10 


Per 


Fic. 8 Heap Lost 1n 90-Dec. Benps Carryina AIR 


to accept literally, it 
does tend to support 
the idea that the re- 
lation of bend friction 
to R/d for steam would 
plot into a shape simi- 
lar to those given in 
Fig. 11 for water. 


Raptt OF AMERICAN 
STanDARD Cast-IRON 
AND STEEL ELsows 


In view of the rela- 
tively high frictional 
resistance observed in 
elbows where R/d is 
less than 1/2 it is of 
interest to note the 
approximate values of 
this ratio for different 
classes of American 
Standard screwed and 
flanged elbows set 
down in Table 1. 
These values were com- 
puted on the assump- 
tions that (a) the bore 
of the fitting agrees 
with the nominal size 
Fic..9 Resistance oF Benps 1x Arr up to 12 in., and with 

PiPIne the corresponding 

= ee of pa pipe ex- pipe bore for sizes 14 
in. and larger; (b) the 

curvature is a circle whose center is determined by lines pass- 
ing through the back of the flange or through the back of 
the band in the case of screwed fittings. While these assump- 
tions are not exact in all cases, it is deemed that they approxi- 


® These tests were made at temperatures ranging from 59 to 194 
deg. fahr. 
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mate actual conditions well enough for the present comparison, 
as these details will vary to some extent with different manu- 
facturers. Examination of Table 1 indicates that all the screwed 
fittings lie in the high-pressure-drop range of R/d; that standard 
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Fig. 11 Heap Lost mm 90-Dec. Benps Carryinc WATER 
a = «bV2/2g, where hb = head lost, ft. of water; «> = fractional velocity 
ad lost in bend friction above loss in corresponding length of straight pipe; 
V = water velocity, ft. per sec.; and g = 32.2 ft. per sec. per sec.) 
flanged fittings for pressures up to 600 lb. fall in the low- or 
moderate-pressure-drop range for sizes below 6 in. and in the 
high-pressure-drop range for larger sizes; that long-radius 
flanged fittings come almost entirely in the low- and moderate- 
pressure-drop range. These observations are of interest for 
comparison with seamless-tube fittings having a uniform R/d 
ratio of 11/:, which gives a consistent pressure-drop relation ap- 
proaching the flat region of the curves. 
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TABLE 1 RADII OF 90-DEG. ELBOWS EXPRESSED IN PIPE DIAMETERS! 593 of the paper by Crocker and 
(A.S.A. Standard Dimensions) Sanford on “Elasticity of Pipe 
t 
— Bends,” Trans. A.S.M.E., 1922. 
125-Ib. Ib. 250-Ib. lb. flanged, 250-Ib. flanged, 150-Ib. 250-Ib. 400-Ib. 600-Ib. At that time the effect of flattening 
Nominal C.I.  long- long- steel long- steel long- steel steel 
size screwed x. screwed flanged radius flanged radius flanged radius flanged radius flanged flanged in the circular cross-section of a 
1'/, 08 08 O8 26 40 28 38 Curved pipe during flexure was not 
1!/; 0.7 0.7 0.7 2.3 3.6 2.4 3.4 or ‘3 3.4 3's 3.4 2 ‘ as well understood as at present, 
2 7 7 2.8 2. 2.3 2.3 
21/, of of Be 17 28 24 21 and no attempt was made to take 
3 ot 6:7 16 2.3 16 2.2 1.6 2.3 1. 1.8 ate arison. 
07 OF OF 22 25 21 #105 22 15 21 1:7 17 it into account in that comparison 
4 0.7 O7 0.6 14 2.0 1.4 1.9 54 «62. 28 1.9 1.4 1.7 The present investigation shows 
8 06 O68 0.6 2.5 1.0 1.6 1.5 
10 06 O68 06 O98 15 10 15 O98 15 10 135 10 13 during flexure has a decided effect 
12 06 06 06 O98 15 09 14 1.5 2.8 1.4 9 1.2. on a comparison of this kind which 
1440.D. 06 O86 06 1.0 1.5 1.0 1.5 1.0 1.5 1.5 1.1 
160.D. 06 06 O68 O89 1.5 0.9 14 0.9 1.5 0.9 14 0.9 11 cannot be ignored in computing 
20 O.D. 09 #14 O8 14 14 14 Sither reactions or stresses. 
24 O.D. 0.9 1.4 0.9 1.4 0.9 1.4 0.9 1.4 0.9 :.2 Anumber of references are avail- 
Soe ; ize themselves with the theory of 
: flattening in the circular cross-sec- 
1 Approximate values for R/d where R is mean radius of 90-deg. elbow and d is bore of fitting. tion of acurved pipe during flexure.’ 
n-=5 
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Fig. 12 Revative or 90-Dec. Turns 


II—RELATIVE FLEXIBILITY OF ELBOWS AND LONG- 
RADIUS PIPE BENDS 

In comparing the merits of different piping layouts applicable 

to any given job, question frequently is raised as to whether 

long-radius pipe bends or so-called “‘square bends” give the 

greater flexibility. In making such a comparison it is necessary 


® The principal references on this theory are: 


a Paper by Dr. Th. Karman, Z.V.D.I., Bd. 55 (1911), p. 1889. 

6 Discussion by Dr. 8S. Timoshenko, Trans. A.S.M.E., 1922 
p. 585. 

ac Papers by Prof. William Hovgaard, Jl. Math. & Phys. 

(M.I.T.), vol. vi, no. 2, 1926; vol. vii, nos. 3 and 4, 1928; 

vol. viii, no. 4, 1929. Also Proc. Nat. Acad. Sci., vol. 16, 


to consider both major phases of flexibility, i.e. (a) the relative 
reactions set up at anchor points; and (b) the maximum stress 
produced at any point in the bend or pipe line. The maximum 


bending moment produced at any joint also is of interest, since d 
the amount of bending moment obtaining has a bearing on the 
probability of keeping a joint tight. A comparison of reactions e 


and stresses for four simple types of bends was made on page 


1930; World Eng. Congress, Tokyo, 1929, ‘‘Deflections and 
Stresses in Pipe Bends;” Int. Cong. App. Mech., Stock- 
holm, 1930, ‘Bending of Curved Pipe.” 

“Stresses and Reactions in Expansion Pipe Bends,” by 
A. M. Wahl, Trans. A.8.M.E., vol. 50, no. 15, p. 241, 
paper FSP-50-49, 1928. 

“Piping Handbook,”’ by Walker and Crocker, McGraw-Hill 
Book Co., Inc., p. 550. 
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This theory has been well established by rigorous mathematical 
analysis and extensive tests on actual pipe bends. No derivation 
of this relation is included here since it is adequately covered 
in the references listed below. The terms and symbols used in 
applying the theory in this paper are in agreement with those 
given in reference 9e, and are defined for convenience in Ap- 
pendix No. 3. 

Several common forms of long-radius pipe bends have been 
selected as examples for comparison with their equivalent counter- 
parts of the “square bend” variety as made up with seamless- 
tube fittings (R/d = 1'/,), American Standard flanged steel 
fittings and mitered elbows. Enough examples have been 
worked out to afford some degree of comparison and to indicate 
how the methods can be applied to other cases. Solution by 
the area-moment method described in the “Piping Handbook” 
by Walker and Crocker has been adopted as the one most 
universally applicable to problems of this sort. Complicated 
bends and pipe lines in three-dimensional space can be solved 
by area-moments, although such problems are too complicated 
for the successful application of analytical solutions. 


FLexiBILity oF 90-Dec. TuRNS 


Elements Considered. The fundamental relations between 
displacement, reaction, and stress obtaining with a simple 
quarter-bend or 90-deg. turn are the basis of flexibility computa- 
tions for practically all cases involving curved pipe. It is con- 
venient, therefore, to take up first the case of a quarter-bend 
anchored at one end and having a force applied at the other 
end perpendicular to the axis of the pipe and lying in the plane 
of the bend as shown in Fig. 12. Ten-inch standard-weight 
pipe has been chosen for this comparison, using as the basis a 
quarter-bend having a radius of 6 nominal pipe diameters 
(R/d = 6). With this quarter-bend are compared other 90- 
deg. turns consisting of shorter-radius bends and fittings having 
sufficient tangent length on each end to give the same center-to- 
face dimension in each case. The other turns considered are 
made up with a seamless-tube fitting (R/d = 1'/:), a 250-lb. 
American Standard flanged steel elbow (R/d = 1), and a 90-deg. 
miter elbow. . 

Relation Between Deflection and Force. The relation between 
deflection and force is obtained by means of the area-moment 
diagrams shown in connection with Fig. 12. The general bend- 
ing-moment diagram for a single force acting in the plane of 
the bend on a quarter-bend with tangents at each end is shown 
in Fig. 12(c). This diagram involves elements treated as cases 
II, III, V, and VII of the ‘Piping Handbook”’ (reference 9e). 
The rotations of the elements due to force F acting on the free 
end of the tangent length of pipe, Fig. 12(c), are represented by 
the following equations which are simply the areas of the bending- 
moment diagram to the left of each point indicated. (See 
Appendix No. 3 for definition of symbols.) 


= (F/EI) (rnd? + n*d?*) clockwise 
KEI KEI 
, R mean radius of bend in inches 
In which z = — = 
d___ nominal diameter of pipe in inches 
l length of tangents in inches 


d nominal diameter of pipe in inches 

K = rigidity multiplication factor which takes flatten- 
ing of the cross-section of a curved pipe into 
account. 


The deflections in the direction in which the force acts of the 
several parts of the bend are given by 
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EI Axe = left 
vr 0.7854R = 0.78542d left 
¥m0.637 R = 0.6372d left 
El Axa = 2ynd left 
= left 


90-Deg. Bend (R/d = 6). Where the radius of the bend is 
6 times the diameter of the pipe (R/d = 6), the center-to-face 
dimension was chosen so that the force acts directly on the bend 
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Revative Fiexismitry or 90-Dec. Turns Mape Wits 
Various Types or Firrincs Brenps 
({10-in. standard-weight pipe; length = 60 in. in each case 
(Fig. 12). 


Fie. 13 


with no tangent lengths, hence n = 0 and the expression for 
rotation at b drops out and that for rotation at ¢ simplifies to 
¥- = Fr*d?/KEI. Likewise the expression for deflection reduces 
to El Ax. = (Fr*d?/K) (0.78542d). Hence substituting values 
for z, d, and K, the relation between force and deflection for a 


TABLE 2 RELATIVE OF DIFFERENT TYPES OF 


DEG. TURNS 
Bending Stress in 
Reacting moment curved portion 

Ratio force at b, at b, 

R/d F M Simax 

6 6,960 417,500 12,700 

5 5,730 344,000 11,340 

4 4,920 295,000 11,650 

3 4,230 254,000 13,000 

2 3,710 223,000 16,200 

1'/; 3,500 210,000 17,150 
1 t-steel 

a 4,680 281,000 18,800 

0 miter 8,370 502,000 16,800 


AY 
4 
\ 
\ 

je 

pet 

1 jn. 
Give 
‘ 

000 
xs 

d 
§ 

Ye 


222 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


90-deg. bend acted on by a force at the 
end in the plane of the bend is found. 
x = 6,d = 10,h = tR/r? = 0.365 x 
60/29.96 = 0.81, K = 0.49 (Fig. 20). 


(36 X 100) 
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Fe 90-Deg.-Turn Seamless-Tube Fitting. 
For a seamless-tube fitting (R/d = 1'/,) 
having the same center-to-face dimen- 
sions as the bend formed to a radius of 6 

pipe diameters, the relation determined between force and de- 

flection is’ 


EI Ax = 688,900 F 


90-Deg.-Turn 250-Lb. Flanged Steel Elbow. In the case of 
the 250-lb. American Standard flanged steel elbow (R/d = 1), 
the greater stiffness of the heavier wall of the fitting must be 
taken into account. This is done by dividing the length of 
the abscissa of the diagram representing the elbow by the ratio 
of the moments of inertia of the cross-section of the elbow and 
of the pipe comprising the balance of the turn. 

The relation between deflection in the direction of the force 
F and the force acting at the end of the tangent for a turn in- 
volving a 250-lb. 10-in. flanged elbow, Fig. 12(g), is therefore 


EI Ax = 513,000 F 


90-Deg.-Turn Miter Elbow. The relation between deflection 
and force, Fig. 12(h), for a miter elbow is 


EI Ax = 288,000 F 


The relative flexibility of these several types of 90-deg. turns 
is shown by the equations given in Fig. 12. The greater the 
value of the coefficient of F, the greater the flexibility. This 
result is illustrated more effectively by assuming that the free 
end of each type of turn is displaced am equal amount by the 
application of a force as indicated. If a displacement of '/; in. 
is assumed, then, substituting values of E and / for a 10-in. 
standard-weight pipe, the resulting forces found from the formulas 
of Fig. 12 give the curves of Fig. 13. 

The maximum longitudinal stress Simax Which occurs in the 
middle surface at top of the turn in the curved portion is found 
by substituting the values of the forces determined in the fore- 
going into the ordinates of the bending-moment diagrams and 
applying a factor which takes into account flattening of the 
cross-section of a curved pipe under flexure. The value of 
this factor 8 may be found from Fig. 21 for the various values 
of h involved in this series of comparative shapes. (See later 
paragraph for an explanation of the significance of 8.) For 
the particular case in which a seamless-tube fitting is employed, 
the stress may be found directly from Fig. 22 for standard- 
weight pipe. The maximum stress occurs at b of Fig. 12(/) 
and is 0.082 < 3500 X 60 = 17,150 lb. per sq. in. 

The magnitude of the forces required to produce a deflection 
of 1/, in. and the resulting bending moments and stresses pro- 
duced in the 90-deg. turns of Fig. 12 are tabulated in Table 2. 

While the results in Table 2 show the relative flexibility of 
different types of 90-deg. turns under a conventional condition 
of one end anchored and the other end free, they are of more 
or less academic interest in that the important question is not 
how much more or less flexible an element of this kind is demon- 


10 See Appendix No. 1 for derivation of relations between force 
and deflection for the several types of 90-deg. turns considered herein. 
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strated to be with respect to some similar element. The prin- 
cipal consideration is how the bend behaves when incorporated 
in an actual run of piping. Obviously, since the flexibility of 
only a portion of a given line will be affected by the substitution 
of a different type of bend or fitting, the magnitude of the 
differences found in the above comparison will be reduced when 
a whole section of piping between anchors is considered as a unit. 


ExpaNsion Benps Formep With Dirrerent-Rapii 
90-Dea. Arcs 


desired relation between deflection and reacting force is thus 
obtained. The application of these equations, while tedious, 
gives directly the relations from which generalizations may be 
made. 

This comparison of a series of square expansion bends of a 
given width and height installed in a straight run of pipe indi- 
cates that for the particular case shown in Fig. 14, the reacting 
force at the ends is approximately 50 per cent greater if 90-deg. 
bends having a center-line radius of 6 times the pipe diameter 


A series of expansion bends of a given width and height which 4 ——l | | 
are composed of 90-deg. arcs of various radii and complementary . 
lengths of straight pipe are illustrated in Fig. 14. This expansion 
bend is inserted in a straight run of piping rigidly anchored at ~ 0 
each end. The dimensions of the various elements are given “2 
as ratios to permit a general solution from which proper de- 2° ° 
ductions as to relative flexibility can be readily made. Asthis €7% SC 
shape and the modifications to which it is susceptible are basic 2 
elements for providing flexibility in symmetrical piping layouts . 7 
the general equations involved are given in Appendix No. 2. ? R | | | 

The bending-moment diagram for piping arranged as shown 2 10 4 18 20 
in Fig. 14 is given in Fig. 15. From consideration of the re- W(t, +L 2) 
quirement that the sum of the rotations of the elements of the Fea. 18 Ortmun Fox or Sqvans Bax 
line from one end to the other must be zero, an expression for [Results obtained from Fig. 39 of Reference 9. } 

_. MM =/84,000 In-Lb. are used than if seamless-tube fittings 
S = 5,600 Lb. per Sg.In. (R/d = 1*/,) were employed. 

R=éd The effect of varying the radius of the 
fa mda=3a qa-36a JE Lb. 90-deg. bends forming the square expan- 
q M = 64,000 In-Lb. sion bend of Fig. 14 is shown graphically 

in Fig. 16, for an assumed deflection of 


qa=%d 


6,000 In-Lb. 
,400 Lb. per Sg.JIn. 


0.79 in. 


ComPARISON OF Expansion U-BEND AND 
Various SquarRE BENDS 
1175 Lb. 


A comparison of the relative flexibilit 
M= 48,700 In-Lb. y 


of an expansion U-bend and a bend com- 
posed of short-radius 90-deg. bends and 
straight lengths of pipe as shown in Fig. 
17 may be made readily from the general 
equations just described. 

Examp.e. Assume a 10-in. line is to 


M = 62,550 In-Lb. 
oa=¢5a S =5,/40 Lb. per Sqin. 


afe 


c ri qa=36a J b 637 Lb. 
i+ 


M=536,000in-L6. carry 15-lb.-gage saturated steam; dis- 
tance between anchor points is 80 ft.; 
anchors restrain pipe both as to transla- 
tion and rotation; and expansion from 
room to operating temperature is to be 
taken care of by a suitable expansion 


ma-223a qa=23a 4,040 Lb. 


Fie. 17 Comparative oF Expansion U-Bgenp AaNnp Square BENDS 


determining the restraining moment at the ends may be de- 
veloped. This relation is expressed in terms of ratios of length 
of the elements involved to diameter of pipe. The ordinate 
of the diagram for restraining moment Fig. 15 is designated as 
y. Its value is determined from the expression given in Ap- 
pendix No. 2. The rotations of the elements between each 
point indicated and the left end of the line are given by the series 
of equations in Appendix No. 2. 

The deflections corresponding to these rotations and to the 
effect of the forces and moments acting on each element may be 
found from the general deflection equations of Appendix No. 2. 
The algebraic sum of the deflections of the elements to the left 
and right gives the coefficient of the reacting force F. The 


M = 62,550 In-L6. U-bend or a square bend formed of 
seamless-tube fittings and straight lengths 
of pipe. Required to determine the mag- 
nitude of the reacting forces and the 
maximum bending moment and stress in 
the line arising from expansion. 

Expansion U-Bend. In the case of the expansion U-bend 
|Fig. 17(a)] z = 6, m = 36, n = 0,0 = 0,q = 36, and K = 
0.49 (see Fig. 20). The coefficient of the reacting force is found 
to be 2,728,000, hence the relation between the deflection to be 
cared for and the reacting force is given by 


El Ax = 2,728,000 F 


Square Bend Made With Seamless-Tube Fittings. The square- 
bend counterpart of the expansion U-bend, Fig. 17(b), which 
employs seamless-tube fittings has the following ratios: z = 
1'/2, m = 36,n = 9,0 = 18, q = 36, and K = 0.14 (see Fig. 20). 
The coefficient of the reacting force is found to give the relation 


4 
| 
od=/8A S= 7,550 Lo per Sq.in. 

e 
na=9Id- 
(b) M= 
od-/8d S= us 
afe g 
a mad=-3td 
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Flerural Rigidity of Pipe. The quantities on the left side of 
the equations are determined from the elastic properties of the 
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EI Ax = 4,799,200 F 


E for steel pipe at 250 deg. fahr. may be taken as 29 X 10* 

I for 10-in. standard-weight pipe is 160.7 in.‘ 

Ax = 1.51 X 80/100 = 1.21 in., where 1.51 represents the 
linear expansion of 100 ft. of steel pipe from 60 deg. 


pipe and expansion cared for. 


to 250 deg. fahr. 


M =/46,000 In-Lb. 
S= 4970 Lb. per Sg.In. 


4 mae =5/.5/a _ 97066. 
4 (a 52,500 In-Lo. 
_-M=101,500In-Lb. 
Oly’ § = 8340 Lb. 
4 (bd) In-Lb. 
M=5I, 300 In-Lb. 
= 4'200 Lb. per Sa.In. 
i> 
4 (c) 23300 In-t. 
oad =-s57a M= 56,100 In-Lb. 
+ S= 4,620 Lb. per Sgq.In. 
548Lb 
y Z 56/00 In-Lb. 


Fie.19 Comparative FLEexisiuity oF DousLe-OFrset ExPANsioNn U-BEND AND SQuARE BENDS 
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Magnitude of Reacting Forces. The 
reacting force at the end of the line when 
an ordinary expansion U-bend [Fig. 
17(a)] is inserted is therefore— 


29 X 10° X 160.7 X 1.21 = 2,728,000 F 
F = 2065 Ib. 


The corresponding force when the U- 
bend is replaced by a square bend of 
the same overall dimensions fabricated of 
seamless-tube fittings [Fig. 17(b)] is 
found as 


29 X 10° X 160.7 X 1.21 = 4,799,200 F 
F = 1175\|b. 


The above values indicating that the 
latter method [Fig. 17(b)] of providing 
for expansion reduces the reacting forces 
to approximately 57 per cent of their 
former value [Fig. 17(a)] for the par- 
ticular conditions used in this example. 

Magnitude of Bending Stresses. The 
bending stresses set up in the curved 
portions of the line by thermal expan- 
sion are found, however, to be greater 
by about 35 per cent for the square- 
bend counterpart of the expansion U- 
bend due to the sharp curvature of the 
seamless-tube fitting. The effect of the 
short radius materially increases the 
magnitude of the longitudinal-stress mul- 
tiplication factor 8 which takes into ac- 
count the effect of flattening of the cross- 
section of a curved pipe during flexure 
(see Fig. 21). As indicated in Fig. 17, 
the maximum stress Simax occurs at point 
f and is 5600 lb. per sq. in. in the expan- 
sion U-bend and 7550 lb. per sq. in. in 
the seamless-tube fitting. 

Strength Criterion Employed for Curved 
Pipes. The maximum longitudinal stress 
Simax in the middle surface of the pipe 
cross-section is taken as the strength 
criterion in the present analysis of bends 
and fittings in accordance with the con- 
clusions reached by Prof. William Hov- 
gaard in his elaborate study of the stress 
and strain relations in pipe bends. His 
conclusion is that, as long as the maxi- 
mum longitudinal stress as determined 
by the formula below does not exceed 
about 20,000 Ib. per sq. in. for ordinary 
steel-piping material, failure of the bend 
will not occur. 

Professor Hovgaard recommends, how- 
ever, that a total combined stress of 
16,000 Ib. per sq. in. be used for design 
purposes, including longitudinal tensile 
stress due to internal pressure and other 
stresses which may exist. As a general 
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principle, limiting the longitudinal bending stress Simax to 12,500 
lb. per sq. in. will provide sufficient margin to cover other stresses 
involved. Where torsional stress exists, however, it should be 
combined with the total longitudinal stress, and the maximum 
equivalent stress determined by the following equation (see Ref- 
erence Qe, p. 559). 


2 2 + Simax Smin 
= Os 2 


Where S,,. is the total equivalent stress which should not exceed 
16,000 Ib. per sq. in.; Ss is the shear stress due to torsion in lb. 
per sq. in.; Smax is the total longitudinal stress in lb. per sq. in. 
due to bending (Simax) plus the longitudinal stress due to internal 
pressure; S,io is the direct radial compression due to internal 
pressure, which at the mean radius of the pipe wall is approxi- 
mately equal to one-half that pressure in lb. per sq. in. and 
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usually can be neglected. Since compressive stresses are con- 
sidered as negative, the direct radial stress S,.j. should be added 
to Smax if it is taken into account in the computations. 
Expression for Maximum Longitudinal Stress in Curved Pipes. 
The maximum longitudinal stress as developed by Professor 
Hovgaard is given by Simax = 8Mr/I (Reference 9c, p. 8), where 


2 +5 
3K 18 


in which K = (1 + 12h*)/(10 + 12h") and h = tR/r? 
t = pipe wall thickness, inches 
R = radius of center line of bend, inches 
r = radiusof pipe cross-section to the middle surface, 


inches. 


Values of 6 are plotted against h in Fig. 21. 

This equation is combined with r/I for standard-weight and 
extra strong pipe so that the stress in a short-radius bend may 
be obtained directly from the curves of Fig. 22 and the bending 
moment for each size of pipe. (See equation for maximum 
moment, Appendix No. 2.) 

Comparison of Stresses in Expansion U-Bend and Its Counter- 
part. Thus in the comparison of the expansion U-bend and 


FSP-53-17 225 


its square-bend counterpart made with seamless-tube fittings, 
it is only necessary to substitute the value of the reacting force 
F determined for the latter into the ordinates of the bending 
moment diagram of Fig. 15 to find the maximum bending mo- 
ment which in this instance oceurs at points e or f (see Appendix 
No. 2 for equations) and is 92,500 in-lb. The stress multiplica- 
tion factor for a 10-in. standard-weight pipe is found from Fig. 22 
as 0.082. The stress at e or f is therefore 


0.082 < 92,500 = 7550 lb. per sq. in. 


The corresponding stress determined for the expansion U-bend 
is found from the bending moment at the top of the bend 184,000 


10.00 


5.00 
\ a 


0.50 


0.10 


Stress Multiplication Factor for Seamless-Tube Fittings 


T i 

2852 
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Fic. 22 Stress Factor ror Maximum Lonei- 
TUDINAL Stress Mipp.e SurFAcE For SEAMLESS-TUBE FITTINGS 


2r 6h? + 5 
Simax = 3KI M 

in-lb. and the value determined for the longitudinal-stress multi- 
plication factor from Fig. 21 for a bend formed of standard- 
weight pipe to a radius of 6 pipe diameters (0.94 x 184,000 
5.19)/160.7 = 5600 lb. per sq. in. 

An examination of the foregoing comparison shows that the 
substitution of a square bend composed of seamless-tube fittings 
and straight lengths of pipe in place of an expansion U-bend 
has the effect of reducing the magnitude of the reacting forces 
and bending moments, but at the same time increases the stress 
in the curved portions of the line. 

Bending Moments at Joints. The foregoing comparison deals 
with bending stresses in the pipe wall and with reactions at 
anchor points. A third phase of flexibility analysis concerns 
the maximum amount of bending moment existing at any joint 
or weld in the line. It is desirable, of course, to choose a design 
in which the bending moments at all joints are equalized or 
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minimized with a view to avoiding excessive moments at any 
of them. Too severe bending moments occurring at joints 
increase the liability of leaks in service and should be avoided 
by due consideration in design. 

Methods of Reducing Stresses and Bending Moments in Square- 
Bend Counterpart of Expansion U-Bend. In order that the 
magnitude of the bending moment at the top of the bend com- 
posed of straight lengths of pipe and short-radius bends may not 
exceed that which is found at the ends of the expansion U-bend, 
two methods of procedure may be followed. If it is necessary 
or desirable to maintain the same width as occupied by the 
expansion U-bend, for some constructional reason, an increase 
in height of bend by approximately 45 per cent [Fig. 17(c)] will 
result in a lowering of the bending moment at the top of the 
bend to a value equivalent to that on the end joint of the ex- 
pansion U-bend. The stress in the curved part of the line will 
be slightly less in the case of the higher square bend than in 
the expansion U-bend, while the reacting forces at the ends of 
the line will be approximately only one-third as large. The 
foregoing statements apply strictly to the example illustrated 
in Fig. 17, but are reasonably true for most conditions in which 
symmetrical expansion bends are employed. The particular 
relations may be obtained by substituting ratios of the lengths 
actually involved in a given installation into the equations 
given in Appendix No. 2. 

Distribution of Pipe to Secure Flexibility. A much more 
efficient distribution of piping as regards total length of pipe 
involved and resulting flexibility may be obtained by increasing 
the width of the bend as indicated in Fig. 17(d). The maximum 
flexibility in a given piping layout exists when every portion 
of the line is subjected to the same bending moment. In a 
symmetrical straight line such as used in this illustration, an 
ideal distribution of pipe is obtained when the length of straight 
pipe at the top of the bend is equal to the sum of the lengths of 
straight pipe at each end of the bend. 

In this case if a height of bend equal to that of the expansion 
U-bend is maintained, the bending moments at the joints as 
well as the stress in the curved portions are less than in the 
case of the expansion U-bend while the reacting forces are only 
one-half as large. 

Conclusion Regarding Distribution of Pipe. In this connection 
it is well to call attention to the fact that in every practical case 
in which expansion bends are employed, much greater flexibility 
can be secured by inserting a length of straight pipe at the top 
of the bend. In general, for bends in one plane, the amount 
of straight pipe at the top of the bend should be equal to the sum 
of the lengths of straight pipe between each end of the bend and 
the anchor points. This relation is shown graphically for a 
particular square bend in Fig. 18. It will be noted that the 
optimum value of f (the coefficient of h* which determines the 
value of the reacting force) results when the ratio of the width 
to the sum of the lengths between the ends of the bend and the 
anchor points is unity. 


Dovs.e Orrset Expansion U-BEND 


Relative Flexibility. A comparison of the flexibility of a 
double-offset expansion U-bend with that of a bend having the 
same overall dimensions made up of seamless-tube fittings is 
of interest, as this type of bend is often used where a considerable 
amount of expansion is to be absorbed (see Fig. 19). In this 
example a 10-in. standard-weight pipe is used as in the foregoing, 
but the steam pressure is 100 lb. gage (338 deg. fahr.) and the 
distance between anchors is 100 ft. The resulting forces at 


the anchors with the double-offset expansion U-bend are 40 
per cent greater than with the square-bend counterpart fabri- 
cated with short-radius bends [Fig. 19(b)], while the maximum 
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longitudinal stress is found to be about 86 per cent greater for 
the latter. 

Methods of Reducing Stresses and Bending Moments in Square- 
Bend Counterpart of Double-Offset Expansion U-Bend. In this 
case as with the simple expansion U-bend, two alternatives 
suggest themselves to reduce the stresses and bending moments 
so that as good results will obtain as with the double-offset 
expansion U-bend. If the same width of bend is necessary, 
the height will have to be 70 per cent greater than that of the 
double-offset expansion U-bend. If the optimum width may 
be used as developed in connection with the simple expansion 
U-bend, the same height can be maintained and the bending 
moment at the joints will be only slightly greater while the 
maximum stress will be only 90 per cent as great and the reacting 
forces only a little more than one-half as large. 

Again, it should be noted that the above statements refer to 
the particular case chosen for analysis but are indicative of the 
general conclusions which may be drawn. If a true comparison 
is desired for an actual installation it is necessary to substitute 
ratios of the lengths of the various parts into the equation given 
in Appendix No. 2. 


III—CONCLUSIONS 


An attempt has been made to point out the conclusions drawn 
from various phases of this paper in connection with each point 
as it was developed. In general, it may be said that welded 
piping made up with seamless-tube fittings compares favorably 
with other types of construction as regards appearance, pressure 
drop, and flexibility. It has pronounced advantages over 
mitered elbows and short-radius cast fittings in all the respects 
named. 

Due to the complex nature of expansion problems, it is not 
advisable to draw sweeping conclusions as to the relative flexi- 
bility of pipe bends as distinguished from seamless-tube elbows 
and cast fittings. The typical specific cases chosen, however, 
show the general trend of such comparisons, and serve to illus- 
trate how other cases can be treated. The suggestions as to 
how straight pipe and bends should be distributed to obtain 
maximum flexibility, the authors deem to be particularly im- 
portant (see discussion in connection with Figs. 17, 18, and 19). 

The rather sketchy nature of the data offered on pressure drop 
through turns of different radii is appreciated by the authors, 
who hope that interested engineers will call attention to refer- 
ences which may have been overlooked, or present unpublished 
data of their own bearing on the subject. The solution of piping- 
flexibility problems has received considerable attention of late 
and the authors would appreciate a frank discussion of how to 
make the methods they have used more readily understood and 
useful. It is especially desirable to further develop the applica- 
tion of these principles to special cases and work out short-cut 
methods for computing the flexibility of common types of ex- 
pansion members. 


Appendix No. 1 


(1) 90-Deg.-Turn Seamless-Tube Fitting [Fig. 12(f)]. The 
relation between deflecting force and the deflection is determined 


as follows: The values of z, n, and K become: 
z = l'/o,n = 4'/2,h = 0.203 (Fig. 20) and K = 0.14 (Fig. 20) 
yo = 41/2. X 100F/EI + 41/2 41/2 XK 100F/EI 
= 2700F/EI 


11/, X 1'/: X 100F 


ve = 2700(F/EI) + 0.14EI 
1.57 X 11/2 X 4'/2 X 100F 
+ 0.14EI 11,745F /EI 


i 
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El Axe = 2,700F X X 10 = 40,500F 
1,585F X 0.7854 X 15 = 18,700F 
7,460F X 0.637 X 15 = 71,300F 


El Axa = 2 11,745F X 41/2 10 528,000F 
(4'/2)? 100F X X 45 = 30,400F 


688,900F 
EI A, = 688,900F 


(2) 90-Deg.-Turn 250-Lb. Flanged Steel Elbow (Fig. 12(g)}. 
The minimum wall thickness of a 250-lb. 10-in. elbow is "5/2 
in. The corresponding moment of inertia is 211 in.‘ while 
the moment of inertia of the 10-in. standard-weight pipe is 
160.7 in.‘ The ratio by which the abscissa of the diagram must 
be divided is therefore 211/160.7 = 1.315. z = 1, n = 5, 
h = tR/r? = 0.468 X 10/27.4 = 0.171. The value of K corre- 
sponding to h = 0.171 from Fig. 20 is 0.13. 

The equations for rotation and deflections become 


= (1 X 5 & 100F/EI) + 25 X 100F/EI = 3000F/EI 


100F 
1.315 X 0.13EI 
1.57 X 1 X 5 X 100F 


ve = 3000F/EI + 


1315 
and 
El Ax. = = 3,000F X 10 = 30,000F 
584F X 7.85 = 4,580F 
4,580F X 6.37 = 29,200F 
El Axe = 8,164F X 50 = 407,500F 
'/, X 2,500F X 33.3 = 41,700F 
512,980F 


EI A. = 512,980F 


(3) 90-Deg.-Turn Miter Elbow [{Fig. 12(h)]. In the case of 
the miter elbow, z = 0,n = 6, and K = 1. 


= (F/EI)n*d? = 36 X 100F/EI = 3,600F/EI 

ElAxa = = 3,600F X 60 = 216,000F 
vr?/ynd = X 36 X 100 40F = 72,000F 

288,000F 


EI = 288,000F 


Appendix No. 2 


GENERAL EXPRESSIONS INVOLVED IN COMPUTATION 
OF FLEXIBILITY OF SYMMETRICAL SQUARE BENDS, 
U-BENDS, ETC. 


(1) Ordinate of Resisting Moment. Let y be the coefficient of 
the restraining moment; then its value may be found from the 
equation 


art (SE +e ) 


6.282 
m+2n += 


In which m, n, 0, q, and z are ratios of lengths to pipe diameter 
as indicated in Fig. 14. 

(2) General Equations for Rotations of a Square Bend Com- 
posed of Arcs and Straight Lengths of Pipe (Fig. 15). 


ve = Fmyd*/El counterclockwise 
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1.57Fzyd? Fzx*d? 
| + + KEI counterclockwise 
ve 
_ 
clockwise 
= + Fnyd*/EI + Fn2d?/2EI] counterclockwise 
vd 
| = bea + Fand?/EI + Fn*d?/EI clockwise 
4! 57Fxryd? 0.57 F x*d? 
KEI KEI counterclockwise 
Ye 
3.14F 22d? + 1.57F lockwi 
{ = ve + Foyd?/EI counterclockwise 
vs 
| = Yes + 2Ford?/EI + Fond*/EI clockwise 
1.57F 
| =v + counterclockwise 
Yo 
1.57Fxrnd? —1.57F rd? 
i vie + KEI KEI + KEI clockwise 
= + Fnyd*/El counterclockwise 
Vr 
= Yor + Fn*d?/2EI + Frnd*/El clockwise 
1.57Fzyd? 
= + counterclockwise 
vi 
0.57F rd? 
he clockwise 
| = vii + Fayd*/El counterclockwise 
vi 
| = clockwise 


(3) General Equations for Deflection of a Square Bend Com- 


posed of Arcs and Straight Lengths of Pipe (Fig. 15). 


El Axe = = WR = left 
left 
2 
vu0.637R = 0.68724 left 
57F 
¥u0.637R = 0.637xd right 
El Axa = = yond left 
= (Frond? + Fn*d*)'/ynd right 
= (Fnyd?)'/ynd left 
= left 
El Ax. = = yard left 
1.57F znd? 
(2 , ) right 
K K 
2 
ym0.363R = (ta) 0.3632d left 
2 
vr0.624R = 0.624xd left 
left 


El Axe = 2 WR = 


| 
a 
a 
; 
ur 
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Frid 
= 0.7854rd left 
157.cndF _1.57F x%d? 
w0.637R = ( ) 0.637rd left 
K K 
1.57F ryd? 
yu0.637R = 0.637xd right 
EI = = vol = yond left 
vr?/sl = nd left 
= (Fxnd?)'/snd left 
= (Fnyd?)'/snd right 
El ax: = = left 
0.57F 
= 0.624.rd left 
1.57Fryd? 
= 0.363xd right 


(4) Equation for Maximum Bending Moment in Square 
Bend (Fig. 15). 
M = (22 +n—y)Fd 


Appendix No. 3 
LIST OF SYMBOLS 
The symbols used in this paper are defined below: 


Ax deflection along the X-axis, inches 
F = generalized force acting as shown, pounds 
l = length of cantilever or section of pipe, inches 


E = modulus of elasticity of pipe material at the working 
temperature of the piping, pounds per square inch 
J = moment of inertia of pipe cross-section, inches to the 
fourth power 
1 + 12h? 
K = rigidity multiplication factor = 10 + 12h? 
8 = longitudinal stress multiplication factor = 
2 
(6h? + 5)/18 
3K (6h? + 5)/18 
h = tR/r*? = pipe-bend ratio 
t = thickness of pipe wall, inches 
R = mean radius of bend, inches 
r = mean radius of pipe cross-section, inches 
d = nominal diameter of pipe, inches 


= rotation due to a-moment at the end of a cantilever 
= area of rectangular bending-moment diagram, di- 
vided by 


YM 


= rotation due to a transverse force at the end of a 


| cantilever 

7) « area of triangular bending-moment diagram, divided 

| by EI 

| = algebraic sum of the rotations of the elements be- 

( 


tween the point designated by the subscript and 


¥ the fixed end of the section of piping 
b c,ete = algebraic sum of the areas of the bending-moment 
diagrams to the left of the point designated by the 
subscript, divided by EJ 
m,n, | = ratios of lengths of pipe to pipe diameter involved in 
0, % computation of flexibility of symmetrical square 
and x bends, U-bends, etc. 
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Discussion 


GeorGe J. Sruarr.'' When designing a piping system, the 
problem of caring for expansion is one of great importance 
and one concerning which little specific information is at hand. 
This paper, together with the authors’ previous work, is there- 
fore most timely. 

Figs. 17 and 19 of the paper and the conclusion that the seam- 
less-tube-fitting method compares favorably with the pipe- 
bend method of providing flexibility are interesting. 

The capacity of a pipe bend to take care of expansion is limited 
by the maximum stress set up in the pipe. It will be noted from 
Fig. 19 that for the conditions given the maximum stress in the 
pipe bend is 4470 lb. per sq. in., whereas, for the same condi- 
tions, the stress in the seamless-fitting method is 8340 lb. per 
sq. in., or an increase of 79 per cent. 

It will also be noted that the maximum stress, Fig. 19 (b), comes 
at a weld, while in the pipe bend the maximum stress is taken 
by the pipe itself. 

The authors have suggested a method of reducing the stresses 
by means of increasing the proportion. The stresses can un- 
doubtedly be reduced in this way, but in actual practice the space 
available for expansion bends will only rarely permit this expedi- 
ent; furthermore, when space permits, the method is applicable 
to pipe-bend as weil as to seamless-tube fitting. 

It always is desirable to minimize the number of joints in a 
pipe line. The seamless-tube-fitting expansion U-bend has neces- 
sarily eight welded joints, while the equivalent bend has but two 
joints, which may be either flanged or welded. 

It is interesting to compare the quantity of labor and material 
entering into the two methods. The amount of pipe entering 
into the seamless-tube-fitting construction is almost the same as 
in the pipe-bend construction—-more exactly, 0.9 as much if the 
pipe bend has a radius of 5 diameters. If the radius is 6 diam- 
eters, 0.95 as much pipe is used, and if the radius is increased to 
7 diameters, the quantity of pipe in the two methods is the same. 
To this must be added the expense of making eight welds and the 
cost of four seamless-tube fittings. This cost of welding and fit- 
tings more than offsets the expense of bending the pipes. 

In view of the foregoing, the writer believes that the pipe-bend 
construction has the following advantages over the equivalent 
seamless-tube-fitting construction: 


1 Lower stress per unit of flexibility 

2 Fewer joints 

3 If any joints are necessary in the pipe-bend construction, 
they can be placed at points of low stress 

4 More economic of space for equal stress and flexibility 

5 Less expensive. 


A. M. Houser"? anv 8. Hirscuperc.'* Those of us who have 
dealt with piping flexibility problems can appreciate that the 
grapho-analytical method based on area moment diagrams intro- 
duced by the authors to this application is a decided advance- 
ment in solving complicated piping layouts. The authors should 
be commended for this admirable contribution. 

It is interesting to note, however, that throughout the paper 
the authors emphasize the preferable use of seamless-tube 
elbows having a mean radius of curvature of 1!/, times the inside 
pipe diameter. They treat this subject from two phases, namely, 
pressure drop and flexibility. The writers realize that treatment 
of this subject from all angles would entail an article of consider- 
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able length, yet the writers feel that the illustrations and prob- 
lems as presented by the authors may be misleading to the piping 
designer not intimate with this subject. The writers wish to 
bring out some points not discussed by the authors which will 
indicate that a ready-made elbow need not be confined to a mean 
radius of 1'/; times the inside diameter nor should it be made 
of seamless tubing exclusively; also, that expansion bends made 
of continuous parts of a circle have many advantages over square 
bends. 


PressurE Drop AND BENDS 


Prof. F. E. Giesecke in 1927 conducted a series of tests on short- 
radius and long-radius standard 90-deg. elbows to determine the 
comparative friction losses of each. The report of this investiga- 
tion can be found in the University of Texas Bulletin No. 2712. 
Quoting Professor Giesecke: 


Comparing a short radius 90-deg. elbow with a long-radius elbow, 
the friction in a long-radius elbow is about 63 per cent of that in a 
short-radius elbow, for a velocity of 3 ft. per sec. and a 3-in. pipe. 
This percentage is reduced slightly as the velocity is increased, and 
increased as the pipe diameter is increased. 


=,Comparing this statement with the authors’ statements and ref- 
erences would indicate that there is considerable difference of 
agreement of results. According to the authors’ curves there is 
a much more decided rapid decrease in elbow friction as R/d in- 
creases from 1 to 4, which is the comparative relation of the short- 
radius and long-radius elbows’ mean radii of curvature. 
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Fig. 23 is reproduced from Engineering, of London, in the No- 
vember 13, 1925, issue, based on data presented in a paper by 
Prof. J. Eustice. Professor Eustice showed by colored filaments 
the motion of water in its flow through curved glass pipes for 
the purpose of ascertaining the causes of increased resistance to 
flow due to curvature of pipe. The average curve from results 
of experiments made by several investigators on circular pipes 
from 2 in. to 6 in. is shown in Fig. 23. An inspection of the curve 
indicates that the friction loss in curved pipes with respect to 
R/d follows a peculiar law of maxima and minima and that the 
minimum pressure drop for the least R/d is decidedly at 2.91 
and not 1.5 to 2 as indicated by the authors. Also, that there 


is not as decided a rapid decrease in pressure drop when R/d in- 
creases from 1 to 1'/2, as the authors contend. 

Professor Eustice states that after a series of calculations based 
on theoretical assumptions, it was foand that for right-angled 
bends, the results which agree most closely with the experiments 
are obtained when the line AB is drawn as a tangent to the inner 
circle of the curved pipe and continued as at A, B, C, D, E in 
Fig. 23. If the joint with the tangent pipe is at EZ, the fluid 
passes along the straight pipe with minimum resistance. This 
is illustrated for right-angled bends in Fig. 23, cases 2, 3, 4, 5, 
and 6. In eath of cases 2, 4, and 6 where the lines BC, DE, and 
EG, respectively, are tangent at the outlet, there is a minimum. 
In each case of cases 3 and 5, where the lines BCD and DEP, 
respectively, cut the curve at the outlet, there is a maximum. 

Another consideration of pressure drop in right-angled bends 
must be made which is discussed in the ‘Handbook on Hydraul- 
ics” by H. W. King. In designing a pipe line, it may be found 
B 


Cc 


Fig. 24 


that the total loss of head in pipe line between two given points 
will be less by using a curve of greater radius due to shortening 
the length of pipe. This may be seen from Fig. 24. Assuming 
that the radius of the bend CD is from 4 to 7 ft., the radius giving 
minimum excess loss of head, the bend AB having a greater radius 
than CD; the total loss of head in the pipe AB may be less 
than the total loss of head in the pipe ACDB because of its shorter 
length. This would tend to show that in Fig. 12 of the authors’ 
paper pressure drop is sacrificed when comparing Fig. 12 (f) 
with Fig. 12 (a). 


RELATIVE FLExIBILITY OF ELBows AND Lona-Raprvus 
BENDS 


Comparing the merits of so-called ‘square bends” made up of 
cast-steel fittings and straight pipe as contrasted with “square 
bends” made up of the seamless-tube elbow and straight pipe, 
the writers wish to call to the attention of the authors the follow- 
ing: 

In Fig. 12 (g) of the authors’ paper is shown the relation be- 
tween deflection and force of EJ A, = 513,000 F for 250-lb. Ameri- 
can standard flanged steel elbow with R/d = 1. A comparison 
of the relative flexibility of cases Fig. 12 (f), seamless-tube elbow, 
with Fig. 12 (g) cast-steel elbow, taking tensile strengths in con- 
sideration, is as follows: 

Seamless-Tube Fitting Cast-Steel Fitting 
R/d = I'/3 R/d = 1 
ElAz = 688,900 F El Ar = 513,000 F 
Max. longitudinal stress = 17,150 Max. longitudinal stress = 18,800 
Tensile strength = 54,000 Tensile strength = 70,000 

Therefore, using the permissible longitudinal stress of 12,500 
Ib. per sq. in. as recommended by the authors for seamless steel 
tubing, the permissible longitudinal stress for cast steel using the 
same factor of safety would be approximately 15,500. In other 
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words, using the same factor of safety, it can be computed by 
simple mathematics that the deflection obtained by the cast-steel 
elbow bend would be slightly greater than that obtained by use 
of the seamless-tube elbow, not considering any additional flexi- 
bility due to the screw joint over the rigid welded joint. Further- 
more, if the authors would have determined the relation between 
deflection and force for the seamless-tube elbow as in Fig. 12 
(g) for the cast-steel elbow, the coefficient would have been greater 
than 688,000 as of R/d = 1'/2, as in Fig. 12 (f), although the lon- 
gitudinal stress may have been greater. 

Comparing Fig. 12 (a) with Fig. 12 (f), it can be readily seen 
that for R/d = 1'/2 the coefficient of the relation between de- 
flection and force shows a decided advantage over R/d = 6, 
yet the longitudinal stress for R/d = 1'/2 is much greater than 
when R/d = 6. This means that if the permissible stress is 
12,500 the deflection would be considerably less for R/d = 1'/: 
than for R/d = 6, although the force would be greater in the 
latter. It must be remembered that the condition selected by 
the authors is the most beneficial to the R/d = 1'/2, bend, and 
here a lesser deflection is obtained than R/d = 6, using the same 
permissible fiber stress. 
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Suppose a more practical situation, as shown in Fig. 25, where 
the face-to-face dimension is 26 pipe diameters. 

Assuming the same permissible stress of 12,500 and diameter of 
pipe d = 10 in., the two bends as shown in Fig. 25 compare as 
follows: 


Bend R/d = 1'/2 Bend R/d = 6 
Az = 4!/qin. Ar = 8'/2in. 
F = 585 lb. F = 1450 lb. 


Upon comparison of the coefficients of the relation between de- 
flection and force in Fig. 24, as contrasted with the authors’ 
Fig. 12 (a) and (f), the pronounced difference of the coefficients 
as pointed out by the authors’ case becomes insignificant in the 
case illustrated in Fig. 24. , 

As indicated, the bend having R/d = 6 offers twice the amount 
of deflection as the bend with R/d = 11/;. Is not this the more 
practical and most economical way of getting the most out of 
an expansion bend with the same factor of safety? The providing 
of anchorage of 585 lb. as compared to 1450 lb. to obtain twice 
the flexibility should not present a difficult problem of structural 
designing. 

From inspection of Fig. 19 of the authors’ paper it can be seen 
that considerably more space and pipe will be required to make up 
a square bend of seamless-tube elbows and straight pipe as com- 
pared with the fabricated double-offset expansion U-bend. 
The double-offset expansion U-bend requires considerably less 
pipe and can take up a minimum of space. 

One point the authors fail to discuss is that of concentration 
of stress at the weld. The authors agree that the maximum fiber 


stress occurs at (b) in Fig. 12 of their paper. From an inspection 
of the illustration shown in Fig. 5 of the authors’ paper it can 
be seen that no tangents are integral with the seamless-tube 
elbow. The weld is made at the point where the radius meets 
the straight pipe to which the elbow is welded, and this is where 
the maximum fiber stress occurs. An elbow having tangents 
would have a decided advantage over the elbow described by the 
authors. 

The authors also confine their discussion to an elbow made of 
seamless-steel tubing; is there anything wrong with an elbow 
forged in two halves and welded together having the same thick- 
ness as pipe and made of steel having similar characteristics as 
tubing? After all, is not a welded line as strong as its welded 
joints? It may be of interest to state that ready-made tees for 
welding can be obtained on the market which are made by forging 
them in halves and welding together. 


CONCLUSIONS 


In concluding, the writers believe that the seamless-tube elbow 
and welded elbows having tangents (forged in halves) should 
be confined to such use as a fitting and not as an integral part of 
an expansion pipe bend unless in extraordinary cases. 

The writers do not agree with the authors that the seamless- 
tube fittings, as pointed out, compare favorably with long-radius 
pipe bends as regards flexibility, and have not pronounced ad- 
vantages, as pointed out by the authors, over the cast fittings as 
regards appearance, pressure drop, and flexibility. 

A fitting made of seamless-tube having tangents has a decided 
advantage over the seamless-tube described by the authors be- 
cause of the pronounced decrease of stress concentration due to 
expansion or other stresses. 


J. Roy Tanner.'* The authors are to be commended for the 
systematic arrangement of existing data on the losses which occur 
in changing the direction of the flow of fluids. Such data are 
more incomplete than one could wish, especially in respect to 
test conditions and this accounts for the divergence in the specific 
determination of losses under given conditions by different ob- 
servers. 

Enough observers agree to make it apparent that up to 1'/; pipe 
diameters in radius the friction loss in bends is greatly reduced 
through increasing the radius of the bend and thereafter more 
slowly, reaching the minimum at about 5 diameters, after which 
it may increase. 

For low velocities the difference in loss between 1'/, and 5 
diameters is small, but for steam at high velocities it becomes ap- 
preciable as shown by all observers. 

The data from Fig. 8 from the Buffalo Forge Company indicate 
that for bends with radii of 2'/, pipe diameters the pressure loss 
is only 72 per cent of those of 1'/,; diameters. Fig. 9, from Ed- 
wards, shows the loss at 5 diameters to be 76 per cent of that for 
1'!/, diameters. Fig. 11, from Davis, shows that the loss at 5 
diameters is only 43 per cent of that at 1'/, diameters, and from 
Weisbach 75 per cent. 

These figured losses differ numerically, but all indicate that 
enough pressure drop can be prevented through the use of pipe 
bends of about 5 diameters in radius instead of shorter bends or 
fittings to make their use preferable where space permits. 

Another point to be taken into account by the designer is 
plant investment. From this point of view, in the writer's ex- 
perience, under present-day conditions and taking into account 
the cost of additional joints entailed by short-radius bends and 
the additional pipe necessary to equalize line length, the: pipe 
bend of customary design has the advantage. 


14 Pittsburgh, Pa. Mem. A.S.M.F. 


‘4 
va 
4 
5 


FUELS AND STEAM POWER 


The writer is glad of this opportunity to second the plea of 
the authors for more reliable data on this subject. 


Rosert Cramer.” This is an excellent presentation of some 
of the problems which confront the designer of piping systems for 
modern conditions of high pressure and temperature. One of 
the merits of the paper is the fact that it refrains from giving 
explicit instructions or “recipes” for design, which usually cover 
only some very special case. The authors rather present a 
thoughtful analysis of some assumed cases, thereby stimulating 
the attentive reader to apply similar thoughtful methods to his 
own problems. 

A case which came under the writer’s observation several 
years ago illustrates this point. In a straight high-pressure steam 
line leading from a boiler plant to a group of steam turbines, an 
expansion bend similar to Fig. 19 (a) was installed, without making 
a close estimate of the flexibility of the bend or the reactions 
produced. With the first heating up of the system one of the 
turbines was dislocated from its foundation. The bend was then 
replaced by an expansion joint of the stuffing-box type. 

The authors mention in their conclusions that the data offered 
on pressure drop are sketchy. This is true of practically all in- 
formation available on this subject. A thorough review and 
analysis of all the available data would seem desirable. 

In the presentation of data referring to flow of water by the 
authors the friction in the straight pipe which is replaced by 
long-radius elbows is taken into consideration. If this were also 
done in the case of air flow, a picture somewhat different from 
that presented in Fig. 8 would appear. 

For instance, comparing the largest elbow, R/d = 5, with the 
smallest, not only is the elbow with radius '/.d equivalent to 
121.2 diameters, but the installation of this elbow requires an 
additional amount of straight pipe of 9 pipe diameters, as com- 
pared with the elbow of radius 5d. 

This difference (less than 7'/, per cent) does not seem large, 
but the percentage is much greater in the intermediate cases, as 
is shown in the following table: 


ls SPO 0.50 0.75 1.00 1.25 1.50 2.00 3.00 5.00 
2(5 — R/d)........ 9.00 8.50 8.00 7.50 7.00 6.00 4.00 0.00 
| eee 121.2 35.09 17.51 12.72 10.36 9.03 8.24 7.85 


Total i equivalent 
length in diam- 


The curve representing these figures, when plotted, will show 
a much steeper inclination at R/d = 5 than the curve of Fig. 10. 
This seems to indicate that, from the standpoint of friction loss, 
it is desirable to make the radii of all bends as large as the space 
limitations permit. 


130.2 43.59 25.51 20.22 17.36 15.03 12.24 7.85 


Hoveaarp.” The seamless-tube fittings referred to 
are, it is supposed, of the same type as the so-called ‘“‘tube-turns.”’ 
Last year the writer made a series of tests on a 12-in. tube turn 
bent to 180 deg. with a radius of 1'/; times the diameter. The 
wall thickness was */; in. An abstract of the results was given 
in a paper read before the International Congress of Applied 
Mechanics in Stockholm in August, 1930. The writer will here 
merely mention that although the curvature of this pipe was 
much sharper than assumed in his theory on the bending of 
curved tubes the deflections as well as stresses corresponded 
remarkably well with the results of the formulas. As in bends 
of more easy curvature it was found that the increments in the 
deflection AX remained proportional to the increments in the 
corresponding force F up to a longitudinal stress of 20,000 Ib. 
per sq. in. It appears that as in case of ordinary pipe bends a 

18 Consulting and Chief Engineer, Sewerage Commission, Mil- 


waukee, Wis. Mem. A.S.M.E. 
16 Professor, Massachusetts Institute of Technology, Cambridge, 
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total working longitudinal stress of 16,000 lb. per sq. in. is per- 
missible. When torsional stresses exist, the principal stress 
should be found by the formula given in the paper, and stress 
so determined should then not exceed 16,000 lb. per sq. in. 

This is essentially a practical engineers’ paper, and will un- 
doubtedly prove very useful to piping engineers. It brings the 
problems involved in the design of pipe lines up to the most 
recent practice and presents to the profession a wealth of valu- 
able information, theoretical and practical. 

The proposed area-moment method is very ingenious and 
practical. It enables the designing engineers to solve otherwise 
unapproachable three-dimensional problems. 

The writer wishes to add that the representation of the stress 
multiplication factor 8, as given in Fig. 21, and which was pub- 
lished in one of his papers on pipe bends, was suggested by Mr. 
A. Edwards of the Stone & Webster Engineering Corporation. 

The correct references to the writer's various papers on this 
subject are as follows: 

Journ. of Math. & Phys., M.1.T., Vol. VI, No. 2, 1926; Vol. VII, . 
No. 3, 1928; Vol. VII, No. 4, 1928; and Vol. VIII, No. 4, 1929. 

World Eng. Congress, Tokyo, 1929, ‘‘Deflections and Stresses in 
Pipe Bends.” 

Intl. Congress of Applied Mechanics, Stockholm, 1930, ‘‘Bending 
of Curved Pipes.” 


W. R. Townsenp.” The frictional resistance data furnished 
are valuable and important from a practical point of view as an 
assembly of results of previous tests. The discussion has so 
far demonstrated that there is a considerable difference of opinion 
regarding results under varying conditions of flow, and has 
brought out additional data. Further information will doubtless 
be uncovered on this subject. 

It would be well if test results could be given for the second 
half of the paper, on flexibility; the authors do not make clear 
whether tests have been conducted, and it is assumed from the 
paper that the results are on a theoretical basis only. 

It is important from the standpoint of the designer to know the 
practical results and to know how the piping will act when in- 
stalled. The results of actual tests will be awaited with interest. 


W. P. Curtey." Speaking as a representative of the manu- 
facturers of the seamless tube fittings referred to by the authors, 
the writer considers their paper a valuable and timely contribu- 
tion, recognizing as it does the increasing popularity of pipe 
welding and the somewhat different problems regarding both 
frictional resistance and flexibility, which must be considered in 
designing a piping layout having in view welding and stock weld- 
ing fittings. 

Several engineers referred to in the authors’ paper are in ac- 
cord with the theory regarding the rigidity multiplication factor 
K, which corrects for flattening in the circular cross-section of 
a curved pipe. 

The derivation of K assumes, however, that the stresses are 
acting on an undeformed section of the pipe, which is true in the 
case of the seamless tube fitting, but not always true of the 
pipe bend. Before flexure takes place, the former has a true 
circular cross-section and a uniform wall thickness corresponding 
with that of the adjoining straight length of pipe, whereas the 
pipe bend may have initial ellipticity. It should be emphasized, 
therefore, that the corrections considered in the paper for flatten- 
ing cover only the distortion of the circular cross-section during 
flexure, and do not compensate for any inherent flattening, thin- 
ning, and buckling which may have occurred in fabricating the 
bend from a straight piece of pipe. 

17 Engineer, Baker and Spencer, Inc., New York, N. Y. Assoc- 


Mem. A.S.M.E. 
18 Tube-Turns, Inc., Louisville, Ky. 
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A. M. Wahl, in a paper entitled “Stresses and Reactions in 
Expansion Pipe Bends” (Trans. A.S.M.E., Vol. 50, No. 15, p. 
241, Paper FSP-50-49, 1928), has investigated the effect of stress 
due to permanent flattening or initial ellipticity of the cross- 
section produced during fabrication of the bend, and has found 
that while this flattening does not materially influence the stress 
due to bending moments, it does greatly increase the stress due 
to internal pressure, and that these stresses, when superimposed 
on those due to bending moments, may result in stresses suf- 
ficiently high to produce permanent set in the piping. 

In a more recent paper, ‘Stresses in Turbine Pipe Bends,” 
(Mechanical Engineering, Vol. 51, No. 11, November, 1929, 
A, M. Wahl, J. W. Bowley, and G. Back), the same author and 
two co-authors, J. W. Bowley and G. Back, record the results of 
a test in which actual strain measurements were made around the 
circumference of a 10-in. extra-strong pipe bend. The test re- 
sults are compared with the theory developed in the previous 
paper and show good agreement with the correctness of the 
_ theory. Both test and calculations bear out the authors’ con- 
tention that, because of permanent flattening in fabricating the 
pipe bends, it might be desirable to specify certain limits regard- 
ing the permissible initial ellipticity of the cross-section. 

In connection with the flattening theory, it is evident that if 
a piece of pipe is partly bent and partly straight, as in the case of 
the square expansion loop, and the point of tangency is subject 
to a bending moment, the bent pipe will tend to flatten the ad- 
joining straight section, and in turn the straight pipe will have 
a tendency to restrict the full flattening of the curved pipe. It 
would be of interest if the authors will clear up these points, since 
they would seem to influence the location of the point of maximum 
stress. 

In conclusion, considering the several indeterminate factors 
which may be introduced during the fabrication of a pipe bend, 
such as ellipticity of cross-section, thinning of outside wall and 
fiber strains set up due to localized heating during bending, and 
the bending and torsional stress which may be introduced in the 
case of flanged bends at the time of installation due to imperfect 
alignment, all of which tend to have an additive effect on the 
bending stresses set up when the bend is installed and operating, 
it seems that, although a maximum stress for design purposes is 
suggested by the authors to cover both types of loop, a somewhat 
lower stress-safety factor might be used in laying out the square 
loop with seamless tube fittings, which has everywhere the full 
strength and true cross-section of the pipe in the line. 


Joun H. Zinc.” The writer is much interested in this paper 
and discussion because, as a piping contractor, it has been neces- 
sary for him to purchase and use both welded fittings and pipe 
bends. Our industry has accepted and is promoting pipe welding 
under a control specification supported by the best-known engi- 
neering standards. There is no question about it being a new and 
better type of pipe construction and takes with it the generous 
use of the tube-turn welded fitting covered by this discussion as 
well as others. The results obtained by the authors as to flexi- 
bility and pressure drop has been confirmed by our experience. 
It is believed that these tests should be continued to more ac- 
curately determine the value of pipe bends for compensation of 
expansion and contraction with particular reference to incor- 
porated stresses as a result of the bending operation and their 
relation to the elastic limit of the pipe. 

The fact that the tube-turn fitting has no incorporated stresses 
due to manufacture has prompted us to use them with straight 
pipe in fabricating our own welded expansion loops of rectangular 
design with more confidence as to flexibility, anchorage, and con- 
venience of installation to meet our varying structural conditions. 


1® President, The Heat and Power Corporation, Baltimore, Md. 
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Further research in this direction will undoubtedly do much to 
correct the errors and differences of opinion now in evidence by 
our present empirical rules in applying values to pipe bends for 
expansion purposes. 

s,[t must not be inferred from this statement that the writer 
does not recognize that pipe bends have a place in our work, but 
he must disagree with the statement made by a previous discussor 
that they properly meet stress conditions and are cheaper. 
The question of cost will of course depend upon the design of the 
bend and competitive conditions, but, generally speaking, in our 
welded piping installations we are eliminating many fabricated 
pipe bends and using instead the welded fitting and straight pipe 
for bend construction because of greater flexibility and economy 
and, further, because we are enabled to control the pipe fabrica- 
tion within our own shops or on the job itself. 

May the writer also refer to the statement of a previous dis- 
cussor wherein he recommended the use of fittings and straight 
pipe in making expansion bends as foolproof, cheaper in first 
cost, and representing an efficiency of only about 5 per cent less 
than other types. From a practical standpoint, the writer dis- 
agrees with him that the fitting expansion bend would be more 
foolproof because the threaded and flanged joint is not as good 
a guarantee of tightness, strength, and flexibility as the welded 
joint, to say nothing of the maintenance cost. As to first cost, 
in our own shop we can make a welded rectangular bend much 
cheaper by using a welded design with welded fittings than screw 
or flanged fittings, and the writer thinks this is generally true. 

One representative raises an objection to the welded joint in 
expansion bends and states that in the design covered in the 
paper the maximum stresses are concentrated at the weld. It 
would be interesting to know the basis of this conclusion because 
it is at variance with the writer’s opinion of stress distribution, 
but assuming he is correct, where else would it be better to con- 
centrate stresses than at the weld, inasmuch as the weld should 
be equal to or is stronger than the pipe itself? The writer is of 
course supporting quality welding and passing out of considera- 
tion poor welding, as may be expected from workmen who are 
not able to qualify under similar specification requirements as 
laid down by our national association. We are prepared to de- 
liver welded pipe installations to meet the most rigid require- 
ments of pressure and temperature. It is the writer’s opinion 
that welding will soon be recognized as the ultimate in pipe in- 
stallation and that its use will demand a complete revamping of 
our present methods of determining design for compensation of 
pipe forces in service. 

The writer trusts that his discussion will be accepted in the con- 
structive way intended. He wishes to express his appreciation 
to the authors for the invaluable service they have rendered the 
industry, and strongly urges that, as indicated by them, further 
tests should be made to establish known quantities so that ac- 
curate and more readily understood rules for computing flexi- 
bility of expansion bends may be made available. 


AnpreEw A. Bato.”° Of the points dealt with in the paper that 
concerning the frictional resistance is showing the longest history 
of investigations. This is probably because the fact is rather 
surprising that a greater radius of curvature in a bend does not, 
beyond a certain limit, mean less resistance, and this fact needs 
repeated confirmation for every case. Although this fact was 
discovered more than 25 years ago, the General Electric Company 
saw fit to conduct experiments to secure further data for the de- 
sign of large crossover elbows of steam turbines, as published in 
General Electric Review, June, 1927, by Wirt. The results of 
the tests made with an 8-in. pipe and connected elbows of various 
shapes and designs, also with square ducts, with air up to 90 lb. 

20 Consulting Engineer, East Orange, N. J. Mem. A.S.M.E. 
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pressure not only confirm the fact that greater radius does not 
necessarily mean less resistance, but reveal some new ones; 
for instance, that the best results could be obtained with an elbow 
the inner side or throat of which shows a round bend and the 
outer a sharp, mitered corner. 

Before discussing the questions of flexibility and strength a 
modification in the method of calculating will be presented as it 
helps greatly in visualizing and demonstrating the various points. 
The writer showed this method three years ago, and it deserves 
to be demonstrated more in detail. It is based on the fact that, 
if the moment at the virtually free end of a pipe line (for instance, 
of that shown in Fig. 15 of the paper) and the force F acting at 
the same point are replaced by one single force, parallel to F, but 
shifted to a distance from the point j so as to give a moment at j 
equal to the original moment at that point, this shifted force Fy 
in Fig. 26 of this discussion paper will go through the so-called 
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elastic center EC of the pipe line. EC is nothing but the center 
of gravity of all elements dl/KEI; that is, of the elements of 
pipe length divided by the corresponding rigidity factors and 
modulus of inertia and elasticity. In case of a pipe line made of 
the same size and type of pipe in its whole length, EC will be very 
near to the center of gravity of the pipe line itself, the only devia- 
tion being caused by K being less than one for the relatively short 
elbows. The distance y to which the force F has been shifted is 
the one used in the paper; it is called “ordinate” or “coefficient”’ 
of the restraining moment, but it is nothing else but the arm of 
the force Fy, at the same time the distance of the elastic center 
for the line connecting the two erds of the pipe line. This can 
be proved by checking the formula given for y in Appendix No. 
2 of the paper, and it can be proved in general for any pipe line 
held at both ends with the aid of well-known mathematical con- 
siderations. 

The physical working of this method is visualized on Fig. 26, 
where the right hand or free end of the pipe line is held by an ab- 
solutely rigid arm on which Fw is acting in a distance y from the 
freeend. Fy will have the same effect as F and M together; that 
is, it will move the point j in a straight line toward a and will at 
the same time keep the tangent to the piece of pipe tj parallel to 
itself in j, with no rotation. If F would be shifted into the posi- 
tions F; or F:, } would move in other directions, and the end at 
j would rotate. The case is similar to that of a coil spring which 
will bend out sideways, trying to get out of the way of the force, 
with the end rotating, unless it will be compressed by a force 
acting strictly in its axis. 

With this modification all the pipe designers will have to do 

- will be to find EC, a relatively simple operation that can be per- 
formed graphically, with not much chance for an error, and draw 
the line containing Fv. The magnitude of Fw itself can then be 
figured by using the Fu—EC line as the X axis for the system of 
coordinates. The moments and restraining moments for the 
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end points as well as for any point can be found by multiplying 
Fy by the distance of the FEC line from those points, which 
for the purpose of further calculations can be scaled off directly 
from a drawing, like that in Fig. 26. For the application of the 
area-moment method to calculate the rotations and deflections, 
the second diagram of Fig. 26 is drawn, corresponding to the 
second diagram of Fig. 15 of the paper, with the difference that 
the ordinates in Fig. 26 give directly the resulting moments. 
Clockwise above the a-j line and counterclockwise below that 
line, also the neutral point N where the moment is zero, while 
in Fig. 15 these ordinates have to be determined by adding and 
subtracting three lengths or items. 

The greatest saving in labor is in the calculation of the rotations 
and deflections. Of all the figuring in Appendix No. 2, called by 
the authors “tedious” with right, about 40 per cent can be saved, 
as the moment areas that have to be added and deducted in Fig. 
15 are shown with their net values in Fig. 26. 

Furthermore, this presentation helps the designer to bear in 
mind certain simple rules he has to observe. For instance, the 
fact brought out by the authors that of the layouts shown in 
Figs. 17 and 19 the most flexible is the one in which the top of 
the bend is as long as the sum of the two bottom parts, and that 
in this case top and bottom are subjected to the same bending 
moment, can be visualized better if we bear in mind that the 
elastic center of the bend, in this case identical with the center 
of gravity of the line, will be just half-way between the top and 
the bottom of the bend; consequently, the force Fy passing 
through this center will give equal moments to top and bottom, 
and will make them work equally, utilizing them for flexibility to 
the same extent. 

This result is also shown in Fig. 18 of the paper, and could be 
obtained without calculating a number of cases and drawing a 
curve, simply with the aid of the foregoing considerations. 

This “force through elastic center’? method points out sharply 
the importance of the strength of welded joints against bending; 
this because it shows that wherever the resulting bending moment 
is a maximum there is always a joint. A paper on the usability 
of welded joints for pipe lines subject to heat expansion could 
touch this point by giving figures on the strength of such joints 
as compared to that of flanged ones. Although the spreading of 
the use of welding seems to indicate that a welded joint compares 
favorably with a flanged one, as the costs of the necessary highly 
skilled labor seem to be offset by the savings on flanged fittings, 
industrial plants not using the services of firms specializing in 
piping work but laying their own piping should be warned against 
making such joints with ordinary steam fitters who are not trained 
especially in welding pipes, as according to tests quoted by 
Walker and Crocker in their book on piping both yield point and 
ultimate strength are about 22 per cent lower for the welded joint 
than for the pipe itself. On the other hand, joints made by 
special methods and by trained help proved to be stronger than 
the pipe. 

A very general rule to insure greater flexibility can be arrived 

at by contemplating the equation giving the force Fy for bends 
of the discussed type: 
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_ where dl is the element of 


length—that is, the more pipe is laid at a possibly great distance 
from the Fy line—the smaller will Fu be. This is another reason 
why a square bend is more flexible than a U-bend, and not only 
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because welded fittings are used. For a fair judging, square bends 
made with welded joints should be compared with square bends 
of the same design and layout, but made with flanged joints. 
The only step in this direction indicated in the paper is a com- 
parison between 90 deg. elbows with welded joints of standard 
good for 250 lb., which again offers no fair basis. This was 
probably done because flanged elbows of steel for 125 lb. are not 
readily obtainable, although they could be used where square 
expansion bends are preferred to U-bends, but specially skilled 
labor for welding is not available. For such cases flanged steel 
fittings may be of good service, as they are more foolproof and 
if combined with Van Stone connections of sufficient strength 
they can be readily installed by anybody. 

To demonstrate the significance of the layout as compared with 
that of the seamless tube fittings, the writer figured out the force 
F acting at the end of the square bend Fig. 19 (d) of the paper for 
the case in which 90-deg. flanged turns are used instead of seam- 
less ones. The turns were assumed to have the dimensions of 
standard turns, only made of cast steel instead of cast iron. The 
result obtained for F was 685 lb. as compared with 970 lb. for 
the double offset U-bend, Fig. 19 (a) and 548 Ib. for the square 
bend, Fig. 19 (d). With other words for the case in question a 
29.5 per cent decrease of F is due to the layout and a further de- 
crease of 14 per cent to the use of the seamless fitting. Naturally 
the longer the straight sections of the pipe line will be in propor- 
tion to the turns the less will be the significance of the seamless 
fittings.from the point of view of flexibility. 

It is very hard to find a basis for comparing and demonstrating 
the significance of the ratio between the radius of the bend R and 
the pipe diameter d. Where the turn alone was used as such a 
basis, with a small piece of tangential piping, as in Fig. 12, while 
R/d changed from 1'/; to 6, the force necessary to bend it in- 
creased 100 per cent, while in the case when the turns were in- 
serted into a square bend, Fig. 14, this increase was only 60 per 
cent, as the influence of the straight sections came into the fore- 
ground. The reader therefore is warned against generalizations 
on the basis of the paper, and is advised to use the very fine work 
of Shipman, presented two years ago, for more general informa- 
tion. 

All in all, the authors did a nice piece of work in applying the 
scientific developments of the last few years to a practical prob- 
lem. 


G. K. Saverwet.*' This paper will prove of value to many 
users of piping who are just a little hesitant about the use of 
welded joints. Such a statement by a prominent piping engineer 
from a conservative utility should do much to dispel their fears. 

That the friction loss in welded lines is less than in lines with 
screw joints needs no proof. The data given to show that the 
same is true as regards welded lines when compared with standard 
flanged construction are very assuring and helpful to the user, 
because it means saving in pumping power. 

The authors have shown further by mathematical investigation 
that the use of welding elbows with proper design will also give 
greater flexibility to the lines. This, too, is a fact of great signifi- 
cance to the user. It affects the maintenance and life of the hot- 
water and steam lines. For our own purpose we arrived at the 
same conclusion after making some simple comparative tests. 

The use of welding and of seamless tube elbows is already 
spreading at a rapid rate. Except in the most unusual cases the 


first cost of a job can be reduced by the use of welding. As the 
price of welding elbows falls by reason of increased use and willing 
labor becomes more skilful, the initial cost of welded piping will 
be still further reduced. 


21 Engineer, Lehman Hall, Harvard University, Cambridge, Mass. 
Mem. A.S.M.E. 
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Much evidence is being accumulated which shows that main- 
tenance expense is also less for welded lines than for lines with 
other types of joints. This is true for our own case at Harvard 
University when we have a great deal of piping in buildings, in 
tunnels and conduits, and in heating plants. On the older 
screwed and bolted piping, fittings are failing, and Van Stone 
lips are cracking off, gaskets giving out, flanges cracking, bolts 
failing, etc. Wherever practicable, welded work is replacing 
screwed or bolted work that gives out. It costs less to make a 
welded joint than to remake a gasketed and bolted joint. 

On all of the new work now being done at the university, total- 
ing in value about $20,000,000, welded piping is being specified 
for lines 2 in. and larger except for valves, in buildings, in tunnels, 
and in conduits, and also in the new Medicine School power plant. 
Welded piping in a power plant presents a very nice appearance. 


A. E. R. pe Jonas.** The writer would desire to join the 
others in thanking the authors for their very interesting paper. 
There is, however, one question he would like to have cleared up. 
The authors have confined themselves in their paper to the analy- 
sis of the elasticity and flexibility of plane pipe bends and their 
combinations and have not covered the flexibility of pipe lines 
in space. The writer would therefore ask Mr. Crocker if any 
experiments have been made on pipe lines in space and if these 
have been compared with the calculations by the method given 
in the “Piping Handbook’”’ by Walker and Crocker.* 

{[Mr. Crocker answered this question in the affirmative and 
mentioned that the results of these experiments compared very 
well with the mathematical analysis as given in the ‘Piping 
Handbook.” 

This is a very interesting statement by Mr. Crocker, as one 
would have expected considerable deviation of the test results 
from those of the analysis owing to the latter not being correct. 
It is always an unpleasant task to have to point out errors com- 
mitted by others and doubly so if committed by men who by their 
past contributions have shown that they have the advance of 
the art very much at heart. 

The authors’ errors occurred in their mathematical analysis and 
make their results incorrect. This is to be deplored the more as 
they are contained in an otherwise very useful handbook, which 
probably will find its way to every engineer interested in pipe- 
line problems. Due to the reason that the spreading of this 
error is thus most difficult to check, the writer has felt forced to 
draw attention to it. The errors occur in the cases [drawing 
a sketch on the blackboard] of a 90-deg. pipe bend acted upon 
by a force perpendicular to the plane of the bend, by a moment 
acting perpendicular to the plane of the bend and tangentially 
to its free end and by a moment acting as a twisting moment on 
the free end, in which class there has been an error committed 
by interchanging the bending and twisting components whereby 
sine and cosine in the integrals have been reversed. Besides, in 
their elementary cases IX and X the authors have omitted one 
angular component of deviation completely, thereby getting a 
simple plane set-up for the determination of the components of 
reaction in the case of a space pipe line where they should get a 
space set-up. 

The writer would add that he has made very careful experi- 
ments with bends and has found their results in good agreement 
with his formulas for these cases, but differing rather widely from 
the authors’ formulas. 

In referring to the whole problem of the flexibility of pipe lines, 
there is no necessity for calculating plane pipe lines according to 
the rather complicated method of the authors. As Mr. Bato 
has shown before, the question of plane pipe bends can be dealt 


22 New York, N. Y. 
23 Published by the McGraw-Hill Book Company, New York. 
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with much easier by making use of the center of elastic weights 
of the pipe line as a whole. This method is not new at all and 
is well known to civil engineers who have been using it for the 
calculation of arched girders for several decades. This method 
becomes particularly simple if the theory of the ellipse of elasticity 
is used. By means of the ellipse of elasticity the solution of any 
plane piping problem can be readily accomplished, and the writer 
cannot understand why this method, to which he had drawn at- 
tention at the meeting of the Society in 1928,** is not used more 
extensively by American engineers. This method presents an 
almost purely graphical analysis which can be easily carried out 
on the drafting board. 

When we, however, go into space the problem becomes very 
much more complicated. Here the elasticity ellipse changes into 
an ellipsoid of elasticity. If the pipe line has in any way a sym- 
metrical set-up, the axes of the resulting ellipsoid can be easily 
obtained, and the solution of the flexibility problem presents 
little difficulty. If, however, the set-up is unsymmetrical, as in 
most practical cases, the ellipsoid lies oblique in the space of 
the pipe line, and the problem has to be solved to find the princi- 
pal axes of this oblique ellipsoid. This is a problem of the third 
degree and not of the second. Thus the solution cannot be 
tackled by means of compass and ruler solely, if a graphical solu- 
tion is chosen, nor by quadratic equations, if the analytical 


Fie. 27 


method of deduction is adopted. In the former case use has to 
be made of other curves (hyperbolas and ellipses) and in the 
second case of a cubic equation. This explains why the problem 
of space pipe lines has been. such a difficult one to solve. The 
writer arrived at the solution of this problem some time ago, and 
had hoped to be able to present it at this meeting, but was not 
able to complete the paper. 


GENERALIZED FORMULAS AND THEIR DERIVATION 


Having been advised by the authors that they propose to pub- 
lish the derivations of the formulas for their cases VIII, IX, and 
X (“Piping Handbook’’) as revised by Dr. Timoshenko in their 
closure, the writer herewith submits his own formulas, which will 
be found to embrace several other cases besides the 10 funda- 
mental cases of the authors. As there are many occasions where 
30-, 45-, or 60-deg. and even 22'/,-deg. bends are used, it may be 
convenient to have the necessary formulas handy, and it was for 
this reason that the writer has derived formulas of a general 
nature covering these cases. 

The derivation of these general formulas is simple and will be 
given for the case of a bend of an angle a fixed at one end and 


24 A.S.M.E. Trans., vol. 51, 1929, APM-51-18, p. 210. 


acted upon at the free end by a force F perpendicular to the 
plane of the bend. 

In Fig. 27 let AB be the bend fixed at B; R the radius of the 
center line of the bend; CC, an element ds; a the angle subtended 
by the bend; ¢ the angle AOC; O the center of the bend; dg the 
angle subtended by the element ds; CDL the tangent of the bend 
in C; AD a perpendicular from A onto the tangent; AD, a per- 
pendicular from A onto the radius OC; F the force acting in A 
perpendicular to the plane of the bend. Further, let OX, OY, 
and OZ be the axes of a right-hand-screw space reference system, 
OY being perpendicular to the plane of the bend. 

The force F acting on the lever AD, produces a bending mo- 
ment M, at C about the radius OC, the rotational direction of 
which moment is indicated by a circular arrow around the pro- 
duced radius OC. The reaction F at C producing pure shear in 
the element ds is of little importance and will be neglected. 

Likewise the force F acting on AD produces a twisting mo- 
ment M; at C about the tangent CD, the rotational direction of 
which is indicated by a circular arrow around the tangent CD. 
Thus the bending moment acting at C is: 


M, = FRsing...... 
and the twisting moment acting at C is: 
M:; = FR(1 — cos¢)................ [2] 


These moments produce deformations of the element ds. 
The angular rotation of the part CA of the bend due to the 
bending moment, considering ds elastic only, is: 


where E = modulus of elasticity 
G = modulus of rigidity (shear) 
I = plane moment of inertia of pipe cross-section, and 
J = polar moment of inertia of pipe cross-section. 


Further there is: 


where « is Poisson’s ratio, which may be taken for steel as u = 
0.3. Since for circular cross-section 


then 
EI El 
GJ = isc [7] 
Substituting this value into Equation [4], 
Mids 
dy: = (1 + EI = 134 [8] 


Since these angular rotations do not lie in the same plane 
they cannot be composed algebraically. They can be repre- 
sented, however, by vectors, using a right-hand screw system 
throughout, the vectors pointing in such a direction that the 
rotation, if viewed in the direction of the vector, takes place clock- 
wise or in a “right-hand” sense. 

Having established this relation, it is an easy matter to find the 
correct direction of rotation, the vectors or their components 
parallel to the reference axes being counted positive if acting in 


Mids 
OM, dy» EI 
| Dx. and that due to the twisting moment: ¥ 8g 
ay, 
E 
2(1 + u) 
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the direction of the positive axes and negative if of opposite 
sense. Components in the same axis or parallel to it can then 
be added algebraically. 

Thus the rotation due to bending df» may be represented by 


the vector OH, and the rotation dy; due to twisting by vector 

LN, both being correct as to sense. 


The components of these rotations along OX and OZ are: 


On 

LP = d\iz = dy: cos (a — ¢) 
PN = dy} = — dy: sin (a — ¢) 


The two Equations [9] added give the total rotation around 
the X-axis and the two Equations [10] likewise that around the 
Z-axis. Thus, 

dy, = doz 
= dy» sin (a—¢) + dy: cos (a — ¢) 
or with Equations [3] and [8], 


Mie . Mads 
= sin (a— ¢) + (1 +4) EI 


cos (a — ¢) 


EI 
and substituting from [1] and [2] gives 
FR? FR? 
Ey Sine sin (a — ¢) dy + (1 + EI 


(1 — cos ¢) cos (a — ¢) de, 
If ds = Rdg; and by making 


dy, = C[sin ¢ sin (a — ¢) + (1 + u)(1 —cos ¢) cos (a — ¢)] dy 
Integrating this equation over the length AB of the bend, or 
over the angle a: 


ve -cf [sin ¢ sin (a— ¢) + (1 + u) 


(1 — cos ¢) cos (a — ¢)] dy 
or 


[sin a — cos a} 


and substituting for C its value in [11], we find for the total 
rotation around the X-axis: 


+!) a — aesel.:..... (12] 


In a similar manner we find the rotation around the Z-axis. 
From Equations [10], [11], [1] to [3], and [8], 


dy, = + ds 
= C[sin ¢ cos(a — ¢) — (1 + »)(1 — cos ¢g) sin (a — ¢) |dy 


and by integration over the whole length of the bend: 


iad cf [sin ¢ cos(a— ¢) — (1 + «)(1 — cos ¢) sin(a — ¢) |dy 


whence 


FR? 
% = (1 +2) + (1 — coe a) 
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For the displacement of A (free end) in the direction of the 
force we find the deflection: 


dA = dy-Rsin ¢ + dy:R(1 — cos ¢) 
or using Equations {1}, [2], [3], [8], [10] and putting ds = Rd¢, 
dA = RC|sin* g + (1 + u)(1 — cos ¢)*}de 
and by integration over the whole length of the bend from A to B: 


nc [sin? ¢ + (1 + u) (1 — cos 
0 


whence 


2+3,) si —2 (1 +p) sin a (14) 


Equations [12], [13], and [14] are the general expressions for a 
bend of any angle a. If we put a = 5 and uw = 0.3, we obtain 


the equations for the quarter-bend, thus: 


= 1.15 El . [12a] 
and for: 
FR? 
290 1.15 l 3 
| 2 
or 
FR? 
Yen? = 0.5064 . {18a} 
Also 
FR 
= 45 
26] 
or 
= 1.24846 . {14a} 
From these equations we find the radii of rotation: 
A 1.24846 
rz = {15a} 
and 
A 1.24846 
2=-= R = 2.4654 R........ [16a 
0.5064 
Similarly, for a 45-deg. bend, a = and sin a = cosa = 
FR? 
= 0.1745 {12b] 
= 0.05287 {13b] 
EI 
Aye = 0.16075 [14b] 
[15b]) 
[16b] 


The equations developed above form a generalized case corre- 
sponding to the authors’ case VIII. Ina similar manner all other 
cases can be treated. If one does not confine oneself to quarter- 


bends, and the writer has not been able to do so in his practice, 
then 24 general cases result, from which all specific solutions can 
be obtained by simple substitution of the proper angle of the 
bend and its trigonometric functions. 


FR? 
EI 
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Case | Member | Moments | Angh of Rotation | Defhection ree end) 
/ Nil rotation Z ly 
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| | | - coma + case] 
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*) whether force parts in or repatie (arses Sto /2). 
subsequent formulas 1s omitted 
Fic. 28 Cases From Wuaics Speciric Sotutions Can Bg 
OBTAINED BY SUBSTITUTION OF THE PRorpER ANGLE OF BEND 


Assuming the angular bend to be fixed to a vertical plane, four 


cases occur: 

1 The coordinate system may pass with one of its axes 
through the fixed end of the bend. 

2 The coordinate system may pass with one of its axes 
through the free end of the bend. 

3 The forces and moments may act at the free end of the 
bend parallel and perpendicular to the fixing plane. 


‘ 4 The forces and moments may act at the free end of the 
bend parallel and perpendicular to the free flange. 

In all we get thus 24 general cases, which are given in Fig. 28. 
These cases allow of the numerical calculation of all pipe bends 
and also of pipe lines if their end reactions are known. It is 
assumed that the latter have been found. The writer will show 
how they can easily be found in a later communication. 

The factor K in the formulas is the rigidity factor of the pipe 
section. 


AUTHORS’ CLOSURE 


The discussion has brought forth much of interest regarding 
pressure drop and flexibility in piping. That certain points 
which seemed clear to the authors actually need amplification 
was demonstrated by several additional examples presented in 
the discussion, either to bring out new phases of the problem, or 
to develop points which were not explained in sufficient detail. 
In this connection the authors would again call attention to their 
statement in the conclusion to the paper that they had chosen 
typical specific cases for flexibility analysis to show the general 
trend of such comparisons and how other cases could be worked 
out, rather than attempting to draw sweeping conclusions. 
Other points outside the original scope of the paper have been 
introduced in the discussion and require explanation in «this 
closure. 

It was to be expected, of course, that some conclusions drawn 
by the authors might be misconstrued, or would not be accepted 
by all. This is apt to be the case when dealing with a new type 
of construction, especially one involving welding, which is still 
in a stage of development, involving more or less controversy 
between enthusiasts for welding and those distrustful of its use. 
The authors have striven to present the facts as they saw them 
in an impartial way, calling attention to the advantages or limi- 
tations of the product under discussion, and pointing out how to 
minimize these limitations in laying out pipe lines. In some in- 
stances identical points have been raised in two or more discus- 
sions and can best be taken up collectively in the closure, while 
other points require individual attention. 

Welded Construction. Much has been said for and against 
the use of welded construction. Some are against it on the 
ground that it is a new and relatively unperfected art; others op- 
pose it as upsetting the established use of screwed or flanged fit- 
tings and screwed or Van Stoned pipe. Both of these objections 
are bound to be overcome by time and progress—those who op- 
pose welding now may be its earnest advocates five or ten years 
hence. An interesting exposition of this point is quoted from 
an editorial in Metal Progress for January, 1931: 


It is recorded that the first use of iron pipe (other than cast iron) 
occurred in 1815, when Murdock promoted a gas-lighting plant for 
London. The inventor collected old musket barrels, which he 
screwed together to form continuous tubes reaching from his coal-gas 
generators to the burners. 

Suppose, if you can, that modern equipment for fusion welding had 
been available to Murdock a hundred years ago, and to the inventors 
who developed butt-welded and lap-welded iron pipe—not only 
available, but well enough known so a welded joint was the standard 
joint in 1887 (when the first steel pipe was made). 

In other words, picture a situation where piping or plumbing con- 
tractors had acquired long experience with the oxyacetylene cutting 
and welding blowpipe and had organizations well skilled in the use 
of these tools. Architects and designers would be familiar with the 
properties and capabilities of welded joints; pipe and valve manufac- 
turers would be producing lines of goods especially designed for 
welded joints. 

Suppose such a piping contractor in such an age had been ap- 
proached by a salesman with this new idea: That pipe joints should 
be made by screwing together instead of welding. How far do you 
suppose he would get in his argument? 

Here are the “advantages” which such a change would in- 
volve: 
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In the first place, the all-purpose tools so familiar (the cutting and 
welding equipment) would be superseded by hacksaws, pipe cutters, 
and a series of thread-cutting dies and die holders, a different die for 
each diameter of pipe to be used. 

In the second place, the contractor would be invited to purchase 
and carry in stock a large number of ells, tees, branches, reducers, 
plugs, flanges, bolts and gaskets—a complete supply for each di- 
ameter of pipe in use, multiplied by two if light-pressure and heavy- 
pressure work were in prospect. 

Third, the owner of the installation would be asked to assume the 
added expense of buying pipe heavier than really necessary to carry 
the pressure—pipe with walls thickened from end to end to give 
enough stock for the threading at the joints. 

For a “‘bottle tight’”’ joint, industry would get a mechanical fitting 
with many chances of leakage—a joint which, if by excellent work- 
manship is originally tight, is certain to be the source of eventual 
trouble, either through the loss of valuable contents of the pipe or by 
damage to surrounding property by escaping liquid. 

Lastly, the prospective purchaser of the screwed joint would be 
asked to endure multiplication of work, expense, and time when 
additions or alterations to existing pipe systems were to be made. 

To balance these inherent characteristics and disadvantages of the 
screwed pipe joint, what could be offered in compensation to an in- 
dustry, a firm or a workman already possessing welding equipment 
and welding skill? 


The authors do not imply that fusion welding as done in the 
field has reached a state of complete perfection, but the process 
has made rapid strides in the past few years and those who do 
not employ it to some extent at least are not keeping abreast of 
the times. As pointed out in the quotation, the practice 
of making the whole length of each piece of threaded pipe thick 
enough to stand threading for a short distance at each end is 


Fie. 29 Typrcan Examples oF Farture From CoRROSION OF 
THREADED ENps 


extremely wasteful of material. On the other hand, if the extra 
thickness of pipe wall between the threaded ends is required to 
resist failure from corrosion, why deliberately create weak spots 
in the structure by threading the joints? The tendency for 
failure in the threaded portions of standard-weight pipe operating 
even at low pressures such as obtain in building heating and 
plumbing systems is not widely enough appreciated. Fig. 29 
shows typical examples of failure from corrosion in such piping. 
The three specimens at the left are ‘“‘black’’ steel pipe taken from 
a “dry” return line in a low-pressure building-heating system after 
about five years of service. The threaded portions completely 
rusted through were on the lower side of horizontal runs where 
condensation washed along more or less continuously. The upper 
portions, which were not so continuously immersed, were not so 
badly affected. The two specimens at the right are galvanized 
steel pipe taken from the city water piping in a residence after 
ten years use. All specimens were removed from service because 
of leaks in the threads. The remaining wall thickness in the un- 
threaded portions of all specimens would have been ample for 
many more years of service had failure not occurred in the threads. 
While these specimens which happened to be available at the time 
represent relatively small nominal sizes of pipe, the same observa- 
tions hold true for larger sizes which lend themselves more readily 
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to welding. These observations are offered as indicating superior 
corrosion-resisting properties for welded construction over 
screwed for pipe of the same material and wall thickness. 
Concern has been expressed in the discussion regarding bending 
moments and stress concentrations at welds. The authors agree 
that this is a matter worth serious consideration, especially where 
service conditions involve high temperature or high pressure or 
both. While it is well known that the strength of good fusion 
welds frequently exceeds the strength of the normal pipe cross- 
section, especially where a bead is built up at the weld, this favor- 
able strength relation does not exist, of course, with poorly made 
welds. The problem therefore resolves itself into controlling 
the process and the personnel so as to obtain uniformly satisfac- 
tory results. Present practice seems to indicate that a consistent 
weld efficiency of 75 to 80 per cent is within reason to expect. 
This is borne out by the tentative rules laid down for fusion- 
welded construction in the A.S.M.E. codes for the construction 
of boilers and unfired pressure vessels which allow a fusion-weld 
efficiency of 80 per cent. This efficiency compares to advantage 
with the relation set up in the Boiler Code between low-carbon 
seamless steel pipe (allowable stress by formula, 9000 lb. per sq. 
in.) and lap-welded steel pipe (allowable stress, 7000 lb. per sq. 
in.), which gives an efficiency for a furnace-welded pipe of 7000 = 
9000 = 0.78, or 78 per cent. On this basis fusion-welded pipe 
joints would be considered equal to the lap-welded pipe which is 
commonly used in moderate-pressure pipe bends for temperatures 
not exceeding 750 deg. fahr. It is to be expected that as the tech- 
nique of fusion welding is perfected and more confidence is placed 
in its reliability, the application of welded construction to piping 
operating at higher pressures and temperatures will be a matter of 
course. Asan example of what is being done at the present time, 
high-pressure piping in the power and central heating plants of 
the Consolidated Gas, Electric Light, and Power Company of 
Baltimore, Md., is operating satisfactorily with welded joints. 
Welds for pressures above 350 lb. gage are made up with rein- 
forcing sleeves, and the turns are made with long-radius bends 
having tangents on the ends to accommodate the sleeves. 
Criticism also has been directed at built-up bends on the ground 
that joints or welds at points of maxiraum bending moment can 
be avoided by the use of conventional types of expansion U- 
bends made in one piece. In a limited sense this is true, but 
in many actual pipe lines flexibility is obtained by taking ad- 
vantage of directional changes in the lines rather than through 
the insertion of expansion U-bends. Where expansion is taken 
up by the spring in runs of pipe at right angles to one another, 
it usually is impossible to prevent high bending moments from 
being applied at some of the joints. Under such circumstances 
long-radius bends have no advantage over seamless-tube fittings 
as far as avoiding bending moments at joints goes. The authors 
employed expansion U-bends in their comparisons as represent- 
ing simple cases where the analysis could be followed easily, but 
not with the idea of advocating the replacement of such bends 
by built-up bends where the former could be used to advantage. 
Question has been raised regarding concentration of stress at 
welds due to the absence of tangents at the ends of seamless-tube 
elbows as made at present. This may appear objectionable from 
theoretical considerations, but so far as the authors are aware no 
actual failure has been attributed to the absence of such tangents. 
The construction without tangents possesses certain advantages 
from a manufacturing standpoint in that the fittings can be made 
as 180-deg. bends and then cut off into forty-fives, nineties, or 
into any desired angle as required. From a design and installa- 
tion standpoint, the absence of tangents is desirable in that it 
provides the maximum radius of curvature for a given center-to- 
end dimension. While the fittings described by Messrs. Houser 
and Hirschberg as being forged in halves and welded together 
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possess tangents at the ends, it would appear that this feature is 
offset by the presence of two longitudinal welds and a shorter 
radius of curvature. Consideration should be given the fact that 
hoop tension in a pipe wall due to internal pressure is for practical 
purposes exactly twice the longitudinal stress in the wall due to 
the same pressure. From this it follows that longitudinal welds 
are subject to twice the bursting stress existing in circumferential 
welds. If transverse stresses due to flattening of the cross-sec- 
tion of a curved tube during flexure are considered, high stress 
concentration may occur in the longitudinal welds. This condi- 
tion should be taken into account in setting safe working stresses 
for welds in the two positions, bearing in mind that the conditions 
under which a weld is made also affect its reliability. 

The convenience of having ready-made tees, crosses, and the 
like manufactured by Mr. Houser’s method is attractive, and 
there is bound to be extensive use for both these and seamless- 
tube elbows. Failure to mention welded fittings forged in halves 
was not intentional, as they are a recent development which 
was not announced until after presentation of the paper. It 
would seem also that there was use for standard sizes of long- 
radius bends made up with tangents on the ends for welding. 

Frictional Resistance. Several engineers discussing the paper 
have intimated that the authors stated the frictional resistance 
of seamless-tube elbows having a radius of 1'/, pipe diameters 
was less than for long-radius pipe bends. Such is not the case 
as the authors merely strove to point out that the data indicated 
not much was gained by using a radius greater than 1'/; to 2 pipe 
diameters. Professor Eustice’s curve offered by Messrs. Houser 
and Hirschberg in Fig. 23 tends to support this statement, and at 
the same time explains in a most interesting manner the observa- 
tions of certain earlier investigators regarding fluctuations in 
pressure drop for radii exceeding 2'/, diameters. Williams, Hub- 
bell, and Fenkell reported having observed the same phenomenon 
for large pipes in their classical paper from which the following 
is quoted :* 

Curvature and Other Effects. The foregoing experiments, taken 
as a whole, prove beyond question or doubt that the hitherto ac- 
cepted notions of the laws governing curve resistance are wholly in 
error. As was suggested in the discussion of the velocity curve, the 
resistance due to curvature is proved to be very much less in the short 
than in the long-radius curves for the same total length of pipe and 
angle of deflection. From the experiments upon the 30-in. pipe, as 
well as those on the 12-in., it is apparent that the 90-deg. curve intro- 
ducing the least resistance in a total length of 80 diameters is one of 
between 2 and 2'/; diameters radius. 


The test-data curves of Williams, Hubbell, and Fenkell show 
increasing resistance with increasing radius from 2 or 2'/; di- 
ameters up to a secondary maximum point at 6 or 8 diameters, 
and then continue with an undulating shape similar to that ob- 
tained by Professor Eustice. The authors are indebted to Messrs. 
Houser and Hirschberg for calling attention to the most interesting 
and valuable exposition of this phenomenon by Professor Eustice 
which had escaped their notice. This offers a logical explana- 
tion for an observed flow characteristic the reason for which pre- 
viously was not understood as being due to periodical changes in 
direction of tangential flow vortices. Professor Eustice’s curve 
(Fig. 23) shows a minimum point at R/d = 2.91 and a secondary 
maximum at 6.85, the general shape of the curve bearing out the 
authors’ observation that pressure drops decrease rapidly as 
R/d ratios increase from less than unity to 11/, or 2, and that little 
is to be gained by using ratios greater than 1'/, or 2. 

The following plausible and clearly stated explanation of the 
reasons for an increase in bend friction for R/d ratios greater 


% “Experiments at Detroit, Mich., on the Effect of Curvature 
Upon the Flow of Water in Pipes,"” by Gardner S. Williams, Clarence 
W. Hubbell, and George H. Fenkell, Trans. A.S.C.E., vol. 47 (1902), 


paper no. 911, p. 183. 


than 2 to 3 was offered by J. L. Campbell** in discussing the 
Williams, Hubbell, and Fenkell paper: 


Undoubtedly, with a given velocity, the intensity of disturbance, 
and consequently of resistance, in a sharp turn is greater than in 
a gentle turn; but with equal angular deflections it acts through a 
shorter distance. As this greater intensity of the shorter turn multi- 
plied by its lesser distance is, apparently, smaller than the lesser in- 
tensity of the long turn multiplied by its greater distance, the larger 
resistance of the latter is clearly due to the continued agitation of the 
water in the long curve. 


The foregoing statement coupled with the explanation of 
Professor Eustice offers a rather satisfactory analysis of the 
sinuous-curve shape of Fig. 23. The greater number of times the 
vortices change direction in the longer-radius curves of Fig. 23 
is incidental to the ‘‘continued agitation of the water in the long 
curve.” The fact that with certain combinations the vortex 
emerges tangent to the bend and with others at an oblique angle 
accounts for the maxima and minima points on the curve. 
Eventually, as the radius of the bend increases, a point is reached 
where disturbance due to curvature is so slight that the overall 
pressure drop is less than the minimum occurring with medium 
radius bends of 2 to 3 diameters. 

In referring to the tests of Professor Giesecke, Messrs. Houser 
and Hirschberg assign an R/d value of 4 to 3-in. ‘‘standard” long 
radius elbows. It is not clear from either Professor Giesecke’s 
paper or the writers’ statement just what a ‘‘standard” screwed 
long-radius elbow is. Apparently the only American standard ap- 
proaching such a description is that for 150-lb. Long-Turn Sprink- 
ler Fittings B16g-1929. Examination of this standard does not 
indicate any such favorable relation as R/d = 4 for long-radius 
screwed elbows. The R/d values based on. ‘‘Radius of Sweep” 
dimensions taken from this standard compare as follows with the 
corresponding R/d values for 125-lb. standard screwed elbows as 
computed by the authors and shown in Table 1 of the paper: 


R/d RATIOS FOR 125-LB. STANDARD ELBOWS AND 150-LB. 
LONG-RADIUS SCREWED ELBOWS 


Nominal size, in....... 2'/2 3 3'/s 4 5 6 
ee 0.7 0.7 0.7 0.7 0.7 0.6 
Long radius.......... 1.4 1.3 1.3 1.3 1.2 ee 


Assuming that the above values truly represent curvature rela- 
tions of fittings tested by Professor Giesecke, it would appear 
that his long-radius elbows have an R/d ratio of 1.3 instead of 4 
and that the conclusion of Messrs. Houser and Hirschberg re- 
garding the existence of a considerable difference between these 
tests and the curves of Fig. 11 isin error. In any event the fore- 
going comparison serves to emphasize the fact that long-radius 
elbows are, in the main, inferior to seamless-tube elbows as re- 
gards pressure drop. 

In Fig. 24 Messrs. Houser and Hirschberg compare two right- 
angle turns of the same center-to-face dimension, one made with 
a seamless-tube elbow and the other with a long-radius bend. To 
carry this comparison through to a definite conclusion, the authors 
have assumed 12-in. pipe with R/d = 1'/, for the seamless-tube 
elbow and R/d = 5 for the long-radius bend. On this basis 7.85 
linear feet of pipe are required for the long-radius bend as against 
9.36 feet for the seamless-tube elbow with tangents welded on. 
This corresponds to an excess of 19 per cent in the linear feet of 
pipe required for the latter. To get at the relative frictional re- 
sistance for the two types of bends, assume the equivalent re- 
sistance of the seamless-tube elbow as 12 diameters (12 ft. in this 
case) and that of the long-radius bend as 0.8 the resistance of the 
former, or 9.6 diameters (or feet). The total equivalent lengths 
for computing the resistance of the two bends then are: 


* Trans. A.S.C.E., vol. 47 (1902), p. 221. 
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9.36 + 12.0 = 21.36 ft. 
7.85 + 9.6 = 17.45 ft. 


Seamless-tube elbow assembly 
Long-radius pipe bend....... 


The increased resistance of the seamless-tube elbow assembly over 
the long-radius bend is 3.91 + 17.45 = 0.222, or 22.2 per cent. 
Considering bends as only a part of a complete piping system 
which is made up largely of straight pipe, it seems safe to say that 
the resistance of the whole system should not be increased more 
than 10 per cent by the use of the shorter-radius bends. In fact, 
if there are globe valves, stop and checks, turbine throttles, or 
similar valves in the line, the percentage increase chargeable to 
the use of seamless-tube elbows may be less than 10 per cent. 

A one-line drawing of a 12-in. line approximating conditions 
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for an actual turbine lead is shown in Fig. 30. The offsets in this 
line were required to drop from the steam-header elevation to 
the turbine-throttle level, and to clear the building structure and 
mechanical equipment. Assuming a steam flow of 350,000 lb. 
per hour at a pressure of 380 lb. gage and a temperature of 700 
deg. fahr., the pressure drop computed by Fritsche’s formula is 
approximately 3 lb. per 100 ft. In the case of long-radius bends 
the pressure drop due to change in direction is assumed to be 0.8 
that of the seamless-tube elbows, although whether this relation 
holds true at such high velocities is uncertain. The equivalent 
lengths of the line with the corresponding pressure drops, includ- 
ing valves, are shown below for (a) turns made with long-radius 
pipe bends, and (b) turns made with seamless-tube elbows. 


Equivalent Pressure drop, Ib. 


R/d length, ft. per sq. in. 
(a) 5 403 12.09 
(b) 422 12.66 


From which it appears that in this instance the excess friction 
loss in the line made up with seamless-tube elbows is less than 5 
per cent greater than that in the line made up with long-radius 
bends. 

The authors have not attempted to draw cost comparisons in 
the paper, but it is pertinent to point out that the 19 per cent 
excess in linear feet of pipe required in their analysis of Fig. 24 
(which includes the seamless-tube elbow itself) plus the cost of 
making four welds would be balanced against the relative cost 
of fabricating a seamless-tube elbow vs. a long-radius bend, plus 
the cost of two pairs of flanges with their bolts and gaskets. 
On the other hand, if the long-radius bend is to be connected in 
the line by welds, there will be a reduction of one or two in the 
total number of welds required, which saving should be balanced 
against the convenience of using a ready-made seamless-tube 
elbow. Exception is taken to the generalized cost inferences 
drawn by Mr. Stuart on the grounds that they do not refer to 
any definite construction details and are not supported with cost 
data of any sort. 
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In commenting on Mr. Tanner’s discussion, the authors would 
say that his analysis of the relative friction loss in bends having 
R/d ratios of 1'/; and 5 affords an interesting comparison for de- 
sign purposes. Attention is called to an error on his part in com- 
puting the relative losses from the Buffalo Forge Company's 
curve. Referring to the original curve in that company’s hand- 
book ‘“‘Fan Engineering,’’ which is drawn to a larger scale than the 
curve reproduced in Fig. 8 of this paper, it appears that the cor- 
rect ratio is 81 per cent rather than the 72 per cent stated by Mr. 
Tanner. Based on a rough average from the curves of Figs. 8, 
10, 11, and 23, the authors would suggest for design purposes 
that the resistance of long-radius pipe bends (R/d = 5 to 6) 
be considered as approximately 80 per cent of the resistance of 
seamless-tube elbows (R/d = 1'/,). This suggestion is offered 
as furnishing a working value for the time being until more com- 
plete data embracing more fluids, pipe sizes, and velocities are 
available. In this connection the authors would question the 
authority for Mr. Tanner’s statement that ‘‘For low velocities the 
difference in loss between 1'/: and 5 diameters is small, but for 
steam at high velocities it becomes appreciable as shown by all 
observers.” As previously stated by the authors, they are not 
aware of any comprehensive tests on the pressure drop of steam 
flowing through bends of different radii. 

In discussing the flow of air through elbows of different radii 
Mr. Cramer has assumed that the resistances given in Figs. 9 
and 10 include an allowance for the measured length of travel 
along the center line of the bends which was not included in the 
curves for water flow in Fig. 11. Subsequent review of this point 
by the authors indicates that Mr. Cramer's assumption is in error 
and that the measured length of travel should be added to the 
bend resistance in each case. This practice is followed in most 
texts and papers on ventilation, although treatment of the sub- 
ject often is not as clear as might be desired. The authors re- 
ferred Mr. Cramer’s interpretation of Figs. 9 and 10 to W. D. Ed- 
wards, who was the original source of these data, and received the 
following explanation: 


The linear feet of pipe, including the center line length of the bend, 
is separated from the resistance offered by the shape of the bend, or 
in other words, in my piping length I would measure and include this 
center line, to which I would add the bend resistance factor. This 
is in opposition to the interpretation of Mr. Cramer. 


However, in the case of Fig. 8, which is reproduced from “Fan 
Engineering,” subsequent inquiry indicates that in the opinion 
of the engineers of the Buffalo Forge Company and of the Carrier 
Engineering Corporation, the measured length of travel along the 
center line of the bends is included in the curve for pressure loss 
in bends presented by the late Frank L. Busey. 

The authors regret that this distinction was not made clear in 
presenting their paper, and thank Mr. Cramer for calling atten- 
tion to the oversight so that it can be corrected. Taking into ac- 
count the measured length of travel gives the following tabular 
relation which is offered in lieu of that presented in Mr. Cramer’s 
discussion : 
Measured length in 

diameters = 


2(5 — 0.215R/d.) 
Elbow resistance in 


0.50 0.75 1.00 1.25 1.50 2.00 3.00 5.00 


9.79 9.68 9.57 9.46 9.36 9.14 8.71 7.85 


121.20 35.09 17.51 12.72 10.36 9.03 8.24 7.85 
Total equivalent 
length in 


diameters...... 130.99 44.77 27.08 22.18 19.72 18.17 16.95 15.70 


FLEXIBILITY 


General. In considering the discussion dealing with flexibility 
the authors feel that some agreement is needed regarding what 
constitutes an ‘expansion bend.” The conventional expansion 
and double-offset expansion U-bends as shown in Figs. 17(a) 
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and 19(a) find appropriate application where there is a long run 
of pipe in one direction. Where there is opportunity to place 
sections of the line at right angles to one another it usually is 
possible to utilize the inherent flexibility of the line to good ad- 
vantage and dispense with ‘expansion bends.”’ An arrangement 
of this kind shown in Fig. 30 is typical of such a layout fitted in 
to clear structural and mechanical interferences in a power plant. 
Such layouts are far more common in steam power plants than 
those employing “expansion bends’’ for flexibility. Obviously 
the turns can be made with long-radius quarter-bends, seamless- 
tube fittings, forged fittings, or cast fittings as the designer 
prefers, and assembled with flanged or screwed joints or by 
welding. The authors discussed conventional types for ease in 
comparison, leaving it to the individual designer to use the 
methods indicated and make his own choice of layout. 

Grapho-Analytical Method. The grapho-analytical method 
used in presenting information regarding the relative flexibility 
of symmetrical bends was employed to demonstrate its applica- 
tion in the simpler problems, and to suggest the manner in which 
it can be applied to problems in space. There are seyeral alter- 
nate methods which can be applied successfully to symmetrical 
shapes in one plane such as those considered in this paper, but 
the alternate methods have definite limitations which render them 
unsatisfactory for application to pipe lines in space. The 
grapho-analytical method and the basic relations of the various 
elements of a pipe line which have been developed in connection 
with it, enable the designer to determine as accurately as he de- 
sires the relations bet ween deflection and force throughout a com- 
plex piping layout. 

Since in the application of the grapho-analytical method the 
ends of the run of piping under investigation are assumed as 
fixed, the sum of the bending-moment areas from one end of 
the structure to the other is zero. This fact enables the de- 
signer to check the numerical accuracy of his diagrams as he 
proceeds. 

Maxwell's theorem of reciprocity of displacements also affords 
a convenient check on the accuracy of the final computations 
required for the solution of a pipe line in space. The coefficient 
of the F, force in the expression for displacement along the X- 
axis is numerically equal to the coefficient of the F, force for 
displacement along the Y-axis. The same equality exists be- 
tween the coefficients of the F, force along the Z-axis. Likewise 
the coefficients of the F, force along the Y-axis and the F, force 
along the Z-axis are equal. 

The authors are pleased with the favorable reception accorded 
the grapho-analytical method. In considering the simplifica- 
tions employed in other methods, it appears that the possibility 
of reducing the grapho-analytical method to three simple ele- 
mentary principles has not been stressed sufficiently. If one is 
content to consider bends and fittings as square corners, all modi- 
fying factors may be neglected and the number of elements of 
the line reduced by at least 40 per cent in most cases. For pre- 
liminary layouts these simplifications are a great saving in labor 
and can be used to advantage, but the final layout should be 
checked to determine the actual stresses, bending moments, and 
thrusts on anchors as accurately as possible. The assumption 
that all turns can be considered as square corners may be in error 
as much as 40 per cent, depending upon the radius of the bend 
employed and the particular distribution of the piping. 

Force-Through-Elastic-Center Method. The “force-through- 
elastic-center’’ method described by Mr. Bato affords a good 
picturization of the bending moments acting on a symmetrical 
expansion bend, and the explanation of the method, together with 
general conclusions drawn, constitutes a worth-while contribution 
C. T. Mitchell described this method in detail in 


to the paper. 


an A.S.M.E. paper entitled ““A Graphic Method for Determining 
Expansion Stresses in Pipe Lines.’’” 

The method as described by Mr. Mitchell was designed to 
give an approximation of the flexibility of both symmetrical 
lines and lines in space. The method in its present develop- 
ment seems to possess certain limitations which may be stated 
as follows: 


a It cannot be used with any degree of accuracy for piping 
in more than one plane 

b It neglects flattening of the cross-section of curved pipe 
during flexure 

c Due to neglect of the effect of flattening of the cross-sec- 
tion, it does not correctly locate or evaluate the maxi- 
mum bending stress in a pipe line 

d_ It is not adaptable to dealing with a composite line made 
up with pipe of different diameters or wall thickness, 
or with fittings having a greater wall thickness than 
the pipe. 


Attention is called to the general application of the grapho- 
analytical method as given in the “Piping Handbook”’ where con- 
gruent bending-moment areas above and below the base line are 
canceled directly and only net values used as suggested by Mr. 
Bato. In the comparison of a series of square bends made up 
with turns of different radii, which was the purpose of this paper, 
the expedient of expressing lengths in terms of pipe diameter was 
resorted to and certain general equations developed which facili- 
tated such a comparison. 

The majority of the practical problems in flexibility of piping 
which the authors have encountered are of the space variety as 
illustrated in Fig. 30. The solution of such a problem involves 
the construction of six bending-moment diagrams to determine 
the relations between deflection and force. It is customary to 
construct a resulting bending-moment diagram from these dia- 
grams in order to correctly locate the point of maximum bending 
moment. 

Regarding Mr. Bato’s substitution of a 150-lb. cast-steel elbow 
(dimensions of 125-lb. cast iron) in place of the 250-lb. elbow used 
in the authors’ comparison, the authors would explain that the 
pipe and seamless-tube fittings are suitable for 250-lb. W.S.P., 
so it seemed only fair to compare assemblies which could be used 
interchangeably. 

Allowable Stress in Piping. Messrs. Houser and Hirschberg 
contend that the superior strength of cast-steel fittings should 
be taken into account in assigning allowable stresses, while Mr. 
Curley suggests that the true circular cross-section and uniform 
wall thickness of the seamless-tube fitting should permit of a 
higher working stress than in the case of a pipe bend which may 
possess considerable initial ellipticity and thinning of the pipe 
wall due to the process of forming a bend. Professor Hovgaard 
has offered supporting data as to maximum allowable stresses in 
pipe bends. As indicated in their paper, the authors have drawn 
liberally on the theoretical and test results presented in recent 
papers by Professor Hovgaard, and wish to take this opportunity 
of thanking him for his important contributions to the knowledge 
of the behavior of pipe bends and seamless-tube fittings. 

The following specifications as to minimum physical properties 
of cast steel conforming to A.S.T.M. specification A95 and of 
open-hearth medium-carbon seamless pipe A53 are submitted 
with reference to the contention of Messrs. Houser and Hirsch- 
berg. The properties of seamless tubing (0.150 to 0.200 in. 
wall thickness) as given by the National Tube Company also are 
— as corresponding to the tensile strength data quoted by 
them. 


*? Trans. A.S.M.E., May-Aug., 1930, FSP-52-25, p. 167. 
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Seamless 
Steel Seamless tubing, 
castings, pipe, National 
A95 Tube Co. 
Tensile strength, lb. per sq. in...... 70,000 62,000 54,000 
Yield point, lb. per sq. in.......... 36,000 35,000 36,000 
Elongation in 2 in., percentage...... 22 25 42 


@ Value used by Messrs. Houser and Hirschberg for comparison 
with tensile strength of cast steel. 


An examination of these specifications shows that the yield 
points are practically the same for both classes of material, the 
principle variation in physical properties occurring in the value of 
tensile strength and elongation. In modern analysis of the 
strength of ductile materials, except in the case of fatigue, 
which seems to be more directly related to tensile strength, the 
yield point of the material is the criterion of the strength com- 
monly employed, and factors of safety are based on the yield 
point rather than on the tensile strength. From this viewpoint 
which may be obtained from any recent work on strength of ma- 
terials, this point of Messrs. Houser and Hirschberg does not 
appear to be well taken. 

The example illustrated in Fig. 25 gives essentially the same in- 
formation as developed in connection with the authors’ Figs. 14, 
16, 17, and 19: namely, that (1) for equal dimensions, the 
stresses are higher when using seamless-tube fittings in place of 
long-radius bends while the reacting forces and the bending mo- 
ments at the joints are lower, and (2) the magnitude of the differ- 
ences between the several types of 90-deg. turns depends largely 
upon their location and the general proportions of the piping 
layout. 

If a flanged joint were located at point b of Fig. 25, as the dis- 
cussers seem to favor, the bending moment would be 1450 X 260 = 
377,000 in-lb. as compared with 152,000 in-lb. in the case of 
the seamless-tube-fitting assembly. While in the past, general 
practice has been to design piping to secure certain allowable 
stresses, the present tendency is to inquire as to just what con- 
stitutes ‘failure’ due to lack of flexibility. The practical answer 
seems to be leaks in joints and excessive thrusts on equipment. 
An instance of the latter type of “failure” is cited by Mr. Cramer 
in his discussion where he mentions the dislocation of a turbine 
from its foundation. In view of the closer scrutiny being given 
the actual manifestations of lack of flexibility and the obvious 
objections to having excessive thrusts at anchor points, it does 
not appear that the proposal of Messrs. Houser and Hirschberg 
for “getting the most out of an expansion bend”’ by using greater 
thrusts and larger bending moments can be applied indiscrimi- 
nately. 

With respect to Mr. Curley’s statements concerning initial 
ellipticity of pipe bends, what information is available seems to 
indicate that the initial flattening in carefully made bends should 
not exceed 1 to 2 per cent of the pipe diameter, and usually 
may be neglected. Cases have been reported, however, where 
initial ellipticity ran as high as 5 to 10 per cent, but it is believed 
that this represents the exception rather than the rule. 

The maximum longitudinal stress in the middle surface of the 
pipe cross-section was used as the criterion of strength of curved 
pipe in bending throughout the paper, since this stress as ex- 
plained in detail seems to bear a direct relation to the observed 
failure of a bend. The transverse bending stresses were shown 
by Professor Hovgaard to exceed the yield point of the material 
in some instances where no evidence of instability of the bend 
occurred. Mr. Curley reasons from the work of A. M. Wahl 
that the effect of internal pressure on the initial ellipticity of the 
cross-section of a bend should tend to augment the transverse 
stresses occasioned by flattening of the cross-section of a curved 
pipe during flexure. Actually, however, Mr. Wahl’s papers 
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show that the two transverse stresses in question tend to neutra- 
lize each other quite effectively around the pipe cross-section. 
There is a possible correction in the value of K which was sug- 
gested by Harold E. Jenks in a discussion of the paper on “The 
Design of Steam Piping to Care for Expansion,’’* by W. H. Ship- 
man. Mr. Jenks shows that theoretically the expression for 
K should be modified when applied to sharp-radius turns by sub- 
tracting a factor j, whose value for a 10-in. standard-weight 
seamless-tube fitting is 0.307, from the expression for K as follows: 


10 + 12h? — 0.307 
1 + 12h? — 0.307 


If this correction were used, the calculated flexibility of a 10-in 
standard-weight seamless-tube fitting would be increased by 
approximately 20 per cent. As the tests made by Professor 
Hovgaard indicated that the usual expression for K represented 
the behavior of a seamless-tube fitting accurately enough for 
practical purposes, this modification was not taken into account 
in the flexibility comparisons of the paper. 

Supporting Data and Recent Tests. Messrs. Zinc, Townsend. 
and de Jonge have inquired as to recent tests or supporting data 
tending to confirm the authors’ methods for computing the flexi- 
bility of piping. 

During the past summer extensive tests were conducted by the 
Research Department of The Detroit Edison Company with a 
view to verifying the 10 elementary cases for straight pipe and 
quarter-bends given in Chapter VII of the “Piping Handbook,” 
by Walker and Crocker. It was deemed advisable to check the 
elementary cases as offering a more general proof of the method 
developed in the “Piping Handbook” rather than to attempt to 
deal with the complications involved in making and interpreting 
tests on complete pipe lines in space. This work demonstrated 
satisfactory agreement between test and theory, except that in 
Case X the measured deflection was considerably greater than 
that computed by formula. This pointed to the need for further 
check of the theory, and the problem was referred to Prof. 8. 
Timoshenko, who was the first to call Karman’s derivation of K 
to the attention of American engineers (see footnote 9(b)). The 
resulting derivation, which Professor Timoshenko presented under 
date of November 10, 1930, affords a basis for all the cases involv- 
ing action of forces and moments on a quarter-bend. The deriva- 
tion, which is reproduced in an appendix to this closure, furnishes 
an excellent example of the application of the Castigliano-theorem 
method to the analysis of such problems. The results of the 
recent Detroit Edison tests were presented by Messrs. E. T. 
Cope and E. A. Wert as an A.S.M.E. paper at a meeting of the 
Fuels and Steam Power Division held in Hartford, Conn., in 
June, 1931. 

In replying to Mr. De Jonge’s criticism of cases IX and X, 
the authors would point out that these cases apply to pipe lines 
in space and do not concern piping in one plane as treated in the 
present paper. While the authors question the propriety of dis- 
cussing a matter distinctly outside the scope of the paper and 
should have hesitated to take the initiative in bringing it up at 
this time, they feel indebted to Mr. de Jonge for the opportunity 
to correct a previous error. It should be mentioned at this point 
that cases VIII, [X, and X have been corrected in the second edi- 
tion (1931) of the ‘Piping Handbook,” and that the derivation 
on which they are based is included as an appendix to this closure. 
The revised cases, also included in the appendix, have been re- 
ferred to and checked by Mr. de Jonge. 

In reply to Mr. Zinc’s question as to the general reliability of 
methods for computing the flexibility of piping, the authors woul: 
assure him that present knowledge properly applied is sufficiently 


28 Trans. A.S.M.E., Sept.-Dec., 1929, FSP-51-52, p. 443. 
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accurate to preclude any difficulty due to lack of flexibility. They 
join with him in stressing the need for short-cut methods of ap- 
plying present knowledge to practical every-day problems. 

Conclusion. In conclusion the authors wish to thank all those 
discussing the paper who by reason of their interest and special 
knowledge of piping problems have contributed so much to its 
completeness and usefulness. Due to space limitations, only 
those points which appear to require further analysis have been 
considered in the closure. While separate acknowledgment of 
all the suggestions and views tending to confirm the findings of 
the paper has not been possible, the authors appreciate this sup- 
port of their conclusions. 


APPENDIX TO AUTHORS’ CLOSURE 


The following derivation embracing all the cases involving 
forces and moments acting on a quarter-bend was presented by 
Professor Timoshenko under date of November 10, 1930. This 
derivation is so comprehensive and concise that it may well serve 
as a model for such analyses. 

A quarter bend is illustrated in Fig. 31 with all the possible 
forces and moments indicated thereon. Forces, moments, and 
angular and linear displacements are considered as positive when 
in the directions shown by arrows. The general set-up for the 
moments acting on a particle at point a of Fig. 31 about the three 
axes is as follows: 


M; = Mx sin ¢ + My cos ¢ — ZR (1 — sin ¢) 
M, = —Mx cos ¢ + My sin ¢ — ZR cos ¢ 
M; = Mz + Y Roos ¢ — XR (1 — sin ¢) 


| 


The potential energy stored in the bend by these moments is 


given by 
0 2B 0 2KB 


MeRde 
0 2C 
hy 


U = 


Fig. 31 QuartTerR-BEND 


in which C = JG = torsional rigidity, B = EJ = rigidity in bend- 
ing, and K is a rigidity multiplication factor which compensates 
for reduction in flexural rigidity of a curved pipe in the plane of 
the bend. 

From the theorem of Castigliano, the partial derivative of 
potential energy with respect to any external force gives the dis- 
placement corresponding to that force 


(=x) 
Rdg M R 
+ 
0 0 


C B 
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The rotation of the free end of the bend around the X-axis is 
given by 


oU 
yx = 


oMx 0 C B 


Substituting values of Mz and My from the general relations 
above 


ou _ f° [Mx sin ¢ + My cos ¢ — ZR (1 — sing) | sin gRdg 
0 


Mx cos ¢ + My sin ¢ — ZR cos cos 
B 


Performing the indicated multiplications and integrations the 
expression for rotation about the X-axis in terms of all the forces 
and moments is obtained 


C 


-2My + 
B 


If the rotation due to the action of Mx alone is desired, the 
other forces and moments drop out and the expression reduces to 


R xMx 


If torsional rigidity is expressed in terms of rigidity in bending, 
the expression for rotation about the X-axis due to the moment 
Mx becomes 
1.806 MxR 


zl [Case X(a)] 


yx 


The rotation of the free end of the bend around the Y-axis is 
given by 


_ ou 
w= 


=m M: cos eRdy + we Mn sin 
¢ 0 B 


Substituting values of M; and My from the general relations, 


[Mx sin g + My cos — ZR(1 — sin ¢)] cos 
0 C 


[— Mx cos ¢ + My sin ¢ — ZR cos sin 
0 B 
which, when terms are multiplied together and indicated inte- 
grations are performed, gives the equation for rotation about the 
Y-axis in terms of all the forces and moments which may act on 
the quarter-bend: 


yx 


+ «My —2ZR 2Mx—xMy + | 


Cc B 


-0 
at 
| 
Y 
| t x i 
| 
=0 
; 
nd 
al 
oF 
OM; 
M; \ — } Rdg * 
f ( oF = 


244 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


If the rotation due to action of Mx alone is required, this ex- 
pression becomes 


2M 2M 
vy = R/4 | 
which may be combined as 


0.150 MxR 


El [Case X(b) ] 


The rotation of the free end of the quarter-bend around the Z- 
axis is found from 


oU 

OMs 
OM: oMn OM; 
oMz oMz oMz 


Substituting value of M; from the general relations 


(Mz + YR cos — XR (1 —sin ¢)| Rdg 
0 


KB 


which when integrated gives the expression for rotation about 
the Z-axis in terms of all possible forces and moments as 


oU R 
yz = + 2YR — (x — 2)XR| 


In this expression the M, term does not appear, so it follows that 


vz = O due to Mz [Case X] 


The above general expressions have been carried through in 
terms of the moment M, as that is the case principally in dispute. 
It is only necessary to drop out the proper terms in the expres- 
sions for rotation about each axis developed above to find the 
effect of any force or moment acting individually and hence 
check the cases given in the second edition (1931) of the “Piping 
Handbook.” 

The deflection of the free end of the bend along the X-axis is 
found from 


ox 
ax 0; SX = 0; ~ iin R(1 — sin ¢) = R(sin ¢ 1) 
(sin — 1) R'dg 
ox Jo KB 
(Mz + YReos —XR(1 —sin ¢)] [sin —1] Rdg 
ax So KB 
Ax = 3x = — 8)XR — 2YR — (2x — 4)Mz] 


[Case X] 


The deflection of the free end of the bend along the Y-axis is 
given by 


Ax = 0 due to Mx alone 


oMn oM- 
0: = 4 = 


oU M; R* cos 
oY Jo KB 


oU (Mz + YR cos ¢ — XR + XR sin ¢)R?* cos 
0 


oY KB 
oU R? 
=— = — - 2X Y 4M 
Ay SY aKB | R + «YR + 4Mz] 


Ay = Odueto Mx alone’ [Case X] 


The deflection of the free end of the bend along the Z-axis is 
found from 


(ec) 
Fig. 32 Case VIII 
y 
> 
SN. 
R 
(a) (ce) 
Fig. Case 1X 
oMn 
— =Rene—1); =-— ; 
( sin = R(sin —1) R cos ¢ 
_ 
oZ 
My (sin — ¢ ‘ */? My(—R cos 9) Rdg 
oZ 0 by 0 B 
J 2My 3x — Z 
aU = (x 4)Mx 2My + (3% 8)ZR 
oZ Cc 
«Mx — 2My + 
B 
—4)M M 
Az = R*/4 ci + — | due to Mx only 
B 
0.5064 Mx R? 
[Case X] 


El 


From the general equations for rotation and deflection given 
in the foregoing, the elementary cases which are in terms of indi- 
vidual forces and moments can be obtained. The cases IV, V, 
VI, and VII which are involved in this paper are not affected by 
this rederivation, but cases VIII, IX, and X which are concerned 
with the solution of piping in space are modified to a greater or 
lesser degree. The revised cases follow. 

Case VIII. Quarter-Bend Fixed at One End and Acted Upon 
by a Force F Perpendicular to Plane of Bend (Fig. 32). 


5064 FR? 
(a) yxy = ae Arxy = wxy 0.754 R = deflection 


l | Yb 
Rdg | 
oMz 0 KB 
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in direction of force (proportional to rotation in plane perpendicu- 

lar to free end of bend). 

1.150 FR? 

(6) yrz = 

direction of force (proportional to rotation in plane tangent to 
free end of bend). 


; AFyz = yyz 0.754R = deflection in 


1.2485 
EI 


AFy = AFxy + AFyz = = total deflection in diree- 


tion of force. 

Case IX. Quarter-Bend Fixed at One End and Acted on by 
a Moment M Perpendicular to Plane of Bend (Fig. 33). 
0.150 MR : 
es AMxy = ¥ Mxy 0.695 R = deflection 
to left along moment arm (proportional to rotation in plane per- 
pendicular to free end of bend). 


(a) = 


You 
he = 1.806R 
M, (b) (c) 
(a) 
Fie. 34 Intustratine Case X 
.806 MR , 
(b) yMyz = ; AMyz = 0.695R = deflection 


to right along moment arm (proportional to rotation in plane tan- 
gent to free end of bend). 


.150 
AMy = AMyz — AMxy = ae = resultant deflection 
to right. 
1.150 MR? 
(c) AMy = yMyz 0.6387 R = — = resultant de- 


flection in terms of larger rotation. 

Case X. Quarter Bend Fixed at One End and Acted on by 
a Torque Moment M,, in Plane Perpendicular to Free End of 
Bend (Fig. 34). 

1.806 M.R , 

(a) yxy = — ; AMixy = yxy 0.306 R = deflection 


to right perpendicular to plane of bend (proportional to rotation 
in plane perpendicular to free end of bend). 

0.150 M.R 
(6) ¥rz = 
to left perpendicular to plane of bend (proportional to rotation 
in plane tangent to free end of bend). 
0.5064 M.R? 


El 


AMiyz = yvyz 0.306R = deflection 


AMiy = AMixy — AMwyz = = resultant deflection 


to right. 


0.5064 
(c) AMy = yxr0.280R = 


flec- 
Ti resultant deflec 


tion in terms of larger rotation. 
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In applying these elementary cases to the solution of pipe 
lines in space it is expedient to use the expressions for deflection 
in terms of the larger rotation and neglect the effect of the smaller 
rotation. An examination of cases [IX and X shows that the 
smaller rotations are only one-twelfth as large as the principal 
rotation and in practical problems can be neglected safely. 

The changes made necessary by the correction of errors in the 
original elementary cases given in the “Piping Handbook,” while 
in themselves of considerable magnitude, affect practical prob- 
lems by only a small percentage. In the particular example of 
a pipe line in space given in the “Piping Handbook,” the maxi- 
mum stress found for the line is increased by only 1'/; per cent by 
reason of changes in the elementary cases. 

With reference to the generalized formulas appended to Mr. de 
Jonge’s discussion, the authors would say that his continued in- 
terest in the subject has developed valuable data supplementing 
the 10 elementary cases presented in the “Piping Handbook.” 
The usual practice in solving expansion problems is to consider 
pipe lines as consisting of elements built up from quarter-bends 
and tangents loaded by certain definite applications of forces 
and moments. The necessity of considering included angles 
other than 90 deg. in some cases was recognized as early as 1910 
by Prof. A. Bantlin® in analyzing the characteristics of “lyre 
shaped” (double offset expansion U-bends), which point also 
was covered by Crocker and Sanford in their 1922 paper.” The 
general derivation of Professor Timoshenko given in the appendix 
to this closure works the whole problem out in terms of an in- 
definite angle to which particular values may be assigned as 
desired. The final equations are given in terms of a 90-deg. 
bend as being of the most general use. 

Mr. de Jonge has broken up the problem of determining the 
flexibility of straight pipe and ares of circles into 24 separate 
cases. These cases permit the determination of deflections 
perpendicular to and along a tangent to the arc at the free end 
as well as along the principal coordinate axes of the system for 
any given included angle of arc. The case of a straight pipe 
inclined at an angle other than 90 deg. to the acting force is 
being developed by Messrs. E. A. Wert and Samuel Smith of 
The Detroit Edison Company, who hope to present their results 
in the near future. 

Certain of the cases developed by Mr. de Jonge should prove 
of assistance in calculating the flexibility of ares of circles other 
than 90 deg. in cases where need for greater accuracy is apparent 
than can be obtained by approximating such ares to straight pipe 
and quarter-bends. Except when verifying test procedure, it is 
doubtful if the increased complexity introduced by attempting 
to use some 24 cases involving generalized angles would be 
warranted. The ten elementary cases covering 90-deg. bends and 
tangents given in the Second Edition of the “Piping Handbook,” 
together with the general equations given in the Appendix to 
this closure, should meet the needs of the practical piping de- 
signer. 


29 Zeitschrift des Vereines deutscher Ingenieure, Jan. 8, 1910, p. 43. 
%0 “The Elasticity of Pipe Bends,” A.S.M.E. Trans., 1922, p. 547. 
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Corrosion Tests on Condenser Tubes 


Progress Report No. 4 of The A.S.M.E. Special Research Committee on Condenser Tubes! 


T the annual meeting in 1929, the report of the committee 

included evidence that the circulating water in certain 

surface condensers carried a quantity of air, both in the 
entrained and dissolved conditions. It was suggested at this 
meeting that investigations be made on condensers of possibly 
a dozen selected companies to determine if air is a common 
cause of trouble. A small budget is necessary to carry out 
such a course of action. During the year this report was pre- 
sented to the Prime Movers Committee of the National Electric 
Light Association with the suggestion that it contribute the 
necessary funds to carry on this particular feature of the in- 
vestigation. At the Prime Movers Meeting in Montreal, 
Oct. 6 and 7, 1930, a resolution was passed endorsing the solici- 
tation of funds either through the N.E.L.A. headquarters or 
from member companies most vitally interested. 

Meanwhile other investigations have been carried on for the 
committee. A series of tests was made to determine the ex- 
tent of the effect of air on tube material. The method used 
was to make comparative corrosion tests with solutions satu- 
rated with air and under vacuum. 

In consideration of the fact that all chemical reactions such 
as found in condenser tube corrosion are ionic, an electric 
current was used in the laboratory tests to accelerate the corro- 
sive action. Cells were made, using Admiralty brass anodes 
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and copper cathodes. These comparative tests were made on 
a series of solutions ranging in concentration from zero parts 
per million to 25,000 parts per million of potassium chloride. 
The arrangement of the apparatus used, both with air and under 
vacuum, is shown in Figs. 1 and 2, respectively. The data 
obtained are given in Tables 1 and 2 and also are plotted in 
curves in Figs. 3 and 4. In Fig. 3 the Admiralty brass anode 
loss in milligrams per volt drop across the cell is plotted against 
the concentration of potassium chloride in parts per million. 
Comparing the two curves-¢that is, one with air-saturated 
electrolyte and the other with electrolyte under 27-in. hg. 
vacuum—it is clear that air decidedly accelerates the rate of corro- 


sion. It is true that its effect is not constant at all concentra- 
COMPRESSED AiR 
Zz $ 
| : V 
4 
TY BRASS $ 
| A 
Fic. 1 Set-Up or Corrosion Test Wits Potasstum-CHLORIDE 


ELECTROLYTE 
(Anode, Admiralty metal; cathode, copper. Electrolyte saturated with air.) 


TO vacuum 


Fie. 2 Set-Ure or Corrosion Test Wira 


ELECTROLYTE 


(Anode, Admiralty metal; cathode, copper. 
vacuum.) 


Electrolyte under 27-in. hg. 


tions, but its effect is of sufficient magnitude at all concentrations 
to make its presence undesirable. Referring to Fig. 3, there 
are peculiavities in the data of the air-saturated solutions at the 
lower concentrations which are receiving further investigation. 
Another feature which developed in this investigation is shown 
in Fig. 4, where the loss of zinc as a percentage of the total anode 
loss was plotted against concentration. These curves show the 
tendency of Admiralty brass to dezincify and also the concen- 
tration most favorable to dezincification. It appears that a 
point of maximum is reached at intermediate concentrations. 
There is a decided break in these curves at from 1000 to 2000 
parts per million. It is interesting to note that there was a 
change in the appearance of the anodes in this range of concen- 
tration. At lower concentrations the anode had a darkened 
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oxidized appearance, while at 1000 parts per million and over, 
the anodes were very coppery in appearance. 

The theory that corrosion due to stray electrical currents is 
the fundamental cause of all condenser tube failures has been 
suggested from time to time and has been brought forward in 
recent technical literature. It is argued that, if a condenser is 
short-circuited properly, the tubes will not corrode, these claims 
being supported by exhaustive investigation, both in the labora- 
tory and in the plant. As a check of this theory, a large con- 
denser was wired, making eight taps in each water box on the 
condenser shell and eight taps on each tube sheet. The leads 
were brought out, and while the condenser was in operation, 
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CHLORIDE ELECTROLYTE 


(Total anode loss in milligrams per hour, corrected to 1 volt potential 
difference.) 


readings were taken between each pair of leads, from one water 
box to the other and also across each water box. A very sensi- 
tive galvanometer was used for the test, but not the slightest 
indication was found of voltage drop anywhere in the condenser. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


The tubes in this condenser have been in service six years, and 
in that time 76 tubes have failed out of 13,600 tubes. Inspection 
of the tubes indicates that the tubes still have several years"of 


life. The corrosion rate on the condenser tubes is therefore 
slow, and the committee expects to make a similar test on 
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(Ratio of zinc to total anode loss.) 


condensers having a higher rate of tube failure as a further 
check on the electrolysis theory. 

Investigation of failures of the upper tubes in the second 
pass of a large condenser was carried on during the year. Tube 
failures in this condenser were grouped near the top, as shown 
in the diagram of the tube sheet, Fig. 5. The failed tubes were 
removed and in many cases were found to be badly dezincified. 
Further examination of these tubes showed that by far the 
greater amount of dezincification had taken place on the top 
of the tube, the bottom of the tube being almost free from 


dezincification. Figs. 6 and 7 are typical 
nodes, miralty metal; cathodes, copper; area of anodes, sq. in.; voltage across cell, volt : 
approx. Electrolyte saturated with air) failures take place moar the top of the 
KCI con- Average Anode Anode loss, condenser may be explained by the fact 
centration, Duration current loss in milligrams Zinc loss Zinc to y P 
Test parts per " “of test, Average milli- " weight, per volt in weight, total loss, that the upper rows of tubes are not 
No. million hours voltage amperes milligrams per hour milligrams per cent filled with water at all times, and the 
30 22 0.83 0.037 tubes are exposed to higher concentra- 
9 100 23 1.003 0.75 13.5 0.585 214 17.3 tions of air in water. That the de- 
i eae 200 32 1.090 1.55 14.6 0.626 34 52. 5 zincification took place largely at the 
chat the ar in the circulating water 
2 a ir i cire i Ww 
750 22 1.000 0.80 8.6 0.391 71 $2.5 that the air in the ing water 
10 pan aces 1,200 22 1.050 0.91 38 0. 416 7.9 $2.3 would no doubt follow along the top of 
21500 22 1:050 1.02 12:0 0.520 the tube, and in line with 8 
ae J 22 1.070 .95 13. . 552 -5 b i igati concerning the action of 
4,000 22 1.120 1.13 14.2 0.576 9.6 63.6 
15 ES: 6,000 33 1.120 1.13 19.3 0.783 2 2 51 3 air, would speed up dezincification at this 
Aa 10,000 22 1.080 1.39 26.4 1111 13.0 49.3 Point. It was interesting to note that, 
yee 25,000 22 1.010 1.32 30.5 1.373 9.4 32.0 while in this section dezincification had 


TABLE 2 CORROSION TESTS MADE WITH POTASSIUM CHLORIDE ELECTROLYTE 


(Electrolyte under 27-in. hg. vacuum) 


progressed almost through the tube wall 
in some cases, in the lower sections of the 
condenser the tubes showed no attack 


KCI con- Average Anode Anode loss, 
centration, Duration current, loss in milligrams Zinc loss Zinc to whatever 

Test parts per oftest, Average milli- weight, per volt in weight, total loss, ~ . 

No. million hours voltage amperes milligrams per hour milligrams per cent Evidence that the work of this com- 
0 23 1.05 0.042 1.0 0.041 0.4 40.0 

-5 is shown the fact t a& number 
750 22 0.95 0.184 3.9 0.187 2.0 51.3 
5 Siete pe 1 500 22 0. 95 0. 206 4. 8 0. 230 2. 1 43.8 cases of condenser-tube failure have been 
J .335 -5 vera. em at are o 1c 
wal 6,000 22 0.95 0.219 6.8 0.325 2.3 32.7 
10 LAviees 3:000 23 0.99 0.297 10.3 0.473 3.7 36.0 interest are cited. 
20,000 22 0.98 0.256 10.2 0.478 3.4 33.3 ug’ 
itlnide <5 25,000 22 0.98 0.358 121 0.567 4.0 32.7 _ tention of the committee during the year. 
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Each case was a fresh-water installation, and in each case the 
tubes were badly dezincified after a comparatively short life. 
One case was that of an inter-and-after cooler. Dezincification 
had progressed from the outside, or steam side, of the tube. 
Considered as an electrolyte, the medium of air, condensed 
steam, and carbon dioxide was extremely weak, but 60/40 
metal is so subject to dezincification that even under such 
apparently favorable conditions the tubes failed. A photo- 
micrograph of this metal is shown in Fig. 8. 

Another case that has come to the attention of the committee 
is the case of a main condenser in the Middle West. This also 
is a fresh-water installation, 
using 60/40 brass tubes. The 
outside, or steam side, of the 
tube was spotted with a thin film 
of white deposit about 1 in. in 
diameter. These spots occurred 
every few inches along the tube 
and were generally scattered 
through the condenser. Upon 
examination it was found that 
this was plug-type dezincifica- 
tion which had progressed from 
the inside entirely through the 
tube and that the white deposit 
came from the circulating water 
and not from the steam. The 
circulating water was of low 
concentration and was not con- 
taminated by sewage nor was 
it acid, having a hydrogen-ion 
concentration of 7.5. A photo- 
micrograph of this metal is 
shown in Fig. 9. This case is 
cited to call further attention to e 
the seriousness of using alloys KS 
with high sine content. ‘ 

Another recent case of failure 
occurred in a harbor installation 
on the Atlantic seaboard. Two 
large condensers were installed, 
and presumably were tubed with 
Admiralty brass. In less than 
a year of operation 103 tubes 
have failed in one condenser 
and 98 tubes in the other. 
Upon examination it was found 
that the failed tubes, with one 
exception, were not Admiralty 
metal, but what is known in the 
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Corroded condenser tubes were recently submitted from a 
plant which was using the chlorine method of tube cleaning. 
These tubes were protected by Flowrites about 3 in. from the 
inlet end. Within the Flowrite area the tube was unattacked 
and in good condition. Then for a distance of several feet the 
tube was badly pitted, in several places entirely through the 
tube wall. Chlorine is a very strong corrosive agent, and its 
action on brass is well known. In order to bring out the rapidity 
by which brass is corroded in the presence of chlorine and hypo- 
chlorous acid, a new condenser tube was exposed to a water-and- 
chlorine solution for a period of 48 hours. A photograph of 
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Fic. 5 Conpenser-Tuszs SHeet, SHow1ne Position or Dezinciriep TuBEs 


trade as leaded two-and-one brass. The analysis of one of these _ this tube is shown in Fig. 12. The vigorous action of the chlorine 


tubes is as follows: 


Per cent 
Zinc (by difference). 32.65 


The tubes were pitted in rows of 2 or 3 ft. in extent. These 
pitted areas did not occur in any particular section of the con- 
denser or in any particular position of the tube. A photograph 
of a pitted section is shown in Fig. 10. A photomicrograph of 
the metal, showing a quantity of slag inclusions in which the 
lead drops may be seen, is shown in Fig. 11. It has been well 
determined and generally conceded that the alloy leaded two- 
and-one brass is not suitable for sea-water installations. 


on the brass is evidenced by the deep corrosion present on the 
tube. A photograph of the original tube taken out of service 
is also shown in Fig. 13. While the desirability of preventing 
alge growth in the condenser tubes is appreciated, it should be 
pointed out that the use of so strong a corrosive and oxidizing 
agent as chlorine should be guarded with great care as it is 
possible to ruin entirely a condenser-tube installation in a very 
short time should the chlorine attack the tubes. 

A case of corrosion which, without question, was caused by 
stray electric currents was submitted from the Middle West. 
This was a Radojet inter-and-after cooler in a fresh-water 
installation. The cooler was tubed with Admiralty brass, the 
tubes being set vertically in groups. The upper half of the 
tubes in two of these groups was badly corroded on the inside, 
or water side, of the tube. The lower half of each tube was 
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Fie. 6 Tor Secror or Secrion or Apmrratty Brass Tuse, Fic. 8 DezrnciFicaTion oF STEAM Sipe or 60/40 Brass TuBE IN 
SuHow1ne ALMost CoMPLETE DEZINCIFICATION FresH-WaTER INSTALLATION 


Fic. 7 Borrom Secror or Sscrion or Tuse SHown 1n Fic. 6, Fig. 9 Farture or 60/40 Brass From Fresu-WarTer 
Siicut DezinciFIcaTION CoNnDENSER 


a's 
> 


Fie. 11 


Fig. 12 Apmiravty Brass Tuspe Treatep CHLORINE IN 
LABORATORY 


plugged almost solid with the insoluble products of corrosion. 
The tube wall of the lower portion of the tube, being protected 
from the electrolyte by the scale formation, had not been affected. 
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Fie. 10 Corrosion or Leapep Two-anp-Onge Brass Tuse Usep 
HarBoR INSTALLATION 
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Fie. 13 Apmiratty Brass Tuse From ConpENSER WHERE 
CHLORINE Was USED IN CLEANING TUBES 


Fic. 14. Propvucts or Corrosion, CoLLecTEep as ScALE IN LOWER 
Enp, tn ADMIRALTY Brass TuBEs OF VERTICAL INTERCOOLER USING 
Freso WaTER 


Fig. 15 Compartson oF WALL TuickNess aT Uprer AND LoWER 
Enps oF SHOwN IN Fia. 14 


Photographs of the comparative tube-wall thickness, indicative 
of the extent of corrosion, and the formation of the insoluble 
products of corrosion as scale in the tube are shown in Figs. 14 
and 15. 

During the coming year the laboratory and field tests will be 
continued and their scope broadened as opportunity permits. 
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Heat Absorption in Water-Cooled Furnaces 


By WM. L. DeBAUFRE,' NEW YORK, N. Y. 


Based on the furnace heat balance, an empirical “‘effec- 
tiveness factor’’ is derived for water-cooled surfaces there- 
in, relating the heat radiated by the burning fuel and prod- 
ucts of combustion to the furnace-outlet temperature. 
The value of this factor is calculated from certain experi- 
mental data for turbulent horizontally fired pulverized- 
coal furnaces with bare water-cooled tube walls. For 
these experimental data, the fraction radiated of the heat 
liberated in the furnace has also been calculated and is 
compared with Broido’s curve and with the value calcu- 
lated by the Orrok-Hudson formula. The method of 
applying the effectiveness factor to design problems is 
illustrated by showing the effect of preheated-air tempera- 
ture upon the furnace-outlet temperature. 


HEN “water screens” were in- 

stalledin pulverized-fuel furnaces 

to prevent slagging of ash in the 
furnace bottoms, tests were made to deter- 
mine the rate of heat absorption in order to 
design properly the downcomers and risers. 
These tests genérally consisted in isolating 
certain tubes and passing water through 
them at a sufficient velocity to give a 
moderate temperature rise. In other cases, 
the “‘water screens” were connected to 
steam drums separate from the main steam 
drums of the boiler so that the steam generated therein could 
be measured. The rate of heat absorption so determined per 
square foot of water-cooled surface exposed to radiation, was 
compared with the operating capacity of the boiler in per cent 
of rating rather than attempting to connect the rate of heat ab- 
sorption with the furnace temperature. This method of handling 
the problem was satisfactory as long as small portions only of 
the furnace walls were covered by water-cooled surfaces. 

When larger portions of the refractory walls were replaced by 
water-cooled surfaces, a relation between rate of heat absorption 
and furnace temperature was based on these data and on an ex- 
periment by John Bell made some years previously, in which one 
of a first row of boiler tubes was replaced by a similar tube through 
which water was circulated and the temperature rise noted.” 


1 Head of Technical Research Department, International Com- 
bustion Engineering Corp. Mem. A.S.M.E. Mr. DeBaufre was 
graduated from the Baltimore Polytechnic Institute in 1903, and 
acquired the degrees of E.E., M.E., and M.S. from Lehigh University. 
He taught at Baltimore Polytechnic for several years, and during 
the latter part of this period was head of the Department of Engineer- 
ing there. For a number of years thereafter he was mechanical 
engineer with the U. 8. Naval Engineering Experiment Station, leav- 
ing this work to become professor of mechanical engineering and later 
chairman of the Mechanical Engineering Department at the Uni- 
versity of Nebraska. He left this position in 1926 to assume his 
present duties. 

? “An Outline of the Theory of Heat Transmission and Absorption 
in Application to Ordinary Engineering Problems.” Proceedings of 
the Engineers’ Society of Western Pennsylvania, vol. 32 (1916), pp. 
797-845. 

Contributed by the Fuels Division and presented at the Annual 
Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Tue American 
Society or MEcHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


With the development of steam generators in which the fur- 
nace walls are almost entirely replaced by water-cooled surfaces, it 
became desirable to have a relation which would more definitely 
proportion the total heat absorbed by the unit between the heat- 
ing surface exposed to radiation in the furnace and the heating 
surface in the boiler tube banks. About that time appeared the 
timely papers upon the subject by Broido* and Wohlenberg,‘ 
with Orrok’s discussions thereon. Broido and Orrok gave em- 
pirical relations for calculating the ratio of the heat absorbed by 
radiation to the heat liberated in the furnace, which relations 
were assumed to apply to all types of furnaces and conditions of 
operation; but the actual ratio might differ by 20 per cent from 
the calculated value. The paper by Wohlenberg showed how 
complicated the subject becomes when it is attempted to take 
account of all factors involved in the problem. 

The idea was therefore conceived of applying a comparatively 
simple relation involving a factor which measures the effective- 
ness of the water-cooled surface and varies with the furnace design 
and the character of the fuel burned. This relation will be de- 
rived and applied to certain experimental data from pulverized- 
coal-fired furnaces. The method of applying the results to 
design problems will then be explained. 

The above-mentioned relation is based on the furnace heat 
balance that the heat R radiated from the burning fuel and prod- 
ucts of combustion plus the sensible heat P in the products leaving 
the furnace must equal the net heat B produced by burning the 
fuel plus the sensible heat A in the preheated air supplied for 
combustion; that is, 


R+P=B+A 


These heat quantities may be total hourly rates for the furnace in 
question, or may be based on one square foot of water-cooled 
surface in the furnace or on one pound of fuel fired. 

Due to unburnt combustible in the ashes and flue dust, the 
heat B actually liberated in the furnace is less than the calorime- 
ter heating value of the fuel, which is accordingly reduced by 
14,600 times the fraction of a pound of unburnt carbon per pound 
of fuel fired. A further reduction is made equal to the heat re- 
quired to evaporate the moisture in the fuel and that formed from 
the hydrogen burned. The latent heat of this water vapor is 
taken as approximately 1050 B.t.u. per lb. at room temperature. 
That is, 

B = H — 14,600 x C — 1050 X M 


where H = gross calorimeter heating value of the fuel fired 
B.t.u. per lb. 
C = |b. unburnt carbon per lb. of fuel fired, and 
M = |b. moisture in fuel and formed from hydrogen per 
Ib. of fuel fired. 


The latent heat of the water vapor could be added to the sen- 
sible heat P in the products of combustion leaving the furnace 
instead of being subtracted from the gross heating value of the 
fuel fired. The latter method is preferred, however, because it 
is considered more logical to base the heat radiated upon the net 
heat liberated in the furnace than upon the gross heating value of 
the fuel. Also, it is customary abroad to base the efficiency of 


+ “Radiation in Boiler Furnaces,’ B. N. Broido, Trans. A.S.M.E., 
vol. 47 (1925), pp. 1123-1177. 

4 “Radiation in the Pulverized-Fuel Furnace,’’ W. J. Wohlenberg, 
Trans. A.S.M.E., vol. 47 (1925), pp. 127-176. 
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steam-generating equipment upon the net heating value of the 
fuel rather than penalize the steam power plant in comparison 
with the internal-conbustion power plant by using the gross 
heating value of the fuel, as is done in this country. 

The sensible heat A in the preheated air is calculated from the 
amount of air supplied for combustion, the portion of it which is 
preheated, and the temperature to which it is preheated. The 
quantity of air supplied per pound of fuel fired may be calcu- 
lated from the analysis of the products of combustion leaving the 
furnace, the composition of the fuel fired, and the loss of com- 
bustible in the ashes and flue dust. The sum of A and B is the 
net heat available for radiation in the furnace and for heating 
the products of combustion to the furnace-outlet temperature. 
The sensible heat S in the products of combustion may be calcu- 
lated for the composition and temperature of the products leav- 
ing thefurnace. The heat R radiated is then found by difference. 

Now, the more effective the water-cooled surfaces in absorbing 
heat within the furnace, the larger must be R and the lower must 
be the temperature of the products leaving the furnace. Hence, 
the ratio of R to some function of the furnace-outlet temperature 
is an “effectiveness factor’’ for the water-cooled surfaces within 


Fie. 1 Hortzontran TANGENTIAL FIRING 


the furnace. As the effectiveness of these surfaces must vary 
with their arrangement and condition, the effectiveness factor 
will show by its variations, the effect of such changes rather than 
be a universal constant which will apply under all conditions. 

The temperature function which has been chosen as a basis for 
calculating the effectiveness factor of the water-cooled surfaces 
is the fourth power of the absolute temperature of the products 
of combustion leaving the furnace minus the fourth power of 
the absolute temperature of the water evaporating within the 
water-cooled surfaces. The effectiveness factor EH may be em- 
ployed to calculate the heat R radiated per pound of fuel fired by 
means of the relation: 


-(2:)) 


where 7T'¢ = absolute temperature of the products of combus- 
tion leaving the furnace, deg. fahr. 
Ts = absolute temperature of the water evaporating 


into steam within the water-cooled surfaces, deg. 
fahr. 


F = fuel fired per hour per square foot of water-cooled 
surface exposed to radiation, lb. 

R = heat radiated per lb. of fuel fired in B.t.u.; and 

E = effectiveness factor of the water-cooled surfaces. 


Watrer-CooLep FuRNACE AT MANCHESTER, ENGLAND 


There are a number of reasons why the heat radiated by the 
burning fuel and products of combustion to the water-cooled 
surfaces should not be proportional to the difference of the fourth 
powers of the furnace-outlet absolute temperature and the ab- 
solute steam temperature; thus: 


The temperature of the burning fuel and products of com- 
bustion within the furnace is not uniform, but varies from a 
maximum at the place of most intense combustion, to a mini- 
mum generally at the furnace outlet. 

The water-cooled surfaces absorbing radiant heat are at a 
higher temperature than the water evaporating into steam 
within these surfaces. 

Some heat may pass by convection and conduction rather 
than by radiation. 

Radiation from non-luminous gases does not follow the 
fourth-power law, and radiation from burning fuel may not 
follow this law. 

The flames may not entirely fill the furnace volume. 

Clouds of cool, unburnt fuel may intervene between the 
hot flames and part of the water-cooled surface. 

Combustion may not be complete within the furnace, but 
continue into and through the boiler-tube banks. 


All of these discrepancies affect the effectiveness factor when 
the above relation is applied to determine its value for any set of 
experimental conditions. All of them, however, depend mainly 
if not entirely upon the characteristics of the fuel, the arrange- 
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ment and condition of the furnace, and the capacity at which it 
is operated. Hence, the effectiveness factor determined by the 
above relation should apply to similar fuels, similar furnace ar- 
rangements, and equal capacities. 

The effectiveness factor will also vary with the way in which 
the water-cooled surface exposed to radiation is measured. 
While the projected area is the simplest way of measuring such 
surfaces, actual exposed areas have been employed, partly be- 
cause it has been customary to measure these surfaces in this 
way, but also because the actual areas were considered to give a 
better comparative measure of the heat absorbed, for example, 
by the first rows of boiler tubes and by furnace-wall tubes. Two- 
thirds of the surface of the first row of boiler tubes and one-third 
of the surface of the second row have been taken as exposed to 
radiation. Two-thirds of the surface of the “screen tubes,” 
which are usually widely spaced, has been taken as exposed to 
radiation. When a wall is made up of plain tubes closely spaced, 
the exposed area has been taken as one-half of the tube surface. 
If widely spaced in front of a refractory wall, two-thirds of the 
surface has been taken. For fin tubes, the actual area of tube 
and fins on the furnace side has been taken as exposed to radia- 
tion. 

Table 1 gives experimental data from four pulverized-coal- 
fired furnaces in which all sides of the furnaces are nearly com- 
pletely water cooled by bare tubes, and in which tangential firing 
is used as illustrated in Fig. 1. 

The first furnace is that of the Wood steam generator located 
at Manchester, England. This furnace, as shown in Fig. 2, has 
the dimensions: width, 12 ft. 6in.; depth, 12 ft. 0 in.; height, 
18 ft. 9 in. It was fired near the top by burners located in the 
four corners of the furnace. The effectiveness factor is plotted 
in Fig. 3. In run 1, the furnace was comparatively clean, with a 
resultant factor of 1600. In run 2, a lower factor was obtained at 
a reduced rating. Runs 3 and 4 were not completed. In runs 
5 and 6, the factor was around 1400. When runs 7, 8, and 9 were 
made, considerable amounts of slag had collected in the furnace, 
thereby accounting for the low factors around 800 and 700. The 
second series of runs with this furnace showed the same drop in 
the effectiveness factor from run to run as slag accumulated in 
the furnace. 

In the second steam generator, installed at Brighton, England, 
the furnace walls were kept in a very clean condition by use of 
steam-jet blowers. Factors of 2000 and more were obtained, as 
shown by the points plotted in Fig. 3. These factors indicate 
the effectiveness of unusually clean furnace surfaces. The ar- 
rangement of the furnace at Brighton is similar to the one at 
Manchester shown in Fig. 2. 

The data from the third furnace at Hellgate show the effective- 
ness of water-cooled surfaces in a large furnace operated with 
good coal at moderate combustion rates. This furnace is 26 ft. 
5 in. by 25 ft. 1 in., making a cross-sectional area of 662 sq. ft. 
The effectiveness factors are plotted in Fig. 4 and indicate a 
falling off in effectiveness of the surface as the rate of heat libera- 
tion is reduced. 

The fourth furnace, Fig. 5, has about the same volume as the 
third furnace, but is higher with a somewhat less cross-sectional 
area, being 20 ft. 4 in. by 28 ft. 4 in. with a corresponding cross- 
sectional area of 576 sq. ft. The effectiveness factor is less than 
for the third furnace, due probably to a thicker layer of slag 
adhering to the furnace walls. 

In view of these and other data, a factor. of 1500 has been 
selected for clean or but slightly dirty furnaces with rates of 
combustion around 28,000 to 30,000 B.t.u. per hr. per cu. ft. of 
furnace volume. As the rate of heat liberation is reduced, the 
factor is taken to drop off in a straight-line relation, as indicated 
in Figs. 3 and 4, to a value of 500 at zero heat liberation. Fora 
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moderately dirty furnace, a factor of 1000 is used at the maximum 
combustion rate. For a considerable amount of slag adhering 
to the furnace walls, the factor is taken as 500 for all rates of heat 
liberation. 

Table 2 shows how the heat radiated by the burning fuel and 
products of combustion varies with the furnace-outlet tempera- 
ture for several values of the effectiveness factor. These results 
are based on a steam pressure of 450 lb. gage, with a correspond- 
ing saturated steam temperature of 460 deg. fahr. Slightly 
higher results would be calculated for lower steam pressures and 
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the reyerse for higher steam pressures. For example, with a 
furnace-outlet temperature of 2000 deg. fahr., the calculated heat 
radiated would be 0.7 per cent higher for 125 lb. steam pressure 
and 1.4 per cent lower for 1400 Ib. steam pressure than tabulated. 

In addition to the effectiveness factor, Table 1 also contains 
the ratios of the heat radiated to the gross heating value of the 
fuel and to the net heat liberated and in the preheated air. These 
ratios are plotted in Figs. 6 and 7, respectively, in which Broido’s 
curve has been drawn for comparison. 

Table 3 contains the ratios calculated by Hudson's formula as 
modified by Orrok, and the deviations from the experimental 
values. 

One particularly interesting set of data is found in runs 7-A 
to 7-D for the third furnace. In these runs, the rate of combus- 
tion was maintained constant while the air supply was varied to 
give from 11.5 to 15 per cent CO, in the products of combustion 
leaving the furnace. The furnace-outlet temperature varied 
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TABLE 2 HEAT RADIATED PER SQUARE FOOT OF WATER- 
COOLED SURFACE, B.T.U. PER HR. 


(Steam pressure, 450 Ib. gage) 
Furnace-outlet 


temperature, effectiveness factor of —— 
deg. fahr. 1500 1250 1000 750 500 
1000 5,742 4,785 3,828 2,871 1,914 
1100 rf 6,508 5,206 3,904 2,603 
1200 10,315 8,596 6,877 5,158 3,439 
1300 13, 11,098 8,879 6,659 4,439 
1400 16,8 14,066 11,252 8,439 5,626 
1500 21,062 17,552 14,042 10,531 7,021 
1600 25,938 21,615 17,292 12,969 8,646 
1700 31,577 26,314 21,051 15,789 10,526 
1800 38,057 31,714 25,371 9,02 12,686 
1900 45,456 37, 30,304 22,728 15,152 
2000 53, 44,882 : 26,929 17,953 
2100 63,350 52,792 42,233 31,675 21,117 
2200 74,022 61,685 49,348 37,011 24,674 
2300 85,967 71,639 57,311 42,984 28,656 
2400 99,284 82,737 ,190 49,642 33,095 
2500 114,074 95,062 76,049 57, '037 38,025 
2600 130,441 108,701 86,961 65,221 43,480 
2700 148,494 123,74 8,996 74,247 49,498 
2800 168,345 140,288 112,230 84,172 56,115 
2900 190,109 158,424 126,739 95,054 63,370 
3000 213, 178,254 142,603 106,952 71,302 
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The above furnace-outlet temperatures show an increase of 

somewhat less than 200 deg. fahr. for a change in the factor from 


TABLE 3 FRACTION eo, FROM ORROK-HUDSON 


RMULA 

Deviation Deviation 
Fraction basedon based on 
radiated gross heat net heat 
Furnace Run No. by formula liberated available 
1 0.494 —0.093 —0.052 
2 0.494 —0.055 —0.010 
5 0.490 — 0.088 —0.055 
Manchester, England 6 0.504 —0.092 —0.047 
7 0.484 —0.025 +0.015 
8 0.482 —0.014 +0.020 
y 0.485 +0.008 +0.045 
2 0.558 +0.008 +0.004 

5 0.557 +0.066 +0 
1 0.545 —0.130 —0.096 
2 0.541 —0.135 —0.097 
Brighton, England 3 0.544 —0.124 —0.094 
4 0.544 —0.143 —0.112 
5 0.531 —0.140 —0.100 
1 0.438 -0. —0.046 
2 0.426 —0.043 —0.052 
3 0.468 —0.031 —0.041 
4 0.467 —0.047 —0.061 
0.483. 

Hell Gate Power Plant 
6-B 0.429 —0.049 —0.058 
New York 6-C 0.394 —0.017 —0.026 
7-A 0.502 —0.027 —0.037 
7-B 0.478 —0.025 —0.033 
7-C 0.458 —0.014 —0.022 
7-D 0.434 —0.012 —0.016 

8 0.484 +0.027 0 

[ 1 0.394 +0. +0.050 
Kip's Hay steam Plant, | 3 {0-018 
New 4 0.423 +0.050 +0.056 
5 0.496 +0.029 0.026 
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1500 to 1000, and a further increase of about 300 deg. fahr. for a 
change in the factor from 1000 to 500. 

The heat absorbed by the water-cooled surfaces exposed to 
radiation in a furnace is somewhat less than the heat radiated 
from the burning fuel and products of combustion as calculated 
by this method, by reason of loss of heat from the furnace casing 
to surrounding objects. Also, the “unaccounted for” loss as- 
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sumed as a margin of safety in a heat balance for a pulverized- 
coal-fired furnace, may be subtracted from the heat radiated as 
the most convenient place of including this item in an analysis 
of a steam-generating unit. 

The “effectiveness factor’ can be applied to stoker-fired fur- 
naces as well as to pulverized-fuel furnaces, and also to oil- and 
gas-fired furnaces. By experimental and operating experience 
with furnaces of different types burning various fuels, judgment 
is developed in selecting the proper factor for determining the 
heat absorbed by radiation and the furnace-outlet temperature, 
either by calculation or from curves for typical fuels. 


TABLE 4 SENSIBLE HEATS OF GASES 


Heat added under constant 
pressure, B.t.u. per lb-mole 


Temperature, Nz, O:, CO 
deg. fahr. CO: H:0 (dry air) 
0.0 0.0 0.0 
32 278.0 265.4 222.6 
524.5 497.8 417.5 
70 613.3 580.8 487.2 
100 882.0 830.0 696.1 
200 1,801.6 1 661.9 1,393.6 
300 2,756.9 2,496.6 2,092.6 
400 3,745.8 3,335.1 2,793.5 
500 4,766.4 4,178.0 3,496.5 
600 5,816.6 5,026.3 4,201.7 
700 6,894.7 5, .8 4, 5 
800 7,999.0 6,742.3 5,620.1 
900 9,127.6 7,611.8 6,333.6 
1000 10,279.0 8,489.9 7,050.5 
1100 11,451.6 9,377.7 7,770.9 
1200 12,643.8 10,275.9 8,495.0 
1300 13,854 .3 11,185.4 9,223.0 
1400 15,081.6 12,107.0 9,955.3 
1500 16,324.4 13,041.6 10,692.1 
1600 17,581.4 13,990.0 11,433 .6 
1700 18,851.6 14,953.0 12,180.0 
1800 20,133.7 15,931.6 12,931.6 
1900 21,426.6 16,926.5 13,688 .6 
2000 22,729.5 17,938 .7 14,451.3 
2100 24,041.4 18,968 .8 15,219.9 
2200 25,361.4 20,017.9 15,994 .6 
2300 26,688 .7 21,086.7 16,775.7 
2400 28,022.6 22,176.1 17,563 .5 
2500 29,362.4 23,287 .0 18,358. 1 
2600 30,707 .5 24,420.1 19,159.8 
2700 32,057.4 25,576.3 19,968.8 
33,411.6 6,756.5 20,785.4 
2900 34,769 .7 27,961.5 21,609.9 
3000 36,131.3 ,192.2 22,442.4 
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Discussion 


A. G. Curistiz.' This is a subject in which the writer has been 
interested for many years and which was discussed by him in 
an earlier paper of a general nature presented before this Society 
at its Milwaukee meeting in 1925. Since that time such heat 
transfer has received much attention. However, a study of the 
now voluminous literature on the subject indicates the need of 
still further data on the subject of radiation and of the laws 
governing the dissipation of radiant heat from burning fuels 
and from flames in a boiler furnace. A further need is the sim- 
plification and rationalization of the analytical methods that 
have been applied in the past, and this paper of Mr. DeBaufre 
offering such a method is timely and welcome. The method of 
treatment for radiant heat problems suggested by the author 
carries additional weight from the fact that he has, through his 
professional position, had ample opportunity to test the validity 
and applicability of the solutions suggested. 

A paramount factor in this discussion is the determination 
the proper area of the surfaces of tubes exposed to radiant heat. 
Professor Ramzin, in a paper before the World Power Confer- 
ence, analyzed radiant heat absorption in a bank of boiler tubes 
above a furnace and found that this total area was equivalent to 
the product of the length of the tubes and the width of the tube 
bank measured from between the outside tubes. This is less than 
assumed by the author. Professor Ramzin found that the equi- 
valent area of a Murray fin-tube wall was 1.1 times the total 
projected area measured over the fins. This also is less than 
assumed by the author. The writer stresses these differences 
in order to indicate the need of standardization of the measure- 
ment of such heat-absorbing surface and recommends that this 
question of standardization receive the attention of A.S.M.E. 
probably through its Power Test Code Committee. 

The author suggests an “effectiveness factor’ E which will 
serve as a measure of heat absorption. This can be defined as 
the B.t.u. absorbed per square foot of surface per hour per unit 
of difference of the fourth powers of the results of dividing both 
absolute furnace temperature and absolute tube temperature by 
1000. His analysis indicates that this factor is unaffected by 
variations in CO, or by preheated air temperatures. It is well 
known that both of these materially affect furnace temperature 
and the total heat absorbed per square foot of heat-absorbing 
surface. The author assumes that the Stefan and Boltzmann 
law, based on the difference of the fourth powers of absolute 
furnace and tube temperatures, holds for furnace conditions. 
Some have cast doubt on the applicability of this relation. An 
experimental research to prove or disprove the Stefan and Boltz- 
mann law seems desirable at this time. 

A perusal of Figs. 3 and 4 shows many values above the upper 
line which presumably represent clean surfaces and for which 
condition an effectiveness factor of 1500 was assumed with a 
gross heat liberation of 28,000 to 30,000 B.t.u. per hr. per cu. ft. 
of furnace volume. Why was a higher value not chosen for 
clean surfaces? 

Slag of varying thickness has an appreciable effect on heat 
transfer. Why was an effectiveness factor of 500 chosen for all 
rates of heat transfer with considerable slag adhering to the fur- 
nace walls? 

Evidently the selection of an effectiveness factor for any 
given case is a matter of judgment based on the condition of the 
heat-absorbing surface and the presence of slag on such surfaces. 
This would indicate that this effectiveness factor is still empirical 
and is not an exact measure of heat transfer. 

Hudson’s formula as modified by Orrok has been widely quoted. 


5 Professor of Mechanical Engineering, Johns Hopkins University, 
Baltimore, Md. Mem. A.8.M.E. 
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A study of ‘Table 3 indicates divergences from DeBaufre’s figure 
ranging as high as 20 per cent of the observed values. Which is 
probably in error, the empirical Hudson formula or the empiri- 
cal effectiveness factor of DeBaufre? 

The author deserves the thanks of engineers for developing 
this interesting solution. Its acceptance will depend to a large 
extent upon confirmation based on further tests and observa- 
tions. 


ARNOLD WEISSELBERG. From the valuable experimental 
data which Mr. DeBaufre has made available through this 
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paper, tests 7-A to 7-D at the Hell Gate Station are singled out to 
demonstrate that the effectiveness factor is not affected by the 
CO; percentage. This statement should be taken with reserva- 
tion. If the data of these tests permit the drawing of a conclu- 
sion, no doubt tests 6-A to 6-C should enjoy the same privilege. 
However, these tests show that the effectiveness factor changes 
considerably with the CO, content. If the effectiveness factors of 
these tests are plotted against the CO, values, there is obtained 
practically a linear relation. Furthermore, with test 3 of the 
same station carried out at the same firing rate as 7-A to 7-D, 
the effectiveness factor is a great deal off the average by plus 100. 
However, this test differs from 7-A to 7-D in that the preheat 
temperature is 20 deg. fahr. lower, which would also cast doubt 
on the assumption which the author takes as probable that the 


effectiveness factor is not affected by preheat. On the other: 


6 Mechanical Engineer, Jersey City, N. J 
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hand, test 3 at the same station, with a firing rate practically 
equal to 6-A to 6-C, but with a preheat of about 30 deg. fahr. 
lower, has an effectiveness factor of 50 points lower than the 
point corresponding to its CO, on the line connecting the effective- 
ness factors of tests 6-A to 6-C. This proves that the effective- 
ness factor is manifestly influenced by the preheat. It may be 
contended that the experimental data of the tests mentioned 
are not sufficiently reliable to permit of any conclusion regarding 
the effectiveness factor. But this is not so. If there are plotted 
the values of furnace-outlet temperature, heat radiated per 
pound coal, and heat radiated per square foot of cooling surface 
of all these tests, a decided conformity in the relation of the 
values will be observed. So far as tests 7-A to 7-D and tests 
6-A to 6-C are concerned, the values are practically on straight 
lines. The values of test 3 in their relation to the lines for tests 
7-A to 7-D indicate the effect of the lower air preheat as an in- 
crease of heat absorbed by radiation due to the lowering of the 
furnace thermal level upon which the radiant heat is super- 
imposed. Also, in general, the values check fairly well with 
Artsay’s formula of radiant heat absorption. Therefore, we 
must conclude that the experimental data are at least fairly 
accurate. 

The author is of the opinion that, with experimental and 
operating experience, judgment may be developed in the proper 
selection of the effectiveness factor and thus enable the determi- 
nation of radiant heat absorption. This may be true, but it 
also is true that judgment may develop eventually to the point 
where one may dispense with the use of such a factor entirely. 


Ouuison Craic.’ The writer does not believe that it will ever 
be possible, or even desirable, in every-day practice, to calculate 
heat absorption by water-cooled walls in boiler furnaces from 
the empirical formulas based on basic laws of radiation. Mr. 
Hottel’s paper gives a number of the variables that are encountered 
in problems of this kind and gives a formula for the calculation 
of heat transmission for each of these variable conditions. 

The amount of work that would be involved in calculating 
total heat absorption in a given furnace, taking into account 
all of these variable conditions and applying each of these for- 
mulas, would be tremendous. Besides, there are other factors 
involved affecting the amount of heat that would be absorbed 
which are not taken into account in Mr. Hottel’s paper. 

It is quite probable that the accuracy obtainable, and even 
desirable can be obtained by means of empirical formulas and 
which will reduce the work of calculation enormously. The 
writer makes use of Orrok’s modified Hudson formula and finds 
that the results check with sufficient accuracy in almost all cases 
in practice. To carry these calculations still further, the writer 
has reduced this formula to a series of curves, each curve rep- 
resenting 1 per cent of carbon dioxide and the coordinates the 
temperature rise of gases and heat release in the furnace per 
square foot of water-cooled surface. 

Mr. DeBaufre has given experimental data for a number of 
installations and group these into a series of tests. These might 
be considered as divided into six series, three of the series being 
at Manchester—one at Brighton, one at Hell Gate, and one at 
Kip’s Bay. In Table 3 of Mr. DeBaufre’s paper he has tabu- 
lated the fraction of heat radiated for each test as calculated by 
the Orrok’s Hudson formula and has shown the deviation based 
on both gross heat liberated and on the heat available. 

The writer has calculated the percentage variation from the 
deviation based on the heat available and obtained the average 
percentage for each of the six series of tests mentioned. In the 
first series of tests at Manchester, being tests 1, 2, 5, and 6, the 

7 Consulting Engineer, Riley Stoker Corporation, Worcester, 
Mass. Mem. A.S.M.E. 
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average percentage deviation is minus 8.3. The water-cooled 
surfaces were described in the paper as being comparatively 
clean. In the second series of tests at Manchester, being tests 
7, 8, and 9, the percentage is plus 5.5, the paper stating that con- 
siderable amounts of slag had accumulated. The third series of 
tests, being tests 2, 3, 4, and 5, show a percentage deviation of 
plus 6.9, and the paper indicates an accumulation of slag as in 
tests 7,8, and 9. In the tests at Brighton the percentage devia- 
tion was minus 18.5, and the paper states that the walls were 
kept very clean. In the test at Hell Gate the deviation was 
minus 8.3, with no comment as to the condition of the walls. 
For thé tests at Kip’s Bay the percentage deviation is plus 9.5, 
and the paper states that the water-cooled surfaces had accumu- 
lated a thicker layer of slag than at Hell Gate. 

It is quite obvious of course that clean water-tube surfaces in 
furnace walls will absorb more heat than surfaces which have 
accumulated ash and slag, as is nicely indicated by the foregoing 
averages. This is a factor which the engineer cannot evaluate 
in advance and for which he must of necessity assume an average 
value. 

Taking the average percentage deviation from Table 3, a 
figure of minus 3.3 per cent is obtained, this being for both clean 
surfaces and surfaces having more or less slag. The writer 
believes that it is fair to assume that the Orrok’s Hudson formula 
will give results with sufficient accuracy as to cover the average 
case of water-cooled furnaces under average operating conditions 
with an average amount of slag and ash adhesion. If there is 
any error, it is probable that the actual absorption is somewhat 
greater than would be indicated by the formula, and for most 
purposes of calculation the error involved would be on the right 
side. 

It would seem, then, that the use of Orrok’s Hudson formula, or 
curves derived from this formula, would take into account the 
effectiveness factor as indicated in Figs. 3 and 4, with sufficient 
accuracy as regards the variation in rating, but would not give 
consideration to the slag condition of the tubes, the temperature 
of which is not under the control of the designer. 

In this connection it is well known that in starting a new pul- 
verized-coal furnace with clean water surfaces it is more difficult 
to obtain efficient combustion conditions and smokeless opera- 
tion than can be obtained after the furnace has been in operation 
for a considerable period of time and after a certain amount of 
ash has accumulated on the water-cooled surfaces. Since the 
normal condition of operation is one in which a certain amount 
of ash deposit on the wall tubes exists, it might be desirable to 
arbitrarily produce a comparable condition during the initial 
stages of operation. The writer has found that this can be pro- 
duced by spraying a thin film of refractory cement on to the 
tubes by use of a cement gun. The tubes of course should be 
clean. The film will gradually crack and fall away, but will be 
replaced with the ash accumulation when the falling away occurs. 
This method has been found to make the initial period of operation 
much easier. 

Mr. Hottel has given one extremely interesting set of curves in 
Fig. 5. From curve 5in Fig. 5it is to be noted that if one row of 
bare tubes is placed around the furnace walls and spaced twice 
their diameter it might be expected that 90 per cent as much heat 
will be absorbed by these tubes as if the spacing was equal to 
the diameter or the tubes touching each other, this of course 
being on the condition that they are set out from the refractory 
wall and not imbedded in refractory material. 

The writer had occasion to examine a section of a tube cut 
out from such a wall in which the spacing of the tubes was 1.3 
times the diameter of the tube. In the particular installation 
water conditions were such that there was a considerable deposit 
of scale inside the tube. The amount of scale adhering to the 
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half of the tube facing the furnace was determined as well as 
the amount of scale in the half of the tube adjacent to the fur- 
nace wall. It was found that the outer half of the tube con- 
tained 1.6 times as much scale as the rear half of the tube. 

It is reasonable to ass.ne that there is some relation between 
heat absorption in a given surface and rate of scale deposit. The 
distribution of deposit in the tube referred to shows the effec- 
tiveness of heat absorption on the side of the tube adjacent to 
the furnace wall, which is confirmed by curve 5 in Fig. 5 of Mr. 
Hottel’s paper. 

The engineer makes use of heat-radiation and heat-absorption 
calculations in the case of water-cooled walls, either for the 
purpose of determining the amount of such surface necessary 
in order to maintain ash above its fusion temperature or to 
determine how much steam can be made in the walls and how 
much will need to be made in the convection portion of the 
boiler. In either case the absorption of a certain amount of 
heat is desirable for a particular installation. It is also desir- 
able to obtain this absorption with the least expense. 

The writer believes that this can be done by the use of bare 
tubes spaced apart and set out from the furnace wall. The use 
of Orrok’s formula or curves derived from this formula will give 
results which are accurate within the limits of variables of opera- 
tion. 


N. C. Anrtsay.* The present trend in steam-generator de- 
signs is toward pure radiant-heat boilers with convection zones 
given to superheaters, reheaters, economizers, and air heaters. 
In these conditions the correct evaluation of heat absorption 
by the furnace envelope becomes of acute necessity. Several 
eminent authors have developed methods of applying the Stefan 
and Boltzmann formula to the furnace conditions. Wohlen- 
berg and his collaborators, Haslam and Hottel in this country, 
Rozzak in France, Munzinger in Germany, have tried to em- 
brace a number of factors and have developed cumbersome 
procedures requiring expert handling. Some doubts as to the 
validity of the main premises of such methods were already 
east by Schack and Damour. The correct determination of 
furnace-gas temperatures is well-nigh impossible, and only the 
direct measurement of heat absorption by the total radiant 
surface is of any value; thus the mentioned methods are hard 
to verify due to the dearth of proper experimental work and 
data. 

Broido and Orrok started from more general considerations 
in giving their empirical formulations of the radiant-heat absorp- 
tion. Their results are sufficiently correct for most of the prac- 
tical cases and are easy to obtain. Mr. DeBaufre’s paper shows 
a method which is a combination of theory and empiricism and 
which is introducing a very fortunate term, the efficiency of 
furnace envelopes. The paper is so valuable that a searching 
criticism of its main premises is warranted. Let us take, first, 
its quantitative side. 

DeBaufre’s quantitative results stand or fall on the correct- 
ness of furnace-gas temperature determinations. Unfortunately, 
this item is the most unreliable of all the boiler test data. Many 
authors have pointed out the errors usually incurred in most 
elaborate pyrometric readings. High gas velocity thermo- 
couples (Munzinger’s suction pyrometers) have been analyzed 
in a specific case: gas at 1730 deg. fahr. true temperature, flow- 
ing in a bank of tubes, was subject to temperature measurement 
by different devices, among which a plain thermometer indicated 
1290 deg. fahr., while suction pyrometers gave readings spread 
in between these limits. Temperature measurements in water- 
cooled furnaces are so sensitive to the uncontrollable conditions 

® Assistant to Geo. A. Orrok, Consulting Engineer, New York, 
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existing there that it is quite hazardous to use the readings for 
any but the roughest qualitative considerations. 

The premises from which the formula is derived are open to 
criticism also. 

A. Schack plainly writes that radiation is emitted from sources 
at higher temperature than that of the exit gas, and he takes the 
actual flame temperature and its surface. E. Damour investi- 
gating industrial ovens prefers the theoretical combustion tem- 
perature in the first term of the Stefan and Boltzmann formula, 
which is already much better. In his latest work on radiation 
(Mechanical Engineering, October, 1930, p. 915), Wohlenberg 
points out that radiation equilibrium of an oxidizing molecule 
with its ambient surroundings is reached earlier than the dy- 
namical thermal equilibrium, and this comes to support the view 
that the initial radiation emission due to combustion is inde- 
pendent of the actual furnace temperature. It is easy to com- 
pute the radiation due to chemical processes is by far the greatest 
part of the total radiation and, hence, the use of exit-gas tem- 
perature is illogical. 

It should be borne in mind that radiation laws holding for 
hot permanent surfaces have no connection whatever with radi- 
ation emitted by matter undergoing chemical processes. Un- 
fortunately this is too often omitted or forgotten. The familiar 
sight of bright flames is responsible for the common misconcep- 
tion that the heat of oxidation is conveyed first to the mixture of 
products of combustion with residual air and then part of the 
heat is radiated away. Even a cursory glance at the process 
of oxidation if reduced to a molecular scale would show that 
this is impossible. The more probable scheme is that a group of 
molecules at the instantaneous chemical combination emits pul- 
ses of radiation until the resultant molecules of the product have 
time to separate and fly away with the remaining energy. De- 
pending upon the properties and size of the furnace enclosure, 
a part of this initial radiation will be absorbed, and the remaining 
radiation will be returned via the CO, CO., H,O constituents 
of gas and transformed by thermal diffusion into kinetic energy 
of the hot gas. The ensuing thermal radiation according to 
some power of absolute temperature will be superimposed on the 
initial or combustion radiation. The amount of radiant energy 
in this thermal radiation is small compared with the amount re- 
leased by the oxidation, and hence we are facing the still more 
complex question of radiation absorption on the water-cooled 
walls. It is thus apparent that in any furnace where fuel is burn- 
ing at a sensible rate there is an excess of radiant heat over the 
capacity of the envelope to absorb radiant heat, and in such con- 
ditions we do not need to study the emission. It is the extent 
and quality of the water-cooled surface which are of utmost im- 
portance, and the society should be indebted to Mr. De Baufre 
for pointing out the effect of slagging, the first time in such in- 
vestigations of radiant-heat exchange. It should be remembered 
that the bulk of radiant energy is of low frequency way down in 
the infra-red, and for these wave lengths the absorbing capacities 
of metals are surprisingly low. 

Thus the solution of the radiant-heat exchange problem lies, 
not in temperatures or solid angles, but in the change of absorbing 
capacity in the layers of slag rust and pure metal on the water- 
cooled surfaces. 


W. G. WoutenserG.’ On the first page the author refers 
to the paper entitled “Radiation in the Pulverized-Fuel Fur- 
nace,’’ which was prepared by Mr. Donald Moran and my- 
self and published in Vol. 47 of the Transactions. On page 
148 of the latter paper there appears an expression which, for 
short, is designated by the symbol »;. To quote from this paper: 
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“This ratio measures the total heat absorption at the cold sur- 
face as compared to that striking this surface by a black fuel 
bed immediately in front of it. The quantity yu; is thus the 
relative absorption of the furnace as compared to that of a total 
black furnace with the same amount of cold surface.”’ 

Values of this coefficient as computed in the Wohlenberg and 
Moran paper vary from about 40 to something over 80, depending 
on the conditions, but in no case does the coefficient value exceed 
one, and this is as it should be when radiation is the sole mode of 
heat transfer. The interesting point now is that Mr. DeBaufre’s 
effectiveness factor, except for the units in which it is expressed, 
is exactly this coefficient. For black-body radiation the relative 
absorption coefficient »; has a value of unity and the De 
Baufre effectiveness factor E has a value of 1720. This, then, 
is the number which relates the two factors. 

DeBaufre reports values of EZ as high as 2300, and in a number 
of cases the values are above the black-body figure of 1720. It is 
conceivable that under certain conditions radiation intensities 
in excess of black-body intensities could exist, but they cer- 
tainly do not exist in the pulverized-fuel furnace. Then such 
head-absorption figures either are wrong, the associated tempera- 
ture measurements are wrong, or heat is absorbed in an appre- 
ciable amount by a process other than radiation. No doubt 
there may be some errors in measurements of conditions, as we 
all know how difficult it is to measure furnace temperatures. 
But the divergence from black-body conditions seems too large 
and this appears so in too many different cases. The only other 
tenable conclusion is that there must in such cases have been a 
considerable heat transfer by convection, which, added to the 
normal radiation transfer, accounts for the very high total heat 
transfer. 

In this connection it is significant to note that such results were 
obtained in furnaces with tangential firing under which condi- 
tions there is at least the possibility for a much stronger convec- 
tion current of the furnace gases as they sweep directly over 
the water-cooled furnace walls than for some other types of 
firing. That point is, I think, worth noting. 

The author in setting up charts (Figs. 3 and 4) from which 
values of the effectiveness factor should be determined relies of 
course wholly on the method of empiricism. He does not at 
the outset attempt to expand the factor into an expression con- 
taining within it terms which represent each of the conditions 
a variation of which may influence the value of the factor. This 
of course is the method which was employed in the radiation 
papers to which the author refers and which, he says, show how 
complicated the subject becomes when such an attempt is made. 
Not to expand such an expression may, however, prove danger- 
ous. Such a factor as £ is really but a single symbol for a large 
number of variable conditions that enter into the heat-transfer 
process in the furnace. How dangerous a bulk consideration 
of the phenomena may prove becomes evident from a closer in- 
vestigation of the data shown in Figs. 3 and 4. 

In these curves are shown relating the value of the effective- 
ness factor to the heat release. In each chart the upper curve, 
which is for clean surfaces, shows an increasing effectiveness of 
this surface as the heat-release rate is increased. The lowest 
curve, which is for dirty surfaces, shows a constant value for the 
effectiveness factor. 

Without going into the mathematics of the situation now, let 
it suffice to say that it may be shown in a simple manner that 
it is the clean surface condition, or upper curve in the chart, 
which should show a constant effectiveness factor value. If the 
surface is clean and has black-body surface characteristics, then 
this curve should be represented by a horizontal line Z = 1720. 

The curves representing the dirty surfaces should not show an 
increasing value of E with increase in heat release, but rather a 
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decrease of this value with increase in heat release. It may now 
be noted that the experimental point shown may be fitted just 
as closely by sets of curves with the latter set of specifications 
as they will the specifications which the author’s curves fit. Em- 
piricism might thus lead one to construct either set, of which the 
author has chosen the wrong set. Other curve sets might like- 
wise be fitted into the points as closely as do the author’s, but 
only one trend condition is admissible from the point of view of the 
fundamental principles involved, and so this is an example of 
the slips that may enter into any system based primarily on 
empirical methods. 

The writer does not wish to imply here that as a result of this 
the author’s method is all wrong. The curves shown in Figs. 
3 and 4 certainly have wrong trends and should, he thinks, be 
corrected. When corrected in accordance with the above 
specifications as to trends, they will fit this specification: 


(1) For clean heat-absorbing surfaces, the effectiveness 
factor of the cold surface in a given furnace is a constant 

(2) For dirty or covered surfaces, the effectiveness factor 
of the surface decreases with increasing heat-release 
rates. 


It will be noted that in each of the foregoing statements the 
qualifying cause, “for a given furnace,” is introduced. There 
should be other qualifying causes, such as for a given fuel, for 
a given excess air, for a given air temperature, etc. 

Thus the simpler the resulting formulas under such conditions 
the more must be left to the judgment of the man who attempts 
to use it. In fact, for a process as complex as is this one, simple 
formulas probably must leave so much to the judgment of the in- 
dividual that he is hopelessly lost unless he is an expert in the field. 

In closing, the writer wishes to present just one more thought 
and this is it: A comprehensive analysis of any situation in 
which account is taken of all of the factors involved results in a 
theory and in formulas which leave less and less to the judgment 
of the individual according as the theory approaches perfection. 
This of course is obvious. If a theory developed on such a basis 
becomes so formidable in appearance that the results of the 
theory (such as formulas, etc.) are difficult of application, this 
in itself is a very good indication that in such a problem a mini- 
mum gap should be left to the judgment of the individual. The 
degree of complexity of the theory is usually a direct measure 
of the difficulty which would be required in arriving at results 
based on judgment. The boiler-furnace problem is just of this 
sort, and those who would use simple relations for its evaluation 
must not forget the magnitude of errors into which they might fall. 


AvutTuor’s CLOSURE 


As stated by Professor Christie, the “effectiveness factor’ 
proposed in this paper is an empirical value to be selected by 
the furnace designer with judgment based on the condition of 
the heat-absorbing surface, etc. The value of 1500 was se- 
lected for a heat release of 28,000 to 30,000 B.t.u. per hr. per 
cu. ft. of furnace volume because this value is well within the 
data obtained for clean or slightly dirty bare surfaces with hori- 
zontal turbulently fired pulverized-fuel furnaces, and is therefore 
a safe value for design purposes under these conditions. The 
value of 500 was selected to represent a very dirty furnace be- 
cause this value is below the lowest values obtained with con- 
siderable slag adhering to the water-cooled surfaces, and there- 
fore represents conditions worse than actually have been en- 
countered. 

Table 3 is a comparison of experimental data with results cal- 
culated by Hudson’s formula and is not a comparison of the 
“effectiveness factor’ with this formula, as stated by Professor 
Christie. 
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Professor Wohlenburg unfortunately confuses the effectiveness 
factor based on the furnace outlet temperature with his ratio 
ws based on the furnace temperature immediately in front of the 
heat-absorbing surface. Experiments not described in the 
present paper have shown that the heat absorption based upon 
the temperature immediately in front of the heat-absorbing 
surface corresponds to about one-half the black-body coefficient. 
But the furnace temperature varied from about 2500 deg. fahr. 
at the zone of most intense combustion to about 1800 deg. fahr. 
at the furnace outlet. Basing the heat absorption on the fur- 
nace outlet temperature necessitates the use of an “‘effectiveness 
factor” approximately equal to the black-body coefficient, al- 
though the actual factor is one-half this coefficient when based 
on the actual temperature of the flame in front of the surface 
absorbing heat. 

This point is covered in the paper among the reasons given 
for the fourth-power radiation law not strictly applying in the 
way used. 

When the furnace is operating nearly full of flame, the heat- 
absorbing surfaces are evidently in a better situation for effective 
heat absorption than when the flame only partly fills the furnace 
volume at reduced ratings if the surface of the flame is a factor 
in-the amount of energy radiated. This was taken as an ex- 
planation of the falling off in the value of the effectiveness factor 
based on the area of the absorbing surface as indicated by the 
experimentally determined points for reduced ratings with com- 
paratively clean surfaces. When the surfaces in the most in- 
tense zone of combustion contain more slag than those in cooler 
parts of the furnace, the flame at reduced ratings apparently 
does not contract to the same extent as with clean surfaces, 
so that the effectiveness of the water-cooled surface does not 
fall off to the same extent. With certain gas-fired furnaces, the 
effectiveness factor has been found to increase at reduced rat- 
ings, but this is attributed to combustion within the furnace 
being incomplete at the higher ratings so that not as much heat 
was available for radiation as the heating value of the fuel would 
indicate. In calculating the performance of steam-generating 
units at reduced ratings with pulverized fuel, a constant ef- 
fectiveness factor of 1500 gives temperatures which drop off 
more rapidly with reduction in rating than experience would 
indicate to be so. It is therefore believed that the trends of the 


curves in Figs. 3 and 4 are not as wrong as Professor Wohlenburg 
concludes. 

With regard to the curves plotted by Mr. Weisselberg, it is 
unfortunate that his point for run 6-A was plotted for an effec- 
tiveness factor of 1740 instead of 1640 as given in the paper. If 
correctly plotted, little difference would be seen between 1640 
for 15.35 per cent CO, and 1610 for 14.02 per cent of CO,.. There 
is an appreciable drop, however, between 1610 for run 6-B with 
14.02 per cent CO, and 1440 for run 6-C with 11.94 per cent COs. 
This may have been due to accumulation of slag in the furnace, 
which would also account for the smaller difference between 
runs 6-A and 6-B. It will be noticed that the other values plotted 
do not line up exactly although plotted to a less open scale than 
used for the effectiveness factor. However, the lines for runs 
6-A, 6-B, and 6-C are nearly parallel to the lines for runs 7-A, 
7-B, 7-C, and 7-D, thus indicating that if the temperatures and 
heats radiated were calculated for a constant value of the ef- 
fectiveness factor, nearly the same curves would be obtained. 
One advantage of the use of the effectiveness factor is that a 
considerable variation in its value affects the quantities deter- 
mined by means of it to a much smaller extent; hence, a reason- 
ably close choice will give fairly accurate results. 

Mr. Craig is correct in concluding that the experimental data 
in this paper confirms the use of the Hudson formula as represent- 
ing on an average the heat absorbed by water-cooled bare sur- 
faces in boiler furnaces. For many purposes, an approximate 
average value meets the requirements, particularly for stoker- 
fired furnaces. But for more nearly accurate calculations, par- 
ticularly with pulverized fuel, some ‘differentiation is necessary 
for various furnace conditions and arrangements. The use of 
various effectiveness factors provides such a differentiation. 

In the present state of the art, more or less empirical methods 
are necessary to divide the heat absorbed by radiation in the 
furnace from that remaining in the products of combustion leav- 
ing the furnace. Methods having a better theoretical basis 
may come into use in the future through the efforts of such 
students of the subject as Mr. Artsay. 

While the method of calculation described in this paper may 
seem rather laborious, it is possible to plot curves for typical 
fuels which render the determination of the furnace-outlet tem- 
perature based on the “effectiveness factor’ a very simple matter. 
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Radiant Heat Transmission Between Surfaces 


Separated by Non-Absorbing Media 


By H. C. HOTTEL,! CAMBRIDGE, MASS. 


Fundamental laws of radiation from solids have been 
discussed and applied to individual problems of heat 
transfer in numerous papers. In this one the author 
indicates just what principles are involved, to how many 
problems they have been applied, and gives a number of 
applications of the principles to problems in industrial- 
furnace design. 

Fundamental principles and definitions discussed in- 
clude: The definition of normal intensity, Lambert’s 
cosine principle, relation between intensity and emissive 
power, the square-of-the-distance law, Kirchoff’s law, 
and the Stefan-Boltzmann law. Various surface arrange- 
ments are divided into two groups: (1) in which one of 
the two surfaces is small relative to the distance separating 
them, and (2) in which both surfaces are of considerable 
extent relative to their distance apart. Various cases of 
these and the effect of incomplete absorption are treated 
mathematically. The task of applying many of the 
equations given in the paper is simplified by presentation 
of numerous graphs. 


HE fundamental laws of radiation 

I from solids have been treated in 
many textbooks, and have been ap- 

plied to individual problems of heat trans- 
fer in numerous articles in technical and 
scientific journals (2-7).* No satisfactory 
presentation has been made, however, of 
the subject in a form indicating just what 
principles are involved and to how many 
problems they have been applied; and a 
number of applications of the principles to 
problems of some importance in industrial 
furnace design have never been made. A summary of the 
results on the more important problems was presented briefly 
in a recent paper (11), but no indication was given of the method 
of obtaining the results. Inasmuch as an intelligent use of the 
results and the application of the principles to new problems 


_ depends on familiarity with the method of obtaining the results, 


it is felt that they merit a more detailed treatment than it was 
possible to give them in the paper referred to. 

The treatment of problems in radiant heat transmission be- 
tween surfaces involves the application of certain fundamental 
principles or definitions which may be grouped into (a) principles 
of photometry and illumination, and (6) principles of thermal 
radiation. The first group includes: 


1In Charge of Course in Fuel and Gas Engineering, Massachu- 
setts Institute of Technology. Professor Hottel received the degree 
of A.B. in Chemistry from Indiana University in 1922, and that of 
M.Sc. in Chemical Engineering in 1924 from the institution with 
which he is at present connected. , 

? Numbers in parentheses refer to bibliography at end of paper. 

Contributed by the Fuels Division and presented at the Annual 
Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Tum American 
Society or MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


1 The definition of normal intensity, as being the energy 
emitted per unit area of emitting surface per unit solid angle per 
unit of time, in a direction normal to the surface. Mathemati- 
cally, this says: 

dq = idA dw 


in which q is energy per unit time, i is normal intensity, A is 
area, and dw is a differential element of the solid angle above 
dA and normal to dA. 

2 Lambert's cosine principle, which states that if the cone 
of radiation dq lying within the solid angle dw is not normal to 
the surface dA but makes an angle @ with the normal to the 
surface, then the above equation must be modified to 


The term dA cos @ is the projected area of dA on a plane normal 
to the beam of radiation. The cosine principle, which amounts 


to the assumption that the intensity i of Equation [1] is inde- \\ 


pendent of the angle @ and is equal to the normal intensity, is 
not exact except for “black” surfaces, or perfect radiators, but is 
in small error for most surfaces met in heat-transfer problems (7). 
The magnitude of the error will be discussed later. 

3 The relation between intensity and emissive power of a sur- 
face, depending on the definition of the latter as being the 
amount of energy emitted per unit of time per unit of area in all 
directions throughout the solid hemispherical angle above the 
surface. It is designated by EZ, and is sometimes called hemi- 
spherical intensity instead of emissive power. Obviously the 
integration of Equation [1] to include the total hemisphere 
above dA should lead to the relation between intensity i and 
emissive power E. 


EdA =idA fos @ dw 


Any textbook on photometry gives the integration, which leads 
to the relation E = xi. 

4 The square-of-the-distance law, which follows directly from 
Equation [1] and is sometimes more useful. If the beam of 
radiation from dA, lying within the solid angle dw, is inter- 
cepted by a surface element dA’ at a distance r from dA, and the 
line of length r connecting dA and dA’ makes an angle 6’ with 
the normal to dA’, then dw, by definition of a solid angle, may 
be placed equal to dA’ cos 6’/r*. 

Equation [1] then becomes 


a (dA cos @).(dA’ cos 6’) 
r? 


dq 


which states that the radiation from one small surface element 
to another is proportional to the product of their areas projected 
on the planes normal to the line connecting them, and is in- 
versely proportional to the square of the distance separating 
them. This is generally referred to as the square-of-the-distance 
law. 

The principles of thermal radiation necessary to the solution 
of the problems at hand include: 

5 Kirchoff’s law, which states that the emissive power of a 
surface divided by its absorptivity is the same for all surfaces at 
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a given temperature, and is equal to the emissive power of a 
“‘black”’ body or perfect radiator. The absorptivity of a surface 
is defined as the fraction of the radiation incident on it which it 
absorbs. If we define emissivity as the radiation from a surface 
divided by the radiation from a black body at the same tem- 
perature, we see from Kirchoff’s law that emissivity and absorp- 
tivity are numerically equal. The law is proved in many text- 
, books on physics; it is frequently misapplied in radiation prob- 
‘lems not involving equilibrium radiation; and the extent to 
‘which the result is an approximation is not stated, and in some 
cases not realized. 

6 The Stefan-Boltzmann law, which statés that the emissive 
power of a black body is proportional to the fourth power of its 
absolute temperature. This law was determined by Stefan in 
1879 from Tyndall’s experiments, and was proved on thermo- 
dynamic grounds by Boltzmann in 1884. 


(b) 


Fie. 1 


(c) 


From Equation [1] the radiation 
from a surface A; to another sur- 
face A, is 


q = if dA, cos 6, dw 


with the integration taken over 
the whole area A; and throughout 
the total angle w,; subtended by 
A, [see Fig. (la)]. The reverse 
radiation from A, to A; is 


q =t dA; cos 6 


with the integration taken over the whole area A; and through- 
out the total angle w: subtended by A; at A» [see Fig. (1b)]. 
But we know from the equivalence of Equations [1] and [la] 
that either of the above integrals might have been evaluated in 


2 i 
re dA, dA [see Fig. (1e)] 
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& 


Fia. 2 


and that they are therefore equal. Remembering that E = zi 
and that for black surfaces E = o7*, we may express the net 
heat interchange between two black surfaces A; and A: in any 
of the three forms 
q= (T;4 re) f aa, cos da, [2a] 


or 


or 
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The choice among them is determined by the relative pase of 
evaluation of the different integrals for the problem at hand. 

In applying the principles discussed so far to the solution of 
problems of heat interchange in systems consisting of various 
surface arrangements, we find it convenient to treat separately 


‘the two factors, shape of the system and emissivity of the sur- 


faces composing it, by considering temporarily that the surfaces 
with which we are concerned are perfect radiators and absorbers, 
i.e., black bodies, and that therefore only the factor of shape 
enters. 


Errect oF SHapPe or System 


We may classify the various surface arrangements into two 
groups, in the first of which one of the two surfaces is very small 
relative to the distance separating the two, and in the other 
of which both surfaces are of considerable extent relative to 
their distance apart. In the first group, Equation [2] will re- 
quire integration over but one area. The various cases follow: 

Case 1. Interchange between a small surface element AA; anda 
parallel plane A, of infinite extent. The problem of integrating 
Equation [2a] to include the total hemispherical angle above A, 
is treated in many textbooks, and leads to 


Case 2. Element AA; and a circular disk of radius a in a plane 
parallel to the plane of 4A; and distant from it the distance K. 
Let z be the distance from AA, to the normal through the center 
of the disk. The illumination problem analogous to this has 
been treated by Foote (3) and leads to 


q = — T;*) AA; 3 
2 


+ K? — a? \ 
2V xt + 2(K?—a®) + 


Case 3. Element AA, and a rectangle in a plane parallel to the 
plane of AA;, with a corner of the rectangle contained in the 
normal to AA;. Equation [2c] is of the form most readily ap- 
plied. Fig. 2 defines the terms appearing in Equation [2c]. 


dA; = dz dy 
D 
+ + D 
Substituting these terms into [2c], we have 


o(T;4 — AA, dz dy D? 
(x? + y? + 


cos 6; = cos 6; = 


dq = 


If the rectangle has sides L; and L», the radiant heat interchange 
is given by 


On integrating this and redefining L; and L, as the ratio of each 
side to the distance separating the planes, we have 
1 I, Ly 
= — T:*) AA, — 
Ly Lz 


| 


Case 4. Element AA, and any rectangle in a plane parallel to 
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FUELS AND STEAM POWER 


AA,. This can be treated as above by dividing the rectangle into 
four rectangles having a common corner above 4A;. If the large 
rectangle lies completely outside the normal to AA;, the same 
principle is applicable if we remember to add areas algebraically. 

Gase 5. Element AA, and any surface generated by a line of 
infinite length moving always parallel to the plane of 2A). 
This case has considerable industrial applicability, and includes 
radiation to a nest of tubes whose length is great compared to 
the distance from them to the radiator, radiation from banks of 
strip and rod heaters in electric furnaces, etc. 

In Fig. 3 the surface element AA; is at the origin, in the X Y- 
plane. Line ABC represents the trace, in the XZ-plane, of the 
infinite line generating the surface A: The figure defines the 
terms of Equation [2a] as follows: 


p* dy dé 
(p? + 
pcos 
V + 
3 
den 


+ y?)? 


Substituting into Equation [2a], and inserting the limits of 
+ o for y, we have 


p* cos 6 dé dy 


which on integration becomes 
(sin 6’ — sin 6”) 


It is to be noted from Equation [6a] that the evaluation of q for 
this case does not necessitate the use of a three-dimensional 


o(T;! T:‘) AA, 
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still calculations. Fig. 4 shows a cross-section through a bank 
of infinitely long tubes. It is desired to find the heat interchange 
between the surface element AA, of the lower plane and the tubes 


above. The shaded areas represent intercepted beams. If a 
circle of unit radius is drawn, inspection of the figure indicates 


Fie. 3 


that for any tube the expression (sin 6’ — sin 6”) is equal to 
the projection, on the base line, of that are of the unit circle 
which lies between the bounding lines of the tube. The sum 
of the projections, indicated, divided by the diameter of the 


0000 


- 


of 


Fie. 4 Raptant Heat TRANSFER TO A BANK oF TUBES 


,icture, but simply of the cross-section through AA; and surface 
«.* taken normal to the generating line of surface A;. The 
angles 6’ and @” are angles in this cross-sectional picture, made 
by the normal to AA, with the lines joining AA, to the edges 
of As. 

A graphical solution of problems falling in this class is rapid, 
and frequently useful in steam-boiler, cracking-coil, and tube- 


circle, gives a factor F4 such that the heat interchange between 
the surface element AA, and the tube bank is 


This method may be used to determine quickly the distribution 
of heat to different rows of tubes in a setting, and to study the 
effect of spacing on the distribution. When only one row of 
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equally spaced tubes is involved and the tubes are of infinite 
extent in both directions (infinite number of tubes of infinite 
length), the solution of the problem need not be made graphically. 
The factor F, for such an arrangement is given by 


-1 


in which K is the ratio of center-to-center distance to diameter. 
This factor is applicable when AA, is far enough from the tubes 
to make its location, whether directly under a tube or directly 
under the space between tubes, inconsequential; or to the whole 
surface A, regardless of its distance from the tubes. 

The application of the graphical method discussed above has 
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respectively. The fraction 1 — F4; — Fs passes through both 
rows and is intercepted by the back wall, which assumes a tem- 
perature intermediate between that of the lower radiator and 
the two rows of tubes. The back wall, on the assumption of no 
external loss, reradiates downward an amount of radiation 
equal to that which it absorbs, i.e., the radiation 1 — Fa; — F4.. 
The top row, which now is the first row, intercepts the fractidn 
Fa; or the amount Fa;(1 — Fa: — Faz). The total fraction F; 
picked up by the top row is therefore Fa: + Fa: (1 — Fas — Fan); 
similarly, the total fraction picked up by the lower row is 
Pa, + Fax (1 — Fa: — Fa). These results are included in 
Fig. 5. 

The results on a second problem in heat distribution are 
presented in Fig. 6. If we change from two rows of tubes, 
staggered, to two rows in which the tubes of the top 


row are directly above the lower tubes, we may ex- 
pect a change in the distribution of heat. Fig. 6 
presents the results, not for a variable ratio of 
center-to-center distance to tube diameter, but for a 
constant value of 2 (clearance equals diameter), with 
the variable taken as the distance between rows. 
The results presented in Fig. 5 (or 6) are ap- 
plicable to the solution of an entirely different type of 
problem. We have been considering radiation from 
a plane to rows of tubes, basing the heat transfer on 


the area of the plane. In the design of electric re- 


sistor furnaces, rows of rods are frequently used as 


resistors, and it is desirable to know the radiating 


power of the rods. If we consider the two rows of 


rods at temperature 7, surrounded on both sides by 


the ultimate heat-receiving surface at temperature 7, 


the radiant-heat-transfer equation would be 


q = — + Fas) ..... [8} 


in which A, is the area of a plane replacing the 


tubes, F4; and F4; have the same significance as in 


| 


the preceding discussion, and the factor 2 is present 


because the rods have a receiver of radiation on both 
sides of them The equation would be somewhat 


ira) easier to visualize with an area term equal to the 
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actual area of the rods, Ar. From Fig. 5, 


d 
A, = 


in which d equals center-to-center distance of tubes 


in a row and D equals tube diameter. Therefore 
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Fie. 5 Rapiation From a PLane To ONE or Two Rows or Tunes ABOVE AND 


PARALLEL TO THE 


(Tubes on 
face above tu 


been made to two problems in heat distribution. Let us con- 
sider the case of two horizontal rows of tubes, staggered so that 
their centers are on equilateral triangles. We may determine 
either by the graphical method or by use of Equation [7a] the 
fraction F4, of the radiation from a plane below, which is inter- 
cepted by the first row of tubes. The graphical method also 
permits a determination of the fraction intercepted by the 
second row. These fractions are presented in Fig. 5, lines 3 
and 1, as functions of the dimension ratio, center-to-center dis- 
tance/tube diameter. We have in addition to consider the 
effect of the presence of a back wall above the tubes. Let Fa; 
and F,4, represent the fractions of the direct radiation from 
below which are intercepted by the first (lower) and second rows, 


uilateral-triangular centers; non-conducting but reradiating refractory sur- 
es. Ordinate expressed on basis of heat transferred from a i= to a plane 
replacing the tubes, or to an infinite number of rows of tubes.) 


(Far + 


The bracketed term may be called the “surface effi- 
ciency” of the rods. The surface efficiency for one- 
and two-row arrangements of rods has been pre- 
sented in graphical form by Keene and Luke (5) whose results 
are in agreement with Fig. 5 of this paper after conversion is 
made by the use of Equation [9]. 

Case 6. Element AA, and any surface whatever. This is the 
general case covering all those which have preceded. Herman 
in his textbook on geometrical optics (1) discussed a method of 
graphical evaluation of the problem, depending on the facy 
that if a unit hemisphere is constructed above the element A 1, 
and a straight line with one end fixed at AA; is made to move 
around the edge of A:, then the projection, on the base of the 
hemisphere, of the area on the hemisphere marked off by the 


moving line, is equal to the integral rf, dwcos 6. Nusselt (8) 
2 


q = o(T,‘ — T;*) 
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later described the same method. There is considerable diffi- 
culty, however, in making such a three-dimensional construc- 
tion; and the author (11) has described a simple mechanical 
device to be used with a small cardboard model of the surface 
under consideration. The device, not made with particular 
care, gives results agreeing within 1 per cent with those obtained 
for some of those special shapes above which can be solved 
algebraically. 

In the preceding group of surface arrangements the integra- 
tion of Equation [2] was performed over the area A; only. In 
all that follow both surfaces are of considerable extent, and the 


integration will therefore be made over both A; and A;. The 
simplest case is 
Case 7. Infinite parallel planes. The integration of Equation 


[3] over the area A; leads to the familiar 
q = o(T;‘— T;*) A 


Case 8. Two continuous surfaces, one enclosing the other. If 
the enclosed surface contains no negative curvature, i.e., if no ele- 


ve, le 
09} 
08 
jad 
- SRA Aa - 
+—+ 
T 
aie 
RATIO, ISTANG! T N 


Fie. 6 Errecr or Distances Between Tuse Rows on RapIANntT 
Heat Distrrisution To Two Rows or Tuses, WHEen Tuses ARE 
DrrectLy Besinp Ong ANOTHER 


(Ratio (center-to-center distance of tubes in a row)/(tube diameter) held 

constant at 2.0. On extreme left are given results, for comparison, on two 

rows, staggered, spaced with tube centers on equilateral triangles, with 
ratio just mentioned = 2.0.) 


ments of its surface can “see” anything but the other surface, 
the integration of [2a] leads simply to 


in which A; is the area of the enclosed surface. 

Case 9. Circular disks in parallel planes, with their centers on 
the same normal to their planes. Case 2, Equation [4], above, 
gave the radiation from a point to a disk. The integration of 
this over the circular area A, of radius b leads to 
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q = 2 : 
(9] 


This result has been given in slightly different form by H. B. 
Keene (2) who also pointed out that when the radii a and b 
of the disks are small compared to K, their distance apart, 
Equation [9] becomes 


A, a? + b2 
q = o(7T,* — 7K? K2 
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Fie. 7 Curve or SurFace Erriciencies For STrRIPs 


When the disks have the same radius and the ratio of diameter 
to distance apart is R, Equation [9] hecomes 


q = o(T:4 — Ay E (V1 + 


This problem has been attacked by Keller (6) in connection with 
the evaluation of radiation losses through furnace openings, but 
the approximation method there suggested for evaluating 
radiant-heat interchange between parallel disks is more tedious 
than the use of Equation {10], and less exact. ; 

Case 10. Rectangles of equal size in parallel planes, directly op- 
posed. By making use of Equation [5], case 3, the radiation 
from an element dA to a parallel rectangle with corner above 
dA; by applying the principle of case 4; and by integrating 
over the area A,, we finally arrive at the interchange between 
two equal rectangles: 


1 (X? + 1)(¥*? + 1) 2 


1 
q =o(T; A log tan-' X 


V Y?+1 


1 Y 
x? 


Keene and Luke (5) in their evaluation of the surface efficiency 
of different arrangements of heating elements in electric furnaces 
included the case of parallel strips (see Fig. 7 for cross-section 
through strips). This case may be treated by the application 
of Equation [11]. One of the two dimensions is infinite. When 
we let Y = o, Equation [11] reduces to 


— tan +5, ten" 
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1 
q = — T2‘)A + 4 [12] 


in which X is the ratio of strip width to distance between strips 
and q is the interchange between adjacent strips. The bracketed 
term represents the fraction of the radiation from one strip 
intercepted by the next. The fraction not intercepted is the 
portion in which we are interested. The heat interchange be- 
tween the strips and their surroundings is then 


q = [1 — V1 + 1/X? + 1/X]....[13] 


and the bracketed term is the desired surface efficiency of the 

strips. It is plotted in Fig. 7 (solid line) against the ratio X. 

The dotted line represents the results given by Keene and Luke 

in the paper referred to, bases on their assumption that the 

fraction of the total radiation from a surface element on one 

strip which is intercepted by an adjacent strip is equal simply 

to the plane angle subtended by the strip at the surface element 

divided by the total 

4 plane angle above the 

element. The extent 

to which this sim- 

plifying assumption 

is unjustifiable is in- 

dicated by a com- 

.y parison of the two 
curves of Fig. 7. 

In the evaluation 
by Keller of losses 
through furnace 
openings already re- 
ferred to (6), a de- 
termination of the 
direct interchange 

between rectangles was made by an approximation method simi- 
lar to that used by him for circular disks, and the conclusion was 
reached that the factor of interchange is the same, within 1 per 
cent, as that for disks, when the ratio of side of squares to dis- 
tance separating them is the same as for diameter of disks to dis- 
tance separating them. An exact comparison of disks and rec- 
tangles by the use of Equations [9] and [11] leads to the conclu- 
sion that when the ratio of side or diameter to distance apart 
is 1, the factor of interchange for squares is 16 per cent greater 
than that for disks; and that when the ratio is 2, the factor for 
squares is 8 per cent greater. 

Case11. Rectangles in perpendicular planes, the rectangles hav- 
ing a common side. In the accompanying Fig. 8 the rectangles, 
between which the heat interchange is to be evaluated are in 
the XZ- and X Y-planes, and of dimensions X by Z and X by Y. 
The coordinates of the surface element dA; in the X Y-plane are 
z and y; those of the surface element dA; in the X¥-Z plane are 
z, and z. Equation [2c] is most readily applicable to this case. 
In that equation the accompanying Fig. 8 defines the terms as 
follows. 


dA, = dz dy cos 6; = 2/r 
dA, = dz, dz cos 6 = y/r 
r? = — + y? + 2? 


Fie. 8 


Substituting, we have 


1 = x 
q= f yz dz dz, dx dy. .{14] 
rJo 0 0 0 


The integration, performed with respect to z, 2, z, and y in 
order, leads to a solution which is slightly simplified by re- 
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defining Y and Z to refer to Y/X and Z/X, respectively, of Fig. 8. 
We then have 


1 
q = — X 


2 

1 (1 + Y? + Z?) (¥2)"(Z2)¥ 
(1 + ¥?*) (1+ 2Z%)¥ (¥? + 


1 Z 1 Z? 1 
+ tan + Z + tan [15] 


Case 12 (General). Interchange between any two surfaces of 
however irregular extent. If one of the two surfaces is 
quite small compared to the other, the mechanical device de- 
scribed under case 6 may be used, with its pivot point at the 
center of the small area. One would thus obtain a factor Fy, 
to use in the equation 


q = o(T;* — Tr") [16] 


in which A, is the smaller area. The extension of the method 
to the case in which A, is not small compared to the mean dis- 
tance to A, consists simply of dividing 
A, into a number of equal areas and 
of determining the factor F4 with the 
pivot point of the mechanical device 
placed successively at the centers of 
the different areas. Thearithmetical  “ 2 
mean F, is then used in Equation 
[16]. The number of segments into 
which A, need be divided is usually r 
small to obtain sufficient accuracy for 
engineering purposes. 

An approximation method applica- 
ble to interchange between surfaces 
small relative to their distance apart 
and in such relative positions that a 
plane normal to one surface through 
its center passes through the center 
of the other surface has been pre- 
sented by Schack (9). It follows 
directly from Equation [2c] and is 


Fie. 9 


q = (Ty! — Te!) 


in which m; and n, are defined in the sketches of Fig.9. The method 
leads to considerable error when either A; or A; is not small 


compared to r. 


Errect oF Emissivity OF SURFACES ON RaDIANT-HEAT 
INTERCHANGE 


At the beginning of the preceding discussion of the effect 
of the shape of a system on radiant heat transmission in it, the 
assumption was made that all beams intercepted by a surface 
are absorbed by it. We shall now consider the effect of incom- 
plete absorption on the equations presented. 

Cases 1-6, Inclusive. In all these cases, one surface is very 
small compared to the distance to the other. Surface AA, will 
emit p; times as much as a black body, and surface A, will absorb 
the fraction p, of what AA, emits (absorptivity and emissivity 
are equal). The reflected portion (1 — p.) will be reflected in 
all directions from A», and since AA, is small, a negligible frac- 
tion of the reflected beam will undergo a second reflection from 


| 
‘ 


AA; back to A>. 
all the equations for cases 1 to 6, Equations [3] to [7]. 

Case 7—Infinite Parallel Planes. A beam leaving A; under- 
goes an infinite number of partial absorptions alternately at A» 


The factor p:p2 therefore enters directly into 


and A;. The summation of the alternate members of the infinite 

series so formed leads to the familiar conclusion that the factor 
1 

1/p, + — 1 

As long as p; and p, are not far from unity, this factor is approxi- 

mately equal to pipe. 

Case 8—Enclosed and Enclosing Surface. Let us first con- 
sider the symmetrical cases of concentric spheres, or concentric 
infinite cylinders. Because tHe heat-transfer equations given are 
based on the area of the enclosed body of area A;, we follow the 
history of a beam starting at A:. If the reflection is specular, . 
every beam leaving A,, in no matter what direction, will i impinge 
on A; and A, alternately until completely absorbed; and the 
summation of terms representing absorption at surface A, leads 
to the same result as for infinite parallel planes; i.e., Equation 
[8] should be multiplied by 1/(1/p, + 1/p2— 1). Thisis an un- 
expected result and is due to our assumption of specular reflec- 
tion of the unabsorbed portion of the radiation. An assump- 
tion much nearer the truth is that the reflection is completely 
diffuse instead of completely specular. Again we start with a 
beam leaving A; the fraction p is absorbed by Az, and 1 — pr 
is reflected. Only a portion of the reflected beam from Az, 
however, is intercepted by A;, the other portion going directly 
to other parts of A. The calculation of the portion intercepted 
(not all absorbed) by A; may be made by proper application 
of the formula under case 2 for spheres, or case 5 for cylinders. 
In each case we find that the fraction of reflected radiation from 
a spot on A, which is intercepted by A, is A;/A:. By following 
the beam back and forth we form a family of infinite series, much 
more complicated than for the case of infinite parallel planes. 
Summation of terms representing absorption at A, leads to a 
fairly simple factor Fz by which [8] should be multiplied to 
make allowance for the emissivities of the surfaces. It is 


1 


1 Ai fil 


Nusselt has given this result, but with no indication of his method 
of obtaining it, or of the assumption involved in deriving it. 
Inasmuch as actual reflection is neither completely diffuse nor 
completely specular, the true factor of multiplication of Equa- 
tion [8] will be an intermediate value, such that 


to allow for emissivity of the two surfaces is 


Fg = 


1 1 
Fe 
—+—(--1 
Pr Az \ pr 


The factor will be much nearer the right- than the left-hand 
expression. 

It will be noted that the expression for Fz in terms of Ai, 
As, and reduces simply to p, when A,/Az approaches zero, 
i.e., for the case of a small body enclosed in a large one. 

Cases 9-12—Pairs of Surfaces Not Forming an Enclosure. 
Inasmuch as the whole system is not completely specified when 
we are considering heat interchange between two bounded sur- 
faces, A; and A:, we are in no position to consider what happens 
to those radiant beams from one surface not directed toward 
the other. They may undergo partial reflection at the unspeci- 
fied surfaces and return to A; or A; for further absorption. 
We can only say, therefore, that the factor p,p, introduced into 


* The angle of in cidenc e equals the angle of reflection. 
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the equations covering cases 9 to 12, inclusive, will give a result 
not far wrong, but always more or less low. An exact con- 
sideration of the emissivity effect in a system of many surfaces 
of different temperatures and emissivities would be extremely 
complicated. 

Inasmuch as Lambert’s cosine principle, which was assumed 
valid in deriving the equations of Section I, is no longer exact 
when the heat-interchanging surfaces are not black bodies, the 
discussion of the effect of the emissivity of surfaces on heat 
transmission may properly include a consideration of errors in- 
troduced by assuming the cosine principle valid. Probably the 
best work on the subject is that of Schmidt (7), who found that 
the deviation from the cosine principle was large for metallic |, 
surfaces, and that the average intensity was about ‘/; the | 
intensity measured normal to the surface. The error in using 
the principle is not serious, however, for oxide and other non- 
metallic surfaces, and for rough surfaces. The modification 
of the equations here given, to make allowance for the dependence 
of intensity on angle of emission of radiation, must wait until we 
have more detailed knowledge of the departure of industrial 
surfaces from the cosine principle. 

The engineer’s task of applying many of the equations given 
in this paper may be greatly simplified by making use of the 
graphs presented in the summary, to which reference has been 
made (11). 
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Discussion 


W. J. Kina.‘ The paper is a valuable contribution to the 
theory and practice of heat transmission. It will be welcomed 
by designers of the many types of apparatus in which radiant 
heat is a factor as providing a clear qualitative statement of the 
general problem, as well as giving a number of very useful and 
convenient formulas. 

It has been the writer’s experience that much confusion exists 
in the minds of many engineers with regard to this subject of 
radiant heat transmission. For example, the present paper is 
limited to “non-absorbing media.” Of course it is generally 
recognized that a vacuum is non-absorbing, and for most practical 
purposes so is ordinary air, but what about the passage of radia- 
tion through the earth’s atmosphere to the cosmic space beyond? 
This is an important question in connection with the cooling of 
outdoor apparatus exposed to the sky. If the temperature 
of astronomical space is somewhere near absolute zero, the 
radiation from a surface exposed to the sky on a clear night 
should be sufficient to cool it far below the ambient. Asa matter 
of fact most terrestrial radiations are completely absorbed within 
a few miles of atmospheric air, so that the effective temperature 
T; in Equation [3] is never much lower than about —45 deg. 


‘ Engineering General Department, General Electric Company, 
Schenectady, N. Y. 
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fahr., or 415 deg. absolute.’ In most practical cases this tem- 
perature may be taken as that of the ambient. 

Carbon dioxide and water vapor absorb considerable amounts 
of radiant heat. An instance of this recently came to the writer’s 
notice, in connection with some tests on a large electric furnace 
for annealing copper wire. The heat was transmitted to the 
charge mainly by radiation from resistance strip heaters. To 
reduce oxidation, the air in the furnace was displaced by steam, 
whereupon the temperature drop from the heaters to the charge 
was greatly increased. 

There seems to be a tendency among engineers in general 
to underestimate the relative importance of radiation as com- 
pared with other forms of heat transmission. Some time ago 
the writer was asked to design the heat-transfer features of a 
large sulphur-dioxide converter, in which the hot gases within 
a 10-ft. steel cylinder were to be cooled by a current of cool gas 
in the annular space between the catalyst cylinder and the outer 
shell. The instructions were to “neglect radiation.” The 
temperature of the inner cylinder was about 250 deg. cent., and 
the amount of surface required to dissipate the heat by convec- 
tion alone made the apparatus too large. It was finally found, 
however, that the radiation through the gas to the outer jacket 
amounted to about 20 per cent of the total heat transfer, which 
was sufficient to bring the machine down to the desired dimen- 
sions. 

It might be thought that in an airplane traveling at 100 miles 
per hour the radiation from the engine cylinders would be negli- 
gible compared with the forced convection. However, it was 
noticed recently that in a certain plane the indicated engine 
temperature rose continually as the black paint peeled off of 
the cylinders, exposing the bright metal. It was thought that 
the low emissivity of the bright metal might account for this. 
Calculation showed that for a constant amount of heat dissi- 
pated, the temperature should rise from 450 to 510 deg. fahr. 
when the paint all came off. This was confirmed by the fact 
that the temperature at once dropped back to normal when the 
cylinders were repainted. 

Even at lower temperatures, radiation may be an important 
factor, particularly in still air. For example, the dissipation 
from a plain self-cooled transformer tank is about 55 per cent 
radiation and 45 per cent convection. 

Referring to the formula for Fz on the seventh page, the 
author says, “Nusselt has given this result, but with no indication 
of his method of obtaining it or of the assumption involved in 
deriving it.” Apparently he has overlooked the excellent 
treatment of this problem by A. D. Moore in the chapter on 
Heat Radiation in his book on “Fundamentals of Electrical 
Design” (McGraw-Hill, 1927). Professor Moore also presented 
a@ paper on “Dissipation of Heat by Radiation’ at the Great 
Lakes District Meeting of the A.I.E.E. in Chicago, in December, 
1929. This included an interesting study of radiation from a 
slot or from a corrugated or finned surface. In all such cases 
the effective emissivity of the enveloping surface is higher than 
that of a smooth surface of the same material. 

Some of the results of the present paper were given last year 
by O. A. Saunders in his “Notes on Some Radiation Heat Trans- 
fer Formulas,’”’ published in Vol. 41 of the Proceedings of the 
Physical Society (London). The case of non-concentric spheres 
also was treated. Some interesting conclusions are drawn from 
the formulas. For example, it is pointed out that “whereas 
coating the surface of a relatively small hot body with aluminum 
paint reduces the radiation heat transfer from the body to its 
surroundings in direct proportion to the change of surface emis- 


5 See “Heat Transmission,’’ by Margaret Fishenden and A. F. 
Dufton, Special Report No. 11, (British) Department of Scientific 
and Industrial Research, H. M. Stationery Office, London, 1929. 


sivity, a similar treatment of the walls of the room in which the 
body is situated has no effect upon the heat loss.” 

A few special cases also are discussed by ten Bosch in his 
text, “Die Warmeiibertragung,” published by Julius Springer, 
Berlin, 1927. 


N. C. Arrsay.* The paper is most timely, and it gives a 
clear exposé of the principles so vaguely understood by the vast 
majority of engineers. The treatment of the problem is es- 
pecially valuable for the design of gas-fired furnaces where the 
materials are not exposed to the direct radiation of flames. The 
presentation of this paper seems to be an appropriate moment 
to discuss certain ideas on radiatgjon. The phenomena of heat 
release during combustion are so complicated and, to our shame, 
we must say, so poorly known, that a general overhauling of our 
conceptions of what happens in a boiler furnace where fuel is 
burning is necessary. The fascination of the Stefan and Boltz- 
mann fourth-power law begins to fade, especially when we realize 
that the source of radiant energy is the chemical process itself 
and not the high temperature of the product. The factor con- 
trolling heat exchange by radiation in cases of combustion in 
cavities is not on the emission side but on the absorption side. 
This apparent heresy may be illustrated by the following ex- 
ample. 

Let us light a bonfire and keep it going at a steady rate in a 
wide open space on a clear cold night. This will be a sufficiently 
“black” and cold envelope for the flame. In such conditions 
the bonfire should relate at least 80 per cent of the total sensible 
heat liberated. Now let us screen the fire from all sides and 
gradually move the walls converging them toward the center of 
the fire. It is obvious that the rate of radiation emission would 
not decrease; it might even increase if we still entertain the 
idea that emission during combustion depends upon flame tem- 
perature. The temperature of gases leaving the bonfire will 
rise due to lowering the rate of radiation absorption. Let us 
cool the screens by evaporating water in them at constant tem- 
perature; the second term of the Stephan and Boltzmann formula 
will increase slightly due to higher metal temperature, but by no 
means to such an extent that the reduction of radiation absorp- 
tion during the convergent approach of the walls could be ex- 
plained by its new values. There is the increased flame tem- 
perature, and, if we believe that radiation emission from burning 
fuel depends upon the temperature then the emission and hence 
the absorption also should increase. All our experience with 
boilers tells us a different story, and the application of any for- 
mula for radiation emission during combustion is futile. 

The laboratory experiments on the reflectivity of metal sur- 
faces are usually conducted with radiation intensities far below 
those obtained in furnaces and mostly on wave lengths in the 
visible part of the spectrum. The International Critical Tables 
gives data on reflectivity of steel which for the infra-red range 
show a substantial reduction. But this is not all; determinations 
of reflectivity at low intensities of incidence are like nozzle 
tests with insufficient fluid to fill the orifice. It is high time that 
proper attention should be called to the absorption; under high- 
intensity incidence of radiation the absorbing surfaces perform 
as atomic mechanisms of variable efficiency, and hence a con- 
stant factor of “blackness” or “grayness’’ in such conditions is 
nonsense. 

In a short discussion it is impossible to give all the considera- 
tion to support the new viewpoint, but the idea can be defined 
in the following simple terms: 

(1) During the process of combustion the heat of chemical 
reaction is liberated to a great extent as radiation, and only a 


* Assistant to Geo. A. Orrok, Consulting Engineer, New York, 
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small fraction, roughly 20 per cent, of it remains with the initial 
products of combustion. 

(2) Depending upon surroundings, a part of the radiant heat 
will return in the product of combustion via unburned fuel, 
CO,, CO, H,0, to be further diffused into N:. 

(3) The total radiant heat absorption by the furnace en- 
velope is fixed by the rate of heat liberation times the efficiency 
of absorption, the latter being a function of the load or total 
radiant heat per square unit of surface per unit of time. 

Broido and Orrok in their empirical formulations of radiation 
absorption in boiler furnaces were closer to the true aspect than 
the majority of authors who tried to apply the fourth power 
law to the indefinable flame or furnace temperatures or surfaces. 
As Wohlenberg points out in his recent work, the radiation 
equilibrium of an oxidizing molecule is reached earlier than the 
dynamical equilibrium with the surrounding gas, and with this 
kept in mind we should regard the molecular chemical processes 
of oxidation as a source of radiant energy at a temperature (if 
such is needed) which is constant and dependent only upon the 
kind of combining molecules. 

So much for the case of combustion; but there are many in- 
dustrial furnaces and ovens where the treated materials are not 
subject to combustion radiation, and for these cases the author’s 
work will be invaluable. 


Nore: Further discussion of this paper, together with the paper 
of William L. DeBaufre, by Ollison Craig, will be found following 
the DeBaufre paper. 


AvuTHor’s CLosuRE 


Some of the discussion of the paper would seem to indicate a 
mistaken idea of its object, which was to collect the old and to 
present some new material on one phase of the broad subject of 
radiant heat transmission. No pretense is made that the results 
are applicable, without modification, to problems in which the 
phenomena attending combustion are superimposed on the simple 
radiation from one surface to another. The complete treatment 
of radiant heat transfer under such conditions involves the use 
of other material not the subject matter of the present paper. 
The writer is in agreement with Mr. Craig that the complete 
analytical treatment of such a problem as the calculation of total 
heat absorption in a given boiler furnace would be inordinately 
tedious. It should be remembered, however, that although the 
Fuels and Steam Power Divisions are accustomed to think “boiler 
furnace” whenever radiant heat transmission is mentioned, 
there are many other types of industrial furnaces in existence, 
some of which are by no means incapable of analytical treatment. 
The author’s experience with calculations on steel reheating fur- 
naces, oil-cracking coils, and tube stills has indicated that much 
can be learned about probable furnace performance by the ap- 
plication of principles such as those discussed here, augmented 
of course by the use of other material included in the subject of 
radiant heat transmission. Even in the case of boiler furnaces 
certain fundamental questions of local overheating, losses through 
openings, distribution of heat to tube rows, ete., may be an- 
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swered by a consideration of the geometrical problem involved, 
although the overall problem of furnace problems is at present 
best treated empirically. 

Mr. King calls attention to the fact that Case 8, that of one 
body completely enclosing another, has been treated by A. D. 
Moore (“Fundamentals of Electrical Design,” McGraw-Hill, 
1927), by O. A. Saunders (Proc. Phys. Soc., vol. 41, p. 569, 1929) 
and by M. ten Bosch (“Die Wiarmeiibertragung,”’ published by 
Julius Springer, 1927), in addition to the author’s own treat- 
ment and that of Nuszelt, to which reference has already been 
made. Of these treatments that of Mr. Saunders, with which 
the author was not familiar, is to be preferred for clarity and 
completeness. Mr. Saunders, considering the case of non- 
concentric spheres, reaches the interesting conclusion that the 
maximum heat interchange occurs when the bodies are concen- 
tric, but that the decrease below this maximum as the inner 
sphere is moved away from the center is not of sufficient mag- 
nitude to be of much practical importance. 

Mr. King further calls attention to a paper of A. D. Moore 
(A.LE.E., vol. 49, p. 22, 1930) on the study of radiation from a 
slot or from a finned surface, in which the results of a tedious 
stepwise numerical calculation were presented for the special 
case of a slot of infinite length, with depth equal to four times 
its width. The author and Mr. P. V. Keyser about a year ago 
considered the general problem of finned-surface radiation and 
obtained an algebraic solution applicable to any ratio of slot 
depth to width and to any emissivity of the surface. The results 
have not been published, pending a solution of an allied 
problem. 

Reference is made by Mr. King to the excessively high value 
obtained for the necessary heat-transfer area of a sulphur- 
dioxide converter, due to the fact that the radiation from hot 
sulphur dioxide was neglected. Mr. S. A. Guerrieri and the 
author, making use of available infra-red spectroscopic data on 
sulphur dioxide, have recently calculated a sulphur-dioxide 
radiation plot similar to those published for water vapor and 
carbon dioxide; and it should be possible with such a chart to 
make allowance for SO, radiation in the design of such equipment 
as the coolers following sulphur burners, etc. 

The author cannot agree with Mr. Artsay’s statement that 
“the factor controlling heat exchange by radiation in cases of 
combustion is not on the emission side, but on the absorption 
side,” nor with his statement that “the bonfire should radiate 
at least 80 per cent of the total sensible heat liberated,” if he 
means net heat of combustion by the term, “total sensible heat 
liberated,” as the succeeding text would seem to indicate that 
he means. All the experimental evidence with which the author 
is familiar indicates that the fraction of heat radiated will be far 
less than 80 per cent; less, in fact, than half that figure. Ex- 
perimental evidence for Mr. Artsay’s unusual picture of the ab- 
sorptivity of surfaces being dependent on the intensity of the 
radiation striking them would be welcome. Certainly there is a 
possibility of some such effect, but experimental evidence so 
far tends to deny its practical importance. 
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Operation of the Holland Station 


By E. M. GILBERT,? READING, PA. 


The Holland Station, being among the first plants de- 
signed exclusively for high-pressure steam, is now in op- 
eration, and the experiences obtained during operation 
will be of interest. The main features of the plant are 
a 55,000-kw. cross-compound turbo-generator unit de- 
signed for variable-load operation; two similar boilers, 
each with its reheater built integral, designed for gen- 
erating 250,000 lb. of steam per hr. each; elimination of 
the wall between turbine and boiler room, and control 
centralized on the operating floor. The operating ex- 
periences with the different elements of the plant are 
given, together with data showing the operating results 
for the six-month period. Operating results, while of 
short duration, show justification of the use of higher 
pressures from an economic standpoint. 


Jersey Power & Light Company, 

a subsidiary of the Associated Gas 
& Electric Company, was designed and 
constructed by W. 8. Barstow & Co., Inc. 
It is located on the Delaware River in 
New Jersey, about 13 miles below Easton, 
Pa. A description of the design features 
of the plant appeared in the February, 
1929, issue of the General Electric Review 
and the March 1, 1929, issue of Power 
Plant Engineering. 

The ultimate capacity of the Holland plant will be approxi- 
mately 220,000 kw., the first unit of 55,000 kw. capacity having 
been put into operation the latter part of February, 1930. 

The turbo-unit consists of a high- and a low-pressure cross- 
compound turbine, the low-pressure section working at variable 
pressure. The high-pressure turbine has a multi-valve arrange- 
ment in order to obtain high efficiency over a large load range. 


[ven Holland Station of the New 


1 The station was renamed “Gilbert” since the paper was written. 

2? President, W. S. Barstow & Co., Inc. Mem. A.S.M.E. Mr. 
Gilbert was born in Wilton, Conn., and after receiving his technical 
training in Cornell University he entered the employ of the American 
Stoker Company, Dayton, Ohio. In 1899 he was sent to London to 
install stokers in England and France, remaining abroad until 1907 
as general superintendent of a parent organization that sponsored the 
sale and manufacture of stokers in Europe. After his return to the 
United States he became chief engineer for the Leadville (Colo.) 
Light & Power Company, and from 1909 to 1914 he was active in the 
operation and construction of steam- and hydroelectric-generating 
plants for the Colorado Power Company. He was also connected 
with the construction of the Boulder and Shoshone dams and power 
houses in Colorado. He sponsored the development of oxyacetylene 
welding for a steel-pipe line over 8000 ft. long used in connection with 
the Boulder dam. In 1916 he became general manager of the Metro- 
politan Edison Company and chief engineer of the properties of the 
General Gas & Electric Corporation. When the Associated Gas & 
Electric System acquired these properties, he was a director of the 
Metropolitan and vice-president and director of four of its sub- 
sidiaries. At present Mr. Gilbert is President of W. S. Barstow & 
Co., Inc., and the Utilities Purchasing & Supply Corporation. He is 
also director and an executive officer in several of the operating com- 
panies in the Associated Gas & Electric System, 

Contributed by the Power Division and presented at the Annual 
Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Toe American 
Society or MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 


of the Society. 


275 


It receives steam of 1250 lb. gage, 750 deg. fahr., and exhausts 
through steam and gas reheaters at a pressure varying from 
400 lb. gage to 85 lb. gage into the low-pressure turbine, the 
steam being reheated to 750 deg. fahr. before entering the low- 
pressure turbine. The high-pressure turbine operates at a 
speed of 3600 r.p.m. and the low-pressure at 1800 r.p.m., their 
maximum capacities being 11,800 kw. and 43,200 kw., respec- 
tively. 

The condenser is of single-pass type having a surface of 31,600 
sq. ft. The tubes are rolled at both ends, and rubber expansion 
joints are provided between water boxes and the shell to allow 
for longitudinal expansion, as the shell is hung from the turbine 
and the water boxes are supported from the basement floor, 
one box being bolted rigidly down and the other box being free to 
slide longitudinally. 

The two boiler units, each designed for 250,000 Ib. of steam per 
hour, are of the cross-drum type, 45 sections wide and 8 tubes 
high. The drums are made from solid forged billets and are 
52 in. inside diameter, 4 in. thick, and 46 ft. long. 

The furnaces are water-cooled except around the circular 
burners where refractories are used. The side walls of both 
furnaces and the front and rear walls of No. 1 furnace are of 
fin-tube construction. On No. 2 boiler the front and rear walls 
are of the bare-tube type, backed up by refractories. The fur- 
nace volume is 18,000 cu. ft. and the B.t.u. release about 18,000 
B.t.u. per cu. ft. maximum. 


ARRANGEMENT AND CONTROL 


The general arrangement of equipment is shown on the plan 
(Fig. 1) and the cross-section (Fig. 2). All equipment operating 
continuously is controlled from a central station (with two turbo- 
units installed) located on the turbine floor, elevation 154.0, 
as shown in Fig. 1. The omission of the wall between the 
boiler and turbine rooms enables the station operator to see and 
control all principal equipment. With the exception of the coal- 
handling and milling machinery all apparatus is under the 
control of the station operator and can be governed automati- 
cally or by push-button devices. All equipment is regulated 
to maintain a constant steam pressure at the inlet of the high- 
pressure turbine. The water level in the boilers is automati- 
cally controlled by Smoot regulators, and feed-line pressure 
is regulated by combination Bailey pressure and electric control 
on the primary boiler-feed pump. A miniature board located 
at the centralized station controls all high-voltage outdoor 
switching equipment. 

A photograph of the turbine room is shown in Fig. 3, the 
high-pressure unit b- .-¢ on the left and the low-pressure machine 
on the right. A ograph of the boiler room is shown in 


Fig. 4. 


OPERATING PERSONNEL 


The control and operation of the plant on one floor without 
any wall between turbine and boiler room has made the Holland 
plant simpler to operate than existing low-pressure plants, 
and it has been found that no added personnel or higher class 
of labor than used in low-pressure plants is needed. The opera- 
tors have all been drawn from existing plants of the Associated 
Gas & Electric Company’s system and had no experience 
with plants of pressures higher than 200 to 400 lb. prior to 
their connection with this plant. 


- 
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TABLE 1 
Ratio of 
Plant Station station use 
e Week Gross Net Maximum _ service load to net Net coal B.t.u. per B.t.v. 
ending generated output hour hours factor output rate net kw-hr. coal 
122,610 7,000 56 2.20 + 1.127¢ 15,553 13,800 
9,990 5,000 13 .45 és 1.127¢ 15,553 13,800 
127,700 11,000 25 2.01 a 1.127¢ 15,553 13,800 
1,650,680 27,000 93 19.84 11.05 1.127¢ 15,553 13,800 
2,660,070 28,000 126 31.60 9.77 1.127¢ 15,553 13,800 
1,342,520 23,000 70/3 16.34 12.48 0.949 13,091 13,800 
2,119,460 23,000 113 25.44 10.92 0.933 12,872 13,800 
2,540,400 35,000 119'/3 30.11 9.51 0.928 13,008 14,024 
3,520,800 51,000 1371/3 41.33 8.47 0.901 12,637 14,024 
4,763,890 56,000 138 55.14 6.95 0.890 12,476 14,024 
3,396,630 30,000 1451/3 40.15 9.23 0.880 12,344 14,024 
2,862,270 26,000 25 33.74 8.93 0.987 13,844 14,024 
3,040,7 30,000 148 35 8.79 0.928 13,014 14,024 
3,581,940 30,000 168 42.49 9.61 0.952 13,345 14,024 
3,823,540 33,000 168 45.31 9.51 0.959 13,454 14,024 
3,952, 34,000 168 47.19 10.32 0.960 13,463 14,024 
3,591,210 32,000 155 42.71 9.88 0.919 12,894 14,024 
32,480 Out of service for repair on turbines, condenser, reheaters, and economizers 
3,872,530 33,000 143 45.70 9.05 0.907 12,716 14,024 
4,519,360 42,000 149 53.01 8.41 0.983 13,786 4,024 
5,878,270 53,000 144 68.39 7.50 0.846 11, 14,024 
5,904,260 54,000 126 68.58 8.17 . 902 12,652 14,024 
6,853,870 56,000 149 63.35 7.15 0.913 12,798 14,024 
7,467,490 54,000 168 86.90 7.53 0.918 12,977 14,139 
6,783,220 54,000 168 79.46 8.24 0.878 12,420 14,139 
3,068,620 37,000 144 37.11 11.74 0.961 13,594 14,139 


Estimated. 


Fic. 1 GENERAL ARRANGEMENT OF EquipMeNtT aT STaTIon 


Fie. 2 Cross-Section or Equipment aT StTaTIon 
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FUELS AND STEAM POWER 


TABLE 2 TYPICAL AVERAGE OPERATING DATA 


06 ned August 19, 1930, 2:30 p.m. 
Station load: 

Steam temperature out of superheater............. 770.0 754.7 

Steam temperature in reheater................005% 543.5 543.5 

Steam temperature out of reheater................ 808.6 818.8 

Steam pressure out of reheater.................+- 410.0 410.0 
Economizer: 

Gas temperature in economizer.................... 935.0 937.2 

Gas temperature out of economizer................ 550. 557.6 

Water temperature in economizer................. 363.0 365.0 

Water temperature out of economizer.............. 505.0 494.4 
Air reheater: 

Gas temperature in preheater..................... 550.0 557.6 

Gas temperature out of preheater................. 312.0 308. 

Air temperature in preheater....................-- 85.0 85.0 

Air temperature out of preheater (left)............. 410.0 5.0 

Air temperature out of preheater (right)............ 420.0 412.6 
Flue-gas analysis: 

Condenser: 

Circulating-water temperature, in............ 73 
Evaporator: 


Fie.3 Tursine Room at Station 


The following list of the personnel shows that the station 
can be operated satisfactorily with a minimum number of men: 


1 superintendent 

1 assistant superintendent 
1 boiler foreman 

1 maintenance foreman 

1 chemist 

1 instrument man 

1 station clerk 

4 switchboard operators 

3 turbine operators 

6 condenser and pump operators 
3 firemen 

3 mill operators 

3 water tenders 
13 maintenance men 

5 coal handlers 

2 janitors 

6 laborers 


55 total 
OperRATING RESULTS 


Table 1 shows operating results from February 23 to September 
1. The coal consumed includes all fuel purchased for the drying 
out and used for all preliminary operation of the plant. 
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Table 2 shows average readings throughout the plant under 
date of August 19, 1930. 


OPERATING EXPERIENCES 


General. With a plant radically new in design and with many 
untried features it is evident that some difficulties would be 
encountered and would have to be rectified. 

It is impossible at this time, due to the short period of opera- 
tion, to report all operating problems as completely solved. 
Any operating difficulties stated below should not be considered 
as a reflection on the effort or service of the manufacturers 
connected with this station. Where difficulties have been 
encountered, the manufacturers have cooperated to the fullest 


Fie. 5 Controu 


extent, and if a complete remedy of any trouble cannot be given 
it is due to lack of time. 

While the plant has not attained the normal expected output, 
sufficient information is available regarding operating costs 
and fixed charges to indicate the economical justification of 
the design and construction of the plant. 

Piping. All piping joints are of the gasketed type—metal 
gaskets for high pressure and composition gaskets for low pres- 
sure. Flanges for the high-pressure joints were made 35 to 
50 per cent stronger than the 1350-lb. standard, and special 
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threaded studs were used. All other flanges and boltings are of 
standard construction. 

During the early period of operation composition gaskets 
used on the high-pressure lines in sizes of 2 in. and under gave 
trouble and were replaced by metal gaskets, which have been 
entirely satisfactory. 

It was found that when the flanges on the high-pressure super- 
heated lines were covered leaks developed during the change 
of temperature periods when a line was being brought up to 
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pressure or the pressure’ was being lowered. The removal of 
the flange covering overcame this trouble. 

Turbines. Minor trouble was experienced in the beginning 
on the high-pressure turbine due to condensed steam from the 
glands getting into the oil system. There has been considerable 
trouble due to sticking of the valve stems in their bushings 
and in the cam mechanism of the valve control, and alterations 
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have to be made to obtain even changes of load. Leakage in the 
horizontal joints of the high-pressure turbine was stopped by 
tightening the holding-down bolts. On the low-pressure unit 
trouble developed with the vacuum tripper, which was due to 
faulty adjustment. No difficulties have been experienced with 
the intercepting valve, but changes are being made to give a 
more rigid construction. 

Condensers. Leakage between the rubber expansion joint 
and the water box, causing the loss of the circulating system, 
has been overcome by a change made in the bolting arrange- 
ment. Some trouble was experienced with the reciprocating air 
pump during starting due to pulling water from the water seal 
between the first stage jet and the condenser into the cylinder, 
which caused cracking of the head. This has been corrected 
by the installation of a bypass around the first stage jets, which 
is used during starting up. 

Boiler Feed. The secondary feed pumps were originally 
provided with Ryan seals. These were replaced by a combi- 
nation labyrinth and stuffing box, which has proved very satis- 
factory. Some trouble was encountered with the oiling system, 
but was overcome by rearrangement of piping. A Mercon 
regulator is being installed between the primary and secondary 
feed pumps to insure bottling up of high-temperature water 
in the secondary pump during light load operation. This ar- 
rangement is shown in Fig. 6. 

Fourth Stage Drip Pump. The plant has not operated regu- 
larly with No. 4 high-pressure heater in service. Ryan glands 
were originally installed on the drip pump, but these had 
to be replaced with labyrinth-type glands. 

Superheater. The superheat obtained at the start was low, 
but this has been adjusted by the installation of a kicker baffle. 

Gas Reheater. Reheat temperature was entirely too high 
during the first period of operation and required the use of a 
desuperheater. To remedy this trouble reheat surface has been 
removed from both boiler units. 

Steam Reheater. Trouble has occurred in the steam reheater 
due to faulty welding of the high-pressure elements. This 
reheater has not been used regularly as the gas reheater has 
given more than enough temperature, and the use of the steam 
reheater has not been required. 

Economizers. The first trouble on the economizers was due 
to leaky handhole caps, this having been remedied by using 
softer steel gaskets. Later considerable trouble developed in 
leaks between the tubes and the headers. Plans are in progress 
to correct the difficulty, but at this writing the final cure cannot be 
given. However, it is felt that this problem will be satisfactorily 
overcome. 

Induced Draft Fan. At the starting period, difficulties were 
experienced, caused by erosion of the fan-inlet vanes, due to the 
high velocity when the vanes were almost entirely closed at 
light ratings. This trouble has been overcome by the installa- 
tion of leak-in dampers which are used at light loads during 
starting. 

Burners. With the original installation of the burners the 
flame went below the slag screen and changes were made to 
remedy this. Trouble has been experienced with the burning of 
the cone, and alterations are being made to overcome this diffi- 
culty. It has been impossible to operate continuously burning 
the mill vents in the boiler, due to the fact that the vent fan does 
not have sufficient excess pressure to operate satisfactorily with 
the high secondary air pressure required by the first design of 
the burners. It is expected that the changes in the burners 
will make the present vent fan satisfactory. If not, a vent fan 
of greater pressure must be installed. 

Slag Trouble. In the beginning slag trouble was experienced 
due to faulty burner operation and the impossibility of removing 
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excess slag during operation where the slag screens cross. 
Changes in burner design and the installation of additional doors 
in the ashpit have overcome this trouble. 

Emergency Boiler-Feed Pump. A turbine-driven emergency 
boiler-feed pump was installed; all other auxiliaries being motor- 
driven. This pump has functioned when trouble had developed 
with the main turbine, and its use has been felt to be justified. 
This emergency pump gave some trouble due to a piece of con- 
crete being left in the suction, which threw it out of balance 
and caused the freezing of the runner and wearing ring. 

Feedwater. The quality of the feedwater at the Holland 
Station was expected to be a very uncertain factor due to the 
fact that it is made up of water from the Delaware River, which 
is comparatively clean, and water from the Lehigh River, which 
flows into the Delaware at Easton. The pollution of the water is 
increased by water dumped from factories and sewerage systems 
between Easton and the plant. During the first months of 
operation the water did not cause any difficulties, but during 
the extreme dry season the amount of solids in the water increased 
very rapidly. The evaporator had to work at its full capacity, 
due to excessive leakage of the economizer, which also aggravated 
the feedwater difficulties and raised the concentration in the 
evaporator and boilers, causing solids to be carried over with 
the steam into the turbine, where they deposited and reduced 
the efficiency and capacity of the unit. It was decided to wash 
out the turbine with saturated steam, and this method has been 
considered satisfactory, although at this writing only the first 
washing ‘as been accomplished and the final work has not been 
completed. Greater care is now being taken to keep down 
the concentration in the evaporator, and with this precaution 
it is expected that no further difficulties with the turbine be- 
ing filled with scale will be experienced. 


Discussion 


To evaluate adequately the various 
factors contributing to the success or failure of the operation 
of the boiler-feedwater system at this station, it will be necessary 
to review briefly the type of the existing system. The raw- 
water supply is obtained directly from the Delaware River a 
few miles below where the Lehigh River enters the Delaware. 
The Lehigh River is contaminated by mine drainage, and also 
receives considerable trade-waste pollution from the industries. 
Prior to the design of the feedwater system, a comprehensive 
study was made of the Delaware River as a source of supply 
in comparison with other available water sources. As a result 
of this investigation it was indicated that the Delaware River 
would be relatively satisfactory for the initial operation of the 
station provided sufficient pretreatment of the water was pro- 
vided to insure a fairly good feed to the evaporator. The treat- 
ment recommended and installed consists of coagulation and 
subsidence, followed by filtration and final softening by the 
zeolite system. As a result of this treatment all water fed to 
the evaporator is filtered and softened. The pretreatment 
has undoubtedly prevented scale formation in the boilers, 
especially in the water walls, since without softening ahead of 
the evaporator the high carry-over from the evaporator would 
have resulted in some scale formation. 

A critical study has been made of the boiler-feedwater con- 
ditions, in order to allocate the causes responsible for the carry- 
over from the boilers which resulted in turbine deposits. The 
investigation has not been completed at this time, but a study 
of the operating data indicates that the difficulty has been due 
in part to poor evaporator performance, resulting in heavy con- 
tamination of the evaporator condensate. The evaporator 
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was guaranteed to deliver a condensate containing a maximum 
total solid content of 13 parts per million (0.75 grain per gallon), 
when the evaporator was operated at a net maximum of 15,000 Ib. 
of distillate per hour. Actually the total solids determined 
have been as high as 78 parts per million (4.5 grains per gallon). 
It is quite probable that even a greater amount of solids was 
entrained at critical periods of operation, but was not recorded, 
since no recording devices to determine the purity of the con- 
densate have yet been installed. In order to determine the 
relative extent of the contamination of the evaporator distillate, 
the actual concentration of salines in the evaporator shell as 
measured by analysis was compared with the theoretical saline 
concentration which should have occurred under normal opera- 
tion of the equipment and under a given set of conditions. 
This study, based upon the actual operating conditions, indi- 
cated that about 10 lb. of solids per day, or more, were introduced 
into the boilers from the make-up evaporator. As a result of 
these conditions the concentrated boiler salines determined 
were as high as 2000 parts per million (117 grains per gallon). 
It has been clearly demonstrated that concentration of solids 
approaching these quantities cannot be carried without serious 
contamination of the steam leaving the boilers. 

A number of factors have been responsible for the unsatis- 
factory evaporator performance, although the importance of 
each factor has not been allocated. The following conditions 
have probably contributed to failure to produce a good evaporator 
distillate at all times: 


(1) Probably high water in the evaporator shell 

(2) Rapid fluctuation in evaporator output, due to the 
necessity of hand regulation of the drips, which in turn 
was due to failure of the existing traps on the drip line 
Relatively high concentrations of the salines in the 
evaporator shell 

Possible clogging of the vanes in the vapor purifiers, 
and clogging of the drip line from the vapor-purifier 
section 

(5) No baffle plate ahead of the vapor-purifier section. 


(3) 
(4) 


Based upon the foregoing analysis of these operating problems 
a number of changes in the evaporator construction and operation 
are indicated. A summary of these proposed improvements 
is listed as follows: 


(1) The installation of a baffle plate to prevent surging 
of water into the vapor-purifier elements, and the 
relocation of the drip from the vapor purifiers so 
as to discharge the water removed by the vanes outside 
of the shell 

Continuous blowing down of the concentrated salines 
in the evaporator shell, limiting the maximum total 
solids of the salines to 1200 parts per million, or lower 
if found necessary to produce a satisfactory distillate 
Operation of the evaporator at ratings sufficiently 
high so that it is not necessary to flood the coils; effec- 
tive automatic operation of the drip trap will be pro- 
vided as a means of accomplishing this end, since past 
operation of the trap has not been satisfactory 

The installation of recording conductivity apparatus 
to determine the purity of the distillate and the concen- 
tration of salines in the evaporator shell; this will 
insure a continuous record to indicate desired changes 
in the control of the evaporator, thus providing a dis- 
tillate of high purity. 


A condition of zero carry-over is not likely to be met in practice, 
so the following study of boiler concentrations has been based 
upon the assumption that the carry-over from the evaporator 
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(4) 


| 
= 
| 
“ 
4 
4 
4 
ied 
4 
| 
q 


280 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


can be limited to 13 p.p.m. of total solids in the distillate (the 
evaporator guarantee). The further assumption has been made 
that these various solids are present in the evaporator distillate 
in the same proportion as exists between these various solids 
in the evaporator salines. 

When the boilers are operating at full load (500,000 Ib. of 
steam per hour), with 1.5 per cent evaporated make-up and no 
condenser leakage, there will be introduced into the boilers 
2.34 lb. of solids per day as carry-over from the evaporator 
under these conditions. Since these solids are alkaline in 
character, their content of sodium sulphate is added to give the 
desired ratio, and the total introduction of solids per day, counting 
both the carry-over and the added sodium sulphate, would be 
3.25 lb. Assuming a saline content of 60,000 lb. per boiler 
with no carry-over therefrom, the total solids in the boiler salines 
would be increased about 27 p.p.m. per day by the evaporator 
carry-over plus the added sodium sulphate. It can thus be seen 
that if the boilers be blown enough to decrease the concentration 
100 p.p.m., about four days would elapse before they would 
have to be so blown again. This schedule of blowdown is in 
marked contrast to existing conditions where it is often necessary 
to blow the boilers every six hours. It can be seen that, even 
with the limit of 13 p.p.m. total solids in the evaporator dis- 
tillate, satisfactory blowdown conditions of the boilers could 
be maintained, and that with purer distillate the boiler concen- 
tration would be even less of an operating detail. It should be 
remarked here that an evaporator distillate containing 13 p.p.m. 
total solids is unsatisfactory, and cond#tions should be established 
whereby a much purer distillate can be obtained. 


G. C. Derry.‘ Erosion is a rather difficult problem to deal 
with and has become increasingly so the last few years. During 
this time the designers of power stations have been very ma- 
terially increasing the capacities of their plants, and with the 
insertion of reheaters, economizers, air heaters, and cinder 
catchers, the draft loss has mounted steadily, so that it is now 
quite common to receive requests for draft loss varying from 
12 in. up to 20 in. This draft loss necessitates a much higher 
speed of the fan than heretofore, accompanied by a more rapid 
velocity of the cinder-laden gases across the face of the fan blades. 
We have kept pace with the designers so far as strength of the 
material is concerned, although the stresses are becoming very 
high. 

These high stresses require the use of heat-treated alloy steels. 
It was thought at one time that through the use of these steels 
the problem of erosion might be solved. However, we have in 
the course of the last 10 years experimented with practically 
all of the alloy steels and have been greatly disappointed to 
have been forced to the conclusion that none of the alloys at 
present on the market has any virtue whatever in resisting the 
erosion encountered in induced-draft service. 

We have been agreeably surprised at a change in the character 
of the erosion accomplished by our vane-control, spiral-inlet, 
induced-draft fans. This design was worked out to secure an 
even distribution of the gases to the inlet of the fan, and we found 
when the fans were put in service that there was also an even 
distribution of the dust. The result is that such erosion as 
occurs on the wheel is distributed across the whole face of the 
blade and at the outer periphery, so that the resulting erosion 
of metal does not seriously impair the strength of the wheel. 

In some cases the wear has been almost exactly uniform 
across the width of the blade, and in no case has there been the 
sharp file-like cutting that we used to run into with the old 
square inlet box. It is possible to operate these fans at high 
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tip speeds with the delivery edge, or portions of the delivery 
edge, worn feather thin. Where the fans are operated at high 
speeds and low capacities with the adjustable inlet vanes very 
nearly closed, wear results on these inlet vanes. This wear can 
be minimized by the use of Stellite or by a leak-in damper, 
in some such manner as the author suggests. 

Wear on these stationary inlet vanes is a much less serious 
matter than wear on the wheel. They are much less expensive 
to replace, and the danger of wheel failure during operation 
is avoided. To sum up the matter of the new type of fan briefly, 
it may be said that the wear has been transferred from the wheel 
to the inlet vanes, which we consider is a very desirable transfer. 

We have noticed in many plants a tendency to weld material 
to the wheel blades at the first sign of erosion. This practice 
cannot be recommended. The duty required from this modern 
induced-draft fan requires the use of alloy steels, and alloy steels 
cannot be subjected to the acetylene torch or the electric arc 
without seriously impairing their structure. The best procedure 
is to operate the fan with the maximum allowable wear on the 
blade, and then to reblade. The plant operator is too apt to 
consider that the slightest bit of erosion requires immediate 
attention. Such is not the case. Where erosion is occurring 
only at the outer periphery of the wheel, the impairment of the 
strength of the wheel is very slight, even for a large degree of 
erosion. The inner portion being of the original thickness and 
strength, together with the reasonable allowance for safety made 
in the design of modern fans, eliminates entirely any necessity 
for rapid and quick repairs. 

We have also found in the old type of rectangular inlet box 
that the way in which the gases come into these boxes made a 
great deal of difference in performance and fan guarantees. 
We have proved through tests that with these rectangular 
inlet boxes the performance can be changed as much as 50 per 
cent, depending on whether the gas comes in on one side or the 
other of the fan inlet box. ‘his is one of the reasons that caused 
us to design our spiral-inlet boxes, and we have found that it 
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makes no difference which way the designer leads his air into this 
particular type of fan, for he can be assured of his expected per- 
formance from the beginning of the inlet box to the outlet 
flange of the fan. 

{Nore: Further discussion of this paper, together with the 


paper of K. M. Irwin, by H. J. Kerr and W. 8S. Johnston will be 
found following the Irwin paper. ] 


AvuTHOR’s CLOSURE 


It may be of interest to hear what troubles have been en- 
countered in the first six or seven months of operation of this new 
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1250-lb. pressure steam plant. Some months of continuous 
operation have passed since the data originally submitted in the 
paper were printed, and some changes have taken place and some 
additional experience has been gained. A view of the plant is 
shown in Fig. 7. 

Piping. All piping joints are of the gasket type, special 
metal gaskets being used on the high-pressure and composition 
on the low-pressure joints. All flanges for the high-pressure 
joints are made with from 35 to 50 per cent added thickness 
above the 1350-lb. standard, this being done to prevent distortion 
of the flanges. Threads on the studs are considerably finer than 
those used under the standard. The high-pressure joints have 
all been satisfactory, with the exception of two which have given 
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first. These bushings were replaced with nitralloy, and present 
operation shows this to be a decided improvement, but it is too 
early to state whether this is a complete cure. Very poor 
regulation was obtained at first with loads from 28,000 to 34,000 
kw. This trouble was thought to be due to the springing of 
the camshaft under load, all operating arms being keyed to a 
steel shaft. This arrangement was changed so as to apply the 
load directly to new steel cam arms, merely using the shaft as 
a bearing and thus eliminating any strain on it. This appears 
to be satisfactory to date. 

Considerable trouble has been experienced with oil leakage 
from No. 1 bearing of the high-pressure turbine. The loss from 
this bearing has been as much as 100 gal. per day in its worst 
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trouble several times. It was decided that these two leaks were 
due to lack of flexibility in the piping, and added flexibility is 
being arranged for at these points. 

On high-pressure piping less than 2 in. in diameter, where 
the joints are subjected alternately to high and low temperatures, 
leakage has been encountered even with the metal gaskets. 
Experience in the plant with small forged fittings, which are 
screwed on to the pipe and then welded, has been highly satis- 
factory, and where necessary on this smaller piping this method 
will be used. 

On low-pressure joints composition gaskets are being used 
and standard flanges and bolting. Fig. 8 is a diagram of the 
heat cycle. 

Turbine. Sticking of the valve stems in their cast-iron 
bushings on the high-pressure turbine occurred frequently at 


condition. A new bearing has just been installed, but results 
are not yet known. 

A great deal of care must be exercised in starting the machine 
to prevent the bursting of the lead diaphragm on the turbine 
used in connection with the vacuum tripper. If too much 
non-condensible gas or air remains in the shell at the time of 
opening of the throttle, the pressure in the turbine may increase 
enough to burst the diaphragm. The removal of this air before 
starting is difficult to accomplish as the turbine gland seals are 
practically inoperative until the turbine is moving. 

Trouble was experienced during the lightning season by the 
low-pressure turbine tripping off with a sudden large change 
of load. This was caused by the governor controlling the inter- 
cepting valve not acting quickly enough to prevent the steam 
contained in the piping, reheaters, etc., from entering the low- 
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pressure turbine and causing overspeeding. This governor was 
set to act more quickly. 

It was noted that the capacity of the turbine, when operating 
under full steam flow, gradually dropped from 56,000 kw., 
which had been the high point of operation, to 46,000 kw. 
Investigation, by the comparison of pressures under the turbine 
shell, etc., led to the belief that the turbine blading was choking 
with foreign material. The turbine was not opened, so that the 
exact point of clogging was not determined. Washing of the 
turbine with saturated steam was resorted to in an endeavor 
to see whether this scale formation could be dissolved and re- 
moved this way. The result was satisfactory, and the capacity 
of the machine was gradually brought back. This scaling of 
the turbine has been traced to the evaporator, and changes in 
this piece of apparatus are being made. 

Boiler Feed. As stated originally, there was considerable 
trouble encountered with Ryan seals, which were later replaced 
by labyrinth gland and stuffing box. This has greatly improved 
this condition. 

Some time after starting, leakage in the boiler-feed pump 
casings developed, requiring that they be welded. After the 
welding, leaking occurred between diaphragms, this apparently 
being caused by a warped casing. These have since been re- 
bored, and it is hoped that this condition has been corrected, 
as no similar trouble was experienced in the pumps where no 
distortion has taken place nor in these pumps before welding. 

It was noted in the paper that a Mercon regulator was being 
installed between primary and secondary pumps. This has not 
been a satisfactory piece of equipment, so no data as to its 
operation can be given, but it has been determined by hand 
operation of a valve between the two pumps that maintenance 
of constant differential will accomplish the results desired. 

Induced-Draft Fans. In the paper there was mentioned the 
wear on the inlet vanes. Stellite is being used in repairing these 
vanes, and it seems to materially increase their life. 

The fan casing has been lined with removable steel plates 
which can be easily taken out and replaced as they wear through. 

The floats on the fan, which wear at the outer tips, are having 
new metal welded into place as this occurs. The operators have 
been cautioned that the present floats, which are made of heat- 
treated steel, can be welded only to a very limited extent on the 
outer tips. It seems that a fan built from materials which 
prevent rapid and simple repairs is not what is desired in the 
average power plant, and we are asking the manufacturer to 
look into the question of building these wheels so as to simplify 
maintenance. Their great problem apparently is to effect a 
satisfactory compromise between the class of metal required 
to stand the strain of the high tip velocity and that which most 
satisfactorily resists erosion. 

Burners. All experiments to reduce secondary air pressure to 
allow use of present vent fans have been without success, and 
new vent fans of higher pressure are now being installed. Some 
maintenance still remains on the burner cones, and there is 
some slag trouble in the ashpit and on the boiler tubes when the 
boilers are operating continuously at the higher ratings. 

Evaporators. During the first months of operation a great 
amount of leakage occurred in the economizers, the result being 
that the make-up for the system increased very materially 
and the evaporator was working at unusual capacities. It was 
also found that the method of operating the evaporator was 
uregular, which still further increased its overload at times. 
Under normal conditions, however, the evaporator was not 
meeting its guarantees, too great a quantity of solids being 
carried over into the distilled water. Various changes were 
decided upon covering operating procedure, alterations of steam 
baffle, limit to steam supply lines, etc., and these were explained 


in the discussion by Mr. Sheppard Powell. As these changes 
are not all completed it is too early to state definitely whether 
the solids carried over will be reduced to the required point, 
but operation has already been materially improved. 

Feedwater Treatment. The feedwater treatment which is 
being used was discussed by Mr. Powell, who is responsible 
for the layout. j 

As to heaters, reheaters, economizers, etc., nothing need be 
added to the text originally prepared. Such troubles as existed 
have been overcome except for leaking in the rolled joint of 
the economizer, and that is in the hands of the manufacturers. 

No trouble with the boilers, water walls, or brickwork has 
been encountered; not a brick has been replaced in the furnaces 
and no boiler or water-wall leaks have occurred. 

Conclusions. It may be safely stated that the operators 
feel that very little trouble can be ascribed to pressures and 
temperature used. Most of the troubles are similar to those 
occurring in any new plant, especially where newly developed 
machines or apparatus arrangements are being tried out, and a 
cure is apparent in each case. 

The quality and quantity of labor required for plant operation 
has not been increased due to the use of higher pressures. The 
chart shown in Fig. 9 is a sort of yardstick used to compare plant 
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Fig. 9 CLASSIFICATION OF EMPLOYEES AT STEAM Power STATIONS 


(A, Benson Springs, Fla.; B, Avon Park, Fla.; C, Binghamton, N. Y.; 
D, Gilbert Station at Holland, N. J.; Z, Middletown, Pa.; F, Reading, Pa.; 
Parr, S. C., standby for hydro.) 


labor costs, and while not considered as-an accurate measure, it 
still gives some degree of comparison. 

Operating statistics for the plant to date are shown in Table 3. 
These coal and heat quantities are based on shipper’s weights 
and include all coal used for heating, testing, numerous shut- 
downs and restarting, and also without any benefit from No. 4 
heater. “The B.t.u. per kw-hr. will be reduced somewhat when 
all unusual troubles are removed and steady operation is possible. 

It is interesting to note that this plant was built within the 
estimate, and cost about 7 per cent more than the 350-lb. Middle- 
town plant. 

Fig. 10 gives the relative costs between various stations which 
have lately been built by the Barstow Company, these costs 
being placed so as to compare the different stations under each 
construction heading. It will be noted that in several of the 
divisions the 1200-lb. plant was not by any means the most 
expensive. 

Before installing the bin system at the Gilbert Station a 
careful analysis of costs for both bin and unit systems was 
made. The figures for these comparisons were furnished by the 
manufacturers, and the result was that there was practically no 
difference in investment cost of the two systems. This analysis 


4 
t 


May 


Nov. 


Estimated. 


included the cost of and space required for the pulverized-coal 
bunkers. Of course it may make some difference on what basis 
these comparisons are made, and ample mill capacity is one 


ased on mine weights. 


FUELS AND STEAM POWER FSP-53-20a 
TABLE 3 OPERATING FIGURES FOR GILBERT STATION 
Ratio of 
Plant Station station Net 
Net Maximum service load use to coal B.t.u 
output hours hours factor new output rate coal 
122,610 7,000 56 2.20 ‘a 1.1274 13,800 
9,990 5,000 13 0.45 oti 1.127¢ 13,800 
127,700 11,000 25 2.01 ae 1.127¢ 13,800 
1,650,680 27,000 93 19.84 11.05 1.127¢ 13,800 
2,660,070 28,000 126 31.60 9.77 1.127¢ 13,800 
1,342,520 23,000 70'/2 16.34 12.48 0.949 13,800 
2,119,460 23,000 113 25.44 10.92 0.933 13,800 
2,540,400 35,000 119'/2 30.11 9.51 0.928 14,024 
3,520,800 51,000 137'/2 41.33 8.47 0.901 14,024 
4,763,890 56,000 138 55.14 6.95 0.890 14,024 
3,396,630 30,000 145'/2 40.15 9.23 0.880 14,024 
2,862,27 26,000 125 33.74 8.93 0.987 14,024 
3,040,750 30,000 148 35.80 8.79 0.928 14,024 
3,581,940 30,000 168 2.49 9.61 0.952 14,024 
3,823,540 33,000 168 45.31 9.51 0.959 14,024 
3,952,000 34,000 168 47.19 10.32 0.960 14,024 
3,591,210 32,000 155 42.71 9.88 0.919 14,024 
32,480 (Out of service for repair on turbines, condenser, reheaters, and economizers.) 

,872,530 33,000 143 45.70 9.05 0.907 14,024 
,519,360 42,000 149 53.01 8.41 0.983 14,024 
,878,270 53,000 144 68.39 7.50 0.846 14,024 
904,260 54,000 126 68.58 8.17 0.902 14,024 
853,870 56,000 149 63.35 7.15 0.913 14,024 
,467,490 54,000 168 86.90 7.53 0.918 14,139 
,783,220 54,000 168 79.46 8.24 0.878 14,139 
,068,620 37,000 144 37.11 11.74 0.961 14,139 
725,690 54,000 168 67.25 8.53 0.949 14,139 
,942,900 52,000 168 7.80 8.42 0.893 14,139 
,557,280 52,000 138 65.10 8.28 0.964 14,139 
,323,190 54,000 144 62.67 8.79 0.889 14,139 
,610,900 55,000 135'/2 76.54 6.97 0.892 14,139 
,432,290 54,000 140 74.81 7.46 0.900 14,139 
642,570 54,000 139'/2 77.27 7.49 0.924 13,883 
,162,170 56,000 144!/2 23 7.37 0.889 13,883 
,199,870 56,000 156 83.58 7.27 0.870 13,879 
,616,470 55,000 146'/2 76.76 7.20 0.916 13,879 
,155,320 54,000 60. 56 8.55 0.892 13,879 


point that should be insisted upon in making comparisons 
The reason for this may be illustrated as follows: 
At the Middletown plant pulverizing mills were installed 
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Week Gross Thermal 
ending generated efficiency 
Mar. 1 203,000 21.94 
8 42,000 21.94 
15 186,000 21.94 
22 1,833,000 21.94 
29 2,920,000 21.94 
Apr. 5 1,510,000 26.06 
12 2,351,000 26.51 
19 2,782,000 26.23 
26 3,819,000 27.00 
Hm 3 5,095,000 27.35 
10 3,710,000 27.64 
17 3,118,000 24.65 
24 3,308,000 26.22 
31 3,926,000 25.57 
June 7 4,187,000 25.36 
14 4,360,000 25.34 
3,946,000 26.46 
3} 277,000 
12 4,223,000 26.83 { 
19 4,899,000 24.75 
26 6,319,000 28.75 
Aug. 2 6,337,000 26.97 
9 7,344,000 26.66 
16 8,030,000 26.29 
23 7,342,000 27.47 
30 3,429,000 25.10 
Sept. 6 6,214,000 25.42 
13 5,359,000 27.03 
20 6,017,000 25.03 
27 5,791,000 27.14 ' 
Oct. 4 7,072,000 27.06 
11 6,912,000 26.80 
18 7,140,000 26.60 j 
25 7,690,000 27. 64 
7,723,000 28.27 
8 7,093,000 26.85 
15 5,596,000 27.56 
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which gave sufficient capacity, milling 16 hours a day, to run 
the station at its maximum load. During a strike which oc- 
curred about two years ago it was necessary for several months 
to obtain coal other than that ordinarily used, the result being 
that owing to the reduction in friability of this fuel the capacity 
of the mills was reduced by about 40 per cent, and it was necessary 
to operate these mills 24 hours a day, including Sundays, to 
keep the plant running at all. If this had been a unit system, 


with the same capacity in mills, nearly half the capacity of the 
plant would have been out of service. 

Therefore when a unit system is installed it is felt that the mills 
used should be of greater capacity than would be necessary with 
a bin system in order to care for emergencies which may occur 
at any time due to strikes or failures, from any cause, of the 
mines or railways supplying the fuel. 
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There is a preference for the flexibility obtained by a limited 
bin system built in such a way that the benefit of mill drying 
and burning of vent dust is accomplished as it is in the Gilbert 
Station. There is also the ability to shut down the mills on the 
peak hours or in cases of emergency. 

As to the matter of turbine scaling, this is in no way peculiar 
to high-pressure stations, but occurs in low-pressure plants as 
well. 

As to the availability of the feed pumps there are as yet no 
definite figures on this. Generally speaking, the author may say 
that it never has been necessary to shut down the plant or to 
reduce the capacity because of trouble with the pumps. Of 
course there is a spare pump which always can be cut in. Avail- 
ability factors may be obtained after all changes are made and 
the pumps are definitely on a permanent operating basis. 
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Operating Experiences, Deepwater Station 


By K. M. IRWIN,' PHILADELPHIA, PA. 


The physical characteristics of the Deepwater Plant 
are described, emphasizing only those details which are 
relatively new or those which have had a distinct bearing 
upon operating experiences. The paper gives a history of 
the operations from the time the plant was first started 
in March, 1930, up until the present, summarizing the 
difficulties that have been encountered and attempting to 
segregate them between those that are directly charge- 
able to the pressure or temperature and those which have 
been encountered due to other features of design. Due 
to the fact that a large portion of the plant has been in 
what might be termed commercial operating service only 
since June 1, or for three months at the time this paper 
was prepared, very little authentic data on operating 
efficiencies can be given. 


PART I GENERAL 


HE Deepwater Plant was built by 

} the American Gas and Electric Com- 

pany and The United Gas Improve- 
ment Company for their respective sub- 
sidiaries, and is centrally located for these 
properties on the Delaware River in the 
southern part of New Jersey. The initial 
installation consists of two General Electric 
Company compound turbines, which have 
a nominal manufacturer’s rating of 53,000 
kw., but have been operated satisfactorily 
up to 58,000 kw., and one high-pressure turbine, which is an 
exact duplicate of the high-pressure elements of the before- 
mentioned compound machines, but which is used for the benefit 
of the du Pont company, whose plant is adjacent to the Deep- 
water Station. 

The boiler room has six boilers, which are so arranged that 
two are to supply each high-pressure machine. Out of each 
pair of boilers supplying the compound turbines, one is equipped 
with a reheater and a small-size economizer, while the other 
has no reheater, but a large-surface steaming-type economizer. 
The two boilers opposite the du Pont turbine, however, are 
equipped only with economizers. All six boilers have air heaters, 
those on the reheater boilers having 14 per cent larger surface 
than those on the boilers with steaming economizers. 

The fuel is fired in pulverized form, the direct-fired system 
being installed on three boilers and a bin system on the other 
three. 

The boilers are designed for 1350 lb. operating pressure and the 


1 Mechanical Engineer of The United Gas Improvement Com- 
pany, Philadelphia, Pa. Mem. A.S.M.E. Mr. Irwin was graduated 
from Yale Sheffield Scientific School in 1915. The same year he 
entered the employ of B. F. Sturtevant Co., Hyde Park, Mass. ; 
later was with Stone & Webster, Boston, Mass. He served in the 
Navy during the war. He has been with The United Gas Improve- 
ment Company since 1919. Mr. Irwin is Chairman of the Phila- 
delphia Local Section, A.S.M.E., and a member of the Prime Movers 
Committee, N.E.L.A. 

Contributed by the Power Division and presented at the Annual 
Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Tue AMERICAN 
Society or MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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turbines for 1200 lb. The initial temperature admitted to the 
high-pressure cylinder is 725 deg. fahr., and at the exhaust 
to the high-pressure cylinder this steam is reheated in the flue- 
gas reheaters to 750 deg. 


ARRANGEMENT OF DU Pont APPARATUS 


It is necessary to describe briefly the arrangement of the equip- 
ment which was installed for the benefit of the du Pont company 
before going into a description of the plant heat cycle, as the 
design is contingent upon the working in of the separate cycle 
which was necessary in order to supply the industrial demand. 

The du Pont turbine is a duplicate of the high-pressure ele- 
ments of the compound machines, and if in the futureit is found 
desirable by either party to discontinue the arrangement with 
du Pont, a low-pressure element may be added, so that this 
portion of the plant becomes a duplicate of the other two por- 
tions devoted to the power companies. 

The turbine exhausts into evaporators in order to condense 
the plant steam and permit this to be saved and pumped back 
into the boiler plant. Raw water at 180 deg. is delivered to 
the evaporators by the du Pont company, and is converted 
into steam at 180 Ib. gage pressure and superheated 40 deg. 
in the steam superheaters. The condensed plant steam or 
evaporator drips are picked up in individual hot wells on each 
evaporator and pumped forward by drip pumps into the suction 
of the boiler-feed pumps, which are also duplicates in size and 
characteristics of the boiler-feed pumps on the power companies’ 
units. All boiler-feed pumps discharge into a common header. 
A considerable problem has presented itself in the operation of 
the evaporator drip pumps, as the pressure at full load is approxi- 
mately 400 lb. and the temperature of the drips at saturated 
temperature of this pressure. A great deal of the pump trouble 
in the plant has been caused by the difficulty of maintaining a 
level in the hot wells of the evaporators sufficiently high to give 
the pumps their proper submergence and sufficiently low to be 
able to properly vent the entrained oxygen from these hot wells. 
Flashing difficulties in the drip pumps are quickly transmitted 
to the boiler-feed pumps and have caused considerable trouble 
in maintaining the boiler-feed pump seals. It has only been 
with considerable experience and skill that the operators have 
been able to maintain an equilibrium in this portion of the cycle 
and at the same time keep the discharge of the boiler-feed pumps 
at the same pressure as the discharge pressure of the feed pumps 
for the other units. If the feed pumps on the du Pont cycle 
deliver a higher pressure in the boiler-feed mains than the pumps 
on the compound-turbine systems, this would cause the boilers 
to draw the majority of the water from the du Pont boiler-feed 
pumps, draining this system of water and backing up the water 
in the other two systems, while, on the other hand, if the dis- 
charge head in the du Pont boiler-feed pumps is too low, the 
boiler-feed pumps of the other two systems which supply all 
of the feedwater shut off the flow from the du Pont boiler feeders, 
and in that way back up into the hot wells of the evaporators. 
As all of the pumps of the du Pont cycle are constant speed, 
it is necessary therefore to adjust the final discharge pressure 
either by varying the number of drip pumps used or by throttling 
on their discharge. As later described, the pumps on the power 
companies’ units, however, have variable-speed primary boiler- 
feed pumps, so that it is possible to control the discharge head 
on these pumps. 
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At the present time, the regulating is done by using water- 
level regulating valves on the evaporator hot wells, which allow 
a small portion of the water from the discharge of the boiler- 
feed pump to be bypassed back into the evaporator hot well. 
The designers now are considering installing considerably larger 
hot wells on the drips from the evaporators, in order to supply 
greater storage at a given head elevation over the drip pumps. 


Heat Power Companies’ UNItTs 


The low-pressure cylinders are bled at three points, and a 
fourth bleed point is provided at the exhaust of the high-pressure 
unit. The condensate pumps discharge through the first stage 
of bleeder heating into a deaerator. This deaerator also re- 
ceives the various plant drips and the make-up water from the 
plant evaporators. Connections are provided to the deaerator 
from the second and third bleed points, which are controlled by 
thermostat-operated valves in order to maintain 214 deg. fahr. 
to insure complete deaeration. Immediately below the deaera- 
tor, a largé storage tank is provided, and from this tank the 
primary boiler-feed pumps or tank pumps take their suction 
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BoILeER AND FURNACES 


The boilers are all of the Babcock & Wilcox Company cross- 
drum type, nine tubes high, without baffles, the gas passing 
straight up through the boiler directly into the economizers 
on four of the boilers and into the reheaters on the other two 
boilers. The boilers which are equipped with reheaters also 
have a small economizer below the reheater in order to reduce 
the temperature of the gases before entering the air heaters. 

All four sides of the furnaces are equipped with water walls, 
consisting of bare tubes on 6 in. centers backed up with re- 
fractory walls. The bottoms of the furnaces are flat, and are 
designed for slag tapping. Originally, two of the furnace bot- 
toms were lined with dolomite, two with mica schist, and two 
with cans filled with coke. 


PULVERIZED-FUEL SysTEM 


The owners felt at the time the plant was designed that the 
advisability of utilizing either the bin or the direct-fired system 
had not been definitely determined, and it was therefore thought 
advisable to equip half of the plant with a bin system and the 
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(At left, elevation through bin system; at right, elevation through direct-fired system.) 


and discharge through the second, third, and fourth bleeder 
heaters into the suction of the boiler-feed pumps. These tank 
pumps are variable speed, and all of the boiler-feed pumps are 
constant speed, so that the pressure in the boiler-feed main is 
maintained by varying the speed of the tank pumps, and in that 
way varying the suction head of the boiler-feed pumps. 

The first-stage bleeder heater is provided with a drip pump 
which discharges into the deaerator. The fourth-stage bleeder 
heater, which takes its steam from the exhaust of the high- 
pressure turbine, is also equipped with a drip pump which dis- 
charges into the line leaving the fourth-stage heater. The drips 
from the second- and third-stage bleeder heaters are cascaded 
back into the deaerator. 

The only modification which has been made to this system 
since the plant has been put into operation has been to supply 
additional cold-water storage by installing a storage tank on 
the discharge of the condenser condensate pumps. These 
storage tanks float on the line, and admit water to the system 
when the float valve opens up on the tank below the deaera- 
tor and receive water from the system as this float valve 
closes. 


other half of the plant with a direct-fired system. It seemed 
that each system had very distinct advantages and that this 
would offer an opportunity for the two owning companies to 
gain experience which would prove of value to them in their 
other stations. 

This plan was adopted, the three boilers on the bin system 
having one mill each of 20-ton capacity. The mill exhausters 
take their suction out of the mill cyclones in place of discharging 
into them, as was the more general practice at the time the plant 
was designed. Mill drying is done by taking a portion of the air 
out of the preheated-air ducts into the mills, and providing a vent 
or leak off fan to take a portion of the air out of the mill system 
beyond the discharge of the cyclone exhauster, and discharge 
this air into the secondary-air chamber around the burners. 
It is felt that, with this arrangement, two of the most serious 
objections to the bin system had been overcome—namely, 
the elimination of driers and the elimination of cyclone vents, 
which have in the past proved a dust nuisance. The cyclones 
on each mill discharge directly into the powdered-coal bins in 
front of the boiler. A screw conveyor has been provided so 
that it is possible to utilize any mill on any boiler. Each of the 
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bin-system boilers is equipped with six burners, which are fed 
by the feeders directly below the powdered-coal bunkers. The 
burners are of the Combustion Engineering Couch type. 

On the direct-fired system, two mills of 10 tons capacity are 
provided on each boiler, each mill discharging up to three burners. 
The burners are the Fuller-Lehigh Calumet cross-tube type. 

The designers laid out the building and required the manu- 
facturers of the two respective systems to work their equipment 
into exactly the same space requirements, so that there can be 
charged no additional investment for building space against 
either system. The final installed cost of the two systems, 
including all necessary wiring and control equipment, was very 
close, so that the ultimate choice between these two systems 
must lie in features of flexibility, reliability, efficiency, and gen- 
eral appearance, including such items as light and ventilation. 


AsH-HANDLING SysTEM 


The slag is tapped from the boilers into a disintegrating 
chamber, with high-pressure water jets to break up the slag 
stream and quench it. A Coghlan ejector is provided to draw 
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placed by either soft-steel or corrugated Monel-metal gaskets. 
Difficulty was also encountered with leaks on the bonnets of 
some of the valves, and again it was found due to the disinte- 
gration of composition gaskets, which have been replaced. 

The economizers, which have been subjected to as high as 
1800 Ib. pressure, are the B. & W. return-bend type with copper 
gasket joints. In general, it may be stated that these have been 
satisfactory, in that only one of the boilers has been troublesome 
with leaks, and on this boiler it was found that most of the leaks 
have been due to the gaskets being improperly installed or 
that the faces have not been properly prepared to receive the 
gasket. It has not been necessary to repair any one joint more 
than once. Generally, the same observation has been made 
of the water-wall tubes. Some of the boilers have had a number 
of leaks, but in nearly all cases after these had been rerolled, 
no further difficulty has been experienced. In a few cases 


where there has been a repetition of the difficulty, it was found 
to be traceable to the fact that the water from the quenching 
on the slag-tap system has slopped over on these tubes before 
the covering was completed. 
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the water and slag out of the disintegrating box and discharge 
into a 10-in. pipe line, which carries the slag out to the yard. 


PART II OPERATING EXPERIENCES 


The author wishes to again emphasize the fact that at the 
time this paper was prepared the plant had been in commercial 
operation only a little over three months, and therefore had 
not had a long enough running period to give definite figures 
on the economies obtained or on the operating efficiencies of 
the various parts of equipment. 

Many difficulties, such as are encountered in new plants and 
especially those with novel features of design, have come up, 
for some of which remedies have been provided, and others 
are still being treated. 

Many of the fears of 1200 Ib. have been centered around the 
piping, and it can be stated that, to date, there have been no 
leaks on the larger sizes of high-pressure piping, which is equipped 
with the Sarlun joints. Some difficulties have been encountered 
with the smaller size pipe, which has been used for drips and 
instrument connections. Most of this is chargeable to the use of 
composition gaskets, nearly all of which have now been re- 


The reheaters and the superheaters have been entirely satis- 
factory, both as to their operating characteristics and types. 
The temperatures at the outlets of both the superheaters and 
reheaters have been very close to the guaranteed condition. 
Summing up, it might be stated that there had been no diffi- 
culties in the boiler room traceable to 1200 lb. pressure selected. 


OperaTiING DirricuttTies Not TRACEABLE TO PRESSURE 


Other difficulties encountered in the boiler room which are en- 
tirely foreign to the pressure or temperature have been with 
the slag-tap furnace bottoms, boiler side and rear walls, and 
the pulverized-fuel system. 

Since this plant was designed, a great deal of development 
work and knowledge have been gained on slag-tap furnace floors 
at other stations, and difficulties which are gradually growing, 
but of which the operators of other plants were not cognizant, 
have come to light. The first of these was that boilers which 
are taken off of the line and put back at fairly frequent inter- 
vals had their furnace floors grow and push the side walls out. 
It was found on inspection that this was due to having the bot- 
toms crack in cooling down, and the cracks and interstices fill 
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with molten slag when the boilers are again heated up. The 
repetition of this operation gradually pushes the walls out, so 
that it is necessary to cut back the furnace bottoms adjacent to 
the side walls and to allow the walls to spring back or to be pushed 
back into shape, and to start over again. 

This was brought to the attention of the owners of the Deep- 
water plant after two of the boilers had been installed with dolo- 
mite bottoms similar to other installations, so that the next 
two boilers were changed, and mica schist was used in place 
of dolomite. At one other plant with a slight amount of ex- 
perience with mica schist, it appeared that the slag did not pene- 
trate in the same manner that it did in the dolomite. Later 
operating experience at Deepwater, however, has proved that 
dolomite bottom is much superior to the mica schist. To date 
there have been only two cases of leakage of slag from the fur- 
nace bottoms covered with dolomite. Neither one of these 
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Fie. 3. Secrion THrouGH ONE oF THE STANDARD BOILERS IN THE 
Power STATION 
(There are four standard and two reheat boilers installed in the plant.) 


was serious, and both were immediately stopped by chilling the 
slag leak with water, and after the furnace was shut down, 
cutting back the floor approximately 6 in. along the two sides, 
allowing the walls to assume their normal position, filling again 
with silica sand (a sand used in glass making) and dolomite. 
Summing up, it might be stated that bottoms of this type can 
be operated without a great amount of trouble if the side walls are 
carefully watched for deflection and if the boilers are not taken 
off and on the line too frequently, and operating periods of a 
year or more may be obtained without any serious mainte- 
nance work to the bottoms. 

About the time the first four boilers mentioned went into 
operation, the owners were advised by the manufacturers that, 
on the basis of laboratory tests where they had used slag tapped 
from furnaces of other companies, they had found that coke or 
carbon was a material which the slag would not penetrate. 
This was also confirmed by investigation of practice in the 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


metallurgical furnaces. Therefore, the last two boilers were 
designed with bottoms of radically different design, and coke 
cans were placed on top of 5 in. of silica sand, and above this 
additional coke and coking coal were spread, in order to form 
a solid coke bottom. In other plants carbon bricks are used. 
It is now found that these last two boilers with théir coke bot- 
toms have been the least satisfactory of any of those installed. 
The slag contains a large amount of iron sulphide, which, due to 
its weight, sinks to the bottom of the slag bath and is therefore 
never drawn out through the slag tap. This material is very 
heavy, penetrating down through the coke and entirely con- 
suming it, so that on one boiler with this design of bottom, 
which has been taken off the line and cut into, it was found that 
all remnants of the cans of coke had entirely disappeared, and 
the only thing that was left was approximately 22 in. of iron 
sulphide and approximately */, in. of the silica sand over the 
steel-plate bottoms. 

The different performance of these bottoms in practice over 
the laboratory tests is accounted for by the fact that the tests 
were run with slag taken out of other boilers, and therefore did 
not contain the iron sulphide which is actually obtained in an 
operating boiler. 

It has now been decided to reconstruct with magnesite the 
two furnaces which originally had the coke bottoms. 

The side walls earlier described are made up of bare plain 
tubes backed up with refractory material. It has been found 
that the rear wall, that is, the wall opposite the burners, is 
subject to severe slag erosion, and it has been necessary to re- 
place three of these walls. Combinations of the particular ash 
of the fuel that is being burned, with various compositions of 
refractory, are being investigated in an attempt to obtain a 
refractory which is not so susceptible to slag erosion. 


Brn Versus Drrect-Firep System 


To date it is impossible from the records to make any state- 
ment as to the relative efficiency of the bin versus the direct- 
fired system. No careful evaporating tests have been run, 
and from normal operating data it would appear that the sys- 
tems were operating practically at the same furnace efficiency. 
It has also been found that there is no marked improvement 
in the flexibility of the bin system over a direct-fired system for 
normal operation. The bin system does have the distinct ad- 
vantage of being able to cut the boilers down to very low ratings. 
This feature was taken advantage of at the time the plant was 
originally put into operation, and only small quantities of steam 
were required for turning turbines over for drying out, operating 
auxiliaries, etc. The direct-fired system has a distinct low-rating 
limitation. 

It is well to mention here that, due to not being able to run the 
furnaces at extremely low ratings, it was necessary to utilize 
oil in drying out the boilers after erection. This difficulty 
which was experienced with this oil has received considerable 
publicity, and for that reason it seems advisable to describe 
the accidents which occurred. 

Apparently the oil fire was so small for such a large black 
surface furnace that the oil was not entirely consumed, and un- 
burned oil vapors passed on up through the boiler and condensed 
in the breechings and stacks, forming a heavy, greasy soot. 
On two occasions the soot in the stacks and breeching caught 
fire, and on one of these occasions two men were fatally burned. 

The direct-fired end of the plant presents a very much more de- 
sirable appearance, in that the pulverized bins of the bin system 
are bulky and cut off considerable light and air, so that a visitor 
to the plant is much more favorably impressed by the general 
arrangement at the direct-fired system end. The one counter- 
balancing feature, however, has been the more reliable operating 
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condition existing at the bin end of the plant. On a number of 
occasions it has been necessary to cut back the load which the 
plant was carrying, due to failure of coal supply to furnaces 
from the direct-fired system. A number of these interruptions 
were caused by small adjustments which were needed on the 
mills themselves. These have been made, and on one of the 
boilers which caused a drop in load four times during the month 
of April. due to a faulty lubrication system on the mill and 
which was corrected at that time, no interruptions have occurred 
since. On three of the mills which are of the Fuller-Lehigh 
table B type, trouble is still being experienced with the loss 
of fuel. It is felt that one of the difficulties with these three 
mills is that in normal operation they are extremely quiet and 
do not become noisy even when the coal feed fails, as is the case 
with the other mills. Therefore the operators are not cogni- 
zant of this condition as quickly, and a tie-up in the fuel actually 
causes loss of steam pressure at times before the condition can 
be corrected. It should be emphasized, however, that this 
again is a matter of operating experience, and it is believed in 
time that a great deal better record will be obtained. 

Difficulty has been experienced with the coal hanging up in the 
raw-coal bunkers and sticking in the connections between the 
raw-coal bunkers and the scales which are installed between 
the raw-coal bunkers and the mills, jamming in the scales or 
in the magnetic separators and catching small particles of wood 
or foreign material on the Star feeders of the mills themselves. 
Two cases occurred where a failure in the mill of wearing parts 
was not caught in sufficient time to prevent the mill from failing 
while in service. The records show that difficulties have been 
steadily decreasing, however, and it is hoped that very soon 
they will be entirely eliminated. 

As the author is a representative of the company which ad- 
vocated putting in the bin system, any prejudice can be excused, 
for he now is of the opinion that it is safer and more comfortable 
to have a small supply of powdered coal on hand in order to 
take care of unforeseen difficulties which may happen in the fuel- 
supply system which will be absolutely no fault of the particular 
mill which is being used, and that in the Deepwater plant ten 
hours’ supply of powdered coal is probably far more than is 
necessary. The recommendation would be that a two to three 
hours’ supply would make an ideal practice. 


TuRBINE Room 


Difficulty has been experienced in the turbine room with 
silica scale deposited on the last rows of blading and nozzles 
in the high-pressure turbine which is used in the du Pont system. 
This difficulty has been entirely peculiar to this one machine 
out of the three high-pressure machines. To date no evidence 
of scale has been found in the other two high-pressure units. 
It has been necessary to shut this machine down for periods of two 
weeks in order to scrape the scale off the nozzles and blading 
by hand. This has been a laborious and expensive job. In 
order to correct this condition, purifiers have been installed 
on the vapor outlets of the house evaporators to cut down the 
carry-over silicate in the make-up water. Since these have 
been installed, the purity of the vapor in the evaporators has 
been considerably increased, and the turbine has operated for a 
period of several weeks without showing any symptoms of 
scaling. Similar difficulty has been experienced at other plants, 
and it has been found that the scale can be taken off the blades 
by admitting water to the steam in the high-pressure throttle 
to the extent of having the steam in a completely saturated 
condition. After operating for several hours under this condi- 
tion, it is found that the scale can be entirely washed off, so 
that while it is felt that this difficulty has been overcome at 
Deepwater, it is comforting to know that, if a repetition of this 
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should occur, a remedy has been found. This is one of the 
troubles which can be directly charged against the pressure 
utilized in this plant, as the other plants which have experienced 
this trouble are also operating at 1200 lb. 

Silica is soluble in water at superheated temperatures, as is 
evidenced in many low-pressure plants by the eating away of 
gage glasses on the boilers, which is a common phenomenon. 
Apparently as water temperatures increase, it increases the 
solubility of the silica, so that at temperature corresponding 
to saturated temperature of 1350 lb., which is 582 deg. fahr., 
this action is extremely pronounced. 

Each of the high-pressure elements on the compound units 
has developed leaks on the horizontal joint. These leaks oc- 
curred on successive days and did not occur on the high-pressure 
unit of the du Pont system at any time, and the du Pont machine 
was not operating two days that the difficulty was encountered. 

Considerable difficulty has also been encountered with the 
government mechanism and control valves on the high-pressure 
turbines. The manufacturers have made certain changes, 
and it is now felt that this has also been overcome. 

On several occasions the operators have attempted to run 
the low-pressure element of the compound machines without 
the high-pressure, utilizing a control valve which was provided 
with the turbines to admit the high-pressure steam directly 
into the low-pressure elements. It has been necessary for the 
manufacturer to redesign this valve, as to date it has been im- 
possible to operate in this manner without breaking the stem 
on the controlling valve. 

In closing, it may be stated that very little difficulty has been 
experienced due to the pressure and temperature conditions 
selected for this plant, and of the difficulties which have occurred, 
the operators feel that they are well along on the road for reme- 
dies and corrections, which, it is hoped, can be outlined in better 
detail in the near future. 


Discussion 


! Grant Campsey.? The problem presented by The Allied 
Engineers was to maintain a safe minimum water level in seven 
evaporator hot wells, each having a constant-speed drip pump 
which delivers the condensate to the boiler-feed pump suction. 

Owing to the variable demand for process steam, there are 
times when the condensate is very much less than the capacity 
of the drip pumps, and this condition led to insufficient suction 
head, subjected the drip and feed pumps to failure, and other- 
wise affected the plant operation. It is also true that too high 
a level of water in the evaporator system lowered the efficiency 
of the evaporators and of the high-pressure turbine. 

The plan adopted by the engineers provides for bypassing 
water from the boiler-feed pump discharge to each hot well when 
its water level is below a definite level. Seven Campbell water- 
level regulators of the boiler-feedwater type were installed, one 
for each hot well, as indicated in the diagram of connections and 
general arrangement, Fig. 4. 

The principle upon which the operation of this regulator is 
based is that when a mixture of steam and hot water under pres- 
sure passes continuously to atmosphere through a system of 
matched orifices, the intermediate pressure between any two 
orifices will vary with the moisture content of the mixture. 

A suitably treated sampling pipe is set in a water column with 
the open end below the desired average water level, and there is 
a continuous minute flow up the pipe to the orifice system. This 
flow obviously will be all steam at extreme low-water level or 
all steam at extreme high-water level or all water at extreme high- 
water level. Between these limits the moisture content of the 

? Atlas Valve Company, Newark, N. J. Mem. A.8.M.E. 
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fluid mixture will increase as the water level rises, and vice versa. 

The regulating element is shown in the diagram, Fig. 5, con- 
nected to the water column and with a tapping for receiving the 
sampling pipe. 

In the element is a pair of orifices scientifically proportioned 
so that as the mixture of steam and water passes through the 
orifices to atmosphere the pressure in the element will increase 
or decrease as the percentage of moisture increases or decreases, 
or as the water level rises or falls. 

The chart, Fig. 6, showing a relation between the element 
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pressure and the water level, gives a typical condition taken from 
an actual boiler test. 

Since there is a definite pressure change in the element with 
any water-level change, this variable pressure applied to a pres- 
sure-actuated valve regulates the flow of input water in accor- 
dance with the water level. 

In the control valves installed at Deepwater this pressure has 
been imposed upon a spring-loaded diaphragm which actuates a 
pilot stem, as shown. This arrangement leaves little for the 
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pressure to do but to lower the pilot stem with increased water 
level, and vice versa. 
This pilot stem, rising and falling inversely with the water 
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level, is aligned with a poppet loosely fitted in the valve body at 
the upper end and having a conical surface at the bottom end 
to contact with the seat and close the main valve port and with 
a vértical pilot port opening at the bottom into the discharge side 
of the valve but subject to restriction at the top by the pilot 
stem. 

The areas and the balances used in the design are such that 
in operation the valve poppet always follows closely the move- 
ment of the pilot stem without offering resistance to it, the valve 
port opening or closing as the water level lowers or rises. 

It will be seen that the regulator combination admits water to 
the hot well when the level of water is lowered, but provides a 
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tightly closed valve port at high water, the valve in operation 
being always in perfect balance. 

The conditions encountered in the Deepwater operation are 
different in many respects from those met in boiler-feedwater 
regulation, but the principles are the same. The diagram of 
connections at Deepwater Station is shown in Fig. 7. 

The hot wells are 18 in. in diameter and hold very little water, 
so that the regulators have been made to respond accurately and 
rapidly to maintain the level within a few inches. 

The steam pressure in the hot wells is varied from 250 to 350 
lb., and the boiler-feedwater pressure may be from 1500 to 1800 
lb., so that the control valves have been constructed to be ca- 
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pable of adapting themselves to widely varying loads and drops 
in pressure and still retain their accuracy. 

For the best operation of these level-control units it is essential 
that there be a true water level in the water column to regulate 
by, and that at all times there be water in sufficient quantity 
and at adequate pressure to hold the desired minimum level. 

For several months these level-control units have successfully 
maintained a safe low-water level in the hot wells materially 
assisting in the operation of the power station and thereby have 
justified the designing engineers in selecting the type of equipment 
used in this pioneer level-control operation. 


James M. Taaaart.* The author is to be congratulated on 
his frank and clear statement of the troubles encountered during 
operation. It is especially noteworthy that none of the real 
troubles was due to the high pressure of operation. The per- 
formance of certain equipment and arrangements covered in the 
paper merits careful consideration. Further information is, 
however, required before reaching a judgment as to the results 
obtained. The writer is taking up a few points that impressed 
him, with this in view, not in a spirit of criticism. 

Pumping hot water at or near saturated-steam temperatures is 
a common source of trouble where it has been attempted in cen- 
tral stations. Judging by the numerous troubles encountered 
and from statements made to the writer, there seems to be an 
extended lack of comprehension of the factors involved. At the 
Deepwater Station, according to the paper, no trouble occurred 
so long as the proper water level was maintained. The require- 
ments are of course that the head shall be sufficient to maintain 
a pressure in the pump above the flash point. The amount of 
head required therefore depends on the design of the pump and 
piping connection. The pressure of the liquid pumped is im- 
material except as it affects the design with respect to strength 
and leakage. Provided a suitable type of propeller pump or 
pump with the first stage of the propeller type be used, similar to 
certain types of condenser hot-well pumps, much lower heads can 
be used with safety. Some types of high-speed centrifugal pumps 
require excessively high heads on the suction side. It would be 
informative to know the type and arrangement of the drain pumps 
used on the evaporators at Deepwater and also the minimum 
head at which they operated successfully. The lack of provision 
for maintaining a constant head in the evaporator hot well would 
seem to have been an oversight. The large temperature differ- 
ence required for maximum load in the evaporator, namely, 72 
deg. fahr., would seem to be excessive. It is possible that the 
maximum noted is more in the nature of an emergency loading. 
Otherwise either there is apparently an undue restriction in first 
cost or the evaporator efficiency is very low. A temperature dif- 
ference of 30 deg. fahr. would give an approximate increase in 
power output of 20 per cent. With a good design of evaporator 
this temperature difference would not require excessive surface 
compared to the value of the return. A short description of the 
type size and temperature difference required for various loadings 
would be instructive. 

The slag erosion of the rear boiler-wall refractory between the 
tubes was apparently due to flame impingement, since the side 
walls did not suffer. The form of burners and fineness of pul- 
verization would determine the amount of impingement to a large 
extent. It would be interesting to know the fineness used and 
what, if anything, was done to shorten the flame. Running slag 
will wash away any ordinary refractory. Normal changes in 
refractory wouid at the best only prolong the life slightly unless 
greater cooling effect is obtained. In this respect carborundum 
brick pressed against the back of the tubes might give the extra 
cooling action needed. 


* Consulting Engineer, New York, N. Y. Assoc-Mem. A.S.M.E. 
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Slag-tapping furnaces, judging from the experiences at Deep- 
water and elsewhere, are still somewhat in the experimental stage. 
Some method of taking care of the expansion is evidently needed. 
Bumping or bagging the furnace floor, combined with provision 
for restraining the side flow, might divert the expansion so as to 
prevent any continued enlargement. 

The author’s comments on the relative merits of the unit and 
bin system for pulverized coal possibly apply more especially to 
the conditions at Deepwater. There are unit systems where the 
reliability factor is high. However, it is the writer’s opinion 
that the merits of both systems might be combined by the use of 
relatively small bins, either in parallel with direct feed or as feed 
bins. It is certain that this arrangement would provide for 
the low load operation and would give better combustion control 
at all loads than the unit system alone. 


E. G. Batmtey.‘ The Deepwater Station is a very interesting 
group of equipment, and the author has presented the picture up 
to date in a very frank and fair manner. 

The interesting feature of this station is that it represents a 
fairly true cross-section of the diversity of engineering opinion 
in regard to certain phases of power-plant equipment. It is 
' to be expected that there should be a diversity of opinion when 
developments are in progress. Some engineers are inclined to 
stay by the true and tried, while others are always reaching for 
the newest equipment offered, and still others endeavor to follow 
the old adage, ‘“‘Be not the first by whom the new is tried, nor 
yet the last to lay the old aside.” 

As to the relative merits of the direct-fired and the bin systems, 
this question will not be finally settled to the satisfaction of all 
engineers throughout the country from results of this one sta- 
tion, because operating conditions, load factor, and the details 
of crushing and feeding coal have a great deal to do with the cor- 
rect conclusions under different circumstances. 

There are a great many stations as large or larger than Deep- 
water which are operating entirely satisfactorily on completely 
direct-fired units and handling an even worse grade of coal than 
is supplied to this station. 

As to relative cost of bin system versus direct firing, the author 
states that the final cost was very close. This is not always the 
case. Sometimes the problem works out to an additional cost 
of 25 to 100 per cent for the bin system over the direct firing. 
Under certain circumstances the advantages of flexibility and 
other features may make this increased investment advisable, 
while in others there is certainly no justification for it. 

As to the building space occupied, while the two systems were 
adapted to go into the same space, yet a glance at the two views 
of Fig. 1 indicates that building space could have been reduced 
for the direct-fired system. 

The statement that it was necessary to replace three of the 
furnace walls due to slag erosion should be explained a little more 
fully; that is, the replacement consisted of the refractory back 
of the bare tubes. These tubes are 3'/, in. in diameter on 6-in. 
centers and have blocks extending up a short distance above the 
slag line. There has been no trouble with the portion of the wall 
covered by blocks. Above this, however, the fusing temperature 
of ash and the rate of combustion, which is approximately 20,000 
B.t.u. per cu. ft., have resulted in a combination a little below 
the proper safety factor for continuous operation without erosion 
and expensive maintenance. 

This bare-tube and tile type of furnace-wall construction has 
worked out satisfactorily under other conditions, but its unsatisfac- 
toriness for this particular place indicates again what small differ- 
ences in operating conditions are often magnified in the final result. 


Fuller-Lehigh Company, Fullerton, Pa. Mem. 


4 President, 
A.S.M.E. 
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As to the slag-tap furnace floors, these were installed at a time 
when this story was in the state of flux and the opinions of dif- 
ferent engineers were evident from the variety of materials tried. 
Here is a case where the original design of brick and dolomite 
has worked out best, and the expected improvements in the way 
of mica schist and carbon were unsatisfactory, although under 
other slightly different conditions both of those materials have 
given better results. The problem, of course, for an engineer is 
to find a type of construction that will meet all conditions, or 
else if there is too great a difference in cost in applying this stand- 
ard to some cases where punishment is not so severe, then he 
should have very definite facts and knowledge available so as to 
use discretion in selecting the proper construction for a given set 
of conditions. 

Those who have operated furnaces of different arrangement for 
ash removal are practically unanimous for the advantages of 
tapping out molten slag and are greatly in favor of this method, 
and it is believed that temporary difficulties in working out the 
best design will not appreciably deter the coming adoption of 
this method of ash removal for the great majority of installations. 

While our experience on this problem is not yet sufficient to 
be conclusive, a few remarks covering a diverse experience may be 
of interest. 

The usual comment when first encountering this problem is to 
go to the metallurgical furnace man and copy his design for open- 
hearth furnaces. One quickly realizes the vast difference be- 
tween the two sets of conditions. The open-hearth furnace, for 
instance, is provided with a very expensive and carefully prepared 
floor, sintered in place by gas heat; all heating and cooling of the 
furnace is done very gradually, and its life is mostly spent at a 
high and uniform temperature; while in a boiler furnace the rates 
of heating and cooling are very rapid, and the areas involved are 
many times the areas of open-hearth furnace floors. Both of 
these conditions tend to produce growth, as explained by the 
author. 

The Illinois coals produce an ash which has been the most diffi- 
cult to handle. From it considerable quantities of metallic iron 
and iron sulphide (FeS) are produced from the pyrites, and these 
do not mix with the slag, but due to their gravity they settle 
into the lower part of the furnace, filling the cracks and producing 
expansion. If metallic iron and iron sulphide are permitted to 
accumulate continuously, the conductivity of the bottom is in- 
creased. 

While the floor problem is somewhat different from side walls 
of refractory construction, yet they have muchin common. The 
side-wall story has been solved by water-cooling in one form or 
another. It therefore seems that water-cooling, together with 
proper surfacing of magnesite, chrome, or other suitable refrac- 
tory, will solve the furnace floor in a similar way, making a con- 
struction whereby all materials on the floor can be tapped off 
from time to time and not accumulate. Basically the trouble 
has been that too cheap a floor has been installed. The kind 
of floors on several of the first jobs indicated that this was ample, 
but later experience indicates that a little more expensive con- 
struction is required. It is not a problem to require more than 
a relatively short period of intensive study and trying out of dif- 
ferent materials in practice under a sufficiently wide variety of 
conditions as to rating, kind of coal, and method of operation to 
determine the various factors and limitations for use in future 
engineering study and application. 


H. J. Kerr.’ The authors, Messrs. Irwin and Gilbert, should 
be thanked for their valuable papers and are to be congratulated 
upon the success of the two plants which they represent. 


* Chief Engineer, Service Department, Babcock & Wilcox Com- 
pany, New York, N. Y. Mem. A.S.M.E. 
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Approximately five years have elapsed since the starting up of 
the first 1200-lb. unit at Edgar Station, Boston, and these two 
papers refer to two additional high-pressure plants, making in 
all six stations now operating successfully above 1200 lb. pressure. 
In addition there are two industrial plants. 

While some difficulties have been experienced with the higher 
pressure, it can be fairly stated that the boiler rooms of such sta- 
tions have developed no problems for which the solution was not 
readily available. 

As a result, units are being built and plans are being made for 
many additional installations to operate above 1200 Ib. pressure. 
In general, the tendency is to design the boilers for approximately 
1400 Ib., with the turbines operating at about 1250 to 1300 Ib. 
Some consideration is being given to somewhat higher pressures, 
and it is as yet too soon to conclude that steam pressures will 
not extend to a pressure of the order of, say, 2500 lb. This ques- 
tion also involves the limit of superheat temperature which will 
be commercially permissible. 

The use of high pressures has necessitated changing the designs 
of parts ordinarily used for low-pressure plants. The future will 
no doubt bring about changes in many construction details which 
will simplify the present designs; to name one detail—pipe 
flanges. In going over a high-pressure station one is impressed 
with the amount of material and the cost of pipe flanges suf- 
ficiently strong to withstand these pressures. A material simpli- 
fication would be possible with a satisfactorily welded joint. 

In general, high-pressure designs should tend to the elimination 
of all possible joints. In this connection, central power plants 
in this country have developed feedwater conditions to an extent 
where it is almost possible, and some day it may be possible, to 
eliminate all joints. 

Both papers call attention to a problem which has developed 
in more recent years with the increase in pressure and’ tempera- 
ture; namely, the deposit on turbine blading. 

With low pressures and low steam temperatures, it was custom- 
ary to discuss steam conditions in terms of 1 or 1'/; per cent of 
moisture, and under which conditions, except in the cases of very 
difficult waters, quite satisfactory results were obtained from the 
turbine. In later years considerable effort has been expended 
in obtaining the driest possible steam from boilers, and we today 
discuss steam conditions of the order of '!/, of 1 per cent of mois- 
ture, or in terms of four or five parts per million, or perhaps in 
terms of the electrical resistance of the condensate. 

With boilers discharging steam of this purity, deposits on tur- 
bine blading are taking place, the annoyance depending largely 
on the nature of the material which deposits. Of these materials, 
the one which has caused the most difficulty is silica. In some 
instances the deposited material analyzed as high as 95 per cent 
of silica, so that the only practical way for its removal seems to 
be the actual scraping of the turbine blades. 

In other cases where the material has been a combination of 
sodium hydrate and other salts, its removal from the turbine 
periodically by either washing the turbine or by dropping the 
steam temperature to saturation has proved practical. 

It should be borne in mind that this deposit on turbine blading 
is taking place with a steam which is purer than distilled water 
obtained in a drug store. It should also be borne in mind that 
passing through a 60,000-kw. machine we have something of 
the order of 600,000 lb. of steam an hour, so that for 1 p.p.m. we 
have 0.6 lb. of material passing through the turbine an hour, or 
430 lb. a month. If, due to pressure-temperature changes, in 
passing through the turbine 10 per cent of this material deposits 
on the blading, it is self-evident that a loss in load will result. 

The writer is not prepared to say that we have gone the ab- 
solute limit in securing clean and dry steam from boilers. We 
still have hopes for further improvement, but the evidence is 
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such that designs of high-pressure-temperature plants should 
contemplate maintaining the best possible conditions of water, 
and a silica water should be avoided wherever possible. 


W. 8S. Jounston.* These two papers by Messrs. Gilbert and 
Irwin are invaluable to the membership of the Society and the 
public-utility industry of the country. 

Both stations were designed and developed at about the same 
time after an exhaustive analysis of the economic possibilities by 
two engineering organizations working independently of each 
other. That they both came to substantially the same conclusion 
is indicative of their thoroughness in, first, sensing the fundamen- 
tal factors the problem presented and, second, the economic 
solution thereof. 

Both authors are to be commended for their frank statements 
regarding the operating troubles experienced in starting the equip- 
ment in service and the changes necessary to overcome them. It 
is to be hoped the manufacturers involved will profit by this 
practical experience when called upon to supply equipment for 
similar duty. After reading these papers and in the light of ex- 
periences at other 1400-lb. stations, one can safely assume that 
high-pressure steam is practical wherever the economics of the 
situation justifies its use. It is not too much to expect that the 
authors may publish in later papers more operating experiences 
and performance data when the stations have been in longer ser- 
vice. 

The application of pulverized fuel is worthy of note. The 
Holland Station uses the storage system, while at Deepwater 
both the storage and direct-fired systems are employed. Mr. 
Irwin reports some operating troubles with the direct-fired sys- 
tem, but it is thought these can be overcome. Coal hanging up 
above the mills can be prevented by making the slope of the raw- 
coal bunker walls and coal chutes steeper to permit gravity move- 
ment of wet coal. The feeders might be changed from the star 
to the drag type. While the suggestion of incorporating a small 
storage bin of pulverized fuel between the mills and burners may 
be worth while at Deepwater, yet it is believed that after the 
initial period of operation has passed and the operators have be- 
come thoroughly familiar with the service characteristics of the 
equipment, it will be found that the direct-fired system affords 
the same degree of reliability now secured from the storage sys- 
tem. 

A combination of the regenerative and reheat cycles has been 
incorporated in both plants. There can be no question that the 
regenerative cycle is a permanent feature that will be retained in 
station design for many years. On the other hand, the reheat 
cycle is felt to be transitory. It will not be necessary to resort 
to it when we can use higher initial steam temperatures. With 
1350 lb. pressure at the turbine throttle, a steam temperature of 
1000 deg. fahr. will not give greater moisture in the exhaust end 
than is permissible with present-day machines. At least one 
manufacturer will supply superheaters for this temperature. 
Turbine builders will now countenance the use of steam at 825 
deg. fahr. with the proper arrangement of engine cylinders. 
Before long they will design for yet higher temperatures. Steel 
makers must prepare to furnish materials for piping and valves 
that will complement the superheaters and turbines. Then it 
will be possible to save on fixed charges by eliminating the in- 
vestment in reheater equipment. At that time it will be interest- 
ing to compare extensions to the Holland and Deepwater Stations 
with the initial design. 

AuTHOR’s CLOSURE 


All of the high-pressure steam leaks which have occurred in 
the Deepwater Station have been on the small lines, with the 
* Stone & Webster Engineering Corporation, Boston, Mass. 
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exception of one or two leaks which have developed on the boiler- 
feed lines where they connect to equipment and where the joints 
are not welded. The following gasket practice has been followed: 


Boiler manholes—corrugated Monel metal. 

Rehater manholes—folded asbestos. 

Boiler, water-wall, and superheater handholes—steel-covered 
asbestos gasket. On this particular type of gasket to date only one 
failure has occurred, and that was on a handhole plate on one super- 
heater. The gaskets on the water columns are corrugated Monel 
metal. Copper, soft-steel, and sheet packing have been tried, but 
with little success, and the Monel metal is at present giving good 
service. 

Economizer return bends and flange connection on economizer 
supply pipes to the boiler drum—a stainless-steel gasket is being 
used in place of the original copper gaskets, and seems to be some 
improvement. 


The stainless-steel gasket has one fault, in that if a leak does 
occur the fitting faces show more signs of being cut than they do 
when a copper gasket is used. This is probably due to the fact 
that the stainless steel resists wear more than the fitting faces. 

As previously reported, the operating experience with the 
economizers may generally be stated to be satisfactory, although 
during the months of September, October, and November on 
- Six occasions it has been necessary to shut down one of the boilers 
in order to replace gaskets on the economizer U-bend. This 
is the same boiler on which difficulty was cited in the original 
report. Only three leaks have developed on the other five 
boilers during the same months. 

No further difficulty has been experienced with slag-type fur- 
nace bottoms. No. 6 boiler, in which the magnesite bottom was 
installed the end of August, has been operating satisfactorily 
without undue expansion and without developing leaks. No. 4 
boiler, which originally had a floor made up of cans of coke, but 
which have now entirely disappeared, has shown no change and 
is operating with the floor made up of slag. This floor caused 
the operators some concern for a week or two as the steel plates 
on the bottom of the floor became heated to a dull-red glow, but 
by raising the slag depth in the furnace the bottom was chilled 
and has been giving satisfactory service ever since. The measure- 
ments of the growth of this floor show that it has the least ex- 
pansion. It is the intention not to make any changes in this 
floor unless some unforeseen difficulties arise. 

The statement that iron sulphite was responsible for the using 
up of the coke in the bottoms of boilers 4 and 6 should be changed. 
This conclusion was reached due to the fact that the manufac- 
turer advised that this trouble had occurred at other plants 
where no coke bottoms were installed. However, an analysis 
of the material cut out of the floor of No. 6 boiler shows that the 
material is similar to the slag which is tapped off in the normal 
course of operation. 

One Distinct Advantage of Bin System. The last three months 
have borne out the earlier conclusion that there is a distinct 
advantage in reliability to be obtained from a bin system of 
fuel firing over the unit system. During the past three months, 
on seven occasions, it has been necessary to reduce the load on 
the plant from 5000 to 12,000 kw. due to difficulty with the mills 
used on the direct system. This has at times been due to break- 
age of mill parts because of wear, and may be overcome after the 
operators are better able to judge a proper maintenance and 
overhaul schedule. Even with prearranged periodic main- 


tenance it is of course necessary to reduce the output unless it is 
possible to synchronize mill and boiler outage. 

In the last few weeks a Pittsburgh seam coal, which it was 
possible to purchase at a relatively low price, has been burned 
in small quantities for test purposes, and it was found that using 
this much harder coal on the direct-fired mills takes considerably 
more power and reduces output and necessitates overloading 
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the mill motors in order to keep the boilers up to capacity. It 
is a condition which could not persist over a long period of time, 
as there is danger of burning the motors from continuous over- 
load, and it is difficult to keep the boilers up to rating. Using 
the same coal on the bin system, the mill capacity is also seriously 
decreased, but by operating the mills longer hours it is possible 
to maintain the boilers at any desired rating. This feature of 
flexible boiler capacity with varying qualities of coal should be 
taken into consideration when deciding the relative merits of the 
two systems. 

Other difficulties with the mills have been due to operating 
conditions, such as plugging of the feeding system to the mill or 
the plugging of coal in the mills themselves. There have been 
outages of the mills on the bin system, but it has never been 
necessary to reduce plant load on the bin-system boilers on ac- 
count of lack of mill capacity. 

Refractory Erosion Most Serious Problem. Difficulty with 
erosion of the refractory material which backs up the bare-tube 
water walls on the back wall of the furnaces opposite the burner 
has increased and is now the most serious trouble being en- 
countered in the boiler room. The operators are experimenting 
on the bin-system end of the plant by varying the secondary 
and primary air pressures in the hopes of shortening the flames 
to the extent where they do not throw the slag from the coal 
against the rear walls and wash them down, and still keeping 
the flame travel sufficiently long to prevent the flames from carry- 
ing this slag up into the lower row of boiler tubes and slagging 
these over. It is felt that with careful adjustment it may be 
possible to find the point where a balance between these two ex- 
tremes will leave a satisfactory condition. 

On the direct-fired end the manufacturers are experimenting 
with deflector blocks to be put into the burners, in order to get 
better control of the flame travel. On a rear wall now being 
rebuilt a 70 per cent alumina brick is being used in place of 
straight refractory, in the hope that this will reduce the washing 
action of the slag. If the present experiments are not suc- 
cessful, it may be necessary to resort to-an all-metal wall, by 
using either fin tubes or blocks on the present bare tubes. 

Silica Deposit on Turbine Blades Reduced. There is a mis- 
statement in the original report in that it was assumed that 
other plants were having similar difficulty with silica deposit on 
the blading. We were led astray by an article in Power Plant 
Engineering (February 15, 1928), written by John Anderson, in 
which he stated that the analysis of the deposit found on the 
high-pressure turbine blading on the 1200-lb. machine at Lake- 
side, Milwaukee, contained 56 per cent silica, and that by inject- 
ing 10,000 lb. of water per hour into 15,000 lb. of steam per hour 
entering the turbine throttle when the machine was rolling at 400 
r.p.m., they were able to wash off this scale so that the machine 
could be restored to its full-load capacity. 


TABLE 1 
Net output, 

1000 B.t.u. per 

kw-hr. kw-hr. 
April 19,975 16,752 
August..... 63,775 13,341 
September. . 63,842 12,749 
October........ : 66,989 12,419 
November 1 to 15........... 35,520 12,244 


Deepwater Economy Increased to 12,244 B.t.u. per Kw-hr. 
It should be borne in mind in evaluating the advantages of 1200 
Ib. against these particular results that a load was carried for 24 
hours of the day during the past 3'/. months, which necessitated 
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operating all turbines and five of the six boilers at their maximum 
capacities, which is a point beyond the maximum efficiency point 
on the turbines. See Table 1. 

The scale on the blading at Deepwater plant has been analyzed 
on several occasions and varies between 75 and 95 per cent 
silica. An attempt to wash this off apparently had no effect, 
as it did not increase the machine capacity. However, when the 
machine was taken down for inspection, no scale was found on 
the blading, but the last stage diaphragm had a thin coating 
which was sufficient to increase the pressure drop across this 
diaphragm to the extent of reducing the turbine capacity. 

Since the installation of purifiers on the vapor outlets of the 
house evaporators, the quantity of silica in the water is so small 
that it has been practically impossible to separate it or even to 
find it on laboratory analysis. It is believed, however, that some 
of this must be carried into the pure-water system from leaks in 
large-size evaporators installed for the du Pont system. The 
tubes in these evaporators are being rerolled. During the period 
when evaporators are cracked the pressure conditions which exist 
in the shell would tend to force raw water into the condensed- 
water side of the system. A 1-in. steam line has also been in- 
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stalled on this turbine to take steam from the first stage into the 
fourteenth stage, in an attempt to increase the temperature in 
the last stage of this machine nearer to the temperature existing 
in the last stages of the high-pressure elements of the compound 
machine. It would appear that the higher exhaust temperature 
on these machines must prevent the scale deposit. 

One of the low-pressure turbines has developed vibration early 
in operation when the steam was carried at the contractual 
temperature. Until such time as it is possible to take this ma- 
chine down it is necessary to operate it with steam at 700 deg. 
in place of 750 deg., which of course reduces the efficiency of this 
one unit.- It is expected that when the machine is overhauled 
and a more economic loading is imposed on the plant, station 
economy will be improved by 400 to 500 B.t.u. per kw-hr. This 
condition of maintaining five boilers at their maximum loading 
continuously has also brought to the fore more forcibly than in 
other locations the necessity for continuous availability of the 
fuel-burning equipment and has showed reduction of load due to 
short-time outages of the direct-fired mills. Normally, this con- 
dition of course would not be introduced, as other boilers in the 
plant would be able to take the small deficiencies. 
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Comparative Resistance of Refractories to 


Coal-Ash Slags 


By R. K. HURSH,' URBANA, ILL. 


The results contained herein were obtained in an in- 
vestigation conducted by the Engineering Experiment 
Station of the University of Illinois. Tests have been 
made in the laboratory slagging-test furnace of various 
commercial refractories and of a series of special mixtures 
representing clays from three manufacturing districts, as 
well as differences in the method of fabrication, the firing 
treatment, and the fineness of grinding of the materials. 
The slags used were ashes from coals of five different dis- 
tricts. The comparative resistance of refractories varied 
with the character of the coal ash. Dry-pressed and stiff 
mud bricks were more resistant than hand-made refrac- 
tories. A moderate degree of firing treatment was prefer- 
able to hard burning when the brick were subjected to 
high furnace temperatures and slag action. 


is due to a combination of corrosion and erosion. The 

molten slag attacks the refractory at the contact surface, 
taking some of the material into solution. More or less pene- 
tration may occur, with the result that the refractory surface 
subject to corrosive action is greatly increased. The piling 
up of the liquid slag on the refractory produces a flow due to 
gravity, which may be increased by the velocity of the furnace 
gases. The flowing away of the slag removes the dissolved 
material and maintains an unsaturated slag deposit on the 
refractory surface. At the same time particles of undissolved 
refractory, loosened by solution of the bonding material, are 
washed away with the slag. This latter action is found with 
refractories containing coarse grog particles, which are usually 
more resistant to slag action than the bonding material of the 
brick. It is especially noticeable with bricks which are appreci- 
ably penetrated by the fluid slag. 


[ioe slagging of refractories by coal ash in boiler furnaces 


Errect or Composition 


The comparative severity of attack by the slag is dependent 
on the composition, temperature, and viscosity of the slag, as 
well as the amount deposited on the refractory. Slags high in 
fluxes, such as lime, magnesia, alkalies, and iron, generally 


1 Department of Ceramic Engineering, University of Illinois. 
Professor Hursh was graduated from the University of Illinois in 
1908 with the B.S. degree in Mechanical Engineering. He spent a 
year as a graduate student in Ceramic Engineering and was for two 
years in the Clay Products Division of the U. S. Bureau of Standards. 
Since 1911 he has been a member of the staff of the Department of 
Ceramic Engineering. He is a member of Sigma Xi and was for 
several years Treasurer of the American Ceramic Society. Pro- 
fessor Hursh has been principally interested in the lines of structural 
clay products and refractories. He has contributed various papers 
in the publications of the American Ceramic Society, the National 
Brick Manufacturers Association, and the University of Illinois 
Engineering Experiment Station. 

Contributed by the Special Research Committee on Boiler Furnace 
Refractories and presented at the Annual Meeting, New York, N. Y., 
Dec. 1 to 5, 1930, of Tum American Society oF MECHANICAL 
ENGINEERS. 

Norte: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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have low fusion temperatures and are more fluid at the tem- 
peratures of furnace operation than are slags with higher con- 
tents of alumina and silica. The composition of these low- 
fusing slags is such that their reactivity with refractory com- 
positions is also greater than that of more refractory ashes. 
Both factors, high flux content, and high fluidity, result in greater 
corrosive action at given temperatures, and the degree of at- 
tack increases markedly with temperature increase. 


Errect or Furnace-Gas Composition 


The composition of the furnace gases with respect to reducing 
or oxidizing conditions is considered as an important factor 
in the action of ferruginous slags. Under reducing conditions 
the iron will be in the ferrous form, which has a much greater 
corrosive action than ferric iron. However, the operating tem- 
peratures of boiler furnaces are generally high enough to pro- 
duce a considerable amount of ferrous iron or magnetic oxide 
regardless of atmospheric conditions. Results in the laboratory 
slagging tests have shown little effect of differing degrees of 
reduction, as indicated by the tests with slag from coal used 
at the Cahokia station (see Table 1). 


TABLE 1 EFFECT OF FURNACE-GAS COMPOSITION ON 
SLAGGING ACTION 
Aver. Aver., Slag Average depth of erosion, in cm. 
Test temp., % Time, used, ————————Brick 
No. 7. 2k &. 18 16 19 14 17 27 
36... 2900 6.2 24 170 0.75 0.78 0.72 0.71 0.76 0.55 0.63 
37... 2900 2.5 24 165 0.83 0.90 0.72 0.75 0.83 0.70 0.72 


Errect oF TEMPERATURE GRADIENT IN REFRACTORY 


The temperature gradient in the refractory may be a con- 
siderable factor in the slag action. If the furnace wall is well 
insulated so as to maintain a high temperature in the refractory 
somewhat back from the surface, the slag in contact with the 
brick will be kept fluid, and more active corrosion takes place. 
There is the further possibility that the high temperature will 
cause more or less fusion and glass formation in the refractory 
back of the slag interface which will have a lower resistance 
to slag action than the unfused material. In some cases, how- 
ever, crystallization of mullite from this glass in the body might 
conceivably increase the resistance to slag action. 

When there is a high temperature gradient through the re- 
fractory, heat is taken away from the surface fast enough to 
somewhat cool the slag at the contact and thus increase its 
viscosity. Its activity is thus reduced, and its tendency to 
penetrate the refractory is much decreased. This may be a 
considerable factor in the resistance of silicon-carbide refrac- 
tories because their high thermal conductivity reduces surface 
temperatures and slag penetration is slight, even though the 
body itself may be quite porous. 


REFRACTORIES Factors 


The corrosion by slags will vary with refractories of different 
chemical or mineralogical constitution. Where the body is 
composed of different clays or materials, the slag attack may 
be especially marked on one of the constituents, resulting in 
rapid attack and washing away of the more resistant: particles. 
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TABLE 2 OF ACTION OF DIFFERENT COAL-ASH 
AGS AT THE SAME TEMPERATURE 


Comparative depth of erosion in 24 hr. at 2900 deg. 
= 5 per cent 


Descri Brand Kind of slag —~ 
tion o of East 
brick brick Peoria Chicago Cahokia Cleveland Lowellville* 
21 0.88 0.94 1.01 
DP. 16 1.26 (?) 1.00 0.89 
19 1.09 1.03 0.85 0.95 

High 17 0.92 0.72 


Inferior bonding materials in clay refractories are thus likely 
to materially decrease the life in boiler furnaces. 

Bodies of low refractoriness do not withstand service con- 
ditions well because of the combined fusion effect in the body 
due to high temperature and the corrosion by the slag. Ma- 
terials of high fusion or softening point may show equally poor 
service because they remain porous enough at furnace tempera- 
tures to permit penetration by the slag to much greater depth 
than do some of lower refractoriness. This is quite noticeable 
in the case of some of the high-alumina bricks. 

Many of the fireclay refractories develop a vitreous, porce- 
lain-like layer back of the slag contact and become so imper- 
vious that there is little, if any, penetration. Such materials 
offer a minimum surface for slag attack, and hence good service. 

The physical structure of the body is an important factor 
in slagging effects. Coarse-grained bodies which permit pene- 
tration of the slag are severely attacked. Cracks, fissures, 
and laminations afford weaknesses in resistance to slag action. 
In some bodies the grog particles shrink excessively and become 
loosened from the bonding material. These particles are washed 
away readily as corrosion of the bond takes place, and the 
coarse grog is therefore of little effect in resistance to the slag. 

The physical structure is also reflected in the method of fab- 
rication. The dense skin-effect of stiff-mud molding would 
seem to offer an advantage in resistance to erosion, but this 
may be offset by lamination. Dry-pressed bricks are likely 
to be dense, providing the material is not too coarse. Maximum 
density should be a highly desirable factor in slag resistance. 
Hand-molded refractories are likely to be coarse grained and of 
minimum density, and therefore less resistant than either stiff- 
mud or dry-pressed bricks. 


LaBoraTory SLAGGING TEST 


A laboratory slagging test has been described? in which the 
test bricks form the lining of a rotating furnace into which 
powdered slag is fed at a uniform rate through the gas-burner. 
The molten slag flows down the surface of the brick, producing 
the combined corrosion and erosion effects, while temperature 
and atmospheric conditions are controlled. Uniform treatment 
of each test brick is obtained and comparison of slag action 
is made by determining the volume loss per unit area exposed, 
or the average depth of erosion. 

A series of commercial brands of brick, including those in 
use during service tests by the U. S. Bureau of Mines at the 
several boiler plants, have been made with different coal-ash slags. 
In part of these tests the same temperature has been used for 
each of the slags. In a further series the temperatures for 
the respective slags were approximately the maximums found in 
service in the plants. 


2R. K. Hursh, “A Laboratory Slagging Test for Boiler-Furnace 
Refractories,” A.S.M.E. Trans., 1929, paper FSP-51-44. 
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TABLE 3 EFFECT OF TEMPERATURE ON ACTION OF EAST 
PEORIA SLAG 


-—Average depth of erosion, in cm. * 5 per cent— 


Test No. a SM 21 P18 HM 30 
1.21 1.48 1.96 
ees 0.87 0.94 1.15 
0.57 0.64 0.75 


CoMPARISON OF REFRACTORIES WITH DIFFERENT SLAGS 


In Table 2 the comparative effect of the different slags, based 
on a 24-hr. test at 2900 deg. fahr., is shown for several brands 
of bricks. The figures represent the relative amount of depth 
of erosion, using that of brand 18 as a basis of comparison. 
In each case the data represent an average of two separate tests, 
two bricks of a brand being used in each test except in one or 
two cases where there was a limited supply. The ash from the 
East Peoria coal shows a distinctly different degree of activity 
on many of the bricks from that of other slags. This is an ash 
of much higher lime content than the others, but of somewhat 
lower iron content than the Chicago and Cleveland slags. It 
has the lowest fusion or P.C.E. value of the group of slags. 
It is of interest to note that the stiff-mud bricks, representing 
materials from two different districts, showed a somewhat 
better resistance than that of dry-pressed bricks, while the hand- 
molded refractory was much the poorest. The high-alumina 
brick showed inferior resistance to that of standard grades of 
fireclay. This is possibly due to the action of lime on the alumina 
to produce compounds and mixtures of lower fusibility than 
those of higher silica content. 

The Chicago slag ranks next to East Peoria in lime content 
and has a greater iron content. With this slag, the high-alumina 
brick showed a slightly better resistance than the fireclay brick. 
The stiff-mud bricks show a slight advantage over the dry- 
pressed refractories. There is, however, little actual advantage 
of any brand over the others with this slag. 

The Cahokia and Cleveland slags have about the same lime 
content, but the Cleveland ash is the highest in iron content of 
the group. The resistance of the high-alumina brick was ap- 
preciably better with these slags than of brand 18, indicating 
that such refractories might show considerably better service 
with slags of low-lime and high-iron contents than do the stand- 
ard fireclay bricks. It is to be noted, however, that the physical 
characteristics of the brick may, and probably will, have an 
increased significance in this case. 

Errect OF TEMPERATURE ON SLAG ACTION 


Marked increase in slag action is the result of increased fur- 
nace temperatures with the more fusible slags, as shown by the 
data in Table 3, The three brands of fireclay brick, made by 
different processes and at different plants, show a fairly consis- 
tent relationship between loss and furnace temperature. This 
is better indicated by the curves of Fig. 1, in which the slopes 
differ somewhat for the respective brick, but the comparative 
resistances are about the same at the three temperatures. 


CoMPARISON OF SPECIAL MIXTURES 


In order to compare the effects of various manufacturing 
processes and materials on the resistance of firebrick to different 
coal-ash slags, eight lots of brick were made up by a single 


manufacturer. These represented the following variations in 
processing: 
Firing 
Brand Material Fabrication Grind treatment 
St 1.. Dist. 1 Dry-pressed Fine Cone 6 
Dist. 1 Dry-pressed Fine Cone 12 
St 3 Dist. 1 Dry-pressed Fine Cone 14 
St 4 Dist. 1 Dry-pressed Very fine Cone 12 
St 5 Dist. 1 Stiff-mud Fine Cone 12 
St 6 Dist. 1 Hand-made Fine Cone 12 
St 7 Dist. 2 Dry-pressed Fine Cone 12 
St 8 Dist. 3 Dry-pressed Fine Cone 12 


No erosion. 
2 
| 
ee 


i 
i 


FUELS AND STEAM POWER 


These were tested in the laboratory slagging furnaces with 
slag from five different coals sent from plants at which tests 
were made by the U. S. Bureau of Mines. (Tests with a sixth 
coal are yet to be made.) The tests were arranged to make 
direct comparison of method of fabrication, grind, firing treat- 
ment, and materials from the three producing districts. The 
tests with the several slags were conducted at temperatures 
comparable with those found in the service tests at the re- 
spective plants. In the case of the East Peoria coal ash the 
test temperature was somewhat above the average found in the 
boiler furnaces, but approximated the maximum. This higher 
temperature was chosen in order to obtain a larger amount of 
erosion in the testing period and more satisfactorily comparable 
results. It has been indicated previously that the order of 
resistance of fireclay brick is not changed by the increase in 
temperature. The results of this series of tests are shown in 
Table 4. The values for erosion losses represent averages of 
determinations on three brick of each mixture used in a test. 
The porosity and bulk specific gravity values are averages on 
five brick of each lot as received. 

TABLE 4 COMPARISON OF REFRACTORY MIXTURES WITH 
DIFFERENT SLAGS 


(Based on average of three tests) 
7—Average depth of erosion in cm.—. 
Kind of slag used and temperature 


——————in deg. fahr. —-——_-——~ 
De- Po- Bulk, East Ca- Chi- Lowell- 

scrip- rosity, specific Peoria hokia cago ville Detroit 

Brand tion Grind % gravity 2600 2800 2 2600 2800 
Comparison of fabrication method 

St2 DP Fine 19.4 1.99 0.93 0.56 2.23 0 0.70 
St5 Sm Fine 19.7 1.95 1.00 0.62 2.08 0 0.72 
St6 HM Fine 21.8 1.81 1.18 0.65 2.41 0 0.93 


Comparison of grind 


St2 DP Fine 19.4 1.99 1.04 0.49 1.63 0 0.27 
St4 DP Veryfine 21.0 1.96 1.05 0.50 1.66 0 0.30 
Comparison of frring 
tl DP Coneé 20.5 2.03 0.93 0.67 2.27 0 0.44 
St2 DP Cone 12 19.4 1.99 0.92 0.82 2.43 0 0.55 
St3 DP Cone 14 18.1 2.01 0.95 0.74 2.33 0 0.56 
Comparison of materials 

St2 DP Dist. 1 19.4 1.99 1.00 0.59 1.63 0 0.27 
St7 DP Dist. 2 24.4 2.05 0.80 0.57 1.60 0 0.42 
St8 DP Dist. 3 22.4 2.04 0.89 0.65 1.66 0 0.37 


In the comparison of bricks made by the three molding proc- 
esses the hand-made were distinctly inferior in resistance to 
all the slags. Dry-pressed brick showed the best resistance 
in all cases except that with the Chicago slag, but the advan- 
tage over stiff-mud brick appears to be slight in any case. The 
density of the dry-pressed and stiff-mud bricks is nearly the 
same, while that of the hand-molded bricks is lower. This 
may account, in part, for the differences shown in resistance 
to slag attack. 

There is no appreciable difference in the action on bricks with 
different fineness of grinding in any of the tests. The difference 
in grind was not great, as the density values and the appearance 
of the bricks indicated. 

In the comparison of firing treatment the brick fired at 
the lowest temperature showed less erosion in each test ex- 
cept that with East Peoria coal ash. The explanation for this 
was found in examination of the slagged brick. Slag penetra- 
tion by the three slags used in tests at 2800 deg. fahr., was deeper 
in the cone 12 and cone 14 brick than in those fired at cone 6 
but there was no noticeable difference in the case of East Peoria 
slag at 2600 deg. fahr. Apparently the higher firing tem- 
perature has developed a greater amount of glass in the body 
with possibly a higher thermal conductivity. At a furnace 
temperature of 2800 deg. fahr. the slag diffuses into this glass 
more readily than into the lower fired body and corrosion is 
therefore increased. A higher thermal conductivity, which 
is indicated by the greater depth of vitrified body back of the 
slag contact in the higher-fired brick, would result in higher 
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temperature and more fluid glass in the body. This contrib- 
utes still further to diffusion of the slag into the body and to 
corrosive effect. 

In the cone 6 brick the development of glass in the body has 
not been sufficient to aid diffusion of slag into the body. Con- 
sequently, a thin vitreous layer is formed back of the slag con- 
tact which offers greater resistance to slag penetration. A 
greater temperature gradient, hence a smaller depth of high- 
temperature conditions, is evident in the appearance of the 
brick. 

In the case of the East Peoria tests, the temperature, 2600 
deg. fahr.; is not high enough to soften the glassy portion of 
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e Depth of Erosion, cm.+ 5 Per Cent 
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2400 2500 2600 2700 2800 2900 
Temperature, Deg. Fahr 


Fie. 1 Errect oF Furnace TEMPERATURE ON AcrTION 
(The numbers at end of curves indicate brand of brick.) 


the body to any appreciable degree. Hence, no noticeable 
difference is seen in the erosion, nor was any evident in exami- 
nation of the several brick tested. 

It is evident that high firing temperature is not desirable 
for these fireclay brick when subjected to furnace temperatures 
at which the glass in the body softens appreciably. The re- 
sults might also be interpreted as indicating that the proper 
firing treatment for a refractory for boiler-furnace use is below 
that at which glass is formed in the body. The temperatures 
encountered in service will produce a vitreous coating on the 
brick to prevent appreciable slag penetration, and the softer 
burned body provides an insulation to limit the depth at which 
temperatures will develop. 

The order of resistance of brick made in the three districts 
which are represented in these mixtures is somewhat variable 
with the different slags. (It is to be observed that these brick 
represent specific clays from the given districts and may not 
be at all representative of the region from which they come. 
It would be decidedly unfair to generalize in comparing the 
materials from various clay-producing districts on the basis 
of a single mixture from each; hence, the district is referred to 
by number only.) The brick from district 2 show a distinct 
advantage in the East Peoria tests and, possibly, are slightly 
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better with Cahokia and Chicago slags, but inferior with De- 
troit ash. In the latter case there is quite a marked difference 
in the resistance of the three mixtures. The amount of erosion 
by this slag is, however, small, and is less than that of the others. 
The relative differences between the mixtures might be lessened 
with a greater amount of erosion. The conclusion may be made 
from these data that various clays or mixtures do offer different 
degrees of resistance to different slags or under different furnace- 
operating conditions. A choice of fireclay refractories may 
therefore be made on the basis of ‘specific performance with a 
certain coal ash and set of furnace conditions. A brick which 
gave good service in one place might be definitely inferior with 
a different coal ash. 


SuMMARY 


The effect of varying reducing conditions in the furnace 
on the corrosive action of slag from Cahokia coal ash is slight 
in the tests in the laboratory furnace. 

The temperature gradient in the refractory is an important 
factor in slagging action in two ways. With refractories of 
very high thermal conductivity the rate of heat loss through 
the body is sufficient to maintain a viscous slag at or near the 
contact, thus reducing slag penetration and corrosion. In the 
case of fireclay brick the conduction is not sufficient to have 
this effect, but materials of lower conductivity show somewhat 
better resistance to slags. 

Materials of low refractoriness or fired at too high tempera- 
tures have reduced resistance to slag action, due apparently 
to diffusion of slag into the glassy portion of the body. 

The development of a vitreous and impervious layer of the 
body, without excess of glass, next to the slag contact reduces 
corrosion. Bodies of very high refractoriness, which do not 
so vitrify at furnace temperatures, permit slag penetration and 
are more affected by slags than less refractory bodies. 

} A high-alumina brick showed less resistance to high-lime 
slags than did fireclay brick, but a greater degree of resistance 
to slags of low-lime and high-iron contents. 

Increase of furnace temperature produces a marked increase 
in the erosion of refractories by coal ash. The order of resistance 
of fireclay brick was not changed with temperature variation. 

Tests of special mixtures indicated an advantage for dry- 
pressed and stiff-mud bricks over hand-made, somewhat propor- 
tionate to their comparative densities. 

High firing temperature tended to increase slag action of one 
fireclay mixture when subjected to slag action at a furnace tem- 
perature of 2800 deg. fahr. At 2600 deg. fahr. no difference 
due to firing treatment was observed. 

A fireclay brick may afford better comparative resistance to 
one slag or set of operating conditions than to another; a selec- 
tion may therefore be based on specific performance with re- 
spect to a given slag. 


{Nore: Discussion of this paper, jointly with the paper by T. 


A. Klinefelter and E. P. Rexford, by Ralph A. Sherman and by 
Harold E. Simpson will be found following the Klinefelter and 
Rexford paper. | 
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AvuTHOR’s CLOSURE 


In general, the results of the two methods of testing the action 
of the coal-ash slags on the refractories are similar. The Bureau 
of Standards method indicates the temperature range within 
which erosion losses are moderate and above which the attack 
of the slag becomes severe. The Illinois test indicates the 
relative activity of the slags on refractories under conditions 
simulative of those in service, as well as the comparative resis- 
tance of different refractories to a given slag under these condi- 
tions. With the slags shown by Messrs. Klinefelter and Rexford 
to have a low critical range, the slagging losses were generally 
high. The Lowellville ash, with a high critical range, produced 
little or no erosion in tests at 2900 deg. fahr. Some discrepancy 
appears in comparison of East Peoria and Cahokia slags, for 
which the critical ranges of temperature were found to be about 
the same. The results in Table 3 show greater losses due to the 
East Peoria slag at 2600 deg. fahr. than with the Cahokia slag 
at 2800 deg. fahr. From this it would seem that the temperature- 
viscosity relationship of a slag above its critical range is extremely 
important. The viscosity of the East Peoria slag decreases much 
more rapidly with increase in temperature than does that of the 
Cahokia ash. Hence its activity at temperatures above the 
critical range is much greater. The Chicago ash, which shows a 
high critical range, produced the most severe erosion in the whole 
series of tests at 2800 deg. fahr., considerably greater than that of 
the Cahokia ash, which showed a lower critical temperature range. 

It is a question whether the average operating temperature in 
the boiler furnace is as important in relation to slag action as is 
the maximum temperature. The marked increase in erosion 
with higher temperatures indicates that the action during short 
periods above the average may cause greater losses than in long 
periods at the usual furnace temperatures. 

In answer to Mr. Sherman’s question concerning the differences 
in erosion losses on the same brand of brick in different tests, 
shown in Table 4, there were some differences in the temperatures 
and amounts of slag used in this series. No especial effort was 
made to duplicate the conditions exactly in the several tests with 
a given ash, since in each one all the brick brands were included 
which were to be directly compared. By correction of the figures 
for these variables the erosion losses of the St-2 brick in the 
separate tests with a given slag are practically equalized. Pre- 
vious results have shown that tests can be satisfactorily dupli- 
cated, when desired, without difficulty. 

Referring to the question of Dr. Simpson concerning relative 
slag penetration in brick fired at different temperatures, it was 
shown that less penetration and lower erosion loss of cone 6 brick 
was evident only in the test made at 2600 deg. fahr. A consider- 
ably greater amount of glass was apparent throughout the body 
of brick fired at cones 12 and 14, as well as deeper slag penetra- 
tion. No slag was evident beyond the thin vitrified surface layer 
of the cone 6 brick. The heat treatment apparently was not 
sufficient to develop a glass of the amount or fluidity that would 
permit appreciable diffusion of the slag. In tests at 2800 deg. 
fahr., the slag penetration and the erosion losses were the same 
for all three firing treatments. 
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Action of Slags on Firebrick and Boiler 
Furnace Settings. 


By T. A. KLINEFELTER? ano E. P. REXFORD,* COLUMBUS, OHIO 


The results contained in this paper were obtained in an 
investigation conducted by the Columbus branch of the 


U. S. Bureau of Standards for the A.S.M.E. Special Re- 


search Committee on Boiler Furnace Refractories. The 
paper presents a rational discussion of the action of coal 
ash upon boiler-furnace refractory walls and shows the 
consistency of results from the authors’ laboratory slag 
tests with firebrick under actual service conditions in 
boiler furnaces. 


ITHIN the last year the labo- 

\ \ ratory examinations made in 

connection with the boiler-fur- 
nace slags have developed what seems to 
be a practical test for predicting the ac- 
tion of slags on firebrick. The preliminary 
work leading up to this phase of the in- 
vestigation will be found in previous 
reports. ** 

In the latter report a description was 
given of the methods and the general 
procedure for the study of the principal 
components found in slags. This study 
remains the most fundamental on the 
program outlined, but one or two interesting developments 
have appeared from the examination of the field samples first 
sent in, resulting in a test which seems to have considerable 
practical application. 

The work on the multiple component system brought out 
the fact that to obtain a true picture of the phases and condi- 
tions present at any given temperature it is necessary to quench 
the slag from that temperature. This led to a complete re- 
examination of all samples sent in by the Bureau of Mines 
field crew. 

As a result of these examinations there was presented a rather 
different picture. Quenchings were first made from about 
the average operating temperatures to which the boiler settings 
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had been subjected. It was noticed that, in those cases where 
the refractories had been giving fair or good service, the slag 
appeared to be saturated with a solid phase or phases, and in 
those cases where poor service had been reported the slag con- 
sisted mostly of glass with only a small amount of mullite pres- 
ent, particularly along the interface with the refractory. 


DEVELOPMENT OF WORKING HyYPoruHEsIs 


On correlating these observations it was noted that in every 
case the slag and refractory interaction 
could be separated into three fairly dis- 
tinct stages or ranges, as follows: 

Lower Range. At the relatively lower 
temperatures very little penetration into 
the refractory was apparent, the amount 
of glassy matrix was small, and the whole 
slag was saturated with the solid phase 
which very evidently originated from the 
components of the slag solution itself. 
These solids in most cases were skeleton 
magnetite and mullite, but fayalite, anor- 
thite, akermanite, etc., were also found, 
depending on the composition of the 
coal ash. 

Critical Range. As the temperature was gradually raised 
the following changes were noted: The skeleton magnetite dis- 
solved first, and also the quantity of glassy matrix increased 
and became darker, thus apparently indicating solution of the 
magnetite into the liquid glass. At the same time the quantity 
of mullite or other solid phase decreased and the grains became 
smaller and finer, due probably to solution. Penetration of 
the glass or liquid into the refractory was more apparent, while 
along the edges of the refractory and in the glassy veinlets 
impregnating it fine needles of mullite appeared, very evidently 
growing from a combination of the refractory material and the 
coal ash, thus showing the start of severe corrosion. 

This condition continued as the temperature increased until 
an interval or range was reached where the glassy matrix or 
liquid seemed to be at a maximum, the solid phases at a minimum, 
and the penetration into the brick was not great. For conven- 
ience this has been termed the “critical range,’’ as at tempera- 
tures above this range severe corrosion appeared. This interval 
was not particularly sharp in any case, although in one or two 
cases an interval of 25 deg. fahr. showed a much more decided 
change than usual. 

Upper Range. At temperatures above the “critical range”’ 
an increase in the solid phase again appeared, showing most 
abundantly along the interface with the refractory. In the 
cases examined, all of which were clay firebrick, this solid phase 
was mullite. Solid phases other than mullite would be ex- 
pected with refractories of essentially different composition. 
The penetration into the brick became more and more pro- 
nounced, and the penetrating veinlets became a mass of unoriented 
mullite needles. 

In general, then, it appears that, if the temperature and 
conditions in the boiler furnace are such that the slag solution 
is saturated with the solid phase recrystallizing from its own 
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constituents, that slag is relatively less corrosive than a slag 
containing little or no solid phase. In the latter case the molten 
unsaturated solution present is capable of more or less continuous 
corrosion of the refractories, if there is not enough material 
in the slag to form a saturated solution of that solid phase re- 
quired by the particular section of the multiple component 
system in which the solution lies for that temperature. Then 
in order to bring about a saturation the necessary constituents 
are absorbed from the brick, causing intense corrosion and the 
ultimate breakdown of the setting. Equilibrium is never 
reached, of course, as new slag is being constantly supplied by 
the gas currents. At low temperatures some of the dis- 
solved material will be crystallized out as a solid if the melt 
has been saturated at a higher temperature. On heating, this 
dissolves, and if more is placed in the solution it, too, will dis- 
solve within limits as the temperature is increased. In the 
case of the boiler setting, the slag, which is more or less viscous, 
is plastered against the refractory wall. If the temperature 
and composition of the slag are such that the liquid is capable 
of rapid corrosion, it flows or drips away. In doing so, whole 
particles of brick, especially the more refractory portions such 
as the grog, are floated away bodily. This condition was noted 
in the preliminary examinations. No doubt the so-called 
“washing” effect of the furnace gases aids in this process to 
greater or lesser extent, but only after the refractory has been 
softened by excess temperature or fluxing action of the slag. 

It is entirely possible that, in the case of certain brick where 
the binding matrix is less refractory than the grog or solid par- 
ticles, the boiler temperature and conditions may be such that 
softening and even liquefaction of the brick matrix occurs, thus 
causing failure without any reaction between the brick and slag. 
However, the evidence so far does not point to this as a factor of 
much importance in the case of good grades of brick at pre- 
vailing conditions. But this may be a factor which, coupled 
with the thermochemical action of the slag, causes failure with 
even the best of refractories. There has not been sufficient 
time to investigate this angle. 

The investigation upon which the preceding discussion is 
based has been carried out under neutral to oxidizing conditions. 
While the work so far seems to check up quite well with the 
results shown in the commercial settings, it is felt that some 
of the findings will be modified for settings where the atmospheric 
conditions are strongly reducing. Commercial settings are of 
course known to be much harder on refractories when the fur- 
nace is operated under such conditions. 


Meruop or TEst 


Assuming as a working hypothesis that, to obtain a relatively 
low corrosive slag, conditions should be such that the slag solu- 
tion is well saturated at all times with one or more solid phases 
formed from constituents of only the slag solution, it becomes 
necessary to work out the three ranges mentioned for any given 
coal ash and refractory. With the “critical range’’ established, 


it is only necessary to keep the temperature of the boiler fur- 
nace below the “critical range’ to obtain as good practical ser- 
vice from that refractory and slag combination as is possible 
from the thermochemical standpoint. 

In order to work out these ranges readily, the following method 
and technique are suggested. As referred to, it has been found 
entirely impossible to study these slag and refractory combi- 
nations properly unless they are quenched from temperatures 
at which slag action took place in actual service. This requires 
the use of a control board for maintaining accurate and constant 
temperatures over any desired range. The furnace should 
be so constructed that the sample may be quickly quenched. 
This can be done readily by having the furnace core or heating 
chamber in a vertical position with a removable plug at the 
bottom. 

By fusing the fine platinum wire by which the specimen is 
suspended it may be dropped into a mercury bath held close 
under the furnace. 

A refractory to be investigated has a */,-in. hole drilled near 
a corner to a depth of about '/; in. A section including the 
drilled hole is now sawed or broken off and roughly shaped into 
a crucible about 1 in. in diameter and 1 in. in depth. This work 
requires only a few moments, as the drilling can be done with a 
corundum or periclase clip which works rapidly and cuts 
cleanly. The final shaping is done with a rough silicon-carbide 
stone. 

This miniature crucible is filled with sintered coal ash and 
coal, or a piece of slag from the boiler setting under investiga- 
tion, and then suspended in the furnace with a thermocouple 
next to it. Two samples can be handled almost as readily 
as one, the hot junction of the thermocouple being located be- 
tween the two. This gives a temperature control of more 
than necessary accuracy, since it has been found in the work 
so far that in practically all cases there is no necessity for ob- 
taining quenchings at intervals closer than 25 deg. fahr. In 
rare instances a closer interval in the so-called “critical range’’ 
has given a little better knowledge of conditions. 

The furnace is heated rapidly to the desired temperature 
and is held there for from 4 to 24 hours, and the sample is then 
quenched. In generel, the longer heat treatment gives crystals 
which are larger and much more easily identified than those 
produced in the short treatment, the proportionate amounts of 
phases present running practically the same. 


Discussion OF PRELIMINARY RESULTS 


This hypothesis will be applied in the study of Table 1. It 
will be noted in this table that in every case where the service 
of the refractory is reported as “good’’ the average operating 
temperature is below that of the “critical range,” and con- 
versely where the service is “poor’’ the average operating tem- 
perature is above the critical range. 

The average operating temperatures were arrived at by a 
study of the furnace and refractory temperatures observed at 


TABLE 1 FIELD AND LABORATORY DATA OF BOILER FURNACES INVESTIGATED 


Average 
temperature Service of 
for average Critical refractory Crystalline com- 
rating, range, in boiler pounds present 
Station Equipment Fuel deg. fahr. deg. fahr. setting in slag 
Lowellville, Ohio. . ... Underfeed stoker Bituminous coa! 2000-2300 2700-2750 Very good Miullite 
Trenton Channel, ‘Detroit, “Mich... Long flame burner Powdered bituminous coal 2600-2700 2700-2800 Good Mullite, magnetite 
Westport, Baltimore, Md........... Underfeed stoker Bituminous coal 2400-2600 2650-2700 Good Mullite, magnetite 
Long flame burner Powdered bituminous coal 2200-2300 2200-2300 Fair 
Fisk Street, Chicago, Ill.......... . Traveling-grate stoker Bituminous coal 2600-2700 2600-2700 Fair Mullite, magnetite 
70th St., Cleveland, Ohi 2600-2700! 9799-2800 Fair M 
eveland, grate ituminous coa ullite, magnetite 
Natural draft 2300-2500 Good 
Traveling grate Anthracite 2500-2600 2200-2300 Poor Mullite, magnetite 
Crawford ‘avenue, Chicago, Ill. Chain . Bituminous coal 2800-2900 2500-2550 Poor Mullite ~ 


Powdered bituminous coal 2600-2700 2200-2250 Very poor Miullite, magnetit- 
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the time the samples were collected. Temperatures were 
taken within the bricks themselves at varying distances from 
the hot face, and extrapolations were made to obtain the tem- 
perature of the hot face. At the same time temperatures were 
taken within the furnace itself at varying distances from the 
hot face. As the latter temperatures, particularly those 2 ft. 
from the side walls, were somewhat higher than those obtained by 
the gradient established from the temperatures within the brick, 
they have been used. The readings taken under average boiler 
ratings, generally 150 to 175 per cent, were shown rather than 
the extremes. While the maximum temperatures and condi- 
tions affect the thermochemical reactions more or less, it is thought 
that average operating conditions are the ones of greatest value. 

The installation reported as giving probably the best re- 
fractory service was that of Lowellville, with low-sulphur coal. 
The laboratory study of the fuel ash plus the refractory indi- 
cated a critical range of 2700 to 2750 deg. fahr., while the average 
operating temperature was from 2000 to 2300 deg. fahr. This 
suggested a prediction of good service from the refractories, 
and the reports stated the average life at this station to be about 
two years. 

In case the average operating temperature is just below or 
falls within the critical range, one would expect only fair service 
from the refractories, depending upon certain conditions. If, 
for instance, the boiler were operated at or somewhat below 
average rating, the refractories would probably do quite well, 
while if operated at higher ratings considerable portions of the 
time, the operating temperatures thus exceeding the critical 
range, the refractories would fail much more quickly. Both the 
East Peoria Station and the Fisk Street Station of Chicago 
fall in this class. Fair results were reported from the field in 
both cases. 

On the other hand, the cases of Cahokia and Crawford Avenue 
Station, Chicago, showed very poor service from the refractories 
as compared to the cases cited. The Cahokia critical ranges 
showed 2250 deg. fahr. as the upper limit, and the average operat- 
ing temperature was from 2600 to 2700 deg. fahr., which is 
well within the “upper range” of the coal-ash refractory combi- 
nation. Hence, severe corrosion was to be expected, and the 
field reports showed this to have been true. The Crawford 
Avenue Station was a similar case. It reported an average 
life of about 36 days for its refractories in positions receiving 
the maximum punishment, and the laboratory tests show this 
combination as having a critical range 300 to 400 deg. fahr. below 
the average operating temperature. 

The laboratory studies show that in some cases the boiler 
temperature could be increased without serious detriment to 
the refractories in use, while in other cases considerable improve- 
ment might be expected if other combinations of coal ash and 
refractory were used. 

Some investigating was done along this line in the case of 
Cahokia and Trenton Channel coal-ash refractory combinations. 
The Cahokia refractory was tried with the Trenton Channel 
coal ash and resulted in a decided raising of the critical range. 
Likewise, the Cahokia coal ash in combination with the Trenton 
Channel refractory also resulted in an increase, although not 
to the same extent. In this case the coal ash was a more de- 
ciding factor than the refractory. 

For any given boiler furnace certain coals and refractories 
are available or economical to use. If a study can be made of 
the various ashes with the various refractories along the lines 
indicated, one or more combinations can probably be found 
where the critical range is above the average operating tempera- 
ture. It is thought that by using the method outlined one 


* “A Study of Refractories Service Conditions in Boiler Furnaces,” 
Ralph A. Sherman, Bulletin of the Bureau of Mines. 
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will be able to obtain results with an accuracy and speed hitherto 
unobtainable. 


SuMMARY 


The following working hypothesis has been developed for 
predicting the action of slags on firebrick: To obtain a relatively 
low corrosive slag, conditions should be such that the slag solu- 
tion is well saturated at all times with solid phases formed from 
constituents of the slag only. This involves working out three 
ranges or conditions for any given combination of coal ash and 
refractory, as follows: 

1 The lower temperature range, where the slag is saturated 
with the solid phase originating from its own components and 
is considered to be a safe working range for the combination 
of coal ash and refractory. 

2 A critical temperature range, where most of the crystalline 
phases from the slag components have come into solution and 
the slag is mostly liquid. The temperature should be kept 
below this range, as immediately above it severe corrosion 
of the refractory begins. 

3 The upper temperature range, where the temperature 
is high enough to permit the brick components to unite with 
those of the slag to cause supersaturation and recrystallization 
of a solid phase. In this range severe refractory corrosion be- 
gins, increasing rapidly with further increase in temperature. 

A technique is suggested for determining these ranges by 
the use of a quenching furnace and control board, giving on 
the whole a precise and accurate simulative test method. 


Discussion 


A. SHerMAN.’? Manufacturers and users of refractories 
have long sought an accurate test by which the resistance of 
refractories to slags could be measured. The authors have pre- 
sented in these two papers two methods which are widely differ- 
ent, but which have been developed concurrently and have had 
the advantage of comparison one with another and with rather 
carefully conducted field tests. With the completion of the 
trials of the two methods on the special series of firebricks which 
the Special Research Committee of the Society has had manu- 
factured and the trials of panels of these bricks in actual boiler 
furnaces a definite evaluation of the relative merits of the two 
methods can be made. Mr. Hursh has reported the results of 
his method on all of the bricks with all but one of the slags to 
be used, and Battelle Memorial Institute is now engaged in a 
year’s work which it is contributing to the problem in studying 
the series of combinations by the quenching method of the Bureau 
of Standards; Dr. Harold E. Simpson is conducting the investi- 
gation. 

Both types of test may be retained as each has its particular 
advantages. The quenching method is undoubtedly the more 
fundamental of the two and gives an accurate picture of what 
occurs in the action of a slag on a refractory. The use of the 
control board allows much closer regulation of temperature than 
can be obtained in the rotating-furnace method. The cost of 
the equipment for the quenching method is greater than for 
the rotating furnace, and a more highly trained operator is 
required to conduct the tests and make the observations. A 
particular advantage of the rotating-furnace method is that the 
results are quantitative and a curve of the relation of the rate of 
erosion to the temperature can be plotted. 

Although some idea of the increase in the rate of attack with 
temperature can be obtained by the quenching method, it has 
not yet been possible to plot a curve of the results. Another 
advantage of the rotating-furnace method is that different 


7 Fuel Engineer, Battelle Memorial Institute, Columbus, Ohio. 
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furnace atmospheres may be obtained with some degree of facil- 
ity. Although it does not seem impossible to subject the speci- 
mens in the quenching furnace to different atmospheres and it is 
intended to attempt this phase of the work, it is probable that 
certain difficulties will arise, particularly in connection with the 
attack of reducing gases on the platinum winding of the furnace. 

The authors of the paper on the quenching method have 
emphasized the fact that the “critical range” cannot always be 
determined within narrow limits, and the writer wishes to place 
further emphasis on this point. With one of the slags which 
has been studied at Battelle Institute the range was determined 
within limits of 25 deg. fahr., but with another slag the range 
could not be defined more closely than 200 deg. fahr. This is 
not at all serious, as without special studies the temperatures 
at various points in a boiler furnace at various ratings cannot 
be controlled more closely than 200 deg. fahr. 

In closing, the writer wishes to ask Professor Hursh to clarify 
one point in connection with the results shown in Table 4 of 
his paper. The refractory ST-2 was used as a comparative 
specimen in the study of the four factors of burn, grind, method 
of fabrication, and district, but the erosion reported for this 
refractory for the same ash is not alwaysthe same. For example, 
the average depth of erosion with the Detroit ash under the 
comparison of the effect of the method of fabrication was 0.70 
em., while for the same refractory and the same temperature 
under the comparison of the effect of grind it was 0.27 cm. It 
is presumed that these were different tests and the length of run 
and amount of slag used were different, but without explanation 
it would appear that the results could not be closely duplicated. 


Haroitp E. Siwpson.* The development of a satisfactory 
service test for boiler-furnace refractories is one of vital interest 
to beth user and manufacturer of such products. Such re- 
fractories are not only called upon to withstand high tem- 
peratures, but also they must withstand the corrosive action 
of the coal-ash slag. 

The two tests given in these papers, while developed along 
different lines, have as their common goal a means for observing 
the effect of coal-ash slags on refractories. The one method 
inherently lends itself to careful control and precision, giving 
the fundamental relations existing between coal-ash slags and 
refractories, while the other lends itself to use in the average 
size laboratory and gives a comparative estimate of slag attack 
on refractory. 

In Professor Hursh’s paper, the writer would like to see the 
results of tests carried out at a series of temperatures, say, from 
2200 to 2800 deg. fahr. at 100 deg. fahr. intervals for a particular 
coal ash and refractory. He Would also like to ask why the 
author believes slag penetration to be greater in a vitrified body. 
If the development of glass is conducive to slag penetration in 
the high-fired refractories (cone 12 and 14), why does the de- 
velopment of thin vitreous coating in cone 6 body hinder slag 
penetration? 

In the paper by Messrs. Klinefelter and Rexford, the writer 
would like to add that it has been his experience that rather 
severe corrosion may occur even if the slag still contains con- 
siderable solid phase. As a rule, however, the presence of a 
great amount of glass in the slag is an indication of considerable 
attack of refractory by slag. 


E. G. Batter.’ It would seem that the conclusions to be 
drawn from the paper by Messrs. Klinefelter and Rexford are 
about as follows: 

® Ceramic Engineer, Battelle Memorial Institute, Columbus, Ohio. 


* President, Fuller Lehigh Company, Fullerton, Pa. Mem. 
A.S.M.E. 
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1 Select coal with as high a fusing temperature of ash as 
possible 

2 Select refractories to produce a high “critical range” 

3 Keep the furnace temperature below this “critical range”’ 
by means of low rate of combustion, high excess air, 
or other means, most of which are inefficient. 


In this day of high steam pressures and temperatures and 
high electric voltages, it seems rather reactionary to call for 
low furnace temperatures. 

If low furnace temperatures are required, water-cooling of 
the furnace walls is the best way to do it, and the question might 
be asked, ‘‘Why use refractories anvhow?” 

While water-cooling is undoubtedly here to stay, the writer 
still can see some good in refractories and is very much interested 
in studies such as those brought out in this paper. High furnace 
temperatures are necessary in many cases; they are desirable 
in all cases for the most complete combustion at high rates of 
liberation. At low rating a cold furnace leads to inefficiency, 
smoke, and oftentimes absolute failure to maintain ignition. 

The essential point of this paper is the “critical range’’ be- 
tween a given refractory and a given ash. This points toward 
a refractory-lined furnace, with the advantage of high tempera- 
tures, yet cooling behind this refractory that keeps the refractory 
and slag mixture at its surface below the “critical range” by 
means of the water-cooling and the high temperature gradient 
from the furnace to the water tubes. Further studies along 
the line of this paper are well worth while in this field. 

With slag-tap furnaces and relatively hot refractory walls 
and perhaps additional refractory in other places, the recovery 
of ash in the furnace and its economical elimination in the early 
stages of gas flow are all desirable goals which can only be brought 
about by further knowledge of the ash-refractory fluxes and the 
use of a proper refractory throughout the furnace. 


P. Nicuotis.” In the investigations on the life and the 
failures of refractories it has often been disappointing that one 
could not make assured explanations for what occurs; also the 
usefulness of laboratory determinations of the characteristics 
of refractories has seemed to have such a limited application. 
For these reasons, in the committee work, the writer has been 
quite enthusiastic about the explanatory theory advanced in 
the paper by Messrs. Klinefelter and Rexford. It is the first 
time that an attempt has been made to connect tendency to 
slag with a fundamental measurement, and to generalize from it. 

One must expect, however, that, by itself, this new indicator 
will not be a measure of the relative wastage of furnace walls. 
Even assuming that all imposed conditions are determinable, 
yet at least the viscosity of the resultant slag will be another 
fundamental, as will also the relationship of viscosity to tem- 
perature. The writer believes that measures of the tendency 
to slag will have to include these. In addition, the prediction 
for probable actual slagging will have to allow for the quanti- 
tative measures of the imposed conditions such as quantity of 
deposited ash and gas velocity and composition. 

The interpretation of the work of the authors is therefore that 
their indicator gives a relationship between “tendency to corrode”’ 
and temperature up to their critical temperature; that the 
“tendency of the rate of corrosion’ against temperature will 
have to include the additional factors of the viscosity of the 
liquid and some measure involving the texture of the solid re- 
fractory; and that the “rate of corrosion”’ will be compounded 
of the latter (what may be termed the fundamental) constant 
and the imposed conditions. 


10 Supervising Fuel Engineer, Pittsburgh Experiment Station, 
U. S. Bureau of Mines. 
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The line of study being conducted by the authors is, however, 
well worth continuing, and it is to be hoped that they will not 
be content to leave it in its present state, as is so often the 
necessity, and also perhaps the tendency, of investigators, but 
that the study will be continued to the stage where it can be 
embodied in a definite testing specification or other form available 
for practical application, instead of being carried no further 
than a special investigation. 


AvuTHors’ CLOSURE 


In the paper there are mentioned a number of points on which 
considerable work is necessary before some of the criticisms 
brought out in this discussion may be answered more fully. 

The three conclusions which Mr. Bailey drew are correct so 
far as the first two are concerned, but in the case of the third the 
assumption drawn is decidedly incorrect. It would follow of 
course, if the life of the refractory were the sole factor to be con- 
sidered. This is not the case, and we certainly had no intention 
of giving the impression that other factors in boiler operation 
should be subordinated to that of life of the refractories. 

The laboratory was given the task of analyzing the causes and 
processes involved in the failure of the refractories. This is 
what we have endeavored to do in the paper, and since some re- 
fractory and coal-ash combinations give better service than 
others, we have gone a step further and suggested a method of 
finding the best combination for an installation. There is not the 
faintest inclination on the part of the authors to advocate any 
changes in any installation which will lessen the final efficiency 
of the whole station operation. It is all a matter of how impor- 
tant a factor the life of the refractory may be in the cost accounts 
of any given installation. It may or may not be worth while 
to lengthen the periods between repairs. To do so might mean 
such an increase in the cost of coal alone sufficient to offset the 
benefits gained, or as Mr. Bailey suggested, such low tempera- 
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tures with resulting inefficiency as not to be worth while. It isa 
matter of simple arithmetic for the individual station to be worked 
out by the cost accountant. 

There are cases noted in Table 1 accompanying the paper where 
there is no doubt that a different combination of refractory and 
coal ash would lengthen the life of the refractory; but whether it 
would actually pay that station to change or not can be answered 
only by the station’s bookkeeper, not by us. It is our personal 
opinion in the matter in general that there exist a good many 
stations which could use another coal-refractory combination to 
advantage, and also we believe that a precise method of deter- 
mining varying degrees of corrosion with various combinations 
will enable a power station to write specifications for both their 
coal and refractories in a much more intelligent fashion than 
heretofore. 

In regard to Dr. Simpson’s finding that rather severe corrosion 
may take place even while containing large amounts of glass and 
of solid phase, we should like to caution that one must never lose 
sight of the fact that all these slags are corrosive in all ranges, 
but relatively less so in the lower and the critical than in the 
upper. Also that the amount of corrosion in a given range for 
any given combination may be less or greater than for some other 
combinations. 

In the same way the length of the critical range varies con- 
siderably, as Mr. Sherman points out, and while we have not 
sufficient data as yet to correlate any property with it, we be- 
lieve this will develop. We suggest that it possibly ties in directly 
with the viscosity of the slag, and may be something of an index 
of relative corrosion. In the studies mentioned in the main 
paper it was noticed that the most violently corrosive slags 
had a shorter critical range than those of less corrosion. It 
is a phase which calls for much further study, particularly 
with regard to the factor of viscosity, as Mr. Nicholls points 
out. 
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High-Pressure Chemical System for Boiler- 
Water Conditioning 


By A. A. MARKSON,' NEW YORK, N. Y. 


In this paper the author describes the high-pressure 
phosphate system for boiler-water conditioning as used 
at the Kips Bay Station of the New York Steam Corpora- 
tion. He believes that it solves the problem of economizer 
deposition, and while the primary object is to avoid depo- 
sition of scale in economizers and feed lines, it is ap- 
parent that it gives a flexibility of control superior to that 
obtained by adding the chemical directly to the feedwater 
heaters or hot wells. The paper does not discuss the 
chemical phases of the problem. 


HE PURPOSE of any system of 

boiler-water conditioning is to 

maintain such conditions in the 
boiler water that the production of steam 
will not cause the formation of deposits 
on the heating surfaces. If in the 
accomplishment of the primary object, 
secondary difficulties develop, these latter 
must be eliminated without interfering 
with the accomplishment of the main 
objective. At Kips Bay Station of the 
New York Steam Corporation the phos- 
phate system of boiler-water conditioning was found to be 
extremely satisfactory in the elimination of deposit from the 
heating surfaces, but in its original application secondary diffi- 
culties either existed or arose, which had to be traced down and 
eliminated. These difficulties were as follows: (1) The boilers 
produced wet steam, (2) heavy deposits formed in the econo- 
mizers, and (3) it was not possible to maintain low alkalinities 
in the boiler water while maintaining economizer-corrosion 
protection. 

The problem of wet steam at Kips Bay, and its solution, has 
been fully discussed in a paper by A. R. Mumford, “A Study 
of Moisture at High Rates of Evaporation,’”’ published in Vol. 
51, No. 22, of the A.S.M.E. Transactions. Study of this problem 
developed the following facts: 

a That there was a critical value of the concentration of 
boiler caustic alkalinity, above which it was practically im- 
possible to accomplish the mechanical removal of entrained 
moisture, and below which mechanical purification was entirely 
practicable. 

b That the concentration of other dissolved substances and 
suspended matters had a negligible influence on the quality of 
steam delivered from the boilers, within the concentration ranges 
covered in the experiments. 

The caustic concentration was kept below the critical value by 
increasing the blowdown, until its control by chemical means 


1 Mechanical Engineer, New York Steam Corp. Jun. A.S.M.E. 
Graduated from Rensselaer Polytechnic Institute in 1924 and joined 
the New York Steam Corporation; at present is engaged in research 
and design work as a member of the Station Engineering Department. 

Presented at a meeting of the Metropolitan Section, New York, 
N. Y., February 3, 1930, of Tae American Socrety oF MECHANICAL 
ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


could be effected. The sources of the caustic were two: That 
added to inhibit the economizer corrosion, and that formed by 
the breakdown of the carbonates in the boiler water. Some 
caustic alkalinity is necessary in the boiler water to insure the 
maintenance of conditions called for by the phosphate system 
for the formation of non-adherent precipitates. Obviously the 
economizers would be subjected to accelerated corrosion by the 
elimination of the caustic added to the feedwater. Further- 
more, the presence of carbonates in the make-up insured a con- 
stantly increasing concentration of caustic soda in the boiler 
water. 

Because of the fact that no deposits formed in the economizers 
before the phosphate system was adopted it was rather obvious 
that the adding of conditioning chemical directly to the boiler 
would eliminate completely the zones unfavorable to con- 
ditioning by the phosphate system. By using a less alkaline 
sodium phosphate than was previously employed advantage 
could also be taken of the possibilities of keeping the boiler 
alkalinity under control by partial neutralization in the boiler, 
rather than by excessive blowdown 

The author has noted considerable interest on the subject of 
economizer and feed-line scale deposition, as evidenced by several 
recent contributions on the subject, both of an experimental 
and a speculative nature, to the Society’s committee on feed- 
water treatment. 

One theory advanced seems to hold that the product formed 
when phosphate is added to the feedwater is in a supersaturated 
condition until it hits the heat-absorbing surface, at which 
point equilibrium is suddenly induced by the sharp change of 
temperature. The product carried along in a state of super- 
saturation then precipitates. Another hypothesis developed 
to explain the formation of deposits where none should occur, 
is that there is a film effect at the heating surfaces in which film 
precipitation occurs. Based on the experiences with econo- 
mizers and feed lines at both stations A and Kips Bay,'a theory 
is advanced which differs from those mentioned. 

It appears that there is much to be learned as to the exact 
physico-chemical nature of substances in solution. The econo- 
mizers scaled up very heavily, and the deposits were not. limited 
to the tubes, but seemed, if anything, to be worse in the headers 
and on the plugs. This point was enough to question the spe- 
cific validity of the supersaturation and film theories for these 
conditions. It is the author’s belief that the answer to the 
question of such depositions will be found in the existence of 
products which are more basic in nature than those which are 
conventionally supposed. These products, of which there 
may be several, may have the general formula: 


(Ca) w (OH) z (PO,) y (H,0) z 


instead of being straight calcium phosphates. Some of the 
experimental facts in support of this contention are weak, but 
they may be summarized as follows: 

1_ If the boiler-water environment is not kept at a causticity 
materially greater than that theoretically required to insure 
tricalcic phosphate, adherent deposits form. 

2 Ifasample of boiler water is allowed to stand without being 
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filtered and the clear liquid above the sludge is analyzed on 
successive days, the concentration of phosphate in the clear 
liquid will be found to increase, apparently due to the slow action 
of caustic soda on the calcium phosphate. 

3 At the time the high-pressure system was first put into 
operation at Kips Bay, it so happened that on two boilers the 
internal feed lines terminated in open-ended pipes above the 
upcomers. It was noticed when these boilers were taken off 
the line for inspection 30 days after the system had been in 
operation, that there were well-defined circular patches under 
the feed-line discharge pipes, which were of the same composition 
as the material which was formerly deposited in the economizers. 

The author believed at the time of the inspection that the 
cause of these patches was that the incoming feedwater had no 
chance to mix with the boiler water to more than a slight extent, 
thus resulting in a solution weak in phosphate and alkali being 
directly localized under the feed pipes. If this theory were true, 
it would follow, so it seemed, that securing a uniform distribu- 
tion of feedwater in the drum would not merely spread the 
deposit over a greater area, but would actually cause such 
deposition to disappear. This proved to be true. 


Bauce 
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first place, any such system ought to be simple to operate, to 
adjust, and to maintain. Secondly, the amount of special 
attendance necessary for the functioning of such a system ought 
to be a minimum. Third, the system ought to be under com- 
plete and accurate control at all times, with visible and positive 
indication of its functioning. 

It is believed that the system which is to be described met 
these requirc ents very well. The general simplicity of the 
design is evidenced by the fact that both of the installed systems 
have shown no fundamental defects in 10 months of operation 
at Kips Bay Station and in five months at Station A. 
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Fig. 1 Scaematic Layout or Hicu-Pressure Cuemicat System at Kips Bay STaTIoNn 


To recapitulate, the cause of economizer and feed-line scale 
deposition is essentially due to the maintenance of lower alkalinity 
in the feedwater than is required to prevent the formation of 
nonadherent precipitates. This required alkalinity is in excess 
of 100 parts per million of OH, fivefold higher than the maximum 
which could be economically added because of the resultant high 
blowdown required. 


DEVELOPMENT OF THE HiGH-PREssuRE SysTEM 


In developing the system which was installed at Kips Bay, 
and later at Station A, certain mechanical conditions were 
set forth which must be met by the general scheme. In the 


The principle of the system may be thus briefly described: 
If a chemical charge of calculated strength be fed into the boilers 
in exact proportion to either the feedwater entering the boilers 
or the steam generated by the boilers, the optimum condition 
for internal treatment of boiler water will be attained. The 
assumption that the amount of treatment is proportional to the 
steam generated is probably true for most cases. The system 
accomplishes this in the following manner. A high-pressure 
pump maintains a constant head of chemical solution in the 
distribution loop. Feeds to individual boilers are taken off this 
loop. A metering orifice is placed in each boiler chemical line 
and the flow from the loop into the individual boiler is manually 
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controlled by means of a needle valve placed after the metering 
orifice. The metering orifice indicates the flow of chemical 
by means of a graduated manometer which is under the observa- 
tion of the boiler operator. The manometer scale is graduated 
to correspond with the boiler-meter flow reading. The operator, 
therefore, has merely to adjust the control needle valve until 
the correct indication is obtained on the manometer, at which 
time treatment requirements will be satisfied. 

The system is composed of the following component parts, 
shown schematically in Fig. 1: (a) Supply tank, (6) suction 
strainer, (c) high-pressure pump with constant-head bypass, 
(d) main feed loop, (e) metering orifices, (f) control needle valves, 
(g) indicating manometers, and (h) distribution pipe in boiler. 
The design of the metering and control system will be discussed 
first. 


DESIGN OF THE ORIFICE 


In the design of the orifices for use in metering the chemical, 
the limiting factors are the available supply-tank capacity, 
the number of boilers to which it is desired to apply the system, 
and the question of probable accuracy obtainable in moter § 
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small quantities. There is a limit of minimum flow below 
which metering difficulties, such as the use of orifice plates having 
microscopic holes, are apt to appear. Furthermore, since the 
total amount of solution fed into the system depends to a large 
extent on the number of boilers in the station, it follows that the 
chemical-solution tanks will have to be larger in capacity as 
the number of boilers goes up, in order that the tanks may not 
empty in too short a time. Where the number of boilers is 
relatively large, as in Station A, where there are now 14 boilers, 
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a single large tank may be used, and a very small auxiliary tank 
employed to feed the system while the large tank is out of service 
for recharging. The tanks are equipped with air agitation 
so that outage is minimized. 

At Kips Bay Station there were two 7000-gal. tanks available 
for holding the chemical charge. The maximum daily load on 
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the station at that time was about 24,000,000 Ib. Feeding 
from alternate tanks it was desirable that recharging intervals 
should not be shorter than 48 hr. at the maximum station load. 
This means that the average hourly feed would be 7000 divided 
by 48, or about 145 gal. per hr., which corresponds to an average 
hourly steam generation of 1,000,000 Ib. per hr. It was there- 
fore necessary to feed chemical at the rate of 2.4 gal. per min. 
for an hourly evaporative rate of 1,000,000 Ib. As the maxi- 
mum load per boiler is somewhat over 400,000 Ib. per hr., the 
figure which was used in designing the metering system was 1 
gal. per min. chemical flow when the steam-flow meter indicated 
400,000 Ib. per hr. generation. 

Those familiar with orifice work will immediately appreciate 
the difficulties of obtaining close metering accuracy under these 
conditions. Nevertheless, Fig. 2 gives a calibration curve for 
three different sizes of orifices under a complete range of heads 
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_ If these orifices be used in the standard orifice carriers, their 
reproducibility will be well within 3 per cent. 

Actual coefficients of discharge of these orifices were deter- 
mined by numerous weighed tests on water, and the results of 
these tests may possibly be the subject of a contribution to the 
Fluid Meters Committee of the Society. 

Since the calibration curve is based upon water of density 
62.4 Ib. per cu. ft. flowing in the pipe, it may be corrected for 
other densities by multiplying the values on the curve by the 
square root of the specific gravity of the fluid actually being 
metered. 

If for any reason it is desired to use orifices differing very 
materially from the standard plates described, their coefficients 
should be obtained by calibration, since existent data on orifice 
coefficients and tap spacings are not very applicable to such 
small orifices. 

In this installation the 0.365-in. orifice plate was used. The 
differential corresponding to a flow of 1 gal. per min. is about 
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4 in. of water, depending somewhat on the density of the chemical 
solution. In the event that it be desired to compute orifices 
differing considerably from those employed by means of coeffi- 
cients derived from the calibration curve, a useful formula for 
computing these plates is: 


CD,2Y'/:H'/: 
F = ——_—_ 5.99 


D, = Pipe diameter in inches 


D, = Orifice hole diameter in inches 

C = Coefficient of discharge 

Y = Density of the solution, lb. per cu. ft. 

H = Differential in inches of water of specific gravity 1.00 
Q = Flow, lb. per min. 


A curve giving values of against values of F makes a very 
1 


convenient device for getting values quickly. In the formula the 
density of water at room temperature has been taken at 62.4 
Ib. per cu. ft. 


D D,\’ 
For low values of D? F is sensibly equal to D. and the 


1 2 
orifice-hole diameter is then given by 
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Di = CY 


Tue Inpicatine Device 


The design of the indicating device is shown in Fig. 4. It is 
nothing more than a high-pressure cistern manometer of some- 
what special construction. Attention may be directed to the 
fact that it uses a */,-in. standard boiler-gage glass and has a cup 
on the top combination which acts as a safety-seal pot. 


COEFFICIENT 


In a manometer using a heavy liquid as the indicating liquid, 
in contact with a lighter liquid as the medium of pressure trans- 
mission, the true differential, in terms of water of specific gravity 
1.00, corresponding to the observed total deflection, is given 
by the observed deflection times y; — y, in which 7; = specific 
gravity of the gage liquid; y = specific gravity of the lighter 
liquid. 

If the gravity of the chemical being fed is sensibly equal to 
unity, this reduces to: 


Differential in inches of water = deflection in inches * (7: — 1) 


The question is then that of selecting a gage liquid of specific 
gravity suitable for the orifice used. While mercury makes a 
very satisfactory gage liquid, it is very expensive and may 
require the use of orifices which are too small in diameter. 
Some other gage liquids which are suitable are carbon tetra- 
chloride (1.58) and bromoform (2.9). 

Carbon tetrachloride magnifies the true differential by approxi- 
mately 1.7 times; bromoform reduces it by half, and mercury 
by 12.6. For orifices carbon tetrachloride was selected as the 
gage liquid. This was colored a brilliant red by the use of 
“pyloil” red, a dye (commonly used for coloring gasoline) which 
is insoluble in water. It is apparent that the necessity of knowing 
the gage coefficient accurately increases as lighter gage liquids 
are used. 


CisTERN COEFFICIENT 


The true deflection in a cistern manometer is given in terms 
of observed deflection by 


A, 
T.D. = O.D. X (1 [2] 
Ale 
in which 
A, = Gage glass area 
A; = Cistern area 


CONSTRUCTION OF THE SCALE 


From Equations [1] and [2], the length of the scale can be 
obtained. 


Max. differential in inch O 
Length of scale in actual inches = Se ee 
A, 
(: + (mn — 7) 


A; 


This gives a fixed length of scale corresponding to the fixed 
maximum rate of generation, the assumed differential, and the 
assumed amount of chemical flow. It is obvious that the 
intermediate scale values can be constructed geometrically 
or otherwise to take into account the variation of the discharge 
coefficient as well as the square root function of flow. The 
scale may be graduated, of course, in any other set of arbitrary 
units desired. 
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Tue VALVE 


As shown in Fig. 5, the control valve is placed at the manome- 
ter, so that the operator’s duty consists of maintaining the 
manometer reading at the scale point corresponding to the 
reading of either his feedwater or steam meter in a manner 
analogous to controlling the air-flow pen on the boiler meter. 
The control valve should be placed after the orifice for obvious 
reasons. For the control valves it has been found that '/,in. 
steel needle valves function perfectly for the conditions and have 
given no trouble since installation. 


Tue Loop 


In designing the loop a maximum velocity should be chosen 
which tends to make the loop act as a pressure reservoir. One 
or two feet per second is satisfactory. Welded joints are prefer- 
able, although there has been no trouble with screwed or flanged 
pipe in this service at the pressure of 400 lb. Check valves 
should be employed where necessary, and all valves and fittings 
ought to be of iron or steel and of the best quality obtainable. 


Tue Pump 


The pump, as might be expected, is the point in the system 
upon the satisfactory functioning of which practical operation 
depends. The first pump selected was a reciprocating triplex 
type driven by a 5-hp. motor. The functioning of this pump 
was quite satisfactory, although when it came to selecting a 
change-over pump, it was felt that this could be improved 
upon considerably in the matter of maintenance, which was a 
little more than would ordinarily be required because of the 
necessity for a steady flow curve. 

A rotary pump was installed which gave some promise at first, 
but later developed so much trouble that the makers took it back. 
Final choice was a low-capacity high-head centrifugal pump 
driven by a small turbine. This appears to have all the ideal 
characteristics required for the work. The power consumption 
is about 25 hp., which is considerably in excess of the power 
requirement of a reciprocating pump. Since the exhaust steam 
may be used and since the amount of water treated by this 
system is so large, this power requirement is easily justified. 
Two manufacturers, at present, are prepared to supply this type 
of pump in heads up to 600 Ib. from stock patterns. 


ConsTANT PrEssURE RELIEF 


A spring-loaded relief valve is used to bypass the excess of 
fluid pumped back to the supply tanks and to maintain a fairly 
constant head on the discharge loop. The constancy of this 
head is very important, in order that the control needle valve 
will not require readjustment at constant rating. A suitable 
all-iron valve for the service could not be obtained, but it was 
found that a standard bronze valve, when chromium plated, 
was satisfactory. If a pump is selected of ample excess capacity, 
a durable needle valve may be used instead of a loaded relief 
valve. 

In the operation of the system the pump pressure should be 
set at a point which will insure a negligible effect of variations 
of boiler pressure on the flow through the boiler-control needle 
valve. For example, if the boiler pressure varies 5 lb. from the 
usual operating point it will only affect the indication of the 
manometer very slightly when a drop of 100 lb. is induced across 
the control valve, but rather seriously if the drop induced across 
the control valve is, say, in the neighborhood of only 10 Ib. 

The suction strainer is a duplex strainer of our own making, 
having strainer baskets of 40-mesh monel cloth. The assembly 
is arranged so that a strainer can be cleaned in about 10 min. 
without interrupting the service. 
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CONCLUSION 


In conclusion, the advantages of a high-pressure system such 
as the one described are: 

1 It solves the question of economizer deposition due to the 
nature of the conditioning chemical used. The author has no 
available data on whether stage heaters show the same deposition, 
but it is obvious that the high-pressure system also solves this 
question. 

2 While the primary object of the high-pressure system is to 
avoid deposition of scale in economizers and feed lines, it is 
apparent that it gives a flexibility of control which is far superior 
to adding the chemical directly to the feedwater heaters or hot 
wells. 

3 The cost of installation of such a system is very moderate. 
Some limitations that occur to the writer are: (1) It is not 
as adaptable to the needs of a very small plant as it is to a very 
large plant, and (2) it requires technical supervision of a better 
order than is required by the other method. 

This paper does not attempt to go into all the chemical phases 
of the problem. There is an abundance of literature on the 
subject of boiler-water conditioning by means of the phosphate 
system, which has been published by the various societies. 
The author wishes to express his indebtedness for the co»peration 
of both the operating and design deparments of the corporation 
which made this development possible. 


Appendix No. 1 


Cost figures show that a good estimate of the cost of installa- 
tion of a complete system as described is about $8000 + $250 
per boiler. This figure includes two high-pressure pumps and 
supply tanks and is derived from costs on four and twelve boilers. 


Appendix No. 2 
Average discharge coefficients for small orifices: 


Upstream tap —one pipe diameter. 
Downstream tap—0.8 pipe diameter. 


Ratio D,/D, Ave. C 
0.16 0.66 
0.26 0.66 
0.39 0.62 


Data obtained on 1-in. extra-heavy iron pipe of ordinary 
roughness. 


Discussion 


H. A. Jackson.?. The paper presents the difficulties that 
arise from addition of sodium phosphate to boiler feed in order 
that proper boiler-water conditions may be obtained for the 
elimination of boiler scale. The author has concisely pointed 
out that to prevent feed-line and economizer corrosion the 
feedwater must have a definite alkalinity, and that as this 
alkalinity increases enormously in the boiler due to concen- 
tration, therein there is presented a dilemma, for its reduction 
by the employment of an acidic phosphate destroys the neces- 
sary alkalinity in the feed system. An answer lie# in direct 
introduction of the acidic chemical into the boiler water. 

The direct introduction of phosphate into the boilers has 
heretofore presented very serious difficulties, particularly as to 
proper proportioning and this the author has solved beautifully. 
The combination of a small-orifice chemical-solution meter, 
calibrated in terms of steam flow from boiler together with an 
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adjusting needle valve so that the operator can keep the chemical- 
meter reading coincident with that of the boiler steam meter, is a 
smooth solution of the problem. 

The proportioning of chemical to boiler feed imposes far less 
rigorous exactitude than, let us say, the proportioning of air 
flow to powdered-coal feed, for the momentary errors of the latter 
cause actual efficiency losses whereas the boiler water gives 
a chemical storage which can be momentarily drawn upon or 
temporarily increased within certain bounds without imposing 
the slightest detriment to the maintenance of the desired chemi- 
cal equilibria in the boiler water. A complicated mechanical 
or electrical hookup of the boiler steam and chemical-flow 
meters to adjust automatically the control valve would be 
therefore entirely unnecessary. 

It is perhaps not generally appreciated how really difficult it is 
accurately to control flows of a fraction of a gallon to one or two 
gallons per minute, and particularly so when the liquid whose 
flow it is desired to control is under pressure corresponding to 
those of modern boilers. The description of this pressure- 
feeding system and particularly the data on differential pressures 
through small orifices as shown by the curves should be of the 
utmost value to others who wish to adopt this method. 

In regard to concentration of the various dissolved salts in 
reducing the size of steam bubbles in boiling water and in length- 
ening their time of rupture and hence the cause of foaming and 
wet steam, it is the writer’s experience that the various sodium 
salts such as the sulphate, chloride, carbonate, and hydroxide 
have an effect in this regard all in the same order of magnitude, 
with sodium hydroxide heading the list, but not to such an 
extent that its concentration alone should be regarded to the 
exclusion of the others. The effect of suspended matter is also 
of the same order of magnitude and is not the predominating 
influence that it was formerly regarded. 

With considerable dissolved material in the boiler water, the 
greatest change in boiling conditions is experienced in changing 
from a pH value of less than about 5 to one greater than 8 or 9. 
Above this value, the effect of increased causticity is not as great 
though definite, unless saponifiable matter is present in the boiler 
water. 

The difference in foaming qualities between a boiler water 
having a definite caustic alkalinity and one having none is vast 
if there be saponifiable organic matter present. The higher 
caustic concentration accelerates saponification, hence supplies 
soap more rapidly, and likewise accentuates foaming tendencies 
greatly. 

The author draws the conclusion that deposits similar to those 
formed in economizers would also be formed in stage heaters. 
This conclusion is correct, for that has been the writer’s experi- 
ence in a number of cases. 

Calcium-phosphate deposits occur, however, not only in 
economizers and closed heaters, but also in check- and _ water- 
regulating valves and in the feed lines themselves. The author’s 
theory of a calcium basic phosphate to account for their oc- 
currence is very interesting. 

It has been the writer’s experience, however, from the results 
of a large number of analyses of such deposits, that the calcium 
found lines up with the phosphate of 2 Ca to 3 PO, and not in a 
variable relation. For the precipitation of a basic calcium 
phosphate, considerable hydroxide radical would necessarily 
be present in the water. 

Even at relatively low pH values (7 for instance) the solid 
phase is tricalcic phosphate, but the solution phase under that 
condition is largely calcium hydrogen phosphate, since the tri- 
basic phosphate radical readily combines with the hydrogen of 
water to form the di-basic HPO, radical. As the pH value rises 
above 7, the tendency for formation o the di-basic radical 


decreases and therewith the apparent solubility of tricalcic 
phosphate also decreases. Thus the hydroxide alkalinity in 
the boiler water essential for clean surfaces may be under very 
pure boiler-water conditions, as low as that corresponding to a 
pH value between 10 and 11. If however, the boiler water 
results from 100 per cent make-up, and therefore contains 
considerable dissolved solids, and in particular if it contains 
silica, the hydroxide concentration must be high, corresponding 
perhaps to a pH value of 11.5. With the certain control that the 
author has developed for maintenance of phosphate in the boiler 
water, and if the hydroxide concentration is uniform throughout 
the boiler, the writer does not believe that maintenance of 100 
p-p.m. hydroxide is essential for obtaining clean surfaces. 

Now, the very property of tricalcium phosphate which makes 
it the most desirable form in which to precipitate entering 
calcium, namely its extremely low solubility and its precipita- 
tion as a sludge in a vessel in which its saturated solution is 
boiled, makes it an undesirable component to have in a feed 
system. That it precipitates as a sludge in the boiler is due to 
the fact that its solubility must decrease with increase in tempera- 
ture and hence its saturated solution tends to form adherent 
scale on surfaces that are cooler than the contacting solution. 
This explains the deposits in feed lines, but not, however, those 
in heated portions such as economizers. 

Its solubility is so slight that the addition of a phosphate 
solution to water containing more than a mere trace of calcium 
causes supersaturation to occur unless complete formation of 
the requisite amount of solid phase be instantaneous and this 
is not the case. Speed of formation of the solid phase of tri- 
calcium phosphate is greatly accelerated by elevation of tempera- 
ture as may be easily observed by the simultaneous addition of 
sodium phosphate to dilute alkaline calcium solutions, one at 
ordinary and the other at boiling temperatures. Therefore 
the formation of economizer deposits is none other than the 
rapid increase in rate of desupersaturation by the sudden rise 
in temperature. 


P. C. Frirz.? It is very evident that the adherent deposit 
occurring in the economizers, feed lines, and surfaces below the 
feed discharges in the boilers forms in an environment of com- 
paratively low alkalinity, while the less adherent deposits and 
sludge occurring in the boilers forms in an environment of 
relatively higher alkalinity. Therefore, there is reason to be- 
lieve that the material depositing in the economizers may be 
in the form of the calcium acid phosphate, while that depositing 
in the boilers is in the form of tri-calcium phosphate. 

This is what may be expected when the equilibria is considered 
which is present in the solution of a phosphate salt. 


An increase in the concentration of H ions shifts the equilibria 
toward the H,PQ, ions since an increase in H ions allows more 
PO, ions to combine to form HPO, ions and H,PQ, ions. An 
increase in OH ions means a corresponding decrease in H ions, 
since the product of the concentrations of H ions and OH ions 
equals a constant, the ionization constant of water. Conse- 
quently, a decrease in H ions causes the equilibria to shift toward 
the PO, ions, since the removal of H ions allows more H,PQ, ions 
and HPO, ions to dissociate, with a final result of more PO, ions. 
Therefore, it appears that the concentration of H:PO, ions, 
HPQ, ions, and PO, ions in the solution is somewhat dependent 
upon the concentration of the H ions, or inversely upon the 
concentration of the OH ions. As the solution is always above 
a pH of 7.0 it is probably better to speak of what happens in 
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terms of OH ions. Therefore, we may conclude that a region 
of low alkalinity has more H,PO, ions and less PO, ions than 
a region of high alkalinity. 

Now when the calcium ions from the feedwater come in con- 
tact with these phosphate ions, it is likely that at places of low 
alkalinity more Ca(H,PO,). and less Cas(PO,). will form than 
at places of high alkalinity. This is verified to a certain extent 
by examination of the analyses made on numerous samples of 
boiler and economizer deposits. These analyses show that the 
P.O; content in the economizer and feed-line deposits is higher 
than that in the boiler deposits. However, the silica, carbonate, 
and sulphate contents in the economizer and boiler deposits 
are different, but even when corrections are made for these 
materials, the economizer deposits contain a higher P,O; content. 
The P.O; content of Ca;(PO,): is 45.8 per cent, of CaHPO, 
is 52.2 per cent, and of Ca(H2PO,), is 60.6 per cent. Therefore 
there is reason to believe that the deposit in the economizers, 
feed lines, etc., is in the direction of Ca(H,PO,), and that in the 
boilers is in the direction of Cas(PO,)2. 

This same line of reasoning can be applied to the problem of 
boiler water changing in OH concentration and PO, concentration 
upon standing. This seems to be entirely a problem of carbon- 
dioxide absorption. A series of tests was run on a sample 
exposed to the laboratory air. Another series of tests was run 
on a sample sealed tightly from the air. In order to guard 
completely against any CO, absorption between tests, each test 
was run on a new or separate sample, and the vessels were filled 
with the sample up to the cork so that there was no air above 
the water. A sample containing 220 p.p.m. of OH, 96 p.p.m. 
of COs, and less than 10 p.p.m. of free PO, was tested after 
standing unfiltered in a well-stoppered vessel for 120 hr. There 
was no change in the concentration of OH and CO;. The phos- 
phate increased slightly, but did not reach 10 p.p.m. A similar 
sample exposed to the air was tested after 24 hr. The OH 
concentration decreased to 45 p.p.m. and the CO; concentration 
increased to 410 p.p.m. Another test was made after 72 hr. 
standing. The OH concentration was found to be O and the 
CO; concentration increased slightly to 416 p.p.m. The phos- 
phate increased, but still there was not 10 p.p.m. present. 

There may be an explanation to this result in the fact that 
alkaline water is a good absorber of CO, which is present in 
considerable quantity in laboratory air. Therefore, OH ions 
are consumed with the production of CO; ions 


The concentration of OH ions is thus reduced and coincident 
with the decrease in OH ions is an increase in HPQ, ions and a 
corresponding decrease in PO, ions as discussed previously. 
This means more Ca;(PO,)2 solid must dissolve and dissociate 
until there are as many PQ, ions present as required by the 
solubility product constant of Ca;(PO,), Therefore, there is 
the same amount of PO, ions in solution and an increase in 
H.PO, ions at the expense of solid material. The indicator 
tests all of the phosphate ions and calls them PO, ions. This 
may account for the slight increase in PO, on standing exposed 
to the air. 


E. F. Wausu.‘ A system similar to that described was in- 
stalled at the South Street Station of the Narragansett Electric 
Company in Providence, R. I., about six months ago and has 
proved very successful. The plant referred to consists of 400- 
lb. cross-drum boilers of 1800 hp. each. These boilers supply 
steam to a 35,000-kw. turbine and desuperheated steam to a 
lower-pressure and temperature plant. The water-heating 
cycle consists of a softener and stage bleeding from eighth, 
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twelfth, and fourteenth stages. This plant employs jet con- 
densers and requires 85 per cent make-up as raw water. 

The original chemical treatment consisted of a hot-process 
system which was unsatisfactory and finally abandoned for the 
Hall system. Phosphate feed was first introduced into the 
softener and allowed to circulate through the entire water system 
to the boilers. It was found impossible to keep the high-pressure 
stage heaters clean. The maximum operating period was about 
three weeks and at the end of this period the deposits had in- 
creased to a point where it was impossible to maintain sufficient 
boiler-feed pressure. Feed-pump runners were found to contain 
heavy deposits and check valves did not function. 

It was then decided to install high-pressure pumps and feed 
chemical directly to feed lines beyond the high-pressure heaters, 
thus bypassing all feedwater heaters. It was thought that the 
injection of chemical at that point would insure thorough distri- 
bution of chemical to all boilers and at the same time eliminate 
any major deposition in the lines. This, however, did not prove 
to be the case. Ina short time it was impossible to open or close 
the feed valves, regulating valves failed to function, and the in- 
ternal feed pipes plugged up, which required frequent cleaning. 

The problem was finally solved by feeding chemical directly 
to each boiler with a system similar to that described in the 
present paper. Absolutely no trouble has been experienced since. 

The writer agrees with the author in the statement that 
a critical value of the concentration of boiler caustic alkalinity 
exists. Much trouble with carry-over was experienced until it 
was discovered that there was a definite maximum point at 
which the caustic alkalinity could be carried for the production 
of clean steam. A slight increase above that point gave un- 
limited superheater trouble. 

Much could be said about the control of boiler feedwater 
to produce clean boilers and clean steam. Every engineer 
contemplating such control should take advantage of the re- 
search work done in the past few years by those who have been 
forced to solve the issue. The writer wishes to compliment 
the author in bringing this important development of feedwater 
condition before the engineering profession. Until a chemical 
is produced containing the necessary available P,O; and whose 
sodium salts are soluble, it will be necessary to use the high- 
pressure system if success is desired. 


AvuTHOR’s CLOSURE 


Messrs. Jackson and Fritz are probably quite correct in their 
theories of economizer deposition. When Mr. Jackson states 
that sodium hydroxide should not be regarded as the primary 
variable in the foaming of boilers, he evidently refers to a body 
of data obtained in small-scale experiments on foaming properties. 

Mr. Walsh’s discussion is in confirmation of the author’s 
statement with regard to hydroxide being the determinant in 
boiler foaming. Since the presentation of this paper, the author 
has received additional confirmation of the critical-value theory 
from sources of reliability. Therefore, he feels justified in 
strengthening his statement as to the critical function of hy- 
droxide in boiler foaming. 

Since the original presentation of this paper, the author has 
had additional experience with the type of system described. 
Beyond the completely satisfactory solution of the pump prob- 
lem, there are few additional remarks to make. The flexibility 
of this method of feeding chemical has made available cheaper 
sources of treating chemical, since there is no longer need to 
purchase on anything but an active-ingredient basis. In addi- 
tion, two considerable boiler installations have been tied into 
the systems described, at approximately the incremental cost 
figures quoted, thus materially reducing the investment per 
thousand pounds of steam. 
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Furnace-Gas Compositions and ‘Temperatures 
in Underfeed-Stoker-Fired Boilers, and 
Their Effect on Boiler Settings 


By ALBERT C. PASINI' anp EDWARD M. SARRAF? 


This paper is a study of conditions encountered in 
boiler furnaces using underfeed stokers. It includes the 
development of methods of test procedure and their 
application in investigating furnace-gas compositions, 
and of determining the temperatures to which the re- 
fractories of the setting are subjected. It contains a 
discussion of the effects of variation of the fuel-bed thick- 
ness on the brick in the settings, the efficiency of com- 
bustion, and the resultant superheated-steam tempera- 
tures. The paper further shows the widely divergent 
furnace-gas compositions which may be obtained directly 
over the fire along the wall in underfeed-stoker-fired 
installations. 


instituted at Connors Creek Power 
House, The Detroit Edison Com- 
pany, Detroit, Mich., to investigate the 
reasons for a noticeable difference in re- 
fractories service in two boilers (pre- 
sumably similar in design and operation), 
and to determine to what degree the vari- 
able rate of deterioration of the refrac- 
tories might be due to conditions of design 
and operation. 
DESCRIPTION OF BOILERS AND 
SETTINGS 
The boilers under test (known at the station as Nos. 5 and 9) 
are of the Stirling “W’’ type, having 23,653 sq. ft. of effective 
heating surface, and operating at 225 lb. per sq. in. gage pressure 
and 600 deg. fahr. total steam temperature at the superheater 
outlet, They are identical in design and construction, as shown 
in Fig. 1, except that in No. 9 boiler the “B”’ type baffle* in the 


at service tests were 
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first pass is behind the third row of tubes, whereas the baffle in 
No. 5 boiler is behind the second row of tubes. Further, air 
backs were added to the tuyére stacks along the east front wall 
of No. 5 boiler within the last two years, while its west front 
wall and both front walls of No. 9 boiler are without such air 
backs. 

Each furnace is fired on two sides by underfeed stokers of 
thirteen retorts each, placed in service about twelve years ago. 
Sectional extension grates and separate rotary clinker grinders 
are employed. 

The furnace settings are solid refractory walls throughout, 
built of a standard brand of first-quality fireclay brick, laid 
with thin dipped fireclay joints, and backed with second-quality 
firebrick. The front walls are 22'/, in. 
thick, and the side walls 28 in. thick. 
The outside face of the walls is coated 
with an oil compound containing asbestos 
to reduce air infiltration. 


PROCEDURE FOLLOWED IN TESTS 


The test methods employed in this in- 
vestigation were based on earlier pre- 
liminary work. Temperature gradients 
through the refractory walls were mea- 
sured by the method‘ devised by the U. S. 
Bureau of Mines in its five-year study of 
boiler-furnace refractories, in conjunction 
with the special research committee of The American Society of 
Mechanical Engineers. 

The first attempts to collect samples of the furnace gases were 
made with a water-cooled sampling tube 12 ft. in length, but 
this method was found to be unsatisfactory in several respects. 
It was impossible to collect a large number of samples simul- 
taneously from different parts of the furnace. The sampling 
positions could not be located with sufficient accuracy, nor could 
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- successive samples be taken from identical positions during the 


same or different tests. It was not feasible to collect composite 
gas samples over long periods of time. Instantaneous and 
composite samples could not easily be taken simultaneously at 
the same sampling point. The water-cooled sampling tube was 
heavy and unwieldy, and its manipulation involved considerable 
labor. Its length was limited to the space between boilers, 
which prevented a complete traverse of the furnace walls. 

As a result of these limitations, it was found necessary to 
devise other methods for taking samples of the gases within the 
furnace. The method which was finally developed involved a 
minimum of effort and labor, was positive and easily controlled, 
and permitted the taking of composite and instantaneous samples 
simultaneously over any desired period of time. The sampling 
positions were definite and remained the same for all tests. 


b 4 Ralph A. Sherman and W. E. Rice, ‘Refractories Service 
Conditions in Furnaces Burning Pittsburgh Coal on Chain Grates,” 
MECHANICAL ENGINEERING, vol. 48 (1926), p. 1115. 
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The locations of the test equipment are detailed in Figs. 2 and 
3, and the various test methods are described in detail below. 

Refractories Test Panels. The test panels (marked A in Figs. 
2 and 3) of unused firebrick of the same brand as the settings, 
were approximately 36 in. X 24 in. in size and were built into 
the west front wall of each furnace, about 40 in. above the top 
of the tuyéres, and 2 ft. on either side of the center of the wall. 

Temperature Gradients Through the Walls. One 9-in. straight, 
used as a header (marked X in Figs. 2, 3, 7, and 8) in the center 
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the ‘urnace at eight sampling points (marked B in Figs. 2 and 3) 
located across the west front wall of the setting at significant 
positions with respect to tuyéres and stoker rams, and at approxi- 
mately the same elevation as the thermocouple brick in the 
test panels. Sillimanite tubes were inserted through 2-in. 
holes punched through the furnace wall, and projected 4 in. 
into the furnace. The spaces around the tubes were filled with 
mineral wool to within 5 in. of the hot face (to prevent breakage 
of the tubes as the walls shifted during the heating-up period), 
i and the spaces at the hot face were filled 
i with fireclay patching mixture. 

The sampling-tube connections are shown 
Ii | in detail in Fig. 4. The sillimanite tubes 
} were connected on the outside of the fur- 
nace wall to '/;-in. steel piping leading to 
\ the sampling bench, through special cop- 
i per-tubing connections which served also as 

|! stuffing boxes. Each sampling line was fitted 
| i with a separate laboratory-type aspirator 
operated by compressed air. All lines 
were adjusted to a negative pressure of ap- 


] i proximately one inch of mercury. 
ia Furnace gas was drawn continuously 
| through the system and exhausted through 
\ | the aspirator. Gas samples were taken by 


\ siphon action from the sampling offtakes. 
i The rubber-tubing connections were made 
| as short as possible. Before collecting each 
i set of samples, the lines were carefully 
| scavenged, and all connections were checked 
to eliminate air leakage. 
| Gas samples were collected in 2'/,-gal. 
sampling bottles over saturated sodium 
Hl chloride solution to reduce the solubility 
of CO, in the collecting medium. The 
| | samples were of two types: composite 
| samples, drawn at a uniform rate over a 
i period of one hour, and snap samples, 
drawn as rapidly as possible in order to 
determine the conditions at that particular 
time, and representing a sampling time of 
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of each test panel, was equipped with five thermocouples in 
accordance with the method of the U. S. Bureau of Mines. The 
first two couples, spaced accurately '/, in. and 11/2 in. from the 
hot face, were platinum, platinum-rhodium couples, as the 
temperatures at these points were found to be above the safe 
limits for base-metal couples. Chromel-alumel couples were 
satisfactorily used at positions 3 in., 4'/, in., and 6 in. from the 
hot face. All thermocouple readings were corrected for cold- 


junction temperature. 

Thermocouple readings were taken at hourly intervals during 
the 14-day period of the tests, and at 15-min. intervals while 
the individual tests were in progress. Extrapolation of curves 
drawn from these data gave the temperatures of the hot face of 
the wall. 

Furnace-Gas Compositions. Gas samples were drawn from 


| 


Cross-SecTION oF Nos. 5 AND 9 Borers (Looking Nortu) 


30 to 45 sec. Three sets of composite 


‘\ samples were taken during each test, with 

\ a half-hour interval between sets. During 
Ash Discharge \ all but the first three tests, a set of snap 

‘wneeet | samples was taken at 5-min. intervals simul- 


taneously with the composite sample at 
No. 5 sampling position, thus affording 
) @ cross-section of the composite sample. 

These snap samples were usually taken dur- 

ing the second set of composite samples. 

All composite gas samples were analyzed for CO,, O2, H2, and 
CO, using a standard combustion-type apparatus; and N, was 
determined by difference. Most of the snap samples were 
analyzed on the combustion-type apparatus, and when it proved 
necessary to use the Orsat apparatus for this purpose, care was 
exercised to insure complete removal of CO before reading the 
apparatus. 

Composite Gas Samples at Entrances to Superheater Pass and 
Damper. During each test, gas samples were drawn at 15-min. 
intervals on both sides of the boiler at the entrance to the super- 
heater pass and at the top of the last pass, just below the dampers, 
and were analyzed with Orsat apparatus for CO,, O., and CO. 
The samples were composites taken from a 3-in. manifold, having 
six sampling pipes */, in. in diameter extending into the pass. 
The gases were mixed in the manifold and drawn continuously 
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from its midpoint by means of a blower. The sampling con- 
nection to the Orsat apparatus was located in the system just 
ahead of the blower. Special high-temperature tubing was 
used for the sampling tubes in the superheater pass, and 
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(A {testTpanel; B, sillimanite™tubes; C, silicon carbide tubes; D, stoker 
rams; X,ythermocouple brick.) 


extra heavy steel piping at the damper. 

Furnace-Gas Temperatures. An approxi- 
mation of furnace-gas temperatures was 
secured during the tests by readings at 15- 
min. intervals with an optical pyrometer, 
focused on the closed ends of silicon car- 
bide tubes (marked C in Figs. 2 and 3) 
located in the center of the west front 
wall of each furnace about 11 in. above 
No. 4 sampling position (see Figs. 7 and 


8), and at a position in the side walls YZ La 4 


opposite the apex of the combustion 
chamber. The tubes in the west front 
walls projected 10 in. into the furnace; 
and at the apex of the combustion cham- SAV AA 
ber, the tube projected 10 in. into the 3 


furnace in No. 5 boiler, and 4 in. in No. 


9 boiler, the latter tube being smaller. 
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Coal and Ash Determinations. Coal samples were taken at 
half-hour intervals during the test runs, at three positions in 
each coal spreader, for proximate analysis and determination 
of fusion point of the ash. 
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A, test panel; B, sillimanite tubes; C, silicon carbide tubes; D, stoker 
rams; X, thermocouple brick.) 


Z 0. Sillimanite Tubes, 


2 yp 
6 32 Lee sn 
A 
‘Coupling Wwe 


Z -3 Pipe BOILER WEST FRONT WALL 
“Furnace-Gas Off take 


Tubing 
To Furnace-Gas Offtake., 
and Gas 


A 
Exhaust 


Aspirator 


> ev 
ings were taken at 15-min. intervals dur- orner 
ing the tests of the following operating Bottles ad ‘Compressed Air ae 
instruments: \ fx Tees 


1 Steamflow-airflow meter 

2 Steam pressures: saturated, super- 
heat 

3 Total steam temperatures 

4 Draft readings: under fire, over fire, 
damper 

5 Gas temperatures at damper. 


Pinch Clamp 


(‘= Rubber Tubing 


Hourly readings of the steam output were 
also taken during the 14-day test period. 


EBS -eubber Stopper 
"Sampling Bottle Gal) 


DETAIL OF 
COMPRESSED-AIR MANIFOLD 
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Fig. 5 No. 5 Furnace, Norra Enp, West Front Watt, AFTer Fic. 6 No. 9 Furnace, Norta Enp, West Front AFTER 
Tests Tests 


Fic.7 No. 5 Furnace, Center Section, West Front Watt, Fia.8 No. 9 Furnace, Center Section, West Front WALL, 
Arrer Tests ArrTrer TEsTs 
(X indicates thermocouple brick.) (X indicates thermocouple brick.) 
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Fic. 9 No. 5 Furnace, Souta Enp, West Front WALL, AFTER Fic. 10 No. 9 Furnace, Enp, West Front Watt, AFTER 


Tests Tests 
TABLE 1 SUMMARIZED TEST DATA, NO. 5 BOILER 
--Steam-flow-air-flow— 
Boiler meter Composite gas samples Total —-Draft readings, inches of — 
output, Steam Steam pressure, Steam tempera- Superheater —Damper— air ‘ water 
percent Fuel- flow, —Air flow— Ib. per sq. in. ture, deg. fahr. East West East West  coeffi- Under fire —Damper— 
Test of bed Ib. per East West Satu- Super- East West side side side _ side cient East West East West Over 
No. rating thickness hr. side side rated heated side side — Per cent—————- side side side side fire 
CO: 12.0 12.2 11.9 11.7 
; OC Norm: 69 68 68 228 227 592 584 co 0.0 0.0 0 0 1.54 09 0.9 14 11 0.04 
N: 80.7 804 80.5 809 
CO: 13.8 13.3 13.7 13.1 
Or 5.3 5.9 5.4 5.8 
A 145 Normal 100 100 100 232 227 4616 619 CO O01 0.0 O1 0.0 1.36 2.3 2.3 0.29 0.27 0.07 
Ne 80.8 80.8 80.8 81.1 
CO: 14.4 13.8 13.3 14.4 
Oo 4.7 5.4 6.5 4.7 
E 186 Normal 129 127 130 235 227 636 629 co 0.0 O.1 0.0 0.0 1.31 3.5 3.6 0.47 0.44 0.08 
Nez 80.9 80.7 81.2 80.9 
CO: 14.1 13.7 14.2 13.4 
Or 4.8 55 49° 5.5 
G 230 Normal 159 159 156 239 228 658 659 co 0.0 0.1 0.0 0.0 1.32 4.9 5.1 0.77 0.77 0.06 
Ne 81.1 80.7 80.9 81.1 
CO: 12.3 11.9 12.7 11.8 
J 145 Light 100 99 99 232 228 648 639 co 0.0 0.0 0.0 0.0 1.49 2.7 2.7 -0.39 0.37 0.07 
Ne 81.2 80.6 80.7 80.8 
CO: 15.9 16.3 16.0 15.4 
K 143 Heavy 99 101 100 233 229 617 615 co 0.6 0.7 0.7 0.5 1.14 1.6 1.6 0.23 0.21 0.07 
Ne 81.2 80.9 81.1 81.4 
TABLE 2 SUMMARIZED TEST DATA, NO. 9 BOILER 
—Steam -flow-air-flow— 
Boiler meter -—Composite gas samples-—— —Draft readings, inches of ~ 
output, Steam Steam pressure, Steam tempera- —Superheater—. —Damper— _ Total water 
per cent Fuel- flow, —-Air flow— lb. persq.in. ture, deg. fahr. East West East West air Under fire Damper 
Test of bed Ib. per East West Satu- Super- East West side side side side coeffi- East West East West Over 
No. rating thickness hr. side side rated heated side side —————Per cent——-———-_ cient side side side side fire 
CO: 14.5 14.1 13.8 14.0 
Cc 102 Normal 71 71 68 229 227 592 603 co 0.0 0.0 0.0 0.0 1.31 1.1 1.1 0.15 0.16 0.05 
Ne 81.2 81.4 80.9 81.3 
CO: 15.4 15.3 14.9 14.6 
O: 3.4 3.6 4.2 4.0 
B 143. Normal 99 100 100 231 228 622 625 co 5 8.4. 8.6 8.0 1.24 2.3 2.3 0.24 0.26 0.04 
81.1 81.1 80.9 81.4 
COs 16.2 16.2 15.5 15.3 
D 187 Normal 129 130 131 235 229 627 629 co 0.3 04 0.3 0.3 1.16 3.6 3.6 0.47 0.46 0.08 
Ne 81.6 81.5 81.4 81.9 
CO: 16.1 16.7 16.0 16.0 
30 Normal 159 161 159 241 229 661 660 co Si toe 6 1.14 5.5 5.6 0.74 0.74 0.08 
Na 81.4 81.1 81.3 81.6 
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Fires were started in the two boilers under test at 7:30 p.m. 
on Sunday, March 10. The load cycle on both boilers was 
kept practically the same during the entire test period, as was 
shown by the records of the steam-flow meters. 


Four days were allowed to elapse between starting the fires and 
the first test, in order to secure equilibrium conditions of heat 
flow through the walls. For the same reason, the load at which 
each test was to be run was applied to the boiler at least 6 to 7 
hours before starting to take readings. While readings were 


| North Wall . being taken, the clinker grinders were not in operation, so as not 
wa a ‘ to disturb the fuel bed; however, during the latter part of tests 
Sik G and H, it proved necessary to run the grinders in order to 
. 
1 maintain the desired load. 
ss % : Immediately following the last test, the boilers were shut 
y following 
+ down for inspection. Photographs were taken of the settings 
= =e 4 (see Figs. 5 to 10, inclusive) and the brick in the test panels were 
~ 
. removed from the walls and carefully inspected. 
= 
RESULTS 
ae se | yA r The various test data are listed in Tables 1 to 14, inclusive. 
= n+ | = x 
= PLAN 
+ - ~ Ly 
Tt 
' 
Lo 
Scale: / Sq.=10 In. 
Fig. 11 Puan View, Stace AccuMULATIONS ABOVE TUYBRES IN 
No. 5 Furnace, AFrer Tests 
The schedule of tests was as follows: . 
% 
Boiler output, } 
per cent of Fuel-bed H 
Test Date Boiler No. rating thickness a x: 
A 3-13-30 5 145 Normal 4 
B 3-14-30 9 145 Normal ' 
3-15-30 9 102 Normal 
D 3-17-30 9 187 Normal hy 
F 3-19-30 5 100 Normal | 
G 3-20-30 5 230 Normal 
carle: / Sg.=/0Jn, 
H 3-21-30 9 230 Normal F 
J 3-22-30 5 145 Light Fie. 12 Pian View, StaG AccumuLaTions ABove TuYERES IN 
K 3-23-30 5 143 Heavy No. 9 Furnace, AFTER TESTS 
TABLE 3 SUMMARIZED TEST DATA, COMPARATIVE TEMPERATURES (DEG. FAHR.) 
Optical- 
pyrometer Gas 
Boiler Temperature of temperatures tempera- Steam 
output, _ Furnace-wall temperatures ST, wall face Cen- Apex tures tempera- 
per cent North panel- ———South panel — (extrapolated) ter com- atdamper _ tures 
Test Boiler of Fuel-bed Distance from hot face, inches— —_—— North South Aver- west bustion East West East West 
No. No. rating thickness 3 6 3 A'/s 6 panel panel age wall chamber side side side side 
F 5 100 Normal 2341 2289 2135 2026 1911 2333 2244 2087 1974 ox 2381 2375 2378 2366 1590 513 502 592 584 
9 102 Normal 2415 i 2116 1974 1801 2357 2253 2075 1917 1774 2468 2410 2439 2460 1696 504 493 592 603 
A 5 145 Normal 2547 2444 2213 2035 1875 2553 2411 2181 1995 <i 2605 2622 2614 2590 1674 576 555 616 619 
B 9 143 Normal 2465 - 2182 2040 1869 2435 2315 2151 1974 1797 2521 2597 2559 2501 1816 575 565 622 625 
E 5 186 Normal 260G 2512 2299 2144 1997 2630 2495 2269 2111 «> 2655 2691 2673 2629 1802 637 624 636 629 
D Q 187 Normal 2505 a 2190 2020 1819 2513 2392 2165 1985 1785 2564 2578 2571 2581 1850 638 600 627 629 
G 5 230 Normal 2678 2583 2322 2153 2001 2655 2517 2239 2090 bik 2738 2726 2732 2613 1841 713 701 658 659 
H 9 230 Normal 2669 Ba 2295 2133 1940 2619 2496 2253 2078 1886 2730 2686 2708 2678 1960 722 714 661 660 
Ps 5 145 Light 2493 2423 2209 2086 1966 2546 2425 2188 2079 x 2540 2598 2469 2455 1611 611 594 648 639 
5 143 Heavy 2677 2582 2298 2141 2004 2756 2609 2272 2139 2737 2833 2785 2621 1775 560 547 617 615 
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Tables 1 and 2 give summarized boiler operating-instrument 
readings on Nos. 5 and 9 boilers, respectively, and Table 3 con- 
tains data on the temperatures obtained during the tests. In 
Tables 4 to 13 are tabulated the analyses of the composite and 
snap furnace-gas samples. Table 14 describes the coal used in 
the investigation, and lists the proximate analyses, calorific 
values, and ash-fusion points of the samples of coal taken during 
each test. 

During the entire series of tests, every effort was made to hold 
the two boilers under the same operating conditions at all times. 
As a general rule, the fuel bed in No. 5 furnace was somewhat 
lighter than in No. 9 furnace, which is the usual experience with 
this particular boiler. 

The following detailed comments as to the character of the 
fuel bed and firing conditions in general, during the various tests, 
may be of interest: 


Fuel-Bed Thickness. In the tests at 100 per cent of rating 
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Fic. 13 Temperature Grapients THrouGH West Front WALL, 
Nos. 5 anp 9 Furnaces, 100 Per Cent or RatinG, NorMAL 
Bep THICKNESS 


(tests F and C), the fires on the east side in No. 5 furnace ap- 
peared to be thinner than in No. 9 furnace, while on the west 
side of each furnace the fires were of normal thickness. This is 
verified by inspection of the under-fire pressures (Tables 1 and 2). 

The fires in No. 5 boiler at 145 per cent of rating (test A) 
appeared to be thinner on both the east and west sides than in 
No. 9 boiler at the same rating (test B). 

At 185 per cent of rating (tests E and D), the fuel-bed thick- 
ness was the same in both furnaces except that the grinder pit 
carried a higher ash level in No. 5 boiler than in No. 9 boiler. 
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During the first part of the test on No. 9 boiler, the accumulated 
slag on the south wall started to run. 

The fuel-bed thickness in Nos. 5 and 9 boilers was about normal 
during the runs at 230 per cent of rating (tests G and H), with 
No. 9 boiler having a slightly heavier fire, as shown by an in- 
spection of the under-fire pressures (Tables land 2). It proved 
necessary to shorten the tests at this rating, because of the high 
overloads imposed on the blower motors. In order to maintain 
the rating during the test on No. 9 boiler, it was necessary to 
resort to clinker grinding and the consequent agitation of the 
fuel bed caused a disturbance of the furnace-gas conditions 
(excessive CQ). Because of these abnormal conditions, the data 
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Fie. 14 Temperature Grapvients THroves West Front WALL, 
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on the last set of composite gas samples taken during test H 
should be discounted. 

During the test on No. 5 boiler at 145 per cent of rating with 
abnormal! excess air (test J), the fuel bed was very thin and, in 
fact, bare iron was showing at the base of the tuyére stacks. 

The fuel bed was purposely made very thick in No. 5 furnace 
at 145 per cent of rating (test K), to establish excess air below 
the normal for that rating. This is evidenced by a comparison 
of the under-fire pressures with Test A (see Table I). The slag 
on the furnace walls was running noticeably throughout this 
test, and slag accumulations were heavy at the observation doors. 

Condition of the Settings. Some idea of the condition of the 
settings following the completion of the tests may be obtained 
from Figs. 5 to 10, inclusive. The differences in the character 


of the slag formations, in the extent of shrinkage and vitrifica- 
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tion of the brick, and in the tightness of the joints are quite 
marked. 

In No. 5 furnace, serious shrinkage took place in the front 
walls, with some cracks as wide as '/; in. Many of the 
13'/, X 9 X 2!/,-in. straights used in alternate courses had 
broken in two. The slag coating (originally 1 in. or more thick) 
had run from the walls, cleaning large areas of the front walls 
and lower end walls. The slag on the walls was glassy and 
vitreous, and stalactites of slag were frequent. Severe spalling 
had taken place in the leaning walls. 

In No. 9 furnace, the setting was much more sound. Less 
of the original fly-ash and slag coating (somewhat heavier than 
in No. 5 furnace before the tests) had run from the walls. Shrink- 
age cracks did not appear through the slag coating, but when the 
slag was cleaned from the walls, it was evident that shrinkage 
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Fic. 15 TEMPERATURE GRADIENTS THROUGH West Front WALL, 
Nos. 5 anp 9 Furnaces, 185 Per Cent or Ratinc, NoRMAL FvEL- 
Bep THICKNESS 


and vitrification of the brick had occurred, although to a con- 
siderably lesser extent than in No. 5 boiler. The slag coating 
on the walls was not as glassy as in No. 5 boiler. Considerable 
spalling had taken place in the leaning walls. 

The brick in the test panels in each boiler had been eroded 
by the slag, and in fact, as is evident from Figs. 5, 7, and 9, 
ridges were worn in the brick in No. 5 furnace. The brick in 
No. 9 furnace had wasted away */\. in. to '/, in., and in No. 5 
furnace as much as ?/, in., as a result of slag erosion. Vitrifica- 
Fie. 17 (at Variation oF Insipe Waui-Face Tempera- 


TURES (ExTRAPOLATED) WitH RatinG, Nos. 5 9 FURNACES, 
NorMAL Fuet-Bep THICKNESS 
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tion was evident in the brick to a greater extent in No. 5 than 
in No. 9 furnace. Apparently the brick had commenced to 
shrink slightly at the hot face, but to such a small extent that 
it could not be measured. 

Slag Accumulations. Slag accumulations on the walls along 
the clinker line were lighter than are ordinarily encountered in 
regular plant operation. The accumulations over the tuyéres 
have been plotted in Figs. 11 and 12. It will be noted that the 
slag deposits are lighter above the air backs along the east front 
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Fig. 18 ApprRoxIMATE FuRNACE-Gas TEMPERATURES, CENTER OF 
West Front Watt Direcriy Over Fires, Nos. 5 anp 9 FURNACES, 
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Fie. 19 Approximate Gas TEMPERATURES AT APEX oF ComBUSs- 
TION CHAMBER, Nos. 5 AND 9 Furnaces, NorMAL Fvet-Bep TuHIcK- 
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wall of No. 5 boiler than on the west front wall which has no 
air backs. Figs. 5 to 10, inclusive, show the walls of both fur- 
naces to be fairly free from slag, resulting from the fact that the 
last tests, conducted at the higher ratings, involved high tem- 
peratures which caused the slag deposits to run from the walls. 
Stoker Behavior. The tuyére stacks in both boilers were 
inspected following the tests. In No. 5 furnace, repairs were 
necessary to Nos. 2, 3, 4, 5, 6, 7, 8, 9, and 12 tuyére stacks on 
the west side. Nos. 5 and 12 tuyére stacks on the west side of 
No. 9 furnace were of the old single-piece type, and these were 
completely burned out, and in addition, repairs were also neces- 
sary to Nos. 3, 6, 7, and 8 tuyére stacks. The plenum chambers 
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Fic. 20 Gas TEMPERATURES AT Damper, Nos. 5 anp 9 BoILers, 
Norma. Fuet-Bep THICKNESS 
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Fig. 21 Furnace-Gas Compositions, Composire Gas SampLes, 
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TABLE 4 FURNACE-GAS COMPOSITIONS—TEST F, NO. 5 BOILER 


(100 per cent of rating, normal fuel bed thickness) 
Composite Gas Samples 


of both furnaces were also inspected to discover 
any difference affecting air distribution, and no 
such differences were found. 


Fie. 22 Furnace-Gas Compositions, Composire Gas SAMPLES, 
Nos. 5 anp 9 Furnaces, 230 Per Cent or Ratinc, NorMAL FvEL- 
Bep THICKNESS 


the wall (obtained by extrapolation) were higher in No. 5 than 
in No. 9 furnace, except at 100 per cent of rating, where, although 
the wall face temperatures in No. 5 furnace were somewhat 
lower, the temperature-gradient curves had a lesser slope than 
No. 9 furnace, indicating a higher average temperature through 
the wall. Temperatures well above 2700 deg. fahr. were ob- 
tained in both furnaces at 230 per cent of rating. The relation- 


Period of Sampling positi 
These remarks on slag accumulations, tuyéres, %#™Pling, 1 : 3 = ° 6 7 8 
p.m. Per cent 
and wind chambers are included because of their 11.3 14.0 (Sam- 15.3 14.9 15.4 14.4 13.3 
possible bearing on the admission of the air and to Os 5.7 0.9 pling 
its deflection into the furnace. eee 0.4 2.9 broken) 06 0.7 O16 1.8 O11 
ee Free carbon......... Trace Trace ..... No Trace No No Trace 
Me DISCUSSION OF RESULTS Solution colored..... No No No No No No 
2:30 COs fee! 2s 14.8 15.5 15.7 13.0 13.4 
Tests NorMat Fvuet-Bep THICKNESS to 2.3 1.4 0.4 3.9 
Temperatures. For purposes of comparison, at es as at as 
the temperature-gradient curves through the Free carbon......... ee eS No Trace Trace Yes No 
west front walls of Nos. 5 and 9 furnaces, for 
13, 14, 15, and 16, representing ratings of 100, 5:00 0.0 0.7 0.2 05 O00 0.4 0.0 
ful examination of these figures and of Table 3 
shows that the temperatures of the hot face of No No No No 
Snap Samples 
20 (Taken at position 5 during second set of composite samples) 
Time taken, CO: O2 co 
= = ~ 1 2:30 16.6 0.8 1.0 
2 2:35 15.4 2.1 0.3 
3 2:40 16.0 2.1 0.1 
. va r 4 2:45 14.3 4.4 0.2 
5 “ 4 5 2:50 15.4 2.7 0.1 
6 2:55 16.5 0.8 0.5 
5 P 7 3:00 16.3 0.5 1.1 
3:05 15.5 0.4 2.1 
9 3:10 15.7 0.4 2.5 
10 10 3:15 16.0 1.6 0.2 
11 3:20 16.0 1.9 01 
o 5 = 12 3:25 16.0 0.7 0.8 
Composite sample Position 5 
16.5 1.4 0.6 
15 | A 
7 20 
q 10 TTTT 
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Fie. 23. Gas Compositions AT SUPERHEATER AND Damper, Nos. 
5 anp 9 Borters, Fvuet-Bep THIcKNESs 


ship between boiler rating and wall-face temperature is shown 
in Fig. 17. 

The evidence of higher furnace temperatures in No. 5 furnace 
than in No. 9 was confirmed by the optical-pyrometer readings 
at the center of the west front wall, directly above the fuel bed. 


aye 
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strongly reducing in No. 5 than in No. 9 boiler, particularly at 
the higher ratings. For some unaccountable reason, this situa- 


tion existed in spite of the fact that the fuel bed in No. 5 boiler 
was usually somewhat thinner, offering less resistance to the 


However, the optical-pyrometer readings at the apex of the 
combustion chamber, and the damper gas temperatures were 
higher in No. 9 than in No. 5 furnace. At the same time, the 
steam temperatures were higher in No. 9 than in No. 5 boiler. 
The explanation of this condition is apparently dependent on 


the fact that, since the fuel-bed temperatures were higher in 
No. 5 furnace, a greater proportion of the energy liberated was — 
in the form of radiant heat. At the apex of the combustion 7 o-use 
chamber, that portion of the heat energy available by convec- - — 
tion was less in No. 5 boiler than in No. 9 boiler, and consequently = + 
the temperatures at this point in the furnace were higherin No.9 © 1. 
boiler. This also accounts for the higher steam temperatures - 
obtained in No. 9 boiler than in No. 5 boiler. 
| 
15 
° 
= 
v 10 re) 
LEGEND 
"0.5 (Snap) 
No.9 (Snap) 
— omposite Samples 
7 
4 10 < 
5 
15 \ 
LEGEND 
oe Snap Samp/e 
Composite Samp/e 
Five-Minute Intervals 
Fie. 25 Furnace-Gas Compositions, SamMpues, Nos. 5 anp 9 
Furnaces, 185 Per Cent or Ratine, NorMAL FvEt-Bep THICKNESS 4 
draft, and also that the gas analyses at the superheater and ie 
= damper showed lower CO, and higher O, content for No. 5 fur- e 
nace at all ratings (see Fig. 23). : 
0 The curves in Figs. 21 and 22 cannot be regarded as true 


\ 6s 4 5 6 7 8 9 
Five-Minute Intervals curves representing any very definite variation of gas com- 
position across the boiler front wall but, rather, are merely used 


Fig. 24 Furnace-Gas Compositions, Snap Sampies, No. 5 Fur- 
for purposes of convenience in indicating the furnace-gas com- 


100 Per Cent or Ratine, NorMAL Fue.-Bep THICKNESS 


value as absolute data on furnace-gas tempera- an (102 per cent of rating, normal fuel-bed thickness) 
tures, but are probably reasonably accurate as of position 
a measure of comparative temperature condi- Pins. 2 3 5 7 
tions in the furnaces. Per cont 
: a 11.7 14.7 14.8 14.6 14.1 13.1 12.3 11.4 
The optical-pyrometer data and stack-gas 4,2, Os eh ebuadane 4.7 0.5 0.1 0.5 2.4 2.6 6.2 7.2 
boiler rating in Fies. n 81.7 82.5 80.9 81.9 82.2 81.6 81.3 81.4 
& Fig 18, 19, and 20 Free carbon.... No No Yes No No Trace WN No 
Furnace-Gas Compositions. To enable ready Solution colored No Turbid Yellow Yellow Brown No Yellow No 
comparison, typical analyses of the composite 2:39 CO. ise ive Wo 108 
at the same rating (as given in Tables 4 to 11 CO... esac ee. 1.3 0.8 1.0 0.8 0.3 0.2 0.3 0.0 
inclusive) are plotted together, and the locations 3. 3 $3. 2 83. 1 82. 5 81. 3 
of stokers and tuyéres relative to the sampling colored Yellow Yellow Yellow 
positions are also indicated. These data are 4:00 ce ‘aa 12.9 15.2 16.0 15.7 14.6 11.2 10.8 10.1 
shown in Figs. 21 and 22 representing ratings 5:00 
It is evident that the furnace conditions im- Pree carbon - No Yes No No No No. No No 
ution colore: No Yellow No Yellow Yellow Orange 
mediately above the fuel bed were much more On Gia........ No No No - No “ > No 


¥ 
The optical-pyrometer readings are of little TABLE 5 FURNACE-GAS COMPOSITIONS—TEST C, No. 9 BOILER 4k 
y= 
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positions at certain significant sampling points at which gas 
ee samples were drawn simultaneously. 

The uniformity in composition of the several sets of com- 
posite (hourly) gas samples taken as checks during each test, is 
evident, and indicates uniform operation of the boilers during 
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Fie. 26 Furnace-Gas Compositions, Snap SaMpues, Nos. 5 anp 9 


Furnaces, 230 Per Cent or RaTInNG, NORMAL THICKNESS 
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Fig. 27. VARIATION oF ToTaL STEAM TEMPERATURES WITH RatTING, 
Nos. 5 anp 9 Botters, Fuet-Bep THICKNESS 


the test. However, it would be expected that the furnace-gas 
conditions would vary considerably for short intervals from time 
to time, and this is confirmed by the snap samples taken simul- 
taneously with a composite sample at No. 5 sampling position. 
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The variation of these instantaneous samples is plotted against 
time in Figs. 24, 25, and 26, with the composite samples in- 
dicated by straight lines. As will be noted from Tables 4 to 13, 
the averages of the snap samples usually checked fairly closely 
with the composite sample drawn at the same time. 
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Fie. 29. Errecr or Fuet-Bep TuHickNess ON WALL-Facr 
TEMPERATURES (EXTRAPOLATED), No. 5 FURNACE 


Frequently carbon particles of colloidal dimensions were drawn 
over with the gas samples, and these were usually precipitated 
upon standing for a short time, forming a scum of soot over the 
saturated salt solution used as the collecting medium. The 


§ 
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collecting solution was at times discolored by TABLE 6 = 5 BOILER 
cent of rating, norma! tuel-bed thickness 
certain substances, presumably tarry compounds Period Gas 
distilled from the coal, which were collected dur- —_sam- . Sampling position 
sufficient volatile compounds were carried over 1:99 Goy............-. 10.8 10.0 14.8 12.8 126 85 14.5 
vi i t 0.1 0 0. 1.6 
with the gases to form a film of oil over the salt AE ese aia 4.5 4.6 (Sam- 3.3 3.1 6.8 0.2 
solution. 78:0 72:4 pling 732 1 0 
Excess Air. It has already been mentioned Doce a Yes Yes aocnen® Trace Yes No Yes No 
that the superheater and damper gas compo- yoy colored... No No Yellowish No Yellow Yellow No 
sitions showed lower CO, and higher O; con- 2:30 COz.............. 11.2 9.5 13.3 10.7 12:7 12.0 140 
i i 4.1 5 1.0 
These data Tables and 2, 73.1 73.6 79.8 77.9 78.1 82.3 
plotted against boiler rating in Fig. 23. This Free carbon....... Yes Yes Yes Yes Yes Yes No 
condition was verified by the fact that the fuel a Ne — . No No 
bed in No. 5 tended to be somewhat lighter than 4:00 COs SRS. 10.7 9 8 13.2 11.1 10.4 10 9 14.9 
On checking those factors which might affect 790) 
the distribution of air to the tuyéres, as already Free carbon....... Yes Yes ..... Yes Yes Trace Yes No 
Solution colored... No No No Turbid No No 
: Toa broken during the tests were slagged about halfway through, 
1 with pinhole openings where the slag had completely penc- 
«, £1800 rt ~4s4- trated, and were so fragile that they broke at a touch. The 
eu tT COP HORMAL FUE y sillimanite tubes in No. 5 boiler were practically all broken off 
| | | 
+ at the hot face of the wall during the tests, whereas most of those 
in No. 9 boiler were unbroken. 
Qa . . 
= 2s These factors are all the more striking when it is remembered 
% 2600 oF West wal that the sillimanite tubes are composed of super-refractory 
eo TTTILL 
2400 LLLt crt £ i 
112s 1.2 13 1.4 26e5 t 
Total Air Coefficient I 
eam | Temperatures ER 
Fie. 30 Errect oF THickNness oN APPROXIMATE FurR- |_| WWORMAL FUEL BED 
NACE-Gas TEMPERATURES DireEcTLY Over Fires, No. 5 Furnace t 
es 
chambers, and although more tuyére stacks required renewal 5 
and repair following the tests in No. 5 than in No. 9 furnace, a575 f Pai {tt 
this factor would hardly seem to account for the difference. Of e Tat Damp | he 
course, No. 9 boiler is baffled somewhat differently than No. 5, but = ng Tepper — TT = f t t rT tT 
other boilers at the station have the same baffling as No. 9, and 550 
behave somewhat like No. 5 boiler. 


Total Steam Temperatures. The total steam temperatures 


were higher in No. 9 than in No. 5 boiler, as indicated in Tables 1 Fro. 31 Evvsct or Funt-Bap Turcewsss on Totat Sraau Tau- 


PERATURE AND TEMPERATURES OF FiugE Gas at Damper, No. 5 


and 2, and shown in Fig. 27. FURNACE 
Effect on Refractories. The effect of these 
tests on the boiler settings has already been de- TABLE7 FURNACE-GAS COMPOSITIONS—TEST B, NO. 9 BOILER 
scribed, and is evident from a careful inspection _ Period (143 per cent thickness) 
of Figs. 5 to 10, inclusive. Slag attack, shrink- 
age, and vitrification of the brick in the settings Pins. 1 “ 3 4 5 6 7 8 
were obviously worse in No. 5 than in No. 9 qo COs as te ‘ rey ont ; 
furnace. Careful analysis of the steamflow-air- “to 14-0 13.7 14-4 
flow meter charts since the furnace walls were 7° 22 
last repaired showed that past load conditions as in 5. 
averaged about the same for both boilers. Solution No No No Yes 
the tests may be deduced from the condition of ,'S, = ee 26 .. O41 43 05 04 02. . 
the sillimanite sampling tubes. Severalhadbeen 28 29 30 
roken, ther from having been struck by Free 
pieces of ash or slag, or from having been so oy mg colored......... ..+» No No Yes Yes No No Yes No 
weakened by slag attack as to be unable to sup- 4:00 13.1 11.6 14.7 15.1 16.3 15.5 148 143 
port their own weight. As is evident from Fig. bes GS 8.3 0.2 7.9 
8, the sampling tube at position No. 4 in No. 9 7.0 0.5 02 16. .. 1.9 3.7 
No No No Yes No Yes 


boiler had softened and sagged, and was eaten Deen emO0e..........:....... Wes Was 
through by slag. Those tubes that had not ao 2s panned specs No No Yes No No No Yes No 
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TABLE 8 FURNACE-GAS COMPOSITIONS—TEST E, NO. 5 BOILER 
(186 per cent of rating, normal fuel-bed thickness) 
Composite Gas Samples 
Sampling position 
1 2 3 + 5 6 7 8 
cent 
11.3 8.4 13.3 8.9 12.5 11.2 15.1 
0.2 0.3 0.6 0.2 0.1 1.6 0.5 
3.2 5.2 (Sam- 1.6 4.7 2.6 2.6 0.7 
8.0 9.4 pling 5.2 15.8 7.3 8.0 3.3 
nee y 77.3 76.7 tube 79.3 72.4 77.5 76.6 81.5 
Free carbon.......... Yes Yes broken) No Yes Yes Yes Yes 
Solution colored...... No aa Yellow No No No No 
No No No No No 
12.6 9.8 6.7 10.5 14.7 
ews 0.1 0.0 1.0 0.4 1.1 0.9 
ak 2.5 4.4 8.6 3.5 0.8 
Yes Yes Yes Trace Trace 
Solution colored...... No ree Yellow No No No No 
Ae No See No No No No No 
re 9.9 3.9 6.1 10.3 14.9 
Peer oe 1.2 0.1 1.0 0.1 0.9 1.4 
co ASS 7 11.3 22.6 20.1 10.7 1.3 
Free carbon.......... a ae Yes Yes Yes Yes Trace 
Solution colored...... No Yellow Yellow No No No 
No No Yo No No No 
Snap Samples 
(Taken at Position 5 during second set of composite samples) 
Sample Time taken, CO: Oz He co N:2 
No. p.m. Per cent 
1 2:30 9.8 1.5 pia 10.1 ith 
2 2:35 9.8 0.4 mae 12.0 Pe 
3 2:40 9.6 0.2 vas 13.2 ‘ 
4 2:45 8.8 0.4 13.7 
5 2:50 11.0 0.5 a's 8.5 , 
6 2:55 9.4 1.8 11.0 
7 3:00 9.2 0.4 aa 11.6 ms 
8 3:05 9.6 0.2 11.4 
9 3:10 14.2 0.7 aie 4.3 ev 
10 3:15 10.4 0.3 10.5 
ll 3:20 11.6 0.2 9.4 
12 3:25 9.5 0.3 3.7 10.6 75.9 
Composite sample, Posi- 
tion 5 (second set)... .. 8 1.0 4.4 11.4 73.4 
TABLE 9 FURNACE-GAS COMPOSITIONS—TEST D, NO. 9 BOILER 
(187 per cent of rating, normal fuel-bed thickness) 
Composite Gas Samples 
~ Sampling position——— 
1 2 3 5 6 7 8 
Per cent 
0 “eee 12.3 9.5 11.5 14.5 12.4 12.6 13.0 13.5 
_ 8a ere 1.3 0.2 0.1 0.2 0.0 0.1 0.4 2.7 
eae 2.3 6.2 3.6 1.4 2.5 2.4 2.5 1.1 
ee 5.2 10.8 6.1 3.5 7.1 6.7 5.9 1.6 
EEE 78.9 73.3 78.7 80.4 78.0 78.2 78.2 81.1 
Free carbon..... Yes Trace Trace No Trace Trace Trace Trace 
Solution colored. No No Yellow Yellow Yellowish No No No 
No No No vo No No No 
By 13.7 13.1 12.8 11.4 13.9 
0.3 0.6 0.2 0.6 0.3 0.3 0.5 1.8 
Ser 5.0 4.2 2.8 1.3 2.1 2.3 2.8 0.7 
> SE ae 9.3 8.9 6.2 4.6 5.5 6.1 6.7 2.0 
75.0 75.3 78.1 80.9 79.0 78.5 78.6 81.6 
Free carbon..... Yes Yes Yes Yes Trace Yes Trace Trace 
Solution colored. No No Yellow Yellow Yellowish No Yellow No 
[Le No No No No No No No No 
Se eee Be 13.1 11.0 12.4 12.8 13.1 13.5 14.7 
A eyes 4.9 1.2 0.0 0.1 0.2 0.4 0.4 1.6 
a ae 1.4 2.1 4.1 3.1 32.32 2.1 2.1 0.5 
Ra deccneescoms 3.8 4.4 9.1 7.6 6.6 6.6 5.3 2.3 
a ae 78.8 79.2 75.8 76.8 78.2 77.8 78.7 80.9 
Free carbon..... Trace Trace Trace Trace Trace Yes Yes Trace 
Solution colored. No No No No No No No No 
3 | See No No No No No No No No 
Snap Samples 
(Taken at Position 5 during second set of composite samples) 
Time taken, CO: Oz co 
Sample No. p.m. Per cent 
1 2:33 13.3 0.6 8.1 
2 2:35 12.4 0.5 7.6 
3 2:40 15.5 0.8 2.2 
4 2:45 15.6 1.6 0.8 
6 2:55 12.3 1.1 4.5 
7 3:00 14.0 0.5 4.1 
s 3:05 14.0 0.4 4.0 
9 3:10 9.2 0.4 11.9 
10 3:15 10.4 0.2 10.0 
11 3:20 11.0 0.7 9.4 
12 3:25 9.5 0.4 12.3 
Composite sample, Position 5 


material of approximately 70 per cent alumina 
content, with a fusion point about 200 deg. fahr. 
higher than a first-quality clay firebrick. More- 
over, the porosity of the tubes is very low, 
which should increase their resistance to chemi- 
cal action and slag penetration. 

One thermocouple brick from each boiler, and 
one adjoining brick from the same test panel, 
together with composite samples of the coal 
burned during the tests, were sent to the U. 8S. 
Bureau of Standards, Columbus, Ohio, for petro- 
graphic study of the effect of slag. Their ob- 
servations will presumably be reported at a later 
date. 


Tests ABNORMAL FUEL-BEpD 
THICKNESSES 


Temperatures. The temperature-gradient data 
(as given in Table 3) through the west front wall 
of No. 5 furnace at 145 per cent of rating with 
varying fuel-bed thicknesses are plotted in Figs. 
28 and 29 and indicate exceptionally high fur- 
nace-wall temperatures with heavy fuel bed. 
It seems probable that much of the erosion of 
the brick in the test panels took place during 
the test with abnormally heavy fuel bed (test 
K). This would naturally influence extrapola- 
tion of the wall-face temperature, because the 
thermocouples would be nearer to the wall face, 
as indicated by the broken line a-a in Fig. 28. 
Of course, the slag coating on the brick would 
tend to counteract the effect of erosion. 

The effect of fuel-bed thickness on furnace- 
gas temperatures at the center of the west front 
wall and at the apex of the combustion chamber 
as evidenced by optical-pyrometer readings at 
these points (given in Table 3) is plotted in 
Fig. 30, and the effect on steam and stack-gas 
temperatures is shown in Fig. 31. 

Furnace-Gas Compositions. The gas-composi- 
tion data on composite and snap samples drawn 
from No. 5 furnace at 145 per cent of rating 
with normal, light, and heavy fuel beds are given 
in Tables 6, 12, and 13, respectively, and are 
plotted in Fig. 32. As would be expected, the 
proportion of combustibles and reducing char- 
acter of the furnace gases were greatly increased 
with heavy fuel beds. 

Excess Air. Obviously, the proportion of ex- 
cess air was increased by lighter fuel-bed thick- 
ness, and vice versa. 

Steam Temperatures. As will be noted from 
Fig. 31, a higher total air coefficient (lower CO, 
in stack gases) resulted in higher total steam 
temperatures, while the stack-gas temperatures 
were also higher. Apparently, there is a bal- 
ance point where the greater plant efficiency 
resulting from higher steam temperatures more 
than equalizes the heat losses due to greater 
volume of hotter stack gases. It is evident, also, 


that a higher total air coefficient will result in 
lower boiler operating temperatures and less 
strongly reducing furnace conditions, thus pro- 
longing the life of the refractory settings. 

Effect on Refractories. Tests J and K show 
conclusively that the thickness of the fuel bed 
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> 
TABLE 10 FURNACE-GAS COMPOSITIONS—TEST G, NO. 5 BOILER Fk 
Period (230 per cent of rating, normal fuel-bed thickness) ; a 
at Composite Gas Samples 
sam- Sampling position 
pling, 1 2 3 4 5 7 s om 
p.m Per cent 
a 11.0 3.5 14.4 0.5 0.0 13.1 
0.0 0.1 1.0 9.9 0.1 0.3 
3.1 10.5 (Sam- 2.1 7.4 13.3 (Sam- 3.2 
co 9.7 24.5 pling 4.0 15.4 29.0 pling Pe ay 
tube 78.5 66.8 57.6 tube 76.3 
Free carbon..... Yes Yes broken) Yes Trace No broken) Trace As 
Solution cclored. No No No He No 
Solution colored. No Yellowish ..... No No eer No Wi 
Free carbon..... Ve plugged) Yes No ..... Trace 
Solution colored. No No No 
Norts: Third set of composite samples is over 45-min. period. 
Snap Samples 
(Taken at position 5 during third set of composite samples) 
Sample Time taken, O2 H2 co Nz 
No. p.m. Per cent 
1 3:30 16.2 1.5 0.3 1.7 80.3 
3:35 9.9 0.1 4.9 12.9 72.2 
3 3:40 9.7 0.1 4.5 13.8 71.9 
4 3:45 5.9 0.5 5.8 16.4 71.4 
5 a 6.9 0.7 5.6 13.8 73.0 
7 4:00 11.4 0.5 2.7 6.9 78.5 
s 4:05 8.3 0.4 4.2 10.1 77.0 
9 4:10 8.2 0.4 4.7 12.1 74.6 
10 4:15 6.0 0.8 5.9 15.3 72.0 
9.2 0.6 4.3 11.4 73.4 
Composite sample, Posi- 
tion 5 (third set)....... 10.1 0.8 4.1 11.1 73.9 
TABLE 11 FURNACE-GAS COMPOSITIONS—TEST H, NO. 9 BOILER 
Period (230 per cent of rating, normal fuel-bed thickness) 
of Composite Gas Samples ‘ 
sam- —Sampling positio 
pling, 1 2 4 5 6 7 s 
p.m. Per cent 
13.4 10.4 12.4 14.2 14.4 15.1 15.3 13.4 
0.6 0.1 0.0 0.4 0.0 0.0 0.3 4.3 
3.0 4.1 2.4 2.6 1.0 0.3 
a 4.6 10.9 8.0 38 3.5 3.5 3.1 0.8 
78.4 74.5 7.8 BA BS 2.3 
Free carbon..... Yes Trace Trace Yes Trace Trace Trace Yes 
Solution colored. No No Yellow No No Yellow Yellow No 
Oil fil -. No No No No No No °o No 
2:30 COs: 12.7 10.5 12.0 14.4 12.6 12.8 14.5 10.4 
to Or: 1 0.0 0.0 0.3 0.2 0.8 1.2 8.1 
3:30 He 2.3 5.2 3.6 2.2 2.9 2.5 1.8 0.6 
co 4.7 10.1 8.5 4.4 7.5 6.3 3.5 0.5 
N2 79.1 74.2 75.9 78.7 76.8 77.6 79.0 80.4 
Free carbon..... Trace Yes Trace Trace Yes Trace Trace No 
Solution colored. No Yellowish Yellow No Yellow Yellow Yellow Yellow 
i No No No No ° No No No 
Oe: ae 6.4 6.8 9. 5.3 11.2 9.5 13.5 10.9 
a 5.6 0.2 0.3 9.5 0.0 4.1 1.8 6.8 
Ee 4.4 7.5 7.6 2.6 3.6 2.4 6.1 0.1 
ee 8.5 15.8 9.8 5.8 9.3 7.0 2.6 0.6 
re 75.1 69.7 73.1 76.8 75.9 77.0 76.0 81.6 
Free carbon..... Yes Trace Yes Trace Yes Trace Trace No 
Solution colored. Yellowish No No No Yellow No Yellow No 
eee No No No No No No No No 
Note: Third set of composite gas samples is for a 30-min. iod, and durin is ti nn. 
took place in the character of the fuel bed, as evidenced to 1.7 per cont CO at ‘the 
cK. 
Snap Samples 
(Taken at position 5 during second set of composite samples) i 
Time taken, CO: 
Sample No. p.m. = Me 
1 2:30 10.8 0.3 3.1 9.4 
2 2:35 13.8 0.3 0.6 3.3 §2.0 
3 2:40 13.7 0.4 0.7 3.2 82.0 
4 2:45 10.3 Hy 1.2 5.8 81.0 
5 2:50 13.9 1.2 1.1 5.4 78.4 
6 2:55 12.5 0.3 1.0 4.6 81.6 
7 3:00 12.2 0.2 6.6 79.3 
8 3:05 8.8 0.0 4.2 9.9 77.1 
9 3:10 13.0 0.0 3.3 9.2 74.5 
10 3:15 10.1 1.6 3.4 8.8 76.1 
ll 3:20 8.2 2.7 3.2 9.9 76.0 
mp pic, ‘Poat- 4 7.5 78.1 
tion 5 (second set)..... 12.6 0.2 2.9 7.5 76.8 
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) TABLE 12 FURNACE-GAS COMPOSITIONS—TEST J, NO. 5 BOILER 
: (145 per cent of rating, light fuel bed) 
— Composite Gas Samples 
sam- Sampling position 
pling, 1 2 4 5 6 7 s 
p.m. Per cent 
2:00 CO:z 9.3 12.5 13.9 15.2 14.5 
to 2 3.0 5.2 0.7 0.0 0.0 
Pe. Giitiacwsnawewa 4.2 (Sam- (Sam- 0.1 2.3 1.2 (Sam- 1.3 
7.3 pling pling 0.1 4.6 4.6 pling 3.7 
76.2 tube tube 82.1 78.5 79.0 tube 80.5 
Free carbon..... Yes broken) broken) No Yes No broken) Trace 
Solution colored. No ..... No No No 
1.6 5.0 6 4.0 
Solution colored. No No No No Yellow 
to Or 3.1 1.6 3.2 
6:00 He 0.8 0.5 1.4 
Free carbon..... Yes Trace Trace No Yes 
Solution colored. No Yellow No No Yellow 
No No No No No 
Snap Samples 
(Taken at position 5 during second set of composite samples) 
Time taken, CO: Or He co 
Sample No. p.m. Per cent 
1 3:30 12.9 1.2 Pa 6.1 78.1 
2 3:35 15.5 Rat 0.7 1.9 80.8 
3 3:40 13.5 0.6 1.6 5.8 78.5 
4 3:45 12.7 0.8 2.1 5.9 78.5 
5 3:50 13.5 0.4 2.8 5.9 77.4 
6 3:55 3.7 0.6 2.3 6.6 77.8 
7 4:00 13.6 0.7 1.7 5.1 78.9 
8 4:05 14.5 1.0 1.1 3.1 80.3 
9 4:10 12.3 0.5 2.4 7.3 77.5 
10 4:15 11.3 0.8 3.0 8.7 76.2 
11 4:20 11.2 0.5 3.2 9.5 75.6 
2 4:25 14.2 2.9 0.2 0.7 82.0 
- 13.2 0.9 1.9 5.6 78.4 
Composite sample, Po- 
_ sition 5 (second set).. 14.4 0.3 1.6 5.0 78.7 
TABLE 13 FURNACE-GAS COMPOSITIONS—TEST K, NO. 5 BOILER 
Period (143 per cent of rating, heavy fuel bed) 
of Composite Gas Samples 
sam- Sampling position 
pling, 1 2 3 5 6 7 8 
p.m. Per cent 
8.6 12.3 7.6 14.2 
to 1.7 2.2 8.4 1.5 
6.1 (Sam- (Sam- (Sample 1.7 4.9 (Sam- 2.2 
9.2 pling pling contami- 4.1 0.0 pling 0.6 
a tube tube nated) 79.7 79.1 tube 81.5 
- Free carbon. . Yes broken) broken) Trace No broken) Trace 
Solution colored. No ..... No - Yellow 
Oil film..... waned No No 
to “Benes 2.9 0.0 0.0 0.5 
Free carbon..... © Trace Trace Trace ..... Trace 
Solution colored. NO Yellow No Yellowish 
3:00 COdrz... 13.9 11.6 11.6 13.5 
Free carbon..... Yes Yes Yes ee 
Solution colored. Yellow ..... -..-. Yellow No No 
Snap Samples 
(Taken at Position 5 during second set of composite samples) 
Time taken, CO: O2 He co N: 
Sample No. p.m. Per cent 
1 1:30 14.9 0.5 0.1 1.6 82.9 
2 1:35 14.1 0.1 0.7 2.1 83.0 
3 1:40 11.8 0.1 2.4 7.0 78.7 
4 1:45 11.4 0.1 2.5 7.2 78.8 
5 1:50 12.6 0.0 2.0 5.9 79.5 
7 2:00 15.0 0.0 1.0 0.5 83.5 
Ss 2:05 15.2 0.5 0.4 1.6 82.3 
9 2:10 14.7 0.0 0.9 2.3 82.1 
10 2:15 12.4 0.0 2.4 6.3 78.9 
11 2:20 13.3 0.0 2.6 3.8 80.3 
12 2:25 15.5 0.9 0.2 0.3 83.1 
13.7 0.2 1.4 3.5 81.2 
Composite sample, Po- 
sition 5 (second set).. 13.6 0.0 1.6 4.1 80.7 
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Fie. 32) Furnace-Gas Compositions, Snap Sampues, No. 5 Fur- 
NACE, 145 Per Cent or RatinG, Various Fuet-Bep THICKNESSES 
TABLE 14 COAL AND ASH DATA (DRY BASIS) 


(The coal used in these tests was a 2-in. nut, pea, and slack, from the 
Island Creek seam, Rossmore Mine, Logan County, W. Va.) 


Melting 

Test Volatile Fixed Calorific point 
No. matter carbon Ash Sulphur value, of ash, 

ae —Per cent- — B.t.u. deg. fahr 
I 35.00 59.20 5.80 0.87 14,150 2450 
C 34.90 98.20 6.90 1.04 13,890 2420 
A 34.90 58.20 6.90 0.97 13,940 2400 
B 33.90 98.10 8.00 1.03 13,840 2400 
E 34.80 58.60 6.60 0.90 14,060 2420 
D 34.60 58.00 7.40 1.23 13,850 2400 
G 33.50 59.50 7.00 1 13,910 2400 
H 34.30 58.70 7.00 1.00 14,010 2400 
J 34.50 57.80 7.70 1.18 13,910 2400 
K 33.50 58.00 8.50 1.07 2440 


has considerable effect on the life of the brick settings. How- 
ever, it should be understood that the abnormal furnace con- 
ditions during tests J and K should never prevail for any 
appreciable length of time during regular operation. 

The detrimental effect of abnormally heavy fuel bed on the 
refractories is very evident, in that the boiler temperatures were 
higher, the furnace atmosphere was severely reducing, and the 
slag’ was far more fluid, greatly accelerating mechanical pene- 
tration and chemical attack. It seems probable that much of 
the erosion of the brick in the test panels took place during test 


SItisa generally accepted theory that the chemical attack of a 
coal-ash slag is more severe under reducing furnace conditions, 
because the iron present tends to be converted to the ferrous state, 
forming ferrous silicates which melt at lower temperatures than the 
corresponding ferric silicates obtained under oxidizing conditions. 


K, since the slag on the walls was running throughout this test, the 
temperatures were very high, and the furnace gases were severely 
reducing. This is confirmed by the fact that the average tem- 
peratures at Nos. 1 and 6 thermocouples ('/; in. from original 
hot face of brick in north and south panels) were considerably 
higher during the latter stages of the test, whereas the steam 
flow was lower. 
CONCLUSIONS 

At corresponding ratings, the operating conditions affecting 
refractories service are more severe in No. 5 than in No. 9 fur- 
nace; and particularly, the temperatures of the furnace gases 
and of the hot face of the wall in.the lower part of the combustion 
chamber are higher in No. 5 than No. 9 furnace, the furnace 
gases are more strongly reducing, and the slagging action of the 
ash is greater. The evidences of these more severe conditions 
in No. 5 than No. 9 furnace are the greater shrinkage, vitrifica- 
tion, and erosion of the refractories. 

Variation of the fuel-bed thickness has great bearing upon the 
life of the refractory brick. A heavy fuel bed produces a more 
strongly reducing atmosphere and higher furnace temperatures, 
which impose more severe conditions on the brick. 

It is usually possible by increasing the proportion of excess 
air to reduce the severity of the conditions affecting the refractory 
settings. The extent to which this may be done at the expense 
of boiler efficiency, without decreasing plant efficiency, depends 
on the balance between heat losses up the stack and the increased 
plant efficiency resulting from higher superheated steam tem- 
peratures with convection-type superheaters. 
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Discussion 


Dr. D. 8. Jacosus.6 The Society is indebted to the authors 

of this paper for presenting the results of a series of tests made 
in the thorough and careful way that characterizes researches 
of the sort conducted by the Detroit Edison Company. The 
results are consistent in showing that placing the baffles which 
come nearest the furnace back of the third row of tubes in boiler 
No. 9 instead of back of the second row of tubes, as in boiler 
No. 5, led to lower furnace and wall temperatures and to lesser 
deterioration of the brickwork. This has been borne out in 
some of our own tests. 
B The falling off of the temperature as the distance from the 
faces of the walls increased shows how a firebrick wall may 
have enough strength in its cooler portions to allow it to be 
operated at near the fusing point of the brickwork at its inner 
face. 

The difference in the degree of erosion of the walls in the two 
boilers demonstrates the importance of the temperature factor on 
the life of brickwork where corrosive slags are present. Even 
though there was apparently only about 50 to 100 deg. lower 
temperature on the wall faces in boiler No. 9 than in No. 5, 
the amount of slag erosion in the former was materially less, 
indicating that the rate of reaction increases out of all propor- 
tion to the increase in temperature. 

The amount of excess air given in Tables 1 and 2 averages 
17 per cent less for the normal fuel-bed thickness for the tests 
with the No. 9 furnace than for the No. 5 furnace. Where the 


* Advisory Engineer, Babcock & Wilcox Co., New York, N. Y. 
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percentages of CO, are as high as were carried in the tests, lessen- 
ing the amount of excess air may cause the flames to travel a 
greater distance. This may have been an additional element 
to that described in the paper in producing a higher gas tem- 
perature at the apex of No. 9 furnace than in No. 5 furnace. 

The amount of CO in the gases drawn from the furnace and 
the very small amount of CO in the gases at the superheater 
and at the damper shows that the CO was burned in the upper 
part of the furnace. In tests that the writer made a long time 
ago at the Delray plant of the Detroit Edison Company on the 
same type of boilers it was found that there was a mingling 
action of the gases in the furnace which, combined with the 
large size and form of the furnace, led to an effective burning 
out of the combustible elements. 


Ratrx A. SHERMAN.’ In the introductory chapter of the 
forthcoming bulletin of the Bureau of Mines, “A Study of Re- 
fractories Service Conditions in Boiler Furnaces,” the following 
statement is made: 

Study of the data presented will show that conditions in a boiler 
furnace are extremely variable. It would be impossible, even if 
experimental investigations such as these were extended to a great 
number of furnaces of each type, to plot or tabulate more than an 
average of any service conditions, such as the temperature, gas 
composition, or velocity to be expected at any given rate of firing. 
Each furnace, even in the same plant, has its distinctive charac- 
teristics so that an individual analysis of special conditions will 
often be necessary. 

The results of the investigation which the authors present 
in this paper fully confirm this statement. Although the work 
has been done in the thoroughgoing manner that characterizes 
all investigations conducted by the Detroit Edison Company, 
and although the existence of the different furnace conditions 
in two furnaces, apparently exactly alike, was clearly shown, yet 
the fundamental causes of these differences were not discovered. 

An unusual stratification occurred in boiler No. 5, for although 
the gases at the front wall were more strongly reducing than in 
boiler No. 9, yet enough air entered elsewhere to complete the 
combustion before the superheater and, as the authors have 
pointed out, to give a lower content of CO, in boiler No. 5 than 
in No. 9. This stratification, with consequently delayed com- 
bustion, and the lower content of CO:, are not in accord with 
the lower steam temperatures and gas temperatures at the 
damper in boiler No. 5 than in No. 9 and are to the writer the 
most puzzling features of the results. 

The elaborate system for simultaneous sampling of the gases 
along the front wall was very good, but the writer wishes to call 
attention to the danger of using a refractory tube for the with- 
drawal of gas samples which may contain combustion gases. 
If free oxygen is present, the intimate mixing in the high-tem- 
perature tube will result in further combustion in the tube, 
and it is the writer’s experience that even with a short distance 
of travel the gas collected in the sample holder may contain 
several per cent more CO:, and less O2, CO, H2, and CH,, than 
actually present at the point of sampling. In the absence of 
free oxygen, as in many of the samples of the investigation re- 
ported, there is opportunity in the hot refractory tube for the 
cracking of hydrocarbons, the deposition of soot, and the reduc- 
tion of CO, by the incandescent carbon resulting in the collec- 
tion of a gas with lower CO, and CH, and more CO and H, 
than at the point of sampling. By the use of a water-cooled 
sampling tube, the gas is quickly cooled to a temperature at 
which no reactions can occur, and the collection of a sample 
with the composition of that at the point of sampling is in- 
sured. 

Many boiler plants have conditions similar to this where the 


7 Fuel Engineer, Battelle Memorial Institute, Columbus, Ohio. 


refractories service is more severe in one furnace than in another 
apparently exactly the same. Similar investigations of this 
type, though not necessarily as elaborate, could not fail to lead 
to valuable information on the furnace conditions and, usually, 
to the determination and ultimate removal of the cause of the 
unusual conditions. 


P. Nicnots.’ A reading of the paper is rather disappointing 
in that it stops short at the most interesting point. Like good 
detectives, the authors determined how the crime was committed, 
but apparently failed to arrest the criminal; perhaps they have 
left it open to the discussors to suggest solutions and will explain 
in their closure how the difficulties which were the cause of the 
investigation were overcome. They state that furnaces 5 and 9 
were similar in all respects except that No. 9 had some advantage 
because three rows of tubes were exposed against two in No. 5; 
also, No. 5 had air backs on the east front wall. Apparently 
the latter difference can be eliminated as a factor because all 
measurements were made on the west wall, which was similar to 
that of No.9. It would not be expected that the third row of 
tubes would make any material difference in the cooling of the 
front wall or on the fuel bed since, as shown by Professor Hottel, 
the radiation absorbed by the third row of tubes is very small, 
nor could the extra row of tubes appreciably affect the flow of 
gases near the fuel bed. 

It is suggested that one more item of evidence would have been 
obtained by measuring the velocity of the gases at the west walls, 
but as it is, the authors proved that during the tests the average 
temperatures of the gases and walls were higher near the west 
face in No. 5 than in No. 9, and also that the CO in the gases was 
appreciably greater, but because the excess air in the flue gas 
was higher in No. 5, more air must have entered through the lower 
part of its bed. They conclude, therefore, that the fuel bed of 
No. 5 tended to be thicker, and presumedly they also conclude 
that this was the reason that its refractories showed more de- 
terioration in regular operation previous to the tests. 

They do not, however, give any explanation for this tendency to 
have greater thickness; presumedly the blame is not placed on 
differences in the human operating factor, but was caused by 
some peculiarity in the stoker. By a thicker fuel bed, do they 
mean for its whole length or was it only in the upper part? 
That would seem more probable as an average chance occurrence 
than that it should be thicker all the way down. The first ex- 
planations that one would offer for such a relative condition in 
No. 5 are that either the flow of air through the upper part was 
less for some unexplained reason or that the motion of the fuel 
was not the same because of some small difference in the mecha- 
nism—or it might be because No. 5 tended to get different size fuel 
on the average. 

There is a large lack of, at least, published knowledge of the 
flow of the stream lines of coal in underfeed stokers. Some 
imagination of what this is and some ability to depict where com- 
bustion of the carbonized coal occurs are necessary to fix where 
the ash is released; this was of interest to us in our investigation 
on clinkering, but we could get very little help from operators or 
others. 

It would be interesting to know whether, having settled that 
the main trouble was the thicker fuel bed, it has been possible to 
operate No. 5 since the tests in such a manner that the refrac- 
tories give no more trouble than occurs in No. 9. 


Avutuors’ CLosuURE 


The authors would like to point out that this investigation 
was begun originally as the study of an operating problem; 


8 Supervising Fuel Engineer, Pittsburgh Experiment Station, U. §. 
Bureau of Mines. 
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namely, a noticeable difference in performance between two boil- 
ers which should behave alike. The first step was to discover the 
character and magnitude of these differences in operation, as 
reported in the paper; and the second step would be to remove 
such differences. In the meantime, however, other conditions 
arose which made it impractical to carry the tests to a logical 
conclusion. 

Although, as Mr. Nichols points out, the criminal was not 
apprehended, some of the methods followed in pursuing him 
may be of interest to other central-station operators. All data 
have been reported in very complete form, with the hope that 
others who have observed similar differences in operation between 
units which should behave alike may be able to offer helpful 
comments. 

Mr. Sherman mentions the possibility of change in the compo- 
sition of the gas sample during its passage through the hot end 
of the refractory tube, due to catalysis or to more intimate con- 
tact between combustibles and unconsumed oxygen. On the 
other hand, it has been claimed that the introduction of a water- 
cooled sampling tube into a furnace may so chill the gases in its 
vicinity, or otherwise alter the combustion conditions, that the 
gas sample collected through it may not be strictly typical. In 
order to compare the two methods of sampling, composite gas 
samples were drawn for a 45-minute period, directly over the 
fire in No. 12 boiler, through sillimanite and water-cooled 
sampling tubes whose ends were within '/; in. of each other. The 
analyses of these samples, in percentages, are shown in the table. 

These analyses may be considered to be “checks” within the 
normal experimental variations of sampling and analysis. 

This paper will have served its purpose if it describes a method 
of studying boiler-furnace operating conditions, and shows the 


Sillimanite Water-cooled 
sampling sampling 
tube tube 
Sample As: 
13.9 14.1 
2.3 2.4 
0.9 
+: 2.9 3.0 
0.1 0.1 
79.7 79.5 
Sample A, 
14.5 14.6 
1.8 
0.8 0.4 
1.7 
0.3 0.2 
Sample A: 
11.9 12.3 
4.6 4.5 
0.3 0.2 
0.2 0.0 
83.0 83.0 
Sample As 
13.9 14.1 
2.5 3.0 
82.1 81.7 
Sample A:: 
14.0 14.2 
_ 0.4 0.7 
1.3 
See 0.8 1.6 
83.1 82.2 


differences which may exist between units which should normally 
function similarly. 
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South Amboy Plant of the Jersey Central 
Power and Light Company 


By R. C. ROE! anv J. P. MAILLER,? NEW YORK, N. Y. 


The Jersey Central Power & Light Company, an oper- 
ating unit in the Middle West Utility System, has just 
put into operation a new plant on the Raritan River at 
South Amboy, N. J., designed and constructed by the 
Electric Management & Engineering Corporation of New 
York City. This plant at present consists of two 25,000- 
kw. vertical-compound turbines with condensers and all 
auxiliaries and three 280,000 Ib. of steam per hr. boilers, 
furnaces, and accessories, operating at 1400 Ib. pressure. 
Space has been provided for the installation of a third 
turbine within the station which is approximately 168 ft. 
square and 110 ft. high to the boiler-room roof and is 
constructed along modern architectural lines. 

The plant is located at the geographical center as well 
as the load center of the system and will, when the trans- 
mission lines are completed, serve as a base-load plant for 
both the Northern and Southern divisions, which at the 
present time are operated as independent divisions. 


Jersey Central Power and Light Company are: 
1 The use of outside concrete cylindrical-type bunkers 
which allows extremely light and airy boiler room and firing aisle. 

2 The use of unit boiler-turbine construction, one boiler 
per turbine with a spare boiler applicable to either turbine, 
which eventually will be used for the third turbine. 

3 The use of double-deck, compound turbines as a single 
unit without provision for separate operation. 

4 The use of condensers designed for higher vacuum than 
has been customary. 

5 The use of a five-point regenerative cycle with direct- 
contact heaters on all stages, eliminating drip pumps or conden- 
sate cascading and bringing terminal differences practically to 
zero, with expected improvement in overall thermal efficiency. 

6 The use of premeasuring devices for coal and air, and in- 
dividual mills per burner with multiple burners per boiler, per- 
mitting great flexibility and accurate predetermination of com- 
bustion conditions prior to the actual combustion. 

A complete description of the plant appeared in the July 15, 
1930, issue of Power Plant Engineering. A brief description of 
the station and its preliminary operation is as follows: 


[ve UNUSUAL features of the South Amboy station of the 


Coat anp AsH HANDLING AND PULVERIZATION 


Coal may be procured in the station by rail or water, being 
handled by rail by a balanced skip hoist through a Bradford 
breaker and a belt conveyor to the station bunkers and by water 
through a Mead-Morrison barge unloading equipment to the 
same Bradford breaker and belt conveyor. Arrangements are 
also made for the storage and reclamation by drag scrapers. 


1 Design Engineer, Electric Management and Engineering Cor- 
poration. 

* Chief Engineer, Electric Management and Engineering Corpora- 
tion. Mem. A.S.M.E. 

Presented at the Annual Meeting, New York, N. Y., Dec. 1 to 5, 
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Note: Statements and opinions advanced in papers are to be 
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of the Society. 


The station is unique in the fact that it has no inside bunkers 
nor inside storage of coal, all active coal storage being in six 
outside concrete bunkers or silos, two per boiler, each of 125 
tons. From each of these concrete bunkers, three spouts are 
taken, two spouts leading to individual pulverizers and the third 
spout to the corresponding spout from the adjacent bunker to 
feed a common pulverizer. By this arrangement the two bunkers 
serve five pulverizers, all of the ball-mill type. Each pulverizer 
is equipped with its own primary fan and burner, there being five 
burners for each furnace. 

Coal is ground to a fineness of 88 per cent through 200 mesh, 
according to the manufacturer’s guarantees. Ash is removed 
from the furnace in a molten state by the usual slag-tapping 
method into an Allen-Sherman-Hoff conveying system. 


Arr Gaseous Propucts or COMBUSTION 


Air is taken from the top of the boiler room through a pair of 
forced-draft fans, a tubular air preheater and metering devices 


Fie. 1 Exterior or Sours AmMBoy PLANT OF THE JERSEY CENTRAL 
Power anv Ligut CompANY 


to the pulverizers and burners. The burners on two of the boilers 
are of the Calumet type and on the other boiler are of the Roe 
type. The products of combustion pass through an eight-tube 
boiler section, the initial superheater, the gas section of the steam 
resuperheater, economizer, and air preheater, and hence through 
connecting ducts to twin induced-draft fans which are mounted 
in the base of a venturi stack. Provision is made for the removal 
of soot by compressed-air soot blowers and removal of accumu- 
lated soot in the hopper between the economizer and air heater by 
the Allen-Sherman-Hoff conveying method. 


Steam anp Water CyYcLe 


Steam leaves the boiler drum through the distributing tubes 
to the superheater which is built as an integral part of the boiler 
and immediately above the boiler-tube sections. It then goes 
through the desuperheater and main steam piping to the high- 
pressure turbine throttle, thence through the high-pressure tur- 
bine and intermediate piping to the steam to steam reheater, 
thence to the gas-steam reheater and then to the low-pressure 
turbine, after passing which it goes to the condenser, which is of 
the divided water-box, single-pass type with tubes rolled at both 
endg and arranged for extremely high vacuum. 
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Steam for the regenerative cycle is extracted as follows: From 
the fifth stage of the high-pressure unit for No. 5 heater, from the 
exhaust of the high-pressure unit for No. 4 heater, from the first 
stage of the low-pressure unit for No. 4 heater, from the seventh 
stage of the low-pressure unit for No. 2 heater and from the 
twelfth stage of the low-pressure unit for No. 1 heater. The 
evaporator operates in parallel with No. 3 heater and discharges 
condensate into No. 3 heater. The heater system, it is believed, 
is different from any other now installed, in that all bleeder 
heaters are of the direct-contact type arranged for coordinated 


Fie. 2 NumsBer 3 Tursine Unit With Hiau-Pressure Turso- 
GENERATOR ON Top oF Low-PREsSSURE GENERATOR 


Fie. 3 NumsBer 3 ABSENCE OF 4 AND LIGHT- 
Frrine AISLE 


water and steam flow with specially designed pumps which will 
be described later. Provision is made for the proper air removal 
and deaeration by the venting of each heater through a vent 
condenser to the next preceding heater and finally from No. 1 
heater to the main condenser at a point suitable for air removal. 
The condensate is taken from a storage-type hotwell at the bot- 
tom of the condenser, supplemented by an outside condensate 
storage for overflow and renewal purposes, by means of the first 
section of a three-section, variable-speed condensate pump, thence 
from the first- and second-stage condensers for the steam-jet 
air pumps, generator air cooler, oil cooler, and to No. 1 heater. 
From No. 1 heater, the condensate flows to the second section of 
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the condensate pumps, then through the third-stage condenser 
to the steam-jet air pumps to No. 2 heater; from No. 2 heater 
the condensate flows to the third section of the condensate pumps, 
through the evaporator condenser and thence to No. 3 heater. 
From the storage tank of No. 3 heater, the condensate flows to 
the first section of a variable-speed two-section booster pump and 
thence to No. 4 heater. The condensate then flows to the second 
section of the booster pump and to No. 5 heater, and from the 
storage tank of this heater the condensate is taken by a constant- 
speed boiler feed pump through the economizer to the boiler. 

The condensate and booster pumps are designed for and are 
controlled to give the required head and capacity between their 
respective heaters to accommodate varying loads on the turbine 
and in accordance with the bleed-point pressures, which pressures 
are the highest on No. 5 heater and taper down to the lowest on 
No. 1 heater and also vary in accordance with the load on the 
turbine. The boiler-feed pumps take condensate from the tank 
of No. 5 heater, and because of the change in heater pressure due to 
change in load, this pump is designed with special head-capacity 
characteristics for constant-speed operation, giving practically 
constant boiler-feed pressure throughout the load range with- 


Fig. 4 Borter-Room Controt Boarp, With Turee-Diat Coat 
AND AIR METERS 


out the use of regulating valves or other devices to accomplish 
this purpose. 


Stream TEMPERATURE CONTROLS 


The initial steam temperature is controlled by the automatic 
operation of the desuperheater compensated to maintain 750 
deg. at the turbine throttle by means of a butterfly bypass valve 
operated by thermostatic temperature control. The desuper- 
heater takes its water from and returns the steam evaporated to 
the corresponding boiler drum. The steam for the low-pressure 
unit is maintained at 750 deg. at the throttle somewhat similarly 
by the regulation of the amount of high-pressure steam to the 
steam to steam reheater. 


METERS 


All the boiler-room meters, indicators, and controls are grouped 
on a centralized control board located in the center of the boiler 
room where the operator can see all the boilers. 

An interesting feature of this board is the coal and air meters. 
The coal fed to each burner is weighed individually and indicated 
in pounds per hour and per cent of burner rating for varying fuel- 
heat contents on these meters. Likewise, in the same meter 
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sections are incorporated the primary and secondary air quantities 
in per cent of burner rating and in pounds per hour, regardless 
of the temperature of the air. This arrangement permits an 
accurate preproportioning of the ingredients necessary for correct 
combustion prior to entering the furnace which many engineers 
believe to be a logical method. 

For a permanent record of the entire combustion, recording 
CO; meters are also installed. Feedwater is measured in an 
orifice-type meter compensated to give accurate results with the 
varying temperatures of the feedwater. For the guidance of 
the operator, the water level of the boiler is shown on the con- 
trol board by a remote liquid level indicator. In addition to 
these instruments, the usual draft and pressure gages, also 
temperature recorders, are mounted on this board, together with 
the control push buttons and indicating lights for properly con- 
trolling combustion. Also on this board is located the manually 
actuated remote control of the boiler feedwater to the individual 
boilers. 

In the turbine room is provided a turbine control board on 
which are mounted the usual instruments, and in addition thereto 
the recording and controlling meters for the initial and reheat 
steam temperatures as previously mentioned. 

_ The main electrical control board is of the bench-board type, 
one of the unusual features being the development of a new 
flush-mounted, indirectly lighted instrument for this board. 


OPERATION 


The South Amboy Plant is, as of Dec. 1, 1930, in its prelimi- 
nary operating stage in a commercial way and has not had suf- 
ficient operating experience so that much can be said about its 
operating characteristics, except as covered by experience to date. 

At the present time, both turbines and two of the boilers 
have been operated under load, and the plant has carried load 
continuously for about a month. The starting troubles which 
have occurred to date in this station have been very minor, and 
have been less than is usually to be expected in starting a new 


station. A total of two small gaskets were lost in the entire 
starting operation and one valve-bonnet gasket. There was no 
joint failure of any of the main steam or reheat lines or any trouble 
with these steam lines. Two cases of tube leakage occurred in 
the boilers in their seats, one of which has been repeated several 
times. One of these cases was due to improper rolling on erec- 
tion and the other case was due to failure to provide properly for 
expansion stresses in the design. These were two cases of minor 
nature, which is a very small percentage considering the large 
number of rolled joints involved in one of these boilers. No 
major troubles are anticipated from this source. 

Ignition burners were provided for each coal burner and these 
have operated satisfactorily. They have been a very material 
help in eliminating the difficulties of the starting period. 

There was no serious trouble with the boiler-feed pumps, al- 
though experience to date does indicate that slight changes are 
necessary, and steps are being taken to modify one set of these 
boiler-feed pumps to make it slightly less sensitive and to provide 
a better packing arrangement. It is probable that similar steps 
may need to be taken in the other pumps. This matter, however, 
is well in hand, the pumps having operated satisfactorily to the 
extent that there has been no difficulty in putting water in the 
boilers whenever desired. 

The circulating pumps on the condensers are equipped with 
synchronous motors. Some difficulty has been experienced with 
the pull-in torque of these motors. This is being corrected now, 
and in the meantime the station is not suffering from this feature. 

The turbine operation has been excellent, the only trouble 
which has occurred being one case where too much or too little 
lubrication was put on the valve mechanism and it had a tendency 
to bind. No trouble has been experienced from the growing of 
parts in this mechanism and the operation of the turbine governor 
has been very good. The freedom from this difficulty is prob- 
ably due to changes made, based on the experiences of others. 
Beyond the usual adjustment of apparatus, this has been the 
total of the plant-starting troubles. 
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Combined Heat and Power Supply in 
Industrial Plants 


By W. F. RYAN,' BOSTON, MASS. 


The ever-increasing demand for cheap power—the foun- 
dation of American industry—has been ably met by the 
public utilities in the past, and the industrial power en- 
gineer is now taking his part in promoting the produc- 
tiveness of human labor. 

The use of high steam pressures has been the most note- 
worthy development in the industrial power field during 
the past few years. There are now about 200 industrial 
plants in the United States operating at pressures above 
300 lb. gage, almost all of which have been built since 1925. 
The industrial plant which has a large demand for process 
steam has a natural advantage over the condensing cen- 
tral station, in that the latent heat in the exhaust is uti- 
lized, and the cycle efficiency of the prime movers is 100 
per cent. The quantity of power which can be generated 
so economically is limited by the demand for exhaust 
steam, but can be materially increased by raising the 
throttle pressure. 

There are few industries which can generate their entire 
power requirements, at all times, in all seasons, as a by- 
product of their process steam. There are still many such 
plants which generate power in condensing prime movers, 
but the vast majority purchase their requirements from 
public utilities. There is rarely any economic justification 
for the private generation of steam power in condensing 
units, although under certain conditions internal-com- 
bustion engines may be used advantageously. There is a 
growing tendency in this country to use the Diesel engine 
as an adjunct to an industrial steam-power plant; when 
the electric-power demand exceeds the relative demand for 


exhaust steam, the deficiency is supplied by the Diesel 
engine. 

There are many plants which have large demands for 
process steam, but relatively little demand for electric 
power. The most significant trend in the industrial power 
field today is the cooperation of public utilities with 
manufacturing plants to develop ‘‘by-product’’ power to 
its economical limit. An example of such cooperation is 
cited in which the power output of an industrial plant is 
increased from 5500 kw. to 25,500 kw., the surplus power 
being distributed to other consumers, over the transmis- 
sion lines of the public utility. The fuel cost of the addi- 
tional 20,000 kw. is less than 4500 B.t.u. per kw-hr. The 
combination results in a decrease of 10 per cent in capital 
cost and a decrease of 20 per cent in fuel consumption, as 
compared with the separate generation of electricity by the 
public utility and of power and heat by the industrial plant. 

Gratifying progress has been made in the conservation 
of fuel by developing the high-temperature end of the 
industrial power and heat cycle. An enormous quantity 
of potential energy is still being dissipated in the relatively 
low-temperature wastes from our manufacturing plants. 
For the present, the high-temperature field offers more 
attractive return on investment, but the future will un- 
doubtedly see much progress in the recovery of heat at low 
temperatures. This source of energy will become eco- 
nomical long before such projects as the generation of 
power from the tides, which have greater appeal to the 
imagination, but which inherently involve enormously 
greater capital outlay. 


and power supply in the United 

States is an outstanding illustration 
of Henry Adams’ dynamic theory of his- 
tory; that is, progress has been propor- 
tional to the square of the time. 

From the early New England water 
wheels to the advent of the Corliss engine, 
progress was continuous, but at so slow a 
rate that it was almost imperceptible to 
contemporary engineers. The economical 
prime mover which George Corliss de- 


fe development of industrial heat 


' Mechanical Engineer, Stone & Webster Engineering Corporation, 
Mem. A.S.M.E. Mr. Ryan was born in Woodbury, Conn., in 1889, 
and was educated in the public schools of Everett, Mass., and at 
Harvard University. His professional experience has been almost 
exclusively in steam-power engineering, as prior to assuming his 
present duties he has been employed in work of this kind by the 
Interborough Rapid Transit Company, the Wright-Martin Aircraft 
Corporation, the Harry M. Hope Engineering Company, and by 
subsidiaries of the Allied Chemical & Dye Corporation. 

Contributed by the Power Division and presented at the Annual 
Meeting, New York, N. Y., Dec. 1 to 5, 1930, of THe AMERICAN 
Socinty oF MECHANICAL ENGINEERS. 

Communicated to the Second World Power Conference, Berlin, 
Germany, June, 1930. 


veloped gave the industrial power plant its first novable impetus, 
and by the end of the nineteenth century the use of steam power 
was almost universal in American industry. 

At the beginning of this century the typical large manufactur- 
ing plant had a number of small hand-fired boilers, frequently 
distributed among several isolated boiler plants, in order to 
produce steam as near as possible to the point of consumption. 
Reciprocating engines, driving lineshafts by means of belts 
and rope drives, were also widely distributed throughout the 
works. Frequently these engines were run condensing, and 
live steam was used for heating and processing. In other words, 
heat and power supply were not effectively combined, but were 
essentially separate services. 

Electrification of mills began a little later, together with cen- 
tralization of boiler plants and the substitution of purchased 
power or turbine generators for the old engine drives. The 
use of exhaust steam for heating and processing became wide- 
spread, and condensing prime movers began to disappear. By 
1925 most of our larger industries possessed efficient boiler plants, 
and great improvement had been made in the economy of steam 
use. 


Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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Since 1925, the development of the industrial power plant 
has been truly remarkable. Higher pressures, higher tempera- 
tures, and higher rates of heat transfer have brought about even 
greater changes in the industrial steam-power plant than they 
have in the central station. Higher pressures and temperatures 
have materially increased the yield of “by-product power” 
from process steam, while higher rates of heat transfer have more 
than offset the increases in capital cost of plant which higher 
pressures and temperatures would otherwise have produced. 


Hicu-Pressure STEAM IN THE INDUSTRIAL PLANT 


In 1925, the author discussed the advantages of higher steam 
pressures in the industrial plant.? It was pointed out that 
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whereas the efficiency of a central station was increased only 
10 per cent by increasing boiler pressure from 400 Ib. gage to 
1200 lb. gage a similar increase in pressure would more than 
double the effectiveness of non-condensing prime movers supply- 
ing high-back-pressure steam to a manufacturing process. The 
mechanical difficulties of generating and using very high steam 
pressures had been solved by the public utilities, and our in- 
dustries were not slow to appreciate the value of this new de- 
velopment in their own plants. Early in 1929 an American 


?“The Value of Higher Steam Pressures in the Industrial Plant,”’ 
W. F. Ryan. Trans. A.S.M.E., vol. 47 (1925), p. 779. 


technical magazine® was able to list 141 industrial plants using 
steam pressures above 300 lb. gage. Only two of these high- 
pressure plants had been installed prior to 1924. 

The majority of high-pressure non-condensing plants have 
proved thoroughly reliable in operation. The turbine wheels 
are small in diameter and the blades are short, so that in spite 
of high speed, usually 3600 r.p.m., the stresses are low and the 
availability factor high. Many of these prime movers have 
never been taken out of service except for routine inspection 
and repairs. 

Thanks to the pioneer work of central-station designers and 
operators, no unusual difficulties have been experienced with 
steam-generating equipment except when feedwater conditions 
have been unfavorable. In many industries the process steam 
cannot be returned as condensate, and the use of treated water 
has proved very troublesome, if not impracticable, in the higher- 
pressure plants. This condition may compel the use of an inter- 
vening evaporator condenser between the prime mover and 
the process-steam supply, or it may compel the use of very ex- 
tensive evaporators for make-up water. The former increases 
the capital cost of the plant and reduces the yield of by-product 
power; the latter increases capital cost and operating expense. 
Even under these unfavorable conditions, however, a high-back- 
pressure non-condensing power plant will ordinarily produce 
electric power at a cost that is gratifying to the owner. 

Where the amount of power required is large in proportion 
to the demand for exhaust steam, the reciprocating engine is 
advantageous. In capacities up to 5000 kw., a non-condensing 
engine will consume less steam per unit of output than a non- 
condensing turbine. The thermal efficiency of the engine is less, 
because radiation and external friction are greater. All of the 
other losses in both types of prime mover result in higher heat 
content of the exhaust, and no heat is actually lost thereby. 
These losses degrade the energy, however, and from this point 
of view the engine is superior. 

The steam engine is in common use for driving low-speed 
pumps, compressors, and other variable-speed machines in 
industrial plants. In these applications, better efficiency of 
the driven unit, as well as lower water rate of the prime mover, 
favor the use of the reciprocating machine. 

The cost of electric power in a high-back-pressure industrial 
plant is largely a matter of bookkeeping, because of the lack of 
uniformity in dividing fixed charges and operating expense 
between the two items of electric power and process steam. 
In the larger plants, the cost should not exceed 5 mills per kw-hr. 
Much lower costs have been reported, one as low as 1.5 mills 
per kw-hr., but it is probable that these very low costs are the 
result of some arbitrary method of accounting in which the proc- 
ess steam carries more than its proper share of operating ex- 
pense, or they may be due to a neglect of capital charges. The 
latter are rarely included in published power costs, either by 
industrial plants or central stations. 


CooPERATION OF Pusuiic Utiuities INDUSTRIES FOR 
ComMBINED PRopwUcTION oF STEAM AND POWER 


While the advantages of private power generation in high- 
pressure prime movers are obvious, and are being convincingly 
demonstrated, very few industries are capable of developing 
this idea to its economic limit. The big power-consuming indus- 
tries—for example, automobile manufacture—are not great con- 
sumers of process steam; frequently a seasonal heating load 
is the only steam demand. On the other hand, the big con- 
sumers of exhaust steam—oil refineries, salt works, alkali plants. 
etc.—are relatively small consumers of electric power. Moreover, 


3 See Power, May 28, 1929. 
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there is frequently a regrettable lack of synchronism between 
the demands for these two forms of energy. For example, in 
many industries the greatest single item of power consumption 
is for pumping cooling water; this load is greatest in the summer 
months. An important item of steam consumption is usually 
the heating of buildings; this demand occurs only in the winter. 
There are other variations between summer and winter, between 
day and night, and between Sundays and week days that make 
private generation of power unduly expensive in most industries, 
and impracticable in many. 

The full economic value of the high-back-pressure prime mover 
can be developed only by cooperation between industries and 
public utilities for the combined production of process steam and 
electric power. Cooperation of this type has been discussed 
academically for some time, but it is only now beginning to 
find practical application. This step is the outstanding develop- 
ment in the field of industrial power and heat supply today. 

As an example of the possibilities of cooperative steam and 
power production, consider a relatively large industrial plant, 
having an average steam demand of 600,000 Ib. per hour. Two- 
thirds of this steam is used at boiler pressure, and the remainder 
at a lower pressure, after passing through non-condensing tur- 
bine-generators. The power demand of the mill, which is only 
5500 kw., is easily and economically supplied in this way. Fig. 1 
shows the essential features of the plant heat balance, with heat 
flows given to the nearest million of heat units, above 32 deg. fahr. 
Steam is generated in an efficient boiler plant; the entire elec- 
tric-power requirements are generated in non-condensing prime 
movers with a cycle efficiency of 100 per cent and a thermal 
efficiency of about 95 per cent. The whole installation ap- 
proaches the limit of economical heat and power supply for 
this particular industry. 

The territory in which this plant is situated is served by a 
central station, which is also highly efficient. The essential 
features of its heat balance are outlined in Fig. 2. Steam is 
supplied to the turbine throttles at 625 lb. gage and 750 deg. 
fahr. The turbines exhaust at a vacuum of 29 in. hg. There 
are four stages of regenerative feedwater heating, and the boilers 
are as efficient as those of the lower pressure industrial plant. 
The overall fuel consumption is at the rate of less than 13,000 
B.t.u. per kw-hr. generated, and less than 1 lb. of good steam 
coal per kw-hr. of net output. This also approaches the eco- 
nomic limit for a station of this type. 

Fig. 3 shows the economies that can be effected by combining 
the functions of these two power stations in a single plant, pro- 
ducing the same quantities of steam for process and the same 
net output of electric energy. Instead of the total heat con- 
sumption of 990 million B.t.u. per hour required for the two 
individual plants, we have a heat consumption in the combined 
plant of only 800 million B.t.u. per hour, a saving of 19 per cent. 
Had we assumed a more efficient central station, with higher 
initial pressure, reheat, and additional stages of feedwater heat- 
ing, the fuel saving would have been proportionately greater. 

The above fuel saving is based on the ideal condition illus- 
trated in Fig. 1, where the demand for exhaust steam is pre- 
cisely equal to the supply. This never occurs in practice. 
Either there is an excess of exhaust steam which is blown to 
the atmosphere or concealed by wasteful application in process, 
or there is a deficiency of exhaust steam, and live steam is sup- 
plied through a reducing valve. In one case there is a total 
loss of valuable heat, in the other a degradation of energy and 
loss of potential power. Under any practical conditions, there- 
fore, the saving should be greater than that indicated by these 
heat-balance diagrams. 

Many industrial boiler plants are operated in whole or in part 
on waste fuel. If 50 per cent of the heat supplied to the boilers 
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in Fig. 1 is waste fuel, and this waste is utilized in the combined 
plant of Fig. 3, then the saving in purchased fuel is 30 per cent. 

Analysis of the more important wastes in these heat balances 
shows that the fuel saving in the combined plant is effected by a 
22 per cent decrease in auxiliary power consumption (largely 
due to elimination of condenser auxiliaries), 13 per cent reduction 
in blowdown losses, 28 per cent reduction in other boiler losses, 
and 100 per cent elimination of condenser losses. Reduction 
of radiation, leakage, friction, generator losses, etc., not taken 
into account on these diagrams, should offset, in large part, 
the transmission losses incident to the combination. 

Under favorable circumstances, the cost of a combined steam 
and power plant of this kind will cost less than two separate 
plants for the two functions. If the combination involves 
transmission of power or steam over great distances, or if the 
loss of steam in process necessitates the installation of expensive 
evaporators, the case may be reversed, but there are obvious 
savings in the elimination of condensers and circulating-water 
supply, and the reduction in the number of boilers and other 
items of equipment. These savings are not offset by the greater 
amount of high-pressure piping and equipment. For the par- 
ticular case under discussion, the capital cost is estimated as 
follows: 


Cost of complete industrial power plant, in accordance 

with Fig. 1, including land, auxiliary structures, etc... $2,168,000 
Increment cost, for capacity assumed in Fig. 2, for large 

central station, including land, auxiliary structures, 


Total cost, separate plants................... . $4,388,000 
Complete cost, combined plant, in accordance with Fig. 
3, including land, auxiliary structures, etc.......... 3,928,000 
Saving effected by combination.... . $460,000 


If the combination plant is so situated that it can supply 
steam and power to several contiguous industries, then the cost 
of such a plant might be taken on an increment basis, as well 
as the central station. The same applies if an existing central 
station is so situated that it can supply one or more industrial 
plants without duplicating existing coal-handling facilities and 
the like. Both of these cases result not only in a greater re- 
duction of initial cost, but also in material savings in operating 
labor and maintenance. 

Now, to discover the potential savings from the cooperative 
effort of industries and public utilities, and to illustrate these 
savings by diagrams, is a very simple engineering problem. To 
put the idea into practice, and to convert these potential savings 
into cash, is a business problem which is not simple at all. There 
is a deep-seated and well-founded reluctance on both sides to 
invade what, up till now, they have each considered the domain 
of the other. However, our electric-power companies have 
neglected few opportunities to extend their service or to reduce 
their costs. Our manufacturers have been equally diligent in 
reducing production costs. These heat units, and the dollars 
they represent, will not be allowed to roll into the atmosphere 
and into the ocean forever. 

The first requirement for the success of such a cooperative 
enterprise is that the advantages must be equitably divided 
between the two parties. If the plant is owned and operated 
by the manufacturer, the utility must be assured of the con- 
tinuity of the power supply. If, on the other hand, the utility 
owns and operates the plant, the manufacturer must be assured 
of the reliability of his steam supply. If a plant is built under 
joint ownership, there must be a just division of costs between 
the two services. All three of these plans are in use in this 
country today. All require mutual confidence, good engineering, 


: 
ip 
4K 
a | 


342 


and intelligent management, and each party must have a sym- 
pathetic understanding of the problems of the other. 

Another field in which public utilities and the industries may 
profitably cooperate is in the better utilization of waste fuel. 
There are some industria! plants which can supply their entire 
heat and power requirements with combustible waste from their 
manufacturing operations. To improve the efficiency of power 
generation or heat utilization in such plants would only create 
an unmarketable surplus of waste fuel. If surplus power could 
be sold at a figure advantageous to both producer and purchaser, 
then it would pay to use efficient apparatus and prevent un- 
necessar? waste. 

The pioneering is now being done by the more enterprising 
managements, and we may look for a rapid and widespread 
development of cooperation between public utilities and the 
large steam-using industries. 
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Fic. 2. Heat BaLance, CONDENSING CENTRAL STATION 
TABLE 1 
Industrial plant, 
Fig. 1 

Auxiliary power, kw.............. 1,200 
Fuel input, B.t.u. per hr...... 711,000,000 
Blowdown losses, B.t.u. per hr........... 12,000,000 
Other boiler losses, B.t.u. per hr......... 105,900,000 
Condenser losses, B.t.u. per hr..... 0 


Reduction in capital cost effected by combination... . 


Annual saving in fuel cost based on coal at $3.50 per ton of 2000 Ib....... 
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INTERNAL-COMBUSTION ENGINE IN THE INDUSTRIAL PLANT 


The Diesel engine has been used for many years as a prime 
mover in industrial plants, where the cost of oil fuel and other 
conditions have made its use economical. Industries which 
require process steam have generally found it cheaper to use 
steam-driven prime movers, but even in this case, oil and gas 
engines have been effectively used in conjunction with steam 
boilers. Boiler feedwater has been used as a cooling medium 
in the cylinder jackets, and in some cases the heat in the exhaust 
gas has also been utilized for preheating feedwater. 


SUMMARY OF SAVINGS EFFECTED BY COMBINED PLANT, FIG. 3 


Saving 
Total separate effected by 
Central station, plants, Combined _ combined plant 
Fig. 2 Figs. 1 and 2 Fig. per cent 
21,500 28,200 27,200 3 
1,500 2,700 2,100 22 
20,000 25,500 25,500 
279,000,000 000,000 800,000,000 19 
4,000,000 16,000,000 14,000,000 13 
41,000,000 146,000,000 105,000,000 28 
156,000,000 156,000,000 100 
$ 2,220,000 $ 4,388,000 $ 3,928,000 10 


FUELS AND STEAM POWER 


Very recently, a number of Diesel engines have been installed 
to perfect the heat balance of industrial plants. Attention 
has been called to the lack of synchronism between steam and 
power demand in the average industrial plant. In the past 
it has been common practice to design the electric-power plant 
to meet average conditions, and to blow exhaust steam to the 
atmosphere whenever the demand for power was out of pro- 
portion to the demand for exhaust steam. Condensing units 
to take care of this condition are impracticable in plants which 
lack an abundant supply of cold water. A purchased-power 
connection is also frequently undesirable, on account of the 
high cost of furnishing current for intermittent use; also the 
hazards of interconnection make it difficult to secure an exact 
balance by this method. In this situation the Diesel-engine 
generator becomes a very effective method of perfecting the 
balance. 

All of the power that can be generated non-condensing, and 
without waste of exhaust steam, is obtained from steam prime 
movers; the deficiency is supplied by the Diesel. The heat 
saving is obvious; a non-condensing steam engine may reject 
20,000 to 40,000 B.t.u. for every kilowatt-hour generated, whereas 
the heat loss from a Diesel need not exceed 4500 B.t.u. per kw-hr. 

Internal-combustion engines are also commonly used for 
starting up service in isolated plants. Where all auxiliaries 
are motor driven, as is now common practice, and where elec- 
trie current is required for fuel supply, which is usually the case 
in pulverized-coal plants, the boiler cannot be put into operation 
after a complete shutdown without some auxiliary source of 
power. A small gasoline-engine-driven generator is usually 
sufficient for this purpose. 


Recovery oF Heat From Low-TemMPERATURE WASTE 


As noted in the foregoing pages, much progress has been made 
toward developing the full possibilities of the high-temperature 
end of the industrial heat-power cycle. If we continue to pro- 
gress in proportion to the square of the time, the possibilities 
in that field will soon be exhausted. Fortunately, there will 
remain almost unlimited room for improvement in the low- 
temperature ranges. 

There are industrial plants in the United States which use as 
much as 100,000,000 gallons of cooling water per day. In some 
cases this water is heated as much as 40 deg. fahr. This repre- 
sents a potential energy source, at Carnot efficiency, of more 
than 30,000 kw. continuously. It would be costly, but never- 
theless entirely feasible from an engineering point of view, to 
install apparatus which would extract more than 10,000 kw. 
continuously from this warm water, without any expenditure 
for fuel. 

Other plants discharge smaller quantities of water at much 
higher temperatures. Some chemical plants in Europe are 
actually extracting electric power from hot waste liquors. Vapor 
flashed from the hot liquor is drawn through a turbine into a 
condenser. The operating pressure may be as low as 5 lb, abso- 
lute. 

Except in exceptional cases, the development of power from 
this source is not yet commercially practicable in the United 
States, but it would appear to offer a much more economical 
source of power than exists in the differential temperature be- 
tween the surface and the depths of the sea. The work of 
Messrs..Claude and Boucherot on the latter project is of ex- 
ceptional interest, and the author does not wish to disparage 
their experiments in any way. The ultimate value of this re- 
search, however, may be found in the recovery of energy from 
the higher heat head of industrial wastes. 

For many years the boiler-feedwater economizer was in dis- 
favor among American central-station designers. It was con- 
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sidered to give more trouble than its heat recovery was worth. 
When we began to force our boilers to higher outputs, and the 
temperature of gas from the boiler increased accordingly, the 
economizer came back into fashion, not only as a desirable 
feature, but almost as a necessity for an efficient boiler plant. 
We may look for a renaissance of the waste-heat boiler in the 
industrial plant for much the same reason. We are pushing all 
production apparatus to higher and higher rates of output. As 
the waste gases get higher in temperature and greater in quan- 
tity, the possibilities of heat recovery become correspondingly 
more attractive. Waste-heat boilers have been developed for 
high steam pressures, several have been installed for pressures 
above 350-lb. gage, and this further increases the recoverable 
energy. 

Hot gases are also being used directly, or through the medium of 
an air heater, for drying and for other manufacturing require- 
ments. At the Iron Mountain plant of the Ford Motor Company 
stack gas from the power plant is used for drying wood. This 
plant, which utilizes not only the latent heat of the exhaust 
steam but also the sensible heat of the stack gases, eliminates 
the two major losses in the central station. This is the goal 
for which we should strive in low-temperature ranges. If op- 
erated at the highest economical steam pressure, distributing cheap 
surplus power to less fortunately situated neighbors, such a 
plant would represent the ideal industrial heat-power cycle. 


ForRECAST 


Not many years ago the industrial-power engineer spoke 
contemptuously of his central-station brother as a ‘‘B.t.u. chaser.” 
The implication was that the central-station designer pursued 
ideals of thermal efficiency without regard for sound economics. 
In spite of this alleged extravagance, the public utilities have 
waxed great and prospered. Industry has seen the light. It 
is chasing a few heat units on its own account, and finding that 
dollars may be caught in the same net. 

The charge was also made that public utilities could be ex- 
travagant with impunity, because monopoly assured them of an 
adequate return on any investment they chose to make. This, 
of course, was nonsense. In the industrial field the central 
station is in competition with private generation of power. 
In the domestic field it is in very keen competition for the con- 
sumer’s dollar. Electric light may now be regarded as a neces- 
sity in the American home, but one does not have to have four 
base plugs in every room, an electric washing machine, an elec- 
tric ironer, an electric radio, or an electric refrigerator. Still 
less does any one need an electric range. Yet all of these luxuries 
are in quantity production solely because the electric-light in- 
dustry is successfully meeting competition. Here again in- 
dustrial management has caught the idea; it has learned to 
distinguish between extravagance and financial courage. In- 
dustrial executives are now willing to make sound investments in 
power equipment, and they are finding them gilt-edged invest- 
ments. 

Therefore we may look for an undiminished acceleration of 
progress in the industrial-power field. More high-pressure 
plants and higher pressure plants will be built. Public utilities 
and industries will cooperate to obtain the maximum power 
yield from process steam; the day may come when we shall 
reverse our present nomenclature, and call the single-purpose 
central station an “isolated plant.’ Industrial-power engineers 
will attack their present low-temperature wastes with more 
success; they will contribute their share to retard the ever-in- 
creasing entropy of the universe. It is difficult to believe that 
the first differential of the progress curve can always be posi- 
_ but Henry Adams assures us that it can, and that it 
will. 
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Discussion public utilities charge for such a connection, which they generally 


Epa@ar J. Kates.‘ Mr. Ryan alludes to the fact that very 
recently a number of Diesel engines have been installed to perfect 
the heat balance of industrial plants; the principle is that all 
of the power that can be generated non-condensing and without 
waste of exhaust steam be obtained from steam prime movers 
and that the deficiency be supplied by the Diesel. 

Why not carry the idea further, and rather than merely add 
a Diesel engine as an auxiliary to a complete full-size steam plant, 
design instead a combination power plant with steam and Diesel 
capacity carefully proportioned so that the load will be shared 
according to an analysis of capital investment as well of operat- 
ing cost? In other words, do not install a Diesel engine just for 
the purpose of occasionally improving plant efficiency by pre- 
venting the waste of exhaust steam. Greater savings can be 
effected by planning a well-balanced combined plant in which 
both types of prime movers will be used more hours per year than 
a thermal analysis alone would call for. Itis evident that that part 
of the steam power plant whose exhaust can be utilized only a 
short time per year will not justify its capital investment if 
Diesel capacity is available to carry that part of the load. The 
principles involved in the joint use of Diesel and steam engines 
are given in a recent paper presented to the Oil and Gas Power 
Division, A.S.M.E.5 

Complete analyses of actual installations frequently show that 
the most profitabie design of plant is a combination of steam 
and Diesel power units in which neither the steam nor the Diesel 
capacity by itself is sufficient to carry the full load. Such com- 
binations will result in a considerably lower capital expense than 
if Diesel power is added to a full-size steam power plant, and 
despite some loss in thermal economy the decreased investment 
will result in lower overall costs. 

A further saving can sometimes be made in such plants through 
the use of steam power equipment of lower cost and somewhat 
lower efficiency than would be desirable if the plant were all- 
steam. Inasmuch as the power required beyond that obtainable 
from the non-condensing steam equipment can be generated at 
slightly additional cost by Diesel engines, it does not pay to in- 
crease the capital investment in the steam plant too much in 
order to obtain the utmost thermal economy from the steam 
equipment. For instance, in a combination plant a four-valve 
steam engine may be better than a uniflow engine because its 
lower initial cost may offset the slightly increased fuel consump- 
tion under conditions of moderate steam pressure and atmospheric 
exhaust. 

There seems to be an error in the author’s statement that 
“the heat loss from a Diesei need not exceed 4500 B.t.u. per kw- 
hr. even if no attempt is made to recover heat from jacket water 
or exhaust.” The heat loss of a modern Diesel engine is about 
7500 B.t.u. per kw-hr.; of this loss about 4500 B.t.u. per kw-hr. 
is recoverable from the jacket water and exhaust. 

Mr. Wood refers mainly to large industrial power plants that 
are able at times to deliver considerable amounts of power to the 
public-utility lines to which they are connected. The protection 
of service to the industrial plant is cited by the author as one of 
the advantages of the interconnection. 

There are hundreds of small industrial plants whose capacity 
is not enough to justify the complication and expense of delivering 
surplus power to the public utility, but which, like the larger 
plants, would benefit greatly by a connection with the public 
utility that would protect their power service. 

However, judging by the almost prohibitive rates which many 


* Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
‘Joint Use of Diesel and Steam Engines to Balance Heat and 
Power,” Edgar J. Kates, Trans. A.S.M.E. (1930), paper OGP-52-4. 


designate as “breakdown service,’’ the utilities seem to oppose 
rather than to welcome this type of service. For instance, a 
utility in a large Eastern city makes a service charge of $24 per 
year for each kilowatt of maximum demand contracted for under 
the breakdown agreement, even if no power is actually supplied. 
At the usual rate of return of 8 per cent on the investment, this 
service charge pays, for each kilowatt of maximum demand con- 
tracted for, the full rate of return on an investment of $300. 
Since this is approximately equal to the utility’s whole invest- 
ment per kilowatt installed, the implication is that the utility 
is setting aside solely for the use of each breakdown service cus- 
tomer the full amount of capacity called for by that customer’s 
possible demand. That, of course, is not the case, as the diversity 
factor of the breakdown service supplied to a group of customers 
is quite large. In fact, if the business were cultivated, it is likely 
that its diversity factor would be much larger than that of any 
other class of service. Consequently only a small fraction of 
the maximum breakdown demand of any one customer needs to 
be actually reserved for his use, and this justifies a large reduction 
in the service charge. 

If breakdown service were less costly, the owner of a private 
power plant would be justified in depending entirely upon the 
utility for reserve power and in reducing his own plant capacity 
and investment. The gain would be mutual, as not only would 
the plant owner save capital investment and space, but the utility 
would earn a reasonable return on its own additional investment. 
On the other hand, under existing conditions, the plant owner is 
put to an unnecessary capital expense because he cannot afford 
to pay the present utility rates for breakdown service, and the 
utility is deprived of additional profitable business. 


Joun H. Lawrence.* The subject of power and heat supply 
in industrial plants is one which was long neglected by indus- 
trial executives. Aithough the industrial power plant was the 
first power plant, its existence was practically ignored, and it was 
almost left to shift for itself. 

The advent of the central station brought new ideas into the 
power field, and, as the author says, “the public utilities have 
waxed great and prospered’’ because they have studied their 
problems. 

Granted that power is not the salable product of an industrial 
company and is only one step in the manufacture, still it is re- 
grettable that executives have not had their organizations keep 
pace with developments in a subject which is absolutely essen- 
tial to their companies. Power is essential, and if this is so, 
why not procure it at the lowest cost consistent with good busi- 
ness judgment? The writer adds the last phrase because some- 
times a company.cannot afford to tie up too much of its capital 
in plant other than what is necessary to produce its product. 

However, we can find today plants making an investment to 
cut down manufacturing cost of products, where the same in- 
vestment made in the power plant could net a larger return. This 
is done because the executive has ignored the power plant and 
has been satisfied as long as steam and power have been available. 
In the meantime, the heat, for which he has paid good money 
to the coal man, is going up the stack or into the condensing 
water. Heat units are elusive things, and if they get an oppor- 
tunity to escape, they do not wait to ask permission. 

Fortunately, industry has seen the light, and there are many 
excellent examples of efficient power plants in industry today. 
However, the writer is not so optimistic concerning the extent 
of improvement in industrial power plants. The average plant 
today looks as if it were handed down from the Ark. 


* President, Thomas E. Murray, Inc., New York, N. Y. Mem. 
A.S.M.E. 
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FUELS AND STEAM POWER 


There is an enormous field for improvement in industrial power. 
The surface has hardly been scratched. It is up to the engineer- 
ing profession to educate the industrial executive in the economics 
of steam and power development. 

The central station has been developed to such a point that 
very little improvement can be made unless some new cycle or 
process is developed, and the only hope at the present time for 
materially reducing the cost of power in central stations is to 
reduce fixed charges. 

Many industriai plants are in an enviable position. Due to 
their processes, they are in a position to manufacture power at a 
rate lower than it can be purchased from any utility company, 
for the investment cost in excess of that required for process 
steam and the heat required to develop the power are less than 
in a central station. 

On the other hand, one may find industries making their own 
power when they should be purchasing from the central stations. 

Economics should govern, but unfortunately some people are 
not as familiar with that term as they are with s‘ices or hooks 
on the golf course. We should endeavor to get the plant owner 
to look at his power plant from the standpoint of economical 
production of power and not of the necessary expense of pro- 
viding something with which to drive machinery. 

The author and all of the others who write papers on this 
subject are spreading the cause of good engineering and also of 
conservation of the fuel resources. As a nation, we are wasteful, 
and this is particularly true of the manner in which we have been 
using fuel in our industrial plants. 

In tackling the problem of improving the industrial power 
plant, we should not blindly follow central-station design. What 
may be good for the central station may be very costly for the 
industrial plant. Unfortunately in the past designe: patterned 
too closely after the central stations, and as a result progress 
in industrial power-plant design was held back. Today, the 
problem is attacked from the standpoint of building a plant which 
will be coordinated with manufacturing processes, so far as use 
of heat is concerned, instead of giving out power and steam 
promiscuously in a haphazard fashion. 

The author’s suggestion of interconnection of public utilities 
and industries is well worthy of serious thought, as under certain 
conditions large savings can be made in this way. Until recently 
public utilities were loath to interconnect with industrial plants 
owing to possible disturbances on the systems due to p!ants over 
which they had no control. The central station had to meet 
this problem, and today there are many such interconnections. 
However, the industrial operator should not be content merely 
because he has an interconnection; he should know that he is 
using heat in the most economical manner, and this is true 
whether or not he has an interconnection. 


E. D. Dickinson.” For several years the writer has given 
this subject much study, and it has been interesting to note that 
this question of the desirability of generating by-product power 
is being answered as all engineering questions are ultimately 
answered, on its economic merits. In other words, in any in- 
stance where it can be shown that it is a sound economic policy 
to generate electric power from process steam, it is then the 
problem of the engineer to see to it that the installation be en- 
tirely reliable and proportioned so as to satisfy all the require- 
ments on which the decision has been based. 

The author hes very clearly illustrated the savings to be made 
by cooperation of public utilities with manufacturing plants to 
develop by-product power to its economical limit. 

At a meeting of the Affiliated Technical Societies of Boston 


’ Designing Engineer, Turbine Engineering Department, River 
Works, General Electric Company, Lynn, Mass. 


Mem. A.S.M.E. 
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in December, 1925, the writer predicted that there would be 
many cases in the future where there would be cooperation 
between the industries and the public utilities to their mutual 
advantage. 

It is gratifying to observe that each year there is increasing 
interest shown in this phase of heat and power supply. This 
statement regarding the present trend is based on a continuous 
survey of all requests for quotations on steam turbines. 

That the manufacturers have anticipated the use of by-product 
power to its economical limit is manifest by the many recent 
installations of highly efficient back-pressure and extraction tur- 
bines for by-product power application. These by-product 
power turbines are essentially special. It is not unusual to find 
such a turbine of 5000 kw. rating taking as much steam as a 
20,000-kw. condensing turbine and exhausting no more than a 
1000-kw. non-condensing turbine, the balance of steam being 
extracted at one or more openings. 

The question of reliability is of paramount importance. Manu- 
facturers of steam turbines recognize this, with the result that 
they are prepared to furnish so-called industrial turbines; that 
is, turbines arranged for extraction and back pressure that are 
as conservatively designed and in every way as reliable as the 
large turbines operated by the public utilities. 

The writer would stress the necessity for most careful study of 
all operating conditions before drawing specifications for the 
turbine. The greatest gain can be secured only when the tur- 
bine is properly proportioned to meet the operating conditions. 

The many problems of governing and control are not gener- 
ally appreciated by many, but are well understood by those who 
have given the subject much study. It will be appreciated 
that when there are several variables and that when fine control 
in pressure is to be maintained at several extraction points, in 
addition to close speed regulation, the governing mechanism 
must be powerful, strongly built, and at the same time sensitive. 
Adequate provision must be made to properly safeguard the 
turbine at all times. 

The matter of bookkeeping that the author mentions is no 
doubt one of the most important and yet most unreasonable 
elements tending to retard the by-product power situation. 
Figures always have been and always will be convincing, but 
if they are based on unsound presumptions they will lead to false 
conclusions. Without doubt there wiil be found many desirable 
applications for interchanging power between the public utilities 
and the industrials. 


W. The excellent papers of Messrs. Ryan 
and Wood appeal to all utility and industrial power engineers 
because we are interested in the most economical utilization of 
heat. It is hoped that these papers will be one more step in the 
education of managements of both the utility and the industrial 
plant. 

In a.paper presented by the writer at the October 26, 1927, 
meeting of the Boston Section of A.S.M.E., it was stated, “The 
future will find our large utilities deeply interested in the de- 
velopment of a number of medium-size combination power and 
steam supply plants suitably located to furnish manufacturers, 
or in establishing manufacturing districts around their base 
plants to obtain a market.”’ 

Therefore the writer would like to supplement Mr. Wood’s 
means of securing advantages of massed resources of power pro- 
duction with the proposal that the utility should plan for a manu- 
facturing district around its large generating station. Land or 
buildings could be leased or sold to manufacturers planning new 
factories or branch factories. This opens a field for the future 


. Vy Engineer, Bird & Son, Inc., East Walpole, Mass. Mem. 
A.S.M.E. 
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for which the medium-size as well as the large utility can plan. 


James M. Taae@art.? Power is becoming a fluid commodity, 
due to interconnection of generating systems and facilities for 
power storage inherent in a combined steam and hydraulic sys- 
tem. Improvements in design of generating plants and increases 
in size have resulted in a production cost largely dependent on 
fuel burned and fixed charges for steam plants and fixed charges 
alone for hydraulic plants. On this account cooperation be- 
tween industrial companies, having both steam and power re- 
quirements or waste heat, and power supply concerns has be- 
come of extended importance economically. In the past there 
have been many cases where the conditions were such that co- 
operation would have been just as beneficial, but it has been 
extremely difficult for the interested parties to comprehend the 
facts. Papers like those of Mr. Wood and Mr. Ryan should help 
clear up the situation. 

On account of the many varying factors each case involves 
special engineering and economic features that require special 
study to solve effectively. The success of such special installa- 
tions depends inclusively on suitable arrangements, correctly 
selected equipment, and designing of the essential details to fit 
the conditions. 

While in some cases, as suggested by Mr. Wood, the power 
supply company will be best fitted to build and operate the com- 
bination plant, on the other hand often it will work out better 
for the industrial company to provide the plant. The latter 
would be especially true where the plant is relatively small, 
where its location is isolated, and where its arrangement and 
operation naturally tie up with the industrial plant. 

Just as the arrangement of each cooperative plant is special, 
so also is the value of the heat or power interchanged. Asa rule, 
in addition to the reduction in total B.t.u. required, there should 
be a reduction in total investment required and an increase in 
reliability of operation. Mr. Wood mentions 5000 and 12,000 
B.t.u. as a proper ratio of the heat per kilowatt for power pro- 
duced with exhaust utilization compared to power produced in a 
high-pressure central station. While this is comparatively 
correct for power at the generator outlets, it is normally different 
for the usual conditions. Thus for power delivered to an in- 
dustrial plant there will be transmission and transformation 
losses often over 20 per cent in amount. When power is to be 
delivered to the power supply company, the points of supply 
and the location of the load need to be considered. 

Mr. Ryan speaks of a cost of 1.5 mills per kw-hr. as probably 
in error for plants utilizing their exhaust steam. In such plants 
there is always a question as to just what should be charged for 
power. Where the load factor is high, as is true for certain 
types of plants, and the coal cost is low, with fixed charges at 
15 per cent, 1.5 mills per kw-hr. is possible. With direct steam 
drive, where the conditions are favorable, an equivalent power 
effect can be obtained at less than 1.5 mills. It is true, however, 
that in most industrial plants careless design, skinning down of 
investment, and unintelligent operation produce an actual power 
cost exceeding 5 mills per kw. even where all the exhaust is utilized. 

Power-supply companies tend to underestimate the value of a 
possible power supply from industrial works and to totally dis- 
regard the value of an increase in capacity. Industrial concerns 
producing their own power on the other hand normally overesti- 
mate their loads. Unprejudiced and accurate engineering is 
required to achieve a mutally profitable and efficient cooperation. 


Guy B. Ranpauu.” Mutuality of interest in more and cheaper 


* Consulting Engineer, New York, N. Y. Assoc-Mem. A.S.M.E. 
‘© Superintendent of Power, Champion Coated Paper Company, 
Hamilton, Ohio. Mem. A.S.M.E. 


electric power by the public utilities on the one hand and all the 
other types of industries, as well as the public at large, on the 
other is readily apparent, at least in the abstract. The papers 
of Mr. Wood and Mr. Ryan are successful attempts to give this 
mutual interest a practical and concrete form through the 
medium of high steam pressures. The great possibilities appear 
to lie in: 


1 Joint ownership as quite clearly described in the two 
papers 
2 Simple interconnection of electric circuits. 

Joint ownership may develop a fair field of action in some of 
the larger projects. A start has been made. But there are 
serious objections to it in the case of the majority of industrial 
companies unless the utilities use the new medium to insure the 
equivalent of far more favorable rates relatively than their present 
rate structures provide. The writer's observation indicates 
they may be disposed to do this to some extent, but the savings 
to be derived by the industrial plant are heavily reduced by the 
higher cost of public utility construction and the profit the 
utility must earn. In both papers construction costs are given 
which for this discussion represent large power developments and 
the cost ranges from $100 to $114 per kw. In the writer's 
recent experience a first-class 650-lb. industrial plant station 
ranging in capacity from 15,000 to 20,000 kw. can be built 
completely new for $70 to $85 per kw. including all legitimate 
charges and profits. (A general description of the 650-lb. plant 
of the Champion Coated Paper Company, on which this state- 
ment is based, is given in the December, 1929, issue of Power 
Plant Engineering.) This price does not include the effect 
of substantial price reductions in the last six months. Nor 
is the average industrial plant likely to look with favor on the 
contractual relations required for joint ownership which, as Mr. 
Wood points out, may be complex. It would appear that joint 
ownership and so-called mass production have yet to demon- 
strate that they may offer the public utility a suitable profit 
without serious infringement on the industrial plant potential 
profit. 

Industrial plants do not suffer, in general, from lack of funds. 
In the writer’s experience with several companies he has yet to 
find one which could not obtain money for a development pro- 
gram provided it was worked out in clear and concise fashion 
and where the profits therefrom met the required minimum. 
In competitive industries profits cannot be standardized. But 
the high thermal efficiencies obtainable today in up-to-date plants 
of moderate cost open the door to attractive savings. Almost 
any plant is a good prospect. If it is a large buyer of power, 
it may prove to be a better prospect. While many industries 
vaguely feel the urge to action, they also know from previous 
painful experience that it is quite possible to get a brand new, 
up-to-date set of equipment or its equivalent in the form of a 
contract while others absorb the lion’s share of the profit to be 
derived therefrom. Even with highly detailed specifications 
in connection with construction work, it may be found that one 
bid for high-pressure equipment is double another. This simply 
means that both engineering and purchasing must be done with 
circumspection and with the widest possible canvass of the 
market until practice and prices get on a more uniform basis. 

Simple interconnection of electric circuits would seem to 
offer the really great and essential opportunity for development. 
Under this scheme, if the isolated plant has surplus power, it 
dumps it into the general pool of power. If it needs some, it 
draws from the pool. There are no financial complications. 
But it must get paid reasonably for what it delivers, and it 
must pay reasonably for what it gets. This relationship is 
simple and direct, with points of resemblance to both modern 
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railroading and modern banking. A power pool would take 
power on consignment somewhat like a railroad takes freight. 
For a moderate tariff it would take it at one point and deliver 
it at another. It would be able to consolidate these varying and 
variable deliveries into such a large fund of power that the 
greatly reduced discrepancy between supply and demand could 
be smoothed out by its own firm power resources which, like a 
bank’s own financial resources, would be small in size compared 
to the total deposits. You will notice that the emphasis is placed 
on the electrical transmission and distribution network (which 
today probably compares as to reliability with railroad lines of 
thirty or forty years ago), while the utility power station shrinks 
in relative size and becomes a balance wheel or equalizer to 
take care of unusual conditions. If every plant which has use 
for process steam or process heat were working on 1400-lb. pres- 
sure and the best heat cycles of today, the utility steam stations 
would probably be nearer their no-load point than their normal 
load point so far as a national pool is concerned. Almost re- 
gardless of where you live, just check up on this carefully with 
a radius of twenty-five or fifty miles and you will appreciate 
the full force of this statement. This does not mean that properly 
managed public-utility stations are going to permanently lose 
load. It is, rather, a striking Way of indicating where it would 
seem the future additions to capacity should come from. 

As matters now stand the public utility does not in general 
seem disposed to buy firm power from an industrial plant, and 
it is “willing” to purchase dump power only at a price close to the 
utility’s fuel cost of a kilowatt-hour. It is easy to demonstrate 
that at this price there is little or no incentive to design to get 
the maximum of this, the world’s cheapest power. It is also 
easy to demonstrate that by the standard of present utility 
rates dump power is worth far more than this. But an attrac- 
tive price for dump power gives the utility a double handicap. 
It increases the incentive to build modern industrial power plants, 
which in turn means loss of more revenue-bearing load for the 
utility—a vicious circle. No utility company can wisely ignore 
the plain implication of this trend. But looking at the problem 
from the standpoint of national economics and national welfare, 
it would appear that the sooner we develop a large power net- 
work with great freedom of pool action—that is, the sooner the 
public utility regards itself as something of a common carrier 
rather than an exclusive manufacturer—the sooner will the 
country enjoy an abundance of really cheap power. Our national 
power problem is not solved until the cheapest power has a reason- 
ably good road to market. Meanwhile, it would appear advis- 
able for the industrial plants not to make long-time dump power 
commitments, for the market may improve considerably within 
the next ten years. 

Both Mr. Wood and Mr. Ryan regard evaporators as neces- 
sary for the high-pressure plant. For the average industrial 
plant, the writer’s studies and experience indicate that evapo- 
rators offer little benefit while they add to the cost and compli- 
cation and greatly lower the thermodynamic efficiency where the 
make-up is large. Let us not forget that the following pres- 
sure changes are thermodynamically of approximately equal 
order: a decrease of '/, lb. at 1 lb. absolute, 12 Ib. at 30 Ib. ab- 
solute, 55 Ib. at 190 Ib. absolute, 110 lb. at 400 lb. absolute, 
150 lb. at 600 lb. absolute, 325 lb. at 1200 lb. absolute. Regard- 
less of whether evaporators are used, final reliance for trouble- 
free operation at the present time must be placed on boiler- 
water chemical control with secondary phosphate conditioning. 
From recent experience, for example, at 650 lb. a large boiler 
operating on 30 to 40 per cent make-up of bad water is as clean 
after six months of operation as it was after six days. As nearly 
as one can determine, the boiler can be kept clean forever with 
primary hot treatment of lime and soda ash and secondary phos- 


phate conditioning. In this particular case, 650 lb. pressure 
without evaporators was thermodynamically equal to something 
like 800 lb. with evaporators. The increase in expense and com- 
plication caused by evaporators with large make-up is too great 
to ignore. This does not mean that there are not many legiti- 
mate evaporator applications. In dealing with sea-water im- 
purities, for just one example, they are probably imperative. 
But the work of Dr. Hall and his associates in boiler-water con- 
ditioning has opened up a field which is not generally appreciated. 
People just do not believe it when one talks about running a 
boiler forever without the use of a tube cleaner. 

Mr. Ryan also directs attention to the superior engine effi- 
ciency of the reciprocating unit up to 5000 kw. The writer 
would in general prefer to have a small high-pressure plant 
with turbines (in place of engines and oily condensate filters) 
and without evaporators. The cost is much less and the elimi- 
nation of the evaporators offsets the higher engine efficiency 
of the reciprocating unit. It is believed that this condition 
will hold down to units as small as 1000 kw. Further, there 
is no serious objection to a small condenser with the turbines. 
In general, it is cheaper to have a little condensing capacity to 
care for fluctuations than to boost the steam pressure so high 
that a bypass valve is the only medium necessary to obtain 
balance. This particularly applies to plants which cannot get 
a reasonably profitable outlet for dump power through the public 
utilities or through local groups of industrial plants. 

Mr. Ryan questions industrial power costs of 1.5 mills per 
kw-hr. including fixed charges. In Ohio that is possible if no 
reserve equipment is carried. With reserve equipment, a total 
cost of 2.0 to 3.0 mills including fixed charges is readily achieved 
provided only the load factor is good. It is interesting to note 
that at the beginning of this century a kilowatt-hour was priced 
in dimes, fifteen years ago it was priced in cents, while today it is 
priced in mills. In fact, we are now very much interested in 
small fractions of a mill. We are approaching the price range 
of one of Fred Low’s old editorial dreams of “power cheap as 
tap water at the kitchen sink.” 


R. J. S. Pigorr.'' Mr. Ryan’s excellent paper brings out 
again the fact that the power and heat supply for any industrial 
plant requives an individual solution. There is no such thing asa 
general solution. A further complication of the situation is 
that in many cases it is very difficult to determine the precise 
heat and power distribution in any industrial. Furthermore, 
any solution for a particular plant must be made flexible enough 
so that considerable changes in processes which materially alter 
the balance between heat and power might be made without 
destroying the ability of the system adopted to handle the change 
of balance to advantage. Without doubt the most useful in- 
formation one could obtain would be a write-up of every individ- 
ual solution that actually has been developed and in particular the 
operating results where these figures are available. These, as a 
general rule, are rather hard to get because the industrial is 
usually more interested in running the new plant after it has been 
obtained than in checking up how well it justifies the original 
computations. 

Another factor which has recently reentered the field is the 
Diesel engine. When internal-combustion engines (and in par- 
ticular the Diesel) were first commercially pushed, they were 
much too enthusiastically’ sold on the basis that they required 
little skill to run them. This was certainly not true, and is not 
true today. The result was that the internal-combustion en- 
gines and in particular the Diesel engine got a black eye which 
has taken 15 or 20 years to cure, but we have now available in- 
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ternal-combustion engines whose reliability is certainly on a 
level basis with other forms of prime mover. In marine service 
and in the oil industry this condition has been obtained to a 
degree quite surprising to those interested in the electric-power 
industry. The Diesel engine very often offers a solution for 
industrial heat-balance situations that can be reached no other 
way. 

With regard to low-head heat recovery as another avenue of 
improvement in thermal economy, it does seem as if something 
useful might be done in this direction. At Youngstown, for 
example, the whole of the Mahoning River is raised to a tem- 
perature of 120 deg. in July and August near some of the steel 
mills, and a few cases have been reported where the temperature 
rose to 136 deg. Of course much of this heat actually need not 
be wasted; the writer’s experience indicating that in general 
the steel mills are extraordinarily lavish in their use of cooling 
water, and the process as a whole is relatively uneconomical 
in the use of heat. The main obstacle in the way of providing 
low-head heat recovery equipment will be the size and cost of 
apparatus developed. 

Many of the industrial plants must lose much of the conden- 
sate from process steam and are therefore under the necessity 
of providing a large percentage of boiler feed as make-up. The 
solution generally adopted so far for high-pressure plants is to 
use high-pressure evaporators to deliver steam for industrial 
service. However, it is very probable that we shall be able to 
supply boilers operating at quite high pressures with treated 
make-up and have no more trouble than is now experienced with 
evaporated make-up and condensate. 

Another diseussor has mentioned the use of hot-process lime- 
soda treatment followed by phosphate secondary treatment in a 
600-lb. plant. The writer can supplement this experience with 
another case where the plant operating at 450-lb., 70 per cent 
make-up is operated with the same treatment and producing 
no scale in the boilers that will not wash out. In this case, 
however, a very considerable deposit of scale is thrown down 
in the high-pressure heaters (140 lb., 360 deg.). This plant is 
operated with a continuous blowdown system to keep the boiler- 
drum concentration down to about 200 grains per gallon total 
solids. 

Mr. Wood's interesting paper brings forward again, and forci- 
bly, the necessity for serious consideration of more widespread 
combination of power and heat facilities between public utilities 
and industrials. The battle between the industrial plant and the 
public utility on the question of which is better equipped to 
furnish the cheapest. power has in the past 15 years become more 
clearly defined as an economic question of how to furnish heat 
and power. It has been fairly obvious that where by-product 
heat at a lower heat level than the initial steam conditions is re- 
quired by an industrial plant, two to three times the heat may be 
usefully obtained from fuel by means of a combination plant over 
that which a straight condensing plant can deliver. There have 
been a great many industrial plants built in which full advantage 
of this situation has been taken, but it is relatively recently that 
serious consideration has been given to the question of how much 
more can be saved by combining the facilities of a public utility 
with those of an industrial. Those cited by Mr. Wood are per- 
fectly clear and determinable in each case, and it may be pointed 
out again that there is no general solution for the problem, but 
each industrial must be calculated individually, since the accident 
of location and the synchronization or lack of synchronization 
of heat and power loads have a most profound effect upon the 
solution. 

The major obstacle to the more rapid development of inter- 
connections by way of combination plants between public util- 
ities and industrials is mainly lack of confidence of the two groups 


in each other. For example, as a general rule the public utility 
engineers look upon the power produced by an industrial plant 
as being less reliable than that which they produce themselves. 
On the other hand, the industrials, and especially the larger ones, 
feel that their own power service is more reliable than that of the 
public utility. Such a situation is somewhat absurd. It may be 
fairly said at this time that the production of power by a public 
utility is actually more reliable than that produced by industrials. 
The reasons are perfectly obvious. The business of the public 
utility is to make power, and almost any one will admit that a 
specialist is best at his own game. The making of power in an 
industrial establishment is certainly not the main issue, and 
neither receives the careful attention that the product of the 
industrial receives, nor is it usually of the size which justifies the 
employment of high-grade specialists. Nobody will deny that 
the large public utilities employ more highly trained technical 
men that any other single group. One can find case after case 
were an industrial management is afraid that the public utility 
cannot serve them with power as continuously as they themselves 
when the industrial boiler plants are showing efficiencies as low 
as 45 per cent and generating equipment is being operated without 
any spare capacity whatever. 

Of course it is true that some of the very large industrials, such 
as the steel mills, have plants of their own of sufficient size to 
justify the services of power specialists and have reliability and 
operating facilities on a par with those of public utilities. In this 
situation public-utility service is slightly less reliable than that 
of the industrial plant, as the outage of the transmission line 
service is superposed on that of the public-utility station. How- 
ever, these examples are few and far between, and so far as the 
writer’s experience goes, the plants and operation in the steel 
mills and other large industrials are definitely inferior of those 
of public-utility operation. 

Another obstacle arises which is equally serious. In many 
cases the power available from an industrial plant as a by-product 
for delivery to utility lines is of the nature of off-peak or dump 
power, and it is more or less the custom of public utilities to rate 
this power as only valuable to the extent of fuel increment cost. 
Therefore they are only willing to offer figures of 1 to 1'/2 mills 
per kw-hr. delivered to their lines, whereas the current they fur- 
nish may be charged at 7 mills to 9 mills. It is true that if the 
power is purely off-peak it is really worth only this much to the 
public utility, but a great many of the plants which might be con- 
sidered for interconnection or combination service will deliver 
large quantities of power which is not dump or off-peak power, and 
in this case is worth just as much to the public utility, provided 
it is reliable, as if they made it themselves. This is likely to be 
the case for certain industrials such as steel mills, paper, rubber, 
and chemical plants which operate largely on a basis of a 24-hour 
day, seven days a week. The writer feels that, in the interests 
of getting a safer consideration of the value of such power, the 
method of figuring comparisons of cost on the basis of incremental 
statistics is decidedly dangerous. It is felt it is much safer and 
clearer to figure complete costs of power for each set-up using 
graphic methods covering the whole range of loads. The writer 
has seen figures prepared by two different parties on the same 
situation which showed a complete reversal due to a slight varia- 
tion in incremental cost. If total costs had been employed, 
there could not possibly be any difference between the two. 
When working with incremental statistics, it is only too easy to 
lose sight of the effect upon total costs when the variation is 
carried any distance from a single load point. 

On the other hand, the industrial management usually recog- 
nizes only operating and maintenance cost as representing the 
cost of power and lumps its power-plant investment costs in with 
other plant investment. This results in making comparisons 
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which are totally useless. No comparison of cost between public- 
utility and industrial-power service can be worth much unless 
made on the basis of both fixed and operating charges fairly de- 
termined. This second obstacle, therefore, sums up as a failure 
of both parties to determine prices for incoming and outgoing 
power that divide the profits reasonably between the public 
utility and the industrial. There are a great many industrials 
in which a combination plant owned and operated in some joint 
manner between the public utility and the industrial would pay 
the best returns on the investment. There are likewise a great 
many plants in which no such solution will be profitable, but no 
real growth can be expected in combination service by industrial 
and public-utility joint operation until real costs are fully recog- 
nized and there is full willingness on both sides to divide the 
profits fairly. To this end we need standard methods of account- 
ing for costs which will be accepted by both groups and some 
method of evaluating reliability which is based on other things 
than opinions. 


Jutivus G. Bercer.'? This important subject of combined 
heat and power supply in industrial plants is one to which the 
writer has devoted many years, and he would cite a typical case 
where a manufacturing plant was about to increase its size 
considerably owing to another interest coming in with more 
capital. One of the questions to be decided was as to how steam 
and electricity needed to be supplied under the new conditions. 

Two arguments were set forth by parties having something 
to sell—one recommended entire purchase of current, the other 
advised adding several more engines like those installed and 
making all electric power on the premises. 

After a test of the existing power plant and a set-up of the 
steam and the electric current required in the future, a careful 
analysis was made of the problem, which was about as follows: 


1 Make all possible power in the old plant; buy the re- 
quirements beyond that 

2 Add a turbo-alternator to the old plant for heat-balance 
purposes; buy the requirements beyond that 

3 Buy all the power, discard the old generating equipment, 
and motorize some steam-driven compressors with 
synchronous motors 

4 Make all power in an extraction turbo-alternator plant 

5 Make all power in a uniflow-engine generator plant. 


The comparative figures then became about as follows: 


1 2 3 4 5 
Comparative investments. $78,000 $111,000 $71,000 $449,000 $497,000 


Comparative operating 
170,000 161,000 171,000 177,000 183,000 


Lowest investment, zero; 

others are relative in- 

7,000 40,000 0 378,000 426,000 
Lowest operating cost, 

zero; others are relative 

increase............... 9,000 0 10,000 16,000 22,000 

This plainly indicated that a heat balance was most desirable, 
but still to make use of the old equipment and to keep the in- 
vestment down, a method between 1 and 2 was adopted with very 
satisfactory results. 

The writer has touched on only one phase of the problem that 
Mr. Ryan has so ably presented, to indicate that such studies 
lead to the obtaining of economical operating conditions at the 
lowest investment consistent with good practice. 

It is hoped that the Society will continue to keep this subject 
before its meetings as an aid to awaken industry to the fact that 
it can not only often reduce its production cost in the power 
plant, but help to conserve our natural resources. 


*? Consulting Mechanical and Electrical Engineer, Newark, N. J. 
Mem. A.S.M.E. 
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C. F. Hirsuretp." The writer is heartily in accord with the 
views presented by Mr. Wood and with the arguments which he 
uses to support those views. In fact, the writer has been work- 
ing and studying along such lines himself for several years and 
has reached similar conclusions independently. 

There is no question that industrial competition is becoming 
rapidly more keen, both nationally and internationally. Such 
competition necessitates the study of everything that can possibly 
reduce production costs, even though the possible reduction per 
unit of output be exceedingly small. This is the driving force 
which activates those engaged in productive industry. A very 
similar motive, quite differently expressed, activates those en- 
gaged in the public-utility business. Here there is the continuing 
desire to be able to reduce the price charged for services. This 
reduction can occur only as the cost of producing units of such 
services can be reduced. 

These motives are driving toward a common solution—a solu- 
tion along such lines as indicated by Mr. Wood. But it must not 
be thought that this solution is completely or basically new. It 
rests, in the end, on that old friend, diversity. The public util- 
ities have utilized diversities of various sorts, first in restricted 
areas and later over large areas, until now we have networks 
interconnecting such vast areas as are indicated by the author 
in his paper. We have not yet utilized all tne previously recog- 
nized diversities along such lines, but we are daily coming closer 
to the time when we shall have done so; even now the pickings 
are becoming very lean. Interconnection with industrials, as 
described by the author, brings in a new set of diversities which 
can be used to the advantage of both the industrials and the cus- 
tomers of the utilities. It appears, therefore, as the next logical 
step in the steady march of ever-decreasing cost based upon the 
utilization of diversity. 

Stripped of all complicating considerations, it is this idea that 
leads the writer to believe in the inevitable progress of the art in 
the direction indicated by Mr. Wood. But this progress will not 
be made without great difficulty. There are many complicating 
factors, psychological, physical, and economic, and it must not 
be concluded that, now that we see the light, we can all effect 
such interconnections overnight. Much study and much educa- 
tion are required before much progress can be made. 

The time allotted for individual discussion does not permit even 
a cursory enumeration of the more important difficulties. This 
is regrettable because a comprehensive statement of them is neces- 
sarily the first step toward their solutions. However, one very 
important one may be mentioned profitably at this time. 

A public utility is, among other things, a sort of- trustee for 
the public that it serves. That public profits directly as the 
utility handles its business wisely and properly. Now consider 
a situation in which it can be shown that the utility might con- 
struct a plant on or near the property of an industrial primarily 
for the service of that industrial, say with electric power, process 
steam, and hot water. Assume that it can be shown that such 
action would result in cheaper service to the industrial than it 
could itself supply and also in cheaper service to the public 
through the utilization of otherwise unusable diversities. 

Obviously all such results rest upon the assumption that the 
industrial is going to remain in business long enough to retire the 
investment made specifically for its service by the utility. Prob- 
ably they rest on the further assumption that the industrial will 
maintain at least a certain average percentage of productive ac- 
tivity during that period. It is obvious that the utility when con- 
templating such a course is faced with the question of how far it 
is justified in gambling the necessary investment on the assumed 
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continuing solvency and business activity of a single large in- 
dustrial. 

In these days of rapidly changing industrial conditions and 
industrial products this is no insignificant consideration. The 
writer does not mean that it is to be regarded necessarily as an 
argument against interconnection with industrials. He does 
insist that it is an item which must come up for very serious con- 
sideration in any case in which such interconnection involves a 
large and specialized investment on the part of the utility. And 
there are many other equally difficult problems involved in this 
movement. 


Z. G. Devtscu.'* The papers by Mr. Wood and Mr. Ryan 
have dealt with apparently the same problem. The authors of 
both papers have clearly and forcibly demonstrated that, if we 
have sand in one hand and a rathole in the other, our procedure 
becomes obvious. They have further indicated that in the past 
this procedure has not been so obvious because, if one may be 
permitted to continue with the metaphor, the sand has been in 
the possession of one group, whereas the rathole has been held 
by another. 

It is gratifying to hear that in a few isolated instances these 
two groups have been able to get together satisfactorily. As 
pointed out, there is still an enormous field for further work of 
this nature. It is felt, however, that extension of this work does 
not alone wait for a financial understanding together with an 
equitable means of bookkeeping, but that more often the difficulty 
is the amortization of present invested capital in power-producing 
equipment, which even though obsolete from the standpoint of 
utmost thermal efficiency, is still in good physical condition. 

As an example of this, the writer knows of one mill which 
burns approximately 50,000 tons of coal per month and is ca- 
pable of producing on the order of 40,000 firm kw. as by-product 
power. In this particular case the local public utility is unable 
to, or at least is prohibited from arranging for the purchase of 
this power due to certain contractual relationships; and fur- 
thermore the mill is not particularly interested in investing an 
enormous sum to replace a boiler plant which was a model of 
efficiency and size about twenty years ago and which has, of 
necessity, been kept in reasonably good physical condition. The 
administrators of this mill, and one has heard this as a common 
expression of other mill administrators, merely say, ‘‘But we are 
not in the power business.”’ 

Mr. Ryan’s paper refers frequently to 100 per cent elimination 
of condenser losses and to 100 per cent thermal efficiency as long 
as the “exhaust steam”’ can be utilized by process. From the 
standpoint of the central-station engineer the industrial plant 
with a large heating or process load certainly does have the 
appearance of eliminating the condenser loss. However, this 
is only true in a few cases where the heat in the process steam is 
actually put into the product and shipped away with the product. 
Most generally an overall heat balance of a mill which uses large 
quantities of process steam will show that the heat content of 
the raw material is about equal to, or if anything more than, 
the heat content of the finished product. This includes, of 
course, all chemical heats of combination. The thermal balance 
of the mill referred to, which burns about 50,000 tons of coal 
per month, shows that this 50,000 tons of coal has been added 
to the atmosphere and to the source of cooling water almost 
quantitatively. 

In an almost innumerable number of cases evaporator in- 
stallations are built to use very low-pressure steam, and in this 
respect they are entirely comparable to a central station which 
has a boiler plant operating at 25 or 50 lb. pressure and condens- 
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ing at about 20 in. vacuum. An evaporator is directly com- 
parable to a boiler and condensing generator cycle. 

Almost invariably equipment can be installed which will 
permit the evaporator to operate on steam of any assignable 
pressure and temperature, and this installation would substan- 
tially decrease the consumption of fuel in the same way that 
high-pressure boilers for turbines do. This last analogy is an 
example of a general case where new capital will reduce the 
consumption of process steam. Industrial plants also suffer 
tremendously from a lack of analysis of the consumption of 
the process steam. The writer knew of one instance where a 
chemical solution was being prepared in one portion of a large 
plant. This solution was concentrated up to about 50 deg. Baumé 
and was pumped to various processes within one-quarter mile of 
the point of preparation. Each of these processes then diluted 
the solution down, sometimes as low as 34 deg. Baumé, because it 
was more convenient to use in that particular strength. 

By many other examples it can be shown that the consumption 
of process steam can be enormously reduced, often to such an 
extent that a central-station analysis together with an acceptance 
of the industrial process steam requirement may lead to a mis- 
expenditure of money. 

Therefore, in making a study for the purpose of recommending 
a unification of power-generating facilities between an industrial 
plant and a public utility it is recommended that the heat balance 
of the industrial plant itself be carefully studied to make sure 
that the portion of the low-head heat required in process cannot 
be obtained through some means of recirculation... Mr. Ryan 
himself once said to the writer that when the average mill is in 
trouble as to its steam supply there are two general things that 
can be done. The first is to buy and install more boilers; the 
second, which can much more frequently be carried out, is to 
reduce the current steam consumption to fit the existing boiler 
plant. 

In a few words, the writer’s recommendation is that the 
engineer engaged in this type of study work should be careful 
not to pass the buck of the condenser loss too easily to his in- 
dustrial power-plant brother. 


AvuTHOR’s CLOSURE BY Mr. Woop 


The author agrees with Mr. Conrad in his suggestion that 
utility companies should plan for the establishment of a manu- 
facturing district adjacent to large generating stations. Such 
a plan would reduce to a great extent the cost of transmission and 
distribution. It is this element of cost of power service that has 
trended upward while generating costs have continuously been 
lowered. Such a plan of interconnection would meet Mr. Tag- 
gart’s criticism as losses of transmission and transformation would 
be greatly reduced and process steam sent to manufacturing 
plants. However, it is the existing diversified industrial plants 
that may be reached by the utility system that offer the greatest 
potential possibilities of interchange of power. 

One of the most gratifying results of the presentation of Mr. 
Ryan’s and the author’s papers is the interest aroused among 
engineers who are actively interested in power problems of in- 
dustrial plants. The more fully these problems are discussed 
and mutually understood the better for all concerned. We are 
all prone to magnify the importance of our relationship to such 
matters, but it is well to occasionally get the other fellow’s point 
of view. 

As a result of these discussions there is one point on which some 
agreement obvains; viz., the wastefulness of duplication of in- 
vestment. 

AvTHOoR’s CLosurE BY Mr. RYAN 


The author is glad to accept Mr. Kates’ correction in regard 
to the efficiency of Diesel engines. However, with Mr. Kates’ 
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figure of 7500 B.t.u. per kw-hr. rejected by the Diesel, there is a 
marked saving in thermal efficiency over a non-condensing steam 
prime mover which exhausts to the atmosphere. 

The facts brought out in the discussion in regard to the practi- 
cability of using treated water in high-pressure boilers are most 
encouraging to the industrial-power engineer. 

The prospect of becoming common carriers instead of manu- 
facturers of power, as predicted by Mr. Randall, may not be very 
gratifying to the public utilities at the present time. Neverthe- 
less, if Mr. Randall’s prediction should be fulfilled, it is possible 
that the utilities would make more money with less investment 
than they do now. The author has heard the statement made 
by a prominent financier that the most profitable electric-light 
property in New England never owned a power plant. 

Mr. Deutsch’s comment on the desirability of investigating 
the process-steam consumption of an industrial plant, before de- 
signing a new power plant to provide that steam, is sound advice. 
By changes in process equipment or in methods of operation, it 
is frequently possible to save more fuel and more money than can 
possibly be saved by any power development. 

Most of the statements made in this discussion, and in other 
papers concerning the cost of industrial power, are based on the 
erroneous assumption that one B.t.u. is worth as much as any 
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other B.t.u. in an industrial process. The power engineer knows 
that this is not true in his own business, and that a B.t.u. at 700 
deg. fahr. is worth almost infinitely more to him than one at 70 
deg. fahr. This is just as true in almost any industrial process. 
It is common practice to credit a non-condensing prime mover 
with the hea. content of its exhaust in direct proportion to the 
heat content of the live steam at the throttle. This basis of cost 
accounting does not represent the production cost of exhaust 
steam, and it establishes a price for exhaust steam which exceeds 
its value to the user. 

It is probably on some such unsound basis of cost accounting 
that some astoundingly low costs of industrial electric power are 
obtained. | 

The discussion of Mr. Wood’s paper and the author’s has been 
most gratifying in that it shows an awakening respect for the 
public utilities’ problem on the part of the industrial-power engi- 
neers, and likewise it displays an appreciation of the opportunities 
for cooperation with industrial plants on the part of the public 
utilities’ engineers. Much as the engineers in these two fields of 
power engineering would like to maintain separate and distinct 
functions, the laws of economics compel a merging of their prob- 
lems to produce solutions which best serve the interests of our 
country and of mankind. 
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Engineering Aspects of Interchange of Power 


With Industrial Plants 


Establishment of Means and Facilities for Utilizing Massed Resources to Serve the Power 
Requirements of Individual Industries 


By B. F. WOOD,’ NEW YORK, N. Y. 


Economical operation can be effected and overhead costs 
greatly reduced in a great many cases where public-utility 
or other steam-generating or hydro power plants find it 
possible to hook up with large industrial operations. The 
advent of high steam pressures has largely increased these 
possibilities and extended the engineering problems in- 
volved in their proper solution. The engineer must seek 
the maximum overall economy with minimum invest- 
ment having regard for reliability of service, and then 
work out a plan for the undertaking that will be to the 
equal advantage of all parties at interest. 


cured by means of some plan of inter- 

connection. The term “interconnec- 
tion” carries the thought of tying together 
the transmission or other electrical facili- 
ties of two or more power systems. 

Let us, for a moment, review the accom- 
plishments of interchange of power by inter- 
connection between public-utility systems. 

About 25 years ago, in the United States, 
isolated or independent plants for the sup- 
ply of electrical service to a community 
began to give way to the grouping of adjacent systems by the 
tying together of the transmission systems. This was primarily 
done for protection of service in emergencies and could be success- 
ful only when each company had a mutual regard for the common 
interest. As the advantages of interchange of power became 
better understood and appreciated, independent operating 
companies were brought under a common financial control 
through holding companies. Interconnection, more intelligent 
load dispatching, the use and development of the most economical 
power sources, standardization and interchangeability of equip- 
ment, better system planning, and many other advantages 
logically followed the extension of holding-company control. 


of power may be se- 


! President, Allied Engineers, Inc. Mem. A.S.M.E. Graduated 
from University of Arkansas and entered the employ of the Complete 
Electrical Construction Co. as Chief Engineer. For 15 years he 
had charge of the construction of steam and electric power stations 
for the Pennsylvania jlroad. In 1913 he became Vice-President 
and Chief Engineer of the United Gas and Electric Corporation. 
Four years later he entered business for himself, first as B. F. Wood, 
Inc., and later as Wood, Hulse, Yates Co., Inc. This company 
combined with Republic Engineers to form Stevens and Wood, Inc., 
which combined with the Dixie Construction Co. and changed its 
name to Allied Engineers, Inc. 

Presented at the Second Plenary World Power Conference, Berlin, 
Germany, June 16 to 25, 1930. Also contributed by the Power Di- 
vision and presented at the Annual Meeting, New York, N. Y., 
Dec. 1 to 5, 1930, of Tue American Society oF MECHANICAL EN- 
GINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Progress in interconnection has reached a point where the 
principal electric power systems between the Mississippi River 
and the Atlantic Coast and from the Gulf of Mexico to and 
across the Canadian boundary line may now interchange power. 
This territory comprises an area of approximately 900,000 sq. 
mi., about twice the size of Germany, France, and England 
combined. 

Within a relatively short time interconnecting links will be 
extended to include other power systems west of the Mississippi, 
making the area of the then connected systems in excess of 
1,500,000 sq. mi., in which there is a population of approximately 
98,000,000. Some 20 major power systems and many more of 
smaller size serve this territory, in which there is a total of about 
20,000,000 kw. in power-generating capacity. Bach of the 
major power systems comprises a transmission network within 
itself, interconnecting from 400,000 to 2,000,000 kw. in power- 
generating facilities with interconnecting ties having capacities 
ranging from 25,000 to 125,000 kw. This great spread of inter- 
connection has resulted in benefits to the power systems in 
the following respects: 


1 Greater leeway in the choice of plant sites 

2 Decrease in generating capacity due to diversity 

3 Decrease in spare generating capacity 

4 Increase in size of generating units, resulting in lower 
unit cost 

5 Staggering of new construction 

6 Making hydro capacity firm capacity 

7 Making possible the use of more economical units. 


The choice of plant site for a new generating station is in- 
fluenced by three major considerations, namely: center of load, 
availability of condensing water, and the delivery and cost of 
fuel. 

Interconnection tends to eliminate the restrictions due to load. 
As illustrating this statement, one may cite cases of such stations 
as Stanton, Deepwater, Trinidad, Toronto, Philo, Gorgas, and 
many others. All of these stations supply power into a trans- 
mission network of considerable extent, thus permitting selection 
of plant site to secure minimum operating cost because of cheaper 
fuel and increased available capacity because of an adequate 
supply of condensing water. 

One advantage secured by interconnecting is the decrease in 
capacity due to diversity. The magnitude of this diversity may 
perhaps best be illustrated by the following cases: 

1 The Southeastern system interconnects the Alabama- 
Mississippi systems (325,000 kw.) with the Georgia-South 
Carolina systems (225,000 kw.) and the Tennessee system 
(136,000 kw.). Diversity in loads adds about 40,000 kw. effec- 
tive capacity to the combined system, about 5 per cent of the 
total. 

2 Niagara-Hudson system connects the Buffalo System 
(900,000 kw.) with three systems in the eastern part of the 
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State (375,000 kw.). Load diversity adds between 30,000 and 
50,000 kw. to the combined systems, or about 3 to 5 per cent 
of the total. 

3 Pennsylvania-New Jersey interconnection ties Philadelphia 
Electric Company (950,000 kw.), the Public Service Company 
of New Jersey (860,000 kw.), and the Pennsylvania Power & 
Light Company (831,000 kw.). Load diversity adds over 300,- 
000 kw. to the combined system, or nearly 12 per cent of the 
total 

It becomes possible, therefore, to reduce the total plant in- 
vestment by 5 to 10 per cent because of system diversity when 
adequate transmission facilities are provided to distribute to 
the entire system the necessary reserve or standby capacity. 

A further saving results in the decrease in spare equipment 
necessary to maintain reliability of service. Spare generating 
equipment in capacity equal to the largest single unit on one 
system becomes adequate spare for the interconnected system. 

Increase in the size of generating units, which becomes possible 
for plant installations on interconnected systems, makes a 
substantial lowering of unit costs. A station, either hydro or 
steam, containing large units may be developed on the system 
or portion of a system, and later a station developed at another 
location, thus alternating or staggering the construction program 
to bring in only the additional capacity properly to meet the 
growth in load. 

The possible saving in capital investment may be illustrated 
by the Toronto Station. This station in its first construction 
stage consisted of two 35,000-kw. units, which were installed at an 
average cost of $128 per kilowatt of capacity. In the next 
stage two additional 35,000-kw. units were added, making the 
average cost for the 140,000 kw. of installed capacity $114 per 
kilowatt. Had this station been constructed as a complete 
unit, under an interchange agreement, the generating equip- 
ment, instead of four 35,000-kw. units, would probably have 
been two 70,000-kw. units, which could have been constructed 
at a cost not in excess of $100 per kilowatt. The total cost of 
the output, including fixed charges on capital investment, 
operation, and maintenance, would have been 15 to possibly 
20 per cent less for the station of larger generating units. 

It is perhaps necessary to make some explanation of the 
statement that interconnection makes hydro capacity firm ca- 
pacity. The usefulness of a hydro plant is limited to the ability 
of the system to absorb the capacity and energy that the stream 
flow as regulated by the available storage may develop. Dur- 
ing low stream-flow periods the available capacity of run of 
river hydro plants may be supplemented by either storage 
hydro or steam plants, and the capacity of run of river hydro 
plants then becomes firm or useful capacity. 

Many of the larger systems in the interconnected systems 
referred to are served by hydro as well as steam-generating 
stations, and to the extent that the systems are not so served 
the tendency is to interconnect with systems having generating 
faci'ities of different characteristics. Steam and hydro stations 
on a system supplant each other because of different charac- 
teristics. 

The economy of combining such generating facilities results 
from the fect that the available output of the hydro station 
may be more fully utilized. There is thus provided a larger 
system into which the hydro energy may be poured, making it 
possible, during the high-water periods, to run the hydro plant 
to full capacity on base load, and during low-flow conditions 
the full capacity may be used during the short peak period, 
placing the economical steam stations on base load. 

Large blocks of hydro energy available during high-flow 
seasons may be utilized to replace steam-generated energy, 
while during low-flow seasons when but little hydro energy is 


available the full hydro-plant capacity may be used daily for 
short periods on the system peaks. In this manner, every drop 
of water up to the installed hydro capacity may be effectively 
utilized. Such complete utilization, however, is only possible 
when the hydro plants are connected into systems having a 
minimum night or week-end load requirement sufficient to absorb 
the flood-flow hydro capacity and energy. With large hydro 
projects such load is rarely available except by extension of 
the interconnected system over a considerable geographic area 
without reference to political lines of division. 

There remains, however, another condition that must be satis- 
fied to secure the full advantages of the physical possibilities. 
The administrative direction must be in harmony with the 
economical advantages of the interconnected systems, a condi- 
tion fully satisfied through ownership or lease of the hydro 
plant. In those cases where the ownership of the hydro plant, 
particularly if on streams where complete seasonal or yearly 
regulation is not obtained, lies with other interests, a mutually 
clear understanding of the common interests must obtain. It 
is extremely difficult if not impossible to express in a contract 
all conditions to secure the full utilization of all available power. 
The utility companies transmitting and disposing of the energy 
must say how and when the hydro plant is to be operated. The 
operations of the hydro as well as other generating stations 
must be under the immediate direction of the system load dis- 
patcher unhampered by other restrictions. 

The Conowingo (Susquehanna River) development of the 
Philadelphia Electric Company illustrates this point. The 
stream flow varies yearly as well as seasonally between wide 
limits (minimum 3000 sec-ft. to a maximum of 750,000 sec-ft.) 
and the day-to-day variation is frequently of considerable magni- 
tude. The installed capacity of 250,000 kw. is used during 
high water at nearly 100 per cent load factor to carry the 
base load of the Pennsylvania-New Jersey interconnected 
systems on which the minimum load is approximately 460,000 
kw. During low stream-flow conditions this full capacity is 
used for short periods on peak. In this plan of operation the 
total annual available output of some 1,350,000,000 kw-hr. is 
poured into the interconnected systems and profitably utilized. 
Without this mutually cooperative arrangement a considerable 
portion of usable hydro energy would be lost to the disadvantage 
of large numbers of domestic and industrial customers, and, in 
fact, is actually so lost on large undertakings where the adminis- 
trative operation is by different authorities. 

Interchange of power by means of the physical interconnection 
of different systems is thus the employment of massed resources. 
The unification of financial and administrative control extends 
the advantages of massed resources to other features, such as 
resources of capital and organized personnel. Larger and better 
projects may be developed and more intensive and careful study 
by a skilled organization may be devoted to the improvement 
of service and betterment of operating results. 

The great development of and economic advantages gained 
to the utility systems of the United States during the past two 
decades by interchange of power through massed resources have 
been discussed at some length because, for similar reasons, 
it is believed that a great opportunity is offered for cooperation 
between industrial plants and utility systems. The next two 
decades should witness even greater strides in extending the 
interchange of power between industrial plants and utility 
systems through massed resources. 

Let us now consider interchange of power with industria! 
plant; and in this discussion it is the purpose to think of inter- 
connection as the means employed to secure the advantages of 
massed resources of power production. 

Within the area over which this network of interconnected 
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utility systems extends, nearly 200 industrial concerns have, dur- 
ing the past few years, established new plants, with boiler equip- 
ment designed to operate at a pressure of 300 Ib. or higher. 
Nearly two-thirds of this number installed power-generating 
equipment aggregating approximately 500,000 kw. of capacity. 
The advent of high pressure has made it possible for the in- 
dustrial plant to get some or all of its power requirements from 
the steam that is subsequently used for process or other heating 
operations. There is, beyond doubt, a very much larger num- 
ber of industrial plants in operation at less than 300 lb. pressure 
supplying the multiplicity of power and heating requirements 
of industrial enterprises. An industrial plant often requires 
process steam as well as electric power, and frequently some form 
of waste heat is available. Steam and electric power require- 
ments of an industrial plant do not usually coincide, either 
hourly, daily, or seasonally, and these requirements do not, 
except in a general way, synchronize with the liberation of 
waste heat or the possible production of surplus electric power. 
A great field of opportunity is here presented for cooperation 
between utility and industrial companies to bring about a mass- 
ing of resources of power production. 

To secure the maximum degree of reliability and economy of 
power service and the fullest utilization of any waste heat or 
usable surplus power some arrangement must be made to bring 
about a massing of the indistrial and utility companies’ resources 
of power production. This is hardly possible if the utility 
company limits its activity solely to the furnishing of electric 
service, particularly if the utility company adheres rigidly to an 
established schedule of rates. A discussion between utility 
and industrial people frequently starts with a mutual distrust 
of each other’s cost statements, which leads to dickering and 
may end in the industrial company determining to be wholly 
independent in its entire power service. Recently, a broader 
and more liberal view has prevailed, and progress is being made 
in bringing about an agreement to the mutual advantage of 
both interests. To some extent, this change of attitude may be 
due to a better understanding of unity of interests. 

Among the means that may be employed to secure the ad- 
vantages of massed resources of power production, with respect 
to utility and industrial plants, there may be mentioned the 
following: 

1 The interconnection of the electric circuits securing ad- 
vantages of protection of service, diversity of load conditions, 
economy of operation, etc. 

2 The establishment of jointly owned plants and facilities, 
supplying to the industrial plant electric, steam, or other power 
service, utilizing the utility system as the reservoir from which 
to draw or into which any and all surplus electric power may be 
poured. 

3 The building and operation of plants and facilities by a 
utility company near the industrial plant, supplying such power 
service as required by the industrial plant, making up any de- 
ficiency from or taking any surplus electric power on the utility 
company’s power system. 

In the first case there are the possibilities of all the advantages 
of interchange of electric power presented by interconnection 
between different utility systems with the further advantage, 
usually, of a different character and greater degree of diversity 
of load. 

It is, however, the last two cases that present the greatest 
possibility for mutually advantageous arrangement between 
industrial and utility plants and that make the engineering 
studies to secure maximum economic results most interesting. 

In the establishment of jointly owned plants or the allocation 
of @ portion of the plant facilities to the service of the industrial 
plant, the total investment may be minimized. Many plant 
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facilities such as real estate, railroad sidings, coal- and ash-han- 
dling equipment, etc., need not be duplicated. Spare equipment 
may serve as spare for both the industrial and utility. The 
organization for operation and maintenance may be spread over 
both operations. 

A good illustration of the second case is the Deepwater Station, 
located on the New Jersey side of the Delaware River, just oppo- 
site Wilmington, Del. This station is jointly owned by the 
American Gas & Electric Company and the United Gas Improve- 
ment Company, with a portion of the plant allocated to the 
services of the E. I. du Pont de Nemours & Co. 

The first two companies are important utility companies, 
with a large and rapidly growing electric light and power busi- 
ness. The du Pont company is one of the largest industrial 
companies, manufacturing widely diversified products and 
having a substantial and increasing need for both process steam 
and electric power. The combined additional electric-power 
requirements of the two utility companies was in the order of 
some 100,000 kw. demand and 400,000,000 to 600,000,000 kw-hr., 
annually while the industrial company wanted 200,000 to 400,- 
000 Ib. per hour of process steam at 180 Ib. pressure. Mutual 
discussion between the three companies led to the conclusion 
that they could combine their needs to the economic advan- 
tage of all concerned. The power companies organized a com- 
pany to build and operate a power station for their joint in- 
terests and to enter into a contract to furnish steam and electric 
service to the du Pont company. 

After a careful study of plant investment and operating 
costs the power companies adopted a station designed to operate 
with a boiler pressure of 1400 lb. The initial installation in- 
cludes six boilers, each of a capacity of about 330,000 lb. of steam 
per hour. Two such boilers are allocated to the service of the 
du Pont company, leaving two boilers, one standard and one 
reheat boiler, for each of the utility companies. The station is 
laid out on the unit plan with one standard and one reheat 
boiler in each of the utility sections and two standard boilers 
in the center or du Pont section. The initial turbine installation 
consists of two cross-compound units, each of a capacity of 55,000 
kw. The high-pressure elements of these compound units are 
identical in design with the 12,500-kw. unit in the du Pont sec- 
tion. The exhaust from the du Pont unit, however, which at 
maximum load amounts to 530,000 lb. per hour, goes directly 
to evaporators which furnish 400,000 lb. of steam per hour at 
180 lb. pressure. 

Steam from the evaporators passes through live-steam super- 
heaters bringing the temperature up to 440 deg. fahr. before it is 
sent out on the du Pont lines. The condensate from the evapo- 
rators is returned as feed to the boilers, making a closed cycle. 
The du Pont company returns or makes up the condensate of 
its steam supply, and to the extent that the return is at high tem- 
perature less heat is required in the evaporators. 

The essential features of the contract between the utility 
companies and the du Pont company are as follows: 

1 The du Pont company pays in monthly instalments a 
sum representing a reasonable return on the investment in 
that portion of the plant facilities allocated io their servic . 

2 It pays the proportionate share of all direct operating and 
maintenance costs, including fuel. 

The du Pont company is thus entitled to all electric power 
generated by the steam that passes through its high-pressure 
turbine unit, and should its need for process steam be in excess 
of that required to produce the necessary supply of electric power, 
the excess power flows into the utility system and is credited to 
the du Pont company. On the other hand, should its need for 
electric power at any time exceed the production of the generat- 
ing unit, power will be drawn from the utility company’s system. 
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The second element of the du Pont company’s monthly charge 
is determined by the ratio that the total heat supplied to its gen- 
erating unit bears to the total heat supplied to all generating 
units. As a result of this arrangement it is given full access to all 
station-operating records and may even purchase or designate 
other sources of fuel if it believes lower operating costs would 
result. 

The combined full utility and industrial load will require the 
operation of five boilers, leaving the sixth as spare for all com- 
panies. Furthermore, either utility company may, at any time, 
take any unused capacity of the other, paying only the propor- 
tionate operating and maintenance costs. Thus, to the extent 
that their respective loads do not synchronize, each company 
has the privilege of fully loading the unused capacity of the 
other without increasing its share of capital expense. An in- 
centive is thus created that should result in keeping the station 
as nearly fully loaded at all times as possible. Should this occur, 
the net effect will be to the benefit of all parties, as in this manner 
the unit station-heat costs will be less because the total cost will 
be spread over a larger output. 

This is believed to be one of the largest instances, if not the 
first instance, in this country of utilizing the massed resources 
of utility and industrial companies for power production. The 
successful working out of this arrangement should open up many 
new opportunities for the engineer in the problem of interchange 
of power between utility and industrial plants. 

As an example of the third class—that is, of the utility company 
owning and operating the plant and facilities—may be cited 
the case of a steel company wishing to change its rolling mills 
and other steam-engine-driven equipment to electric-motor 
drive. The steel company produces finished products in an 
amount of approximately 90,000 gross tons per month. It was 
found that, after making use of coke-oven and blast-furnace 
gas in heating furnaces and other metallurgical operations, 
sufficient gas was available to supply the steel company’s electric- 
power requirements after complete mill electrification. The 
steel company’s electric-power requirement will then be about 
300,000,000 kw. annually, with a maximum demand of 54,000 kw. 
The available waste gas will produce, over and above the steel 
company’s requirements, a surplus of some 40,000,000 kw-hr. 
annually. The steel company either would have to install com- 
plete spare equipment or relay its electric-power service from the 
utility company’s power system, thus either materially increasing 
its annual capital charges or adding to its operating charges 
for reserve or standby service. 

An industrial company such as the steel company is usually not 
prepared to make large capital investments, except under pressure 
of necessity, unless the annual return on capital investment is 
greatly in excess of that required in the diversified power service 
of a utility company. This situation led to the suggestion that 
the utility company build, own, and operate the power plant 
and facilities, purchasing the waste heat from the steel company 
at substantially the equivalent cost of other fuel, and furnish 
the steel company with its entire electric-power requirements 
on a cost basis to yield a proper return on the investment. 

The utility company could build a station designed to operate 
at 1400 lb. pressure, instead of 400 lb. as contemplated by the 
steel company, providing no spare generating equipment. The 
utility company could relay the steel company’s service with the 
spare equipment required for its other service. Such a plant, 
in addition to supplying the steel company’s requirements, 
could generate some 100,000,000 kw-hr. annually at a cost that 
could advantageously be poured into the utility company’s 
system. The net result will be to furnish the steel company’s 
entire electric-power requirement at a cost comparable with any 
cost to itself and to save the steel company an investment of 


something over $6,000,000 in power-station facilities and to 
increase the annual return on the monies to be spent by the 
steel company on its electrification program from about 20 
per cent to about 25 per cent. While as yet no actual contract 
has been consummated to carry out this program the general 
principles have been accepted pending the development of de- 
tails. The resources will be massed, no usable product wasted, 
and capital investment conserved. 

A case now under consideration is that of a large manufacturer 
using some 3,000,000,000 lb. of steam per year for process and 
heating and at the same time buying and generating electric 
power up to a maximum demand of 42,000 kw. The manu- 
facturer is faced with the necessity of abandoning one of two 
large boiler plants, and being thus faced with rehabilitating 
his steam and power supply, can effect substantial gains by 
building a high-pressure boiler plant and generating by-product 
power. Here again even greater overall results can be obtained 
by the public-utility company building the new plant and serving 
both the steam and electric-power requirements, primarily 
because the utility company can make a materially greater use 
of the investment in plant facilities. 

Another case recently under consideration was a group of 
stockyard and packing-house companies whose plants are lo- 
cated close together. Their combined maximum demand for 
steam is almost 2,000,000 Ib. an hour, now served from eight 
relatively low-pressure boiler plants, while they generate or 
purchase about 130,000,000 kw-hr. a year. Estimates of a 
central high-pressure steam station producing by-product power, 
including, of course, fixed charges on the new investment, show 
very substantial economies over the present operating costs, 
but the point to emphasize is that the overall saving is a maximum 
when the public-utility company is associated with the new 
enterprise, as this permits minimizing investment in spare or 
reserve plant capacity; it permits maximum economical use 
of all by-product power; and it supplies, in the most economical 
manner, electric power which at times is required in quantities 
greater than is available from the steam then used. 

The economic advantage of expanding high-pressure steam 
through engines or turbines to make by-product power before the 
steam is used in process work is being lessened by two factors, 
namely: the constantly improving thermal performance of 
modern large turbine installations and the higher cost of boilers, 
evaporators, and other equipment required for by-product 
power production with high steam pressures. 

Only a few years ago, a station thermal performance of 
20,000 B.t.u. per kw-hr. was regarded as excellent. Many large 
central-station plants are now being designed for approximately 
12,000 B.t.u. By-product power may be obtained for about 
5000 B.t.u. per kw-hr., but in high-pressure plants evaporators 
are usually necessary to insure scale-free water in the boilers, 
and as much as 6000 B.t.u. per kw-hr. may be required. The 
ratio has thus been changed from about 4 to 1 to2 tol. If to 
obtain by-product power it becomes necessary to make large 
capital investment or if the rate of annual fixed charge is high, 
the economy of an independent high-pressure plant to supply 
the service to an industrial company is thus greatly reduced. 
The economic results of a station supplying combined service to 
an industrial plant and a utility system may, however, be quite 
improved and in any event should be better than is possible if 
each develops independently. 

The principles of contractual relations between the industrial 
and power company are simple, but their application may be 
complex. 

In principle the industrial should pay the power company 
a reasonable rate of return on all investments made on its ac- 
count and also pay its proper share of all operating costs. In 
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practice it is often desired to reduce the payments to unit rates 
for steam and electric power. 

While it is relatively simple to ascertain the probable costs 
for any given set of operating conditions, it is difficult to deter- 
mine unit rates which will be equitable at all probable ranges 
and conditions of electric load and steam flow. 

For instance, if by-product power from steam be involved, then 
the combined unit cost of saving both steam and electric power is 
a minimum when the investment in steam capacity is fully 
utilized and when the electric-power requirement is just that of 
the by-product power available from this amount of steam. 
Any unbalanced conditions from this exact relation between 
the quantity of steam and of electric power will increase the com- 
bined unit cost. Hence, the unit rates for each should bear 
some relation to the quantity of the other, and in the limit be 
equitable on the one hand for furnishing steam only a portion 
of the time and on the other hand for furnishing electric power 
only a portion of the time. This requires a very careful survey 
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of all probable operating conditions and a clear understanding 
between the engineers of both companies. 

Many other examples of the interchange of power with indus- 
trial plants might be cited. There are undoubtedly thousands of 
opportunities for the establishment of means and facilities to 
utilize massed resources to serve the power requirements of 
industrial plants. The advent of high steam pressures has 
largely increased these possibilities and extended the engineering 
problems involved in the proper solution. The engineer must 
seek the maximum overall economy with minimum investment, 
having regard for reliability of service, and then work out a plan 
for the undertaking that will be to the equal advantage of all 
parties at interest. These problems are of special interest be- 
cause of the many new and unusual factors involved. 


[Note: Discussion of this paper jointly with that of W. F. Ryan 
by Edgar J. Kates, Charles W. Conrad, James M. Taggart, Guy B. 
Randall, R. J. S. Pigott, C. F. Hirshfeld, and Z. G. Deutsch will 
be found following the Ryan paper. | 
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Combined Burners for Firing Waste Fuels 


By R. C. VROOM,' NEW YORK, N. Y. 


Waste by-products of oil refining, formerly difficult of 
disposal, are now burned in special plants to furnish 
electric and steam power. This is made possible by the 
design of high-capacity burners, some liberating 100,000, - 
000 B.t.u. per hour. The author describes a wide-range 
mechanical atomizer of the circulating type and the re- 
sults of an installation at the Louisiana Station at Baton 
Rouge of the Louisiana Steam Products, Inc. The burners 
are successfully firing crude or lubricating (acid) sludge, 
soda bottoms, neutralized sludge, acid tar, wax tailings, 
and flux bottoms, in addition to fuel oil. 


N certain industrial processes, and in particular in oil re- 
fineries, there are obtained various combustible by-products 
or residues which can be used as fuel provided that suitable 

combustion equipment is employed. In the past this utilization 
has been confined largely to those plants in which such materials 
were produced. In some cases their combustion has proved so 
difficult that it has been impracticable to consume them in such 
a manner. As a result they sometimes have collected in con- 
siderable quantities, and their disposal has represented a serious 
problem. In an article by Dr. A. E. Dunstan, chief chemist 
of the Anglo-Persian Oil Company, he says when referring to 
petroleum coke: ‘‘In the majority of refineries no immediate 
use for the coke could be found, and there arose again the ques- 
tion of storage space, almost acreage, as was the case with acid 
sludge.”’ 

Within recent years waste fuels have become of increasing 
importance, and not only more effective efforts to burn them have 
been made in the plants where they are produced, but often they 
are given some treatment to minimize their undesirable character- 
istics, and in this treated form the better grades are being fur- 
nished to outside plants. 

In some instances public-utility companies have found it 
economical to construct a steam station adjacent to an industrial 
plant in order to make use of waste fuels, in which case the steam 
station supplies to the industrial plant process steam and electric 
current which the latter previously had produced itself. 

The combustion of residual or waste fuels requires special 
attention, as fuels which heretofore have not been considered 
commercial, now are occupying a position of increasing impor- 
tance. 

In oil refineries the use of such fuels has been coupled with the 
necessity for a great increase in heat liberation per furnace, per 
unit of furnace volume, and per burner, due to the fact that these 
fuels often must be used for firing larger units requiring a higher 
rate of heat absorption per unit of heating surface. Also, modern 
refining processes frequently are sensitive to furnace conditions 
and necessitate a greater use of radiant-heat transfer with a 
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minimum of excess air. In such cases absolute control of flame 
shape and other furnace conditions is essential. 

The use of a few flexible and economical high-capacity burners 
for fuel firing, in contrast to a great number of smaller units, 
is in accordance with the modern trend of design for fuel-firing 
and other plant equipment. Burners are available in sizes 
to liberate up to 100,000,000 B.t.u. per hour when burning prac- 
tically any liquid, gaseous, or pulverized residual fuel, without 
any sacrifice in economy or flexibility, and with the ability to give 
absolute control over the furnace conditions. 

Often such burners are used with highly preheated air. In oil- 
still installations, where there have been great advances in the 
methods employed, the use of preheated air has been developed 
beyond the range ordinarily found in power plants, temperatures 
approaching 1000 deg. fahr. sometimes being employed. Such 
temperatures of course require the use of insulated panel burner 
register fronts and special metals, not only for the register parts, 
but for air preheaters and other equipment in contact with un- 
usually hot gases. 

The higher air temperatures increase the forced-draft pressure 
necessary at any given fuel rate per burner, and while the use 
of highly preheated air speeds combustion, the most careful 
burner design is required. Not only must air pressures be 
maintained within reason, but at the same time the correct flame 
shape and the other desirable characteristics which the burner 
had when operating at lower temperatures must not be sacrificed. 
Maximum turbulence is essential, as each particle of fuel must 
come in intimate contact with the greater volume occupied by the 
air necessary to burn it. 

Not only is it necessary to have individual burners which are 
capable of handling standard as well as waste fuels at high ca- 
pacity, but it is essential to have flexible combined units for two or 
three fuels, these being capable of obtaining maximum capacity 
with any one of the fuels. Fig. 1 shows part of a boiler room hav- 
ing six 3400-hp. boilers, each equipped with 20 combined gas and 
oil burners similar to the design shown in Fig. 4. In another 
boiler room of this station are eleven 1500-hp. boilers, each 
equipped with 15 of these burners, the total number of burners of 
this type in the plant being 285. 

The word “combined”’ as used in this connection must be taken 
in its proper sense, or else the full advantage of a combined burner 
will not be indicated. Until a few years ago combined burners 
generally meant a multiplicity of burners for liquid, gaseous, or 
pulverized fuels “‘combined”’ in the same furnace. What is meant 
in this paper by a “combined burner” is a burner in which any one 
of three forms of fuel, liquid, gaseous, or pulverized, may be fired 
through the same throat opening into the furnace, and in which 
use is made of a common passage for the combustion air. 

Combined units are advantageous for various reasons. In cer- 
tain plants they are needed due to the fact that prices of the 
different types of standard fuels may fluctuate widely from time 
to time, and the use of such equipment enables the plant to burn 
that fuel which is the most economical. In some industries 
there are obtained from the various processes numerous waste 
fuels which are of such a character as to have practically no 
market value, but the supply of such fuels is irregular or inade- 
quate to carry the entire plant load continuously, with the result 
that provision also must be made for burning standard fuels. 

The advantages of combined burners over independent burners 
for the various types of fuels may be summarized as follows: 
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1 ‘The ease of operation due to a smaller number of burners. 

2 The simplicity of furnace and air-duct construction and air 
control, due to the location of all burners in a single group in a 
common windbox, so that all fuels are fired through one furnace 
wall and with one set of throat openings into the furnace. The 
latter is of particular importance when water walls are used. 

3 The ability to keep in operation at all times all of the burn- 
ers firing any one furnace, thus eliminating the necessity for 
protecting the burners not in service. 

4 The ability to light one fuel quickly from the other, per- 
mitting a practically instantaneous change in fuel without 


Fig. 1 Part or Borter Room CoMBINED Gas AND 
Om BurRNERS 


loss of output from the unit being fired. This feature makes a 
standby fuel instantly available. 

5 The ability to burn pulverized fuels of very low volatile con- 
tent or fuel containing considerable water, as ignition can be 
maintained, when not otherwise possible, by also burning simul- 
taneously a small quantity of another fuel such as oil or gas. 

Fig. 2 shows a convenient and reliable form of high-capacity 
combined burner for firing three fuels. It is a true combined 
burner in that all three fuels may be burned simultaneously. It 
is not necessary to remove a part of the burner for firing one fuel 
in order to insert a part of the burner for firing another fuel. The 
combustion air for the fuel being fired sweeps over and cools those 
parts of the burner for firing the other two fuels. A changeover 
can be made almost instantly. 

The gaseous fuel is admitted to the furnace throat in an annular 
stream issuing from the inner periphery of the ring-shaped gas 
chamber immediately adjacent to the furnace throat opening. 
The gas impinges on the rapidly rotating column of air from the 
curved blades of the air register. 

The pulverized fuel and carrier air are admitted tangent to the 
inner periphery of the rifled coal-burner body located coaxially 
and adjacent to the gas chamber. This stream is picked up and 
mixed with the secondary air from the register rotating in the 
same direction. 

The liquid fuel issues from the wide-range mechanical-atomizer 
tip in a diverging conical sheet which just clears the furnace- 
throat surface. All the rotating combustion air from the register 
must pass through this sheet. 

Fig. 3 shows a similar combined burner for lower capacities. 


In this burner the coal is admitted tangentially into a ringlike, 
volute-shaped coal chamber and delivered to the furnace throat 
through an annular slot in the inner periphery of the chamber. 
The gas chamber is located between the coal chamber and the 
furnace front plate. 

In the commercial application of these combined burners 
for firing waste fuels numerous combinations of gaseous, pul- 
verized, and liquid fuels of various types are encountered. 

In addition to natural gas, many kinds of industrial gases 
are being fired by such units, among these being refinery-still 
gases. Such gaseous fuels sometimes have a heat content 
per cubic foot as high as 2200 B.t.u. When burning these gases, 
it is sometimes difficult to obtain the best-appearing furnace 
conditions, due to the presence of a large percentage of the 
heavier hydrocarbons, and also because*there may be present 
considerable quantities of raw distillate in suspension. Of 
course, whenever possible, the raw distillate should be properly 
removed in a separator as its irregular entrainment in the gas 
continually changes the heat liberation of the burner and makes 
steady furnace conditions impossible. This is accentuated when 
operating with low excess air. It is obvious that for the proper 
combustion of such fuels, rapid and complete mixing of the fuel 
and air is essential. 

Among the waste pulverized fuels being fired by these burners 
are various forms of petroleum coke. Depending upon the proc- 
ess from which the coke is derived, it may contain from 4 to 
12 per cent of volatile matter and varying percentages of sul- 
phur and ash. However, the ash content is normally low 
and its fusing point high, although in certain instances fuels 
containing ash having a fusing point as low as 2000 deg. fahr. 
are encountered, and proper provision must be made to handle 
these. Refinery coke is often less friable than ordinary bitumi- 
nous coal, but it is burned readily in pulverized form unless its 
composition approaches that of a pitch. 

When burning a low-volatile fuel particularly in a water-cooled 
furnace, the combined burner is very desirable as it provides 
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an auxiliary fuel which is available immediately, and in such a 
way that the control and operation of the plant are in no way com- 
plicated. In burning such pulverized fuels, it is necessary that 
proper combustion equipment be used, or else delayed ignition 
will occur and the combustible loss due to unburned carbon in the 
fly ash will be excessive. 

The liquid fuels which are encountered often are of high specific 
gravity and contain a considerable amount of solid matter, car- 
bonaceous or otherwise, in non-colloidal suspension. Mechanical 
atomization long has been recognized as the most economical 
method of burning liquid fuel, but not until recently has it been 
considered practicable for burning fuels of this nature. 

Apparently one of the reasons for the previous inability 
to handle acid sludge in particular, and refinery sludges in gen- 
eral, in mechanical atomizers, was because capacity contro! 
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by the use of inlet pressure variation was employed. Further- 
more, it had been taken for granted that the mechanical atomizer 
must handle the fuel under exactly the same conditions as the 
steam atomizer, and due to the high standard of operation ex- 
pected from the mechanical atomizer, it was at the same time re- 
quired to produce far better results before being considered 
successful. 

It is well known that ordinary fuel oil cannot, in all cases, be 
handled with the mechanical atomizer with as little treatment 
as is required for the steam atomizer, and it is generally admitted 
that the slight additional preparation is warranted by the superior 
furnace conditions and better net economy with the mechanical 
burner. The proper procedure for economical sludge firing with 
mechanical burners for such fuels is therefore obvious. 

Extensive tests indicated that with a little preparation re- 
finery sludges could be burned satisfactory in the Peabody 
wide-range mechanical atomizer of the circulating type. As a 
result of these tests, an installation was made at the Louisiana 
Station of Louisiana Steam Products, Inc., at Baton Rouge, La., 
and the operating results have more than borne out the experi- 
mental data. The burners at this point are successfully firing 
crude or lubricating (acid) sludge, soda bottoms, neutralized 
sludge, acid tar, wax tailings, and flux bottoms, in addition to fuel 
oil. Combined burners are employed, as it also is necessary to 
fire pulverized and gaseous fuels. 

The circulating type of wide-range mechanical atomizer is 
firing grades of asphalt pitch, which, while solid at atmospheric 
temperatures, melt at temperatures up to 125 deg. fahr., depend- 
ing upon the source. When such pitches are delivered from the 
process to the burners at temperatures varying from 300 to 
600 deg. fahr., their viscosity is sufficiently low to enable them 
to be atomized properly. The use of fuels delivered at the burn- 
ers at such elevated temperatures has made it necessary to use 
special materials for the atomizer parts subject to pressure. 
Such atomizers also are firing other liquid residual fuels en- 
countered in the petroleum industry. 

The ability of this design of mechanical atomizer to handle 
such fuels successfully is due largely to the wide-range feature of 
control. This feature ordinarily is used to obtain a continuous 
and positive control (it is not a “high-low’”’ burner) over a wide 
range of burner capacity, without reducing the fineness of 
atomization and without the necessity for changing atomizer 
tips. This is of particular importance in a plant with a widely 
fluctuating load when firing into a “black” furnace where the 
method of changing the supply pressure to take care of load range 
leads to coarser atomization at the lower capacities. Due to the 
existence at these lower capacities, of a lower heat liberation per 
unit of furnace volume, furnace conditions tend to become poorer 
under the best of circumstances, and coarse atomization seriously 
accentuates the trouble. When such conditions are coupled 
with increased burner capacities and the use of waste fuels which 
require the maximum fineness of atomization at all capacities to 
produce the best results, and which are far more sensitive to 
variation of supply pressure than ordinary fuel oils, it can be 
seen that the ability to operate over a wide range without affect- 
ing the atomization is almost essential. 

In the case of heavy liquid fuels containing a considerable 
amount of foreign matter in non-colloidal suspension, the wide- 
range feature providing circulation has the very important added 
value that all of the fuel entering the burner is not necessarily 
sprayed. In this way a continuous circulation of fuel through 
the atomizer tip of the burner can be maintained at all times, 
part of the fuel supplied entering the furnace and part being 
returned to the tank. All dead ends are eliminated, the atomizer 
tip is cooled by the excess amount of circulating fuel, and the 
velocities can be kept sufficiently high to prevent such solid 
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matter as is present from settling out and plugging. Tendency 
to carbonize in the atomizer tip is greatly reduced due to the 
additional cooling effect of the circulating fluid. 

The mechanical-atomizing burner as an economical liquid- 
fuel-combustion unit has been discussed in various papers by 
E. H. Peabody, and this quality was brought forcibly to the 
attention of the engineering profession by data contained in the 
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paper on “Recent Developments in Oil Burning,” presented at 
the forty-third convention of the National Electric Light Associa- 
tion, at Pasadena, Calif., May 18-22, 1920, by D. S. Jacobus and 
N. E. Lewis. While it is true that improvements have been 
made in both steam and mechanical atomizers since that time, the 
same general conclusions still apply as to the superiority of the 
mechanical atomizer. Whether the steam atomizer be of the 
flat-flame or round-flame type, there remains the objection that 
the amount of steam used for atomizing reduces the net efficiency 
below that possible with the mechanical burner and lowers the 
dew point of the exit gases. Furthermore, in the case of round- 
flame steam atomizers, the conclusion that the steam atomizer is 
less subject to stoppage than the mechanical atomizer, due to its 
larger passages, cannot be fully justified. 

The wide-range mechanical atomizer of the circulating type 
can be changed to a steam atomizer merely by changing the 
atomizer tip. In this form one atomizer has fired successfully 
approximately 9000 Ib. per hour of acid sludge. Gas atomiza- 
tion by the use of high-pressure refinery gas also has been used 
to produce corresponding heat liberations, but as an atomizing 
agent, gas is not quite so effective as steam. However, as this 
gas is often available at high pressure and must be disposed of, 
the quantity of atomizing gas is of relative unimportance, and 
every bit of atomizing agent acts as fuel contrary to conditions 
obtaining when using steam for this purpose. In the case of 
steam the most desirable furnace appearance often is obtained 
with an abnormal amount of atomizing steam, and if the operator 
is not careful, the quantity may reach an excessive figure. 
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Combined burners of the type shown in Fig. 4 have been pur- 
chased to fire two 600-lb. pressure boilers at the new steam station 
of the Humble Oil and Refining Company at Bayton, Tex. Each 
burner will fire approximately 4000 Ib. per hour of fuel oil, and 
each boiler is to produce 350,000 lb. of steam per hour. In addi- 
tion to this, there will be burned various refinery sludges and 
natural gas. These burners are combined gas and oil burners. 
They are similar to the three-fuel burner shown in Fig. 1, but 
Jackson & Moreland, of Boston, are the engineers for this project. 


Fie. 4 ComBinep Gas BURNER 


An excellent example of a station in operation where various 
waste fuels are used to full advantage is the Louisiana Station. 
There combined burners similar to those shown in Figs. 2 and 4 
are firing successfully various kinds of refinery sludges, petroleum 
coke, natural gas, and fuel oil, under four boilers, each having 
a capacity of 350,000 lb. of steam per hour, the boiler feed being 
treated Mississippi River water. Maximum operation represents 
about 850 per cent of rating based on the boiler heating surface. 
Stone & Webster Engineering Corporation, of Boston, are the 
engineers for this project. 

This station is a typical public-utility plant, utilizing the waste 
fuels from a refinery and supplying to the refinery process steam 
and electric current, which previously the latter had produced 
in its own plant. It was described briefly in a paper presented 
before the Boston section of the A.I.E.E. on Nov. 18, 1930, by 
H. J. Klotz, Stone & Webster Engineering Corporation, and 
will be further discussed by him on Feb. 11, at the National Fuels 
Meeting in Chicago. 

James F. Muir also has written a very interesting article? 
regarding the fuels at this plant. As this station is the first 
of its magnitude to be arranged for waste-fuel consumption in 
combined burners, its design and operation are of great interest 
to combustion engineers, and without a discussion of its fuel 
problems this paper would be incomplete. 

The proportion of the heat supplied by tbe different fuels varies 
considerably, but averages about as follows, the fuel oil, which 
is used only for standby purposes, being neglected: 50 per cent 
natural gas, 33'/; per cent refinery sludges, and 16?/; per cent 
petroleum coke. About 85 per cent of the sludges contain from 
30 to 50 per cent of dilute sulphuric acid, which gives them an 
actual acid content of about 12 to 20 per cent. Approximately 
one-half of the remaining 15 per cent of the sludges is strongly 
alkaline. 

Some of the sludges fired at the Louisiana Station are more or 
less readily “burnable,”’ but lubricating (acid) sludge, proper, has 
in many cases caused considerable difficulty, and the equipment 
heretofore developed in the refineries for burning it has been de- 
signed primarily for the purpose of disposing of the fuel and not 
with the main object of obtaining efficient combustion. The 
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combustion of the sludge usually has been the most convenient 
means of disposal, and the mere ability to burn it has been con- 
sidered an event. 

This sludge is extremely variable in its characteristics, depend- 
ing not only upon the initial crude stock, but also upon the 
method of treating that stock, including the amount and type of 
oil used for fluxing, as well as the method of agitating the flux 
with the sludge. Sludge often contains a large amount of sus- 
pended carbonaceous material, and one acid sludge may be 
practically solid and another rather fluid. It varies from day to 
day and from hour to hour. Some sludges have a heating value 
as high as 17,500 B.t.u. per lb., while others have a heating value 
as low as 8000 B.t.u. per lb. This wide variation is accounted 
for largely by differences in the amount of flux which must be 
added to make the material flow and by variations in the weak 
acid content. This latter often will run as high as 40 per cent. 
One sample of acid tar (which is considerably more fluid than the 
acid sludge) contained 54 per cent weak acid, i.e., acid and water, 
of which 38 per cent represented the acidity, which means that 
the tar contained 21 per cent of actual sulphuric acid. 

The gravity of acid sludge may run from 5 to 14 deg. Baumé. 
The viscosity of the material cannot be determined, as the heavy 
and light components settle out in the viscosimeter, giving read- 
ings which are not at all representative of the true internal fric- 
tion. 

Lubricating acid sludge usually must be treated. This treat- 
ment ordinarily consists of fluxing with oil or tar to reduce its 
viscosity. Sometimes a sludge cannot be made ‘‘burnable”’ 
by fluxing in this fashion and must have a caustic material added 
to it. This process changes it from acid to neutralized sludge. 
The proper viscosity cannot always be obtained by additional 
heating, as some sludges tend to foam at a temperature slightly 
above 200 deg. fahr. 

Sludges usually are kept in agitation in suitable lead- or brick- 
lined tanks by jets of steam or jets of steam and air. Quite 
possibly some method of mechanical agitation could be used 
instead of steam, but up to the present time this has not been 
done. In some plants it has been found impracticable to use 
tank heating coils, as the sludge carbonizes on the outside of 
the coils, reducing the heat transfer. Furthermore, agitation 
seems desirable, such as is now accomplished by the steam jets. 

The preparation of the sludge varies with its character and 
u_.ers in various refineries. No definite rules can be given for 
its treatment. As to whether it is properly fluxed or sufficiently 
agitated, only visual observation of experienced operators can 
determine. About the only definite statement which can be made 
about it is that a properly prepared sludge will be smooth and not 
too granular. 

Improper treatment will cause coking. Any coke particles 
which are precipitated from the sludge tend to coagulate and form 
larger lumps of coke. The acid in the sludge appears to hold the 
coke in a sort of semi-colloidal suspension, and in certain cases, 
even if the sludge be boiled with heavy acid after the coke par- 
ticles are precipitated, they will not again be absorbed by the 
fluid, but when boiled with a neutralizing agent, in some instances 
they can be made to return into suspension. 

While the sludge itself is highly corrosive, due to its sulphuric- 
acid content, it often seems to be more so when mixed with steam, 
as is indicated by the wear on steam-atomizer nozzles. This 
may be accentuated by high velocity and the increased corrosive 
effect due to the presence of the steam at high temperature and to 
radiation from the furnace. 

In firing boilers with acid sludge or acid tar it is necessary t” 
keep the exit-gas temperatures above the dew point in order to 
prevent acid corrosion of the flues and certain portions of the air- 
heater surface. At the Louisiana Station no acid fuels are burne:! 
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when the boiler capacity falls below a value giving a final gas 
temperature below about 275 deg. fahr. 

With some sludges slag is deposited on the furnace bottom and 
on the boiler tubes, similar to the deposit obtained when firing 
pulverized fuel with relatively low-fusing-point ash. 

The alkaline sludges such as soda bottoms and neutralized 
sludge do not attack ferrous metals, so that the usual materials 
are satisfactory for piping and atomizer parts. Also, these 
sludges are generally more easily fired and less variable in their 
characteristics than the acid lubricating sludge. Brickwork 
difficulties when burning alkaline sludges sometimes are ex- 
perienced. Furthermore, with alkaline sludges salt may be 
deposited on the boiler tubes, superheater, and air preheater. 
This may result in excessive draft losses unless ample soot- 
blowing equipment is provided. 

In the installation at Baton Rouge, each burner is designed to 
handle approximately 2200 lb. per hour of liquid sludge or 1600 
lb. of fuel oil. In addition to the acid sludge, acid tar, neutralized 
sludge, and soda bottoms, there also are burned wax tailings, 
flux bottoms, natural gas, petroleum coke, and fuel oil. 

The liquid fuel piping on each boiler front consists of two sets 
of headers, one of steel for the neutral or alkaline fuels and one of 
brass for the acid fuels. All burners handling liquid fuels are 
piped to fire fuel oil which may be delivered in the steel header. 
The two bottom rows are piped to take their supply either from 
the acid or the alkaline header, while the top row takes its supply 
only from the alkaline header. Each burner is equipped to fire 
gas. 
Each of two of the four boilers is equipped with 18 combined 
gas and liquid fuel burners in three horizontal rows of six each. 
The two lower rows of burners handle acid sludge. The top 
row handles neutral or alkaline fuels. All burners, of course, 
can be used for fuel oil or gas. The sludge supply header is 
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Fig. 5 Sgecrionat View or Furnace at LovrsiaNna STATION 


connected to the circulating pipe leading back to the tank to 
eliminate dead ends in the supply header and to prevent the 
deposition of coke therein. 

Each of the second two boilers is fitted with 17 burners. 
There are six combined gas and liquid fuel burners of the usual 
size in the bottom row. In the second row are four of these com- 
bined burners and also two Toronto type combined pulverized- 
coke and gas burners in the center of the row. In the top row 
are five combined burners. The two lower rows are for handling 
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acid tar, oil, and gas, and the top row for alkaline fuels, oil, and gas. 

Gas is always fired in some of the burners. This is because 
the amount of sludge is insufficient to provide for the total 
steam output. Also previous refinery practice seems to indicate 
that it is better to fire gas and sludge together, although this is not 
alwaysdone. The burners at Baton Rouge fire through the verti- 
cal front wall of the furnace, and no ignition arches are provided. 
The interior surface of the furnace is water-cooled, part of the 
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(The change from one fuel to the other is made many times a day.) 
cooling tubes being covered with refractory material. Fig. 5 
is a sectional view of the furnace. 

As might be expected in a plant of this magnitude where the 
conditions are so new and the quantities so variable, some operat- 
ing difficulties have been encountered. However, the author can 
say from his experience that they have been surprisingly few and 
far less than had been anticipated. 

In so far as the combustion and furnace conditions are con- 
cerned, results are satisfactory. It sometimes happens when 
lighting “‘off’’ burners in handling a new batch of sludge that the 
first atomizers installed will plug due to material which has 
collected behind the stop valves connecting the burner to the 
fuel header. However, once in operation, the burners will stay 
clean for periods comparable with those between cleanings in a 
plant using ordinary fuel oil. 

The question of the ideal material for burner tips has not been 
settled definitely. The difficulty of this problem will be realized 
when it is stated that, in one plant using steam atomizers, brass 
tips have been eaten away in 48 hours. The tips originally sup- 
plied seem to have given the best service, although this is not so 
good as is obtained when firing fuel oil. The burner tips are 
being used as a convenient “laboratory” in which to test materials 
for other parts of the plant subject to corrosion, such as pump 
liners, heater tubes, valve trim, etc. Substantial progress has 
been made, and new materials are in sight which give promise of 
being entirely satisfactory. 
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When it is considered that sometimes pulverized coke, sludge, 
and gas are being fired simultaneously in one furnace, it is ob- 
vious that the combustion problem is not a simple one. The 
fact that the operation has been carried on so successfully is a 
tribute, not only to the designers and builders of the plant, but 
also to the operators. 

This plant is the only one of many plants where combined burn- 
ers are being used for firing waste fuels. In other plants waste 
fuels which have been successfully fired in Peabody wide-range 
mechanical atomizers and gas burners are as follows: 

1 Dubb’s residuum, containing up to 30 per cent of base set- 
tlings and water and nearly 5 per cent of sediment by extraction. 

2 Still gas, containing up to 10 per cent of hydrogen sulphide. 
Both of these fuels (Dubb’s residuum and still gas) are fired in 
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the same plant, the change from gaseous fuel to liquid fuel being 
made many times a day. Fig. 6 shows the plant in which these 
fuels are fired. 

3 A mixture of gas oil and Holmes-Manley cracker bottoms. 

4 A 125-deg. melting point asphalt pitch, delivered at 700 
deg. fahr. 

5 Distillate containing a considerable amount of solid matter 
in suspension. 

It is extremely interesting to note that the oil refineries which 
usually have available large quantities of relatively inexpensive 
fuel, and which therefore are sometimes not particularly con- 
cerned about saving fuel, are turning to the circulating type of 
wide-range mechanical atomizer for their modern boiler and still 
installations. Control of heat distribution and furnace conditions 
and the saving of water for atomizing steam (an item of great im- 
portance to those plants so located that extensive feedwater 
treatment is required) are contributing factors. 

Combined burners are being used for firing units of various 
types. Some of the newer types of oil stills are vertical cylinders 
as large as 25 ft. in diameter, the walls being formed by vertica! 
tubes containing the fuel to be processed. Some of these are 
being fired from the bottom and some others from the top. The 
former method is now more widely employed. 
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FUELS AND STEAM POWER 


Fig. 7 is a view of a bank of vertical heaters fired from the 
top with combined gas and oil burners. Fig. 8 is a sectional 
view of such a furnace fired from the bottom with a single com- 
bined stili-gas and yard-oil burner of the type previously de- 
scribed. This burner liberates 40,000,000 B.t.u. per hour. 
When burning gas, two traverses at right-angles in a plane per- 
pendicular to the axis and taken at 1-ft. intervals showed no 
CO and a CO, variation from 10.8 to 12 per cent, indicating the 
evenness of furnace conditions and the manner in which this 
single burner distributes the furnace gases. Fig. 9 shows com- 
bined gas and oil burners firing a tube still. 

In closing, let it be said that the refinery engineers were pre- 
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sented with an enormous problem when they had to dispose of 
these fuels, and the fact that for years they have been burning 
them is a testimonial to their ingenuity. They have contributed 
a vast amount of information, and if this had not been available, 
modern installations of waste-fuel-burning plants would be far 
behind their present state of progress. No one can have had any 
contact with the oil-refining industry in this country without 
developing a profound respect for the intricate problems involved 
and the effective manner in which these are being solved. 

The fact that refinery engineers have constructed many plants 
equipped with combined burners for the disposal of their waste 
fuels is an evidence of their foresightedness. 
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Federal Relations to Water-Power 
Development 


By FRANK E. BONNER,' WASHINGTON, D. C. 


With the amazing advances made in the production and 
distribution of electrical energy during the past decade, it 
is of interest to examine the part played by the Federal 
Government. This is particularly true of the water-power 
field where, through vast land holdings and constitutional 
authority in respect to navigation, the National Govern- 
ment exercises control over a large portion of the country’s 
potential resources. During this period the administr..- 
tion of the law regulating the utilization of power sites 
involving Government interest has reposed with the 
Federal Power Commission. Although developments of 
many of the large rivers have been delayed by legislative 
embargoes and political controversy, the Commission has 
authorized the construction of many important projects, 
and about 2,600,000 horsepower of capacity is now operat- 
ing under license from the Commission. The proper di- 
vision of authority between the Government and the states 
has raised some complex problems which are pressing for 
solution. 


T IS UNNECESSARY to recount for 
the members of this Society the un- 
paralleled progress made by the elec- 

tric industry of this country during the 
past decade. The mechanical engineer has 
rendered such important aid in bringing 
about the astonishing economic and tech- 
nical advances in supplying our people with 
cheap and dependable electrical service, 
that these achievements are already well 
known to your profession. The preemi- 
nent position that has been attained by 
the United States in the utilization of electrical energy for turn- 
ing the wheels of industry and lightening the labor burden of 
the homes and the farms, makes it of some interest to consider 
what assistance or encouragement the Government may have 
contributed toward this result. 

The primary relation of this industry is with the states. 


Under 


_ | Executive Secretary, Federal Power Commission. Mem. Am. 
Soc.C.E. For the past 21 years Mr. Bonner has served continuously 
in the Government service. Upon completing his engineering train- 
ing at the University of Montana in 1909, he entered the engineer- 
ing department of the U. S. Forest Service and with that agency 
served as district engineer in charge of the engincering activities 
in several of the western field districts. For a time he had charge 
of the engineering work at the Research Laboratory at Madison, 
Wis., and later served several years as assistant chief engineer of 
the Forest Service at Washington, D. C., in the direction of water- 
power administration, highway construction, and other activities. 
In 1922 he was assigned as district engineer of the California Dis- 
trict and in charge of the Federal Power Commission’s activities of 
that region. He served in that capacity until transferred to his 
present position on July 1, 1929. 

Contributed by the Hydraulic Division and presented at the 
Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Taz Amenrt- 
CAN Society of MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


the system of regulated public utilities through which most of 
the electric energy is marketed in this country, the agencies 
of the state governments have highly important functions in 
the elimination of destructive competition, while at the same 
time safeguarding the public from unreasonable rates. The 
merit of this system has been amply demonstrated by the pro- 
gressive lowering of the charges to consumers on the one hand, 
and the growth and stability of the industry on the other. The 
beneficial effects are especially conspicuous in the existing period 
of world-wide economic depression, when many basic industries 
are suffering from the effects of over-expansion and wasteful 
competition. 

It has been recognized that electrical power must of necessity 
be consumed in the immediate vicinity of its place of produc- 
tion, and the matter of regulation has been viewed as a local 
problem properly within the authority of the states. With the 
growth of system interconnection, some problems of an inter- 
state nature are beginning to arise, and proposals for their solu- 
tion through imposition of Federal activity contemplate a mini- 
mum of interference with the existing machinery of the state 
agencies. 

It is evident that the contacts of the Federal Government 
with the manufacturers and distributers of electrical energy 
have been confined mostly to those which are common to all 
industries. One prominent exception is in connection with the 
development of water power. Here through a combination 
of two factors the Government finds itself a shareholder in 
many potential water-power sites. These two factors consist 
of the Federal responsibility for navigation and the ownership 
of public land. 


U. S. GovERNMENT THE LARGEST REAL-EstaTE HOLDER IN THE 
CouNTRY 


The fact is sometimes overlooked that the Government is 
by far the largest real-estate owner in the country. These 
holdings are concentrated chiefly in the western states, where 
vast areas of the original public domain have been reserved for 
national forests, national parks, Indian reservations, and other 
purposes. There are also millions of acres comprising the un- 
reserved public domain for which no use, sufficiently profitable, 
has yet been found to justify private acquisition under the public 
land laws. Three-quarters of all the country’s available water- 
power resources are found in the eleven most western states 
and, as might be expected, many of the potential sites involve 
United States land in greater or less degree. The national 
forests, which blanket the most of the great mountain ranges, 
harbor great power resources and have been an important fac- 
tor in maintaining land useful for water-power purposes in pub- 
lic ownership. Even in these reservations, however, it is rarely 
found that a development may be made wholly on Government 
land. Through the operation of the public land laws prior to 
the establishment of the policies under which water power and 
other lands were reserved, the Government’s holdings have 
been reduced to scattered and fragmentary tracts which serve 
to give merely a minority interest in many important develop- 
ments. The Government, however, with its sovereign powers 
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may not be disposed of through the ordinary process of con- 
demnation like other small land holders, and therefore, even 
though its stake in the ownership of numerous sites is small, 
it is in a position to dictate the terms upon which the entire 
development may be allowed to proceed. In the exercise of 
this unlimited authority the Government becomes an impor- 
tant factor relative to many western projects which otherwise 
would be controlled solely by the state concerned. 


FEDERAL JURISDICTION OvER NAVIGABLE STREAMS 


The interests of navigation which supply the basis for the 
second element of Federal jurisdiction over certain water-power 
projects are derived from the fundamental law. The Constitu- 
tion makes no reference to water power or navigation as such, 
but Section 8 of Article 1 embraces the following phrase: 

The Congress shall have power . . . to regulate commerce with 


foreign nations, and among the several States, and with the Indian 
Tribes. 


By these few words the states surrendered to the central Gov- 
ernment vast power under which many forms of Federal activity 
have grown up, including the control of the waterways used or 
useful for the transportation of persons or property in inter- 
state commerce. The definition of navigable waters subject 
to the control of Congress has been the subject of much contro- 
versy. A long line of court decisions has failed to lay down 
a precise rule by which the jurisdictions of the state and national 
governments may be segregated with assurance. Whether a 
stream is navigable or not seems to be a mixed question of law 
and fact. On this point one of the clearest statements of the 
Supreme Court is that found in the decision in the case of United 
States vs. Holt State Bank (270 U.S. 49, 56) which said: 


The rule long since approved by this Court in applying the Con- 
stitution and Laws of the United States is that streams or lakes 
which are navigable in fact must be regarded as navigable in law; 
that they are navigable in fact when they are used, or are suscep- 
tible of being used, in their natural and ordinary condition, as high- 
ways for commerce, over which trade and travel are or may be con- 
ducted in the customary modes of trade and travel on water; and 
further that navigability does not depend on the particular mode 
in which such use is or may be had—whether by steamboats, sailing 
vessels, or flatboats—nor on an absence of occasional difficulties in 
navigation, but on the fact, if it be a fact, that the stream in its nat- 
ural and ordinary condition affords a channel for useful commerce. 


While uncertainty will arise relative to the navigable status 
of individual streams, it is evident that many of the country’s 
waterways are subject to Federal jurisdiction, and by the act 
of March 3, 1899, Congress decreed that ‘‘any obstruction not 
affirmatively authorized by Congress to the navigable capacity 
of any of the waters of the United States is hereby prohibited.” 
This law has been construed to apply not only to all structures 
placed in waters actually navigable, but also to such obstruc- 
tions on non-navigable tributaries which have the effect of sub- 
stantially impairing the use of “navigable waters’ lower down 
on the stream. 

From the foregoing, it is apparent that even though the sepa- 
rate states possess the right to control the use and develop- 
ment of waters within their borders, the National Government 
with its land ownerships and responsibility to navigation holds 
a basis for participation in the authorization of many water- 
power projects. Under existing law the administration of these 
interests is vested with the Federal Power Commission created 
in 1920. Prior to 1920 authorization for projects encroaching 
upon Government land or in navigable waters was obtained in 
various forms and from various agencies. Quite a number 


were sanctioned by direct grants from Congress. Many others 
were authorized under general legislation through permits issued 
by whatever Government agency happened to have jurisdiction 


over the property involved. These permits were of a revocable 
nature, and the difficulty of financing the cost of large works 
on leaseholds subject to bureaucratic vagaries led to a demand 
for legislation which would serve to promote the development 
of water resources. 


PurpPosE OF FepERAL WATER-POWER ACT 


After many years of discussion the Federal water-power act 
was passed in 1920. It aimed to provide a uniform policy under 
which all of the permissive actions of the Government might be 
managed. It authorized the granting of licenses which are in 
the nature of limited leases for 50 years. Development by 
private capital or public agencies was encouraged to the fullest 
extent practicable by limiting hampering restrictions and ad- 
ministrative fees to a minimum. Moreover the licensee was 
assured a stable tenure by the guarantee of reimbursement for 
the cost or fair value of improvements in case the lease should 
not be renewed upon its termination. The law thoroughly 
recognizes the principle that the exercise of Federal jurisdic- 
tion should be subordinated to that performed by the states 
in their rightful fields. 

In preference to setting up an entirely independent agency 
for carrying out the functions of the law, Congress chose to 
have the work continued by the technical staffs of the depart- 
ments. The necessary correlation of effort was accomplished 
by composing the Commission of the heads of the three de- 
partments concerned and providing it with a small headquarters 
staff. Pursuant to recommendation by the President, the last 
Congress authorized the substitution of full-time commissioners 
in order that the cabinet-officer members might be permitted 
to give undivided attention to the management of their depart- 
ments. 

The law has now had ten years of trial, and it seems appro- 
priate that inquiry be made about what has been accomplished 
and whether it is serving to encourage water-power develop- 
ment as intended. As mentioned heretofore, this decade has 
been characterized by enormous growth and expansion in the 
electric industry. In this period the consumption of electrical 
energy has increased 137 per cent, while the population has 
grown only 16 per cent. Today we are using more than twice 
as much power per capita as we were ten yearsago. The rapidly 
expanding demand has created the need for huge new sources 
of production, and many noteworthy water-power plants have 
been constructed. 


ACTIVITIES OF FEDERAL PowER CoMMISSION 


A substantial proportion of the new construction has been 
carried forward under the provisions of the Federal water- 
power act. Altogether the Commission has granted licenses 
for 449 projects, but only 107 of these are in the so-called major 
classification which embraces the developments larger than 
100 hp. The rest relate to minor projects and segments of 
transmission lines crossing Government land. The geographi- 
cal distribution of the licensed projects shows great concentra- 
tion in the western states. California alone accounts for more 
than a third of the 449 projects, while the three Pacific Coast 
states together have just about half of the total number. Less 
than 10 per cent of the projects authorized are situated east 
of the Mississippi River. In most of the western cases the 
Government’s jurisdiction arises from land ownership, while 
the limived number in the East are due almost entirely to navi- 
gation interest. Although few in number, the projects related 
to navigation sre generally of large size. 

The license: of chief importance are those covering the 107 
major projects. These range in magnitude from small plants 
of several hundred horsepower constructed to serve isolated 
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mining developments or small communities, to great public- 
utility developments of several hundred thousand horsepower. 
The giant generating stations at Niagara, at Conowingo, and 
on the Sierra Nevada streams of California furnish conspicuous 
examples of the large modern stations carried out under the 
existing Federal legislation. Obviously, many of the proposed 
projects involve questions of a highly controversial nature, but 
in handling applications the Commission has moved with such 
diligence and dispatch that no complaint has been made that 
construction has been unduly delayed on any legitimate project 
or that essential interests of the public have not been adequately 
safeguarded. During the past year the Commission has granted 
licenses which authorize the installation of more than 1,000,000 
hp. It is anticipated that the immediate construction of these 
projects will contribute measurably toward the improvement of 
employment conditions and the stimulation of industrial develop- 
ment in the localities affected. During the same period, 30 ap- 
plications were rejected pursuant to the Commission’s endeavors 
to prevent favorable sites from falling into the hands of specu- 
lative enterprises which are unprepared to proceed with con- 
struction. 


AGGREGATE CaAPaAciTy OF WaTER-PoWER PLANTS UNDER 
LICENSE 


The aggregate capacity of plants under license which have 
been completed and placed in operation now amounts to about 
2,600,000 hp. This comprises approximately 25 per cent of 
all the water-power capacity, and slightly less than 6 per cent 
of the total generating capacity in public-utility service. The 
Commission has no jurisdiction in respect to water-power de- 
velopments other than the projects under license, and thus it 
is apparent that the scope of its authority in respect to the 
electrical industry as a whole is comparatively limited. Con- 
trary to popular impression, the Commission has almost no 
jurisdiction in the field of rate regulation. The law specifically 
limits the exercise of such functions by the Commission to those 
licensed projects not controlled by state regulation, and since 
practically all the states embracing licensed projects are super- 
vising public-utility rates, there has been little room for the 
Commission to engage in this business. 

Since the authority of the Commission is by no means exclu- 
sive in respect to the licensed projects, the administration of 
the law has required close correlation with the activities of 
the state agencies. In general, these relations have been en- 
tirely harmonious and mutually helpful, but at times there 
has been complaint that the Commission was stretching its 
authority unduly. These complaints have related mostly to 
jurisdiction over projects located entirely on private land 
along non-navigable tributaries, where the Commission has 
assumed that the operation of the project works might serve 
to impair the use of navigable waterways lower down on the 
stream. The Commission’s powers over such developments 
are rather vague and indefinite under the law, and a num- 
ber of the states have challenged the Government’s constitu- 
tional authority. They assert that the assumption of jurisdic- 
tion in such cases constitutes a serious invasion of the rights 
of the states, and interferes unnecessarily with developments 
of strictly local concern. For guidance in the matter the Com- 
mission has recently obtained an interpretation of the law from 
the Attorney General of the United States. This opinion holds 
that the Commission, in such cases, may grant licenses embody- 
ing terms restricted to those necessary for the protection of 
navigation. The states do not contest or object to reasonable 
exercise of the Government’s functions in safeguarding navi- 
gation, and water-power licenses designed for this specific pur- 
pose will probably be acceptable to them. By thus harmonizing 
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the respective jurisdictions of the State and Federal govern- 
ments so that each may be effective in its proper field, a threaten- 
ing shadow on the operation of the law will be removed. 

With the extensive construction of new hydroelectric projects 
recently, it is somewhat surprising to find that the proportion 
of the energy requirements now generated from water power 
is practically the same as it was ten years ago. We are still 
producing only slightly more than a third of the country’s public- 
utility needs from water power, and manufacturing the rest 
in fuel-burning stations. When the factors bearing on the 
situation are examined, some doubt is occasioned as to whether 
water power will be able to maintain as large a share of the in- 
creasing business of the future. We are in a period of great 
shifting of fundamental economic conditions. The tremendous 
production of cheap fuel supplies, the low cost of their distri- 
bution, and the remarkable improvements in machinery used 
for their transformation into electrical energy, have largely 
dispelled the popular notion about the advantages of water 
power. Even in the regions of abundant water-power resources 
there is a marked increase in the dependence placed on fuel- 
generated energy. Other factors which are restricting wider 
use of the water-power resources include the high cost of trans- 
mission to distant load centers, the deficient water supplies 
due to severe and repeated droughts, the increase of obstruc- 
tive litigation, the tendency to make water-power developments 
the object of political controversies, and the imposition of special 
tax burdens on this particular form of power generation. It 
is evident that under present conditions the development of 
water power is faced with the keenest sort of competition by 
steam plants, and notwithstanding the encouragement extended 
by the Federal law the undertaking of new projects will depend 
largely upon a full measure of public cooperation. 


Discussion 


Guipo H. Marx.? To the student of the conservation move- 
ment in our country familiar with the issues involved in the 
long campaign which culminated in Public Act No. 280 of the 
66th Congress, known as the Water Power Act, this paper— 
emanating from the Executive Secretary of the Federal Power 
Commission, the executive officer primarily concerned with 
seeing that the act’s provisions protecting the rights and interests 
of the general public are effectively exercised—is more than a 
disquieting one; it is one which should stir him to pro_est and 
action. 

To discuss in detail the departure of its philosophy from that 
of the act which the Power Commission is supposed to enforce 
would require space equal to that occupied by the paper itself. 
It is desirable, therefore, to limit th's discussion to two points 
only of the many which should be taken up. 

(1) The author says, “It has been recognized that electrical 
power must of necessity be consumed in the immediate vicinity 
of its place of production,’’ and upon this he rests his argu- 
ment for state regulation with a “minimum interference” by 
Federal authority. To engineers possessing even the most ele- 
mentary knowledge of present-day electrical transmission of 
power the statement is known to be the direct antithesis of the 
actual fact, and the argument based upon it is a8 invalid as the 
foundation is worthless. A large part of the admitted failure 
of state regulation of public utilities can be laid directly at the 
door of lack of coincident jurisdiction. 

In a pamphlet issued by the Guarantee Trust Company of 
New York (surely not a Bolshevistic source) under date of Sep- 


? Professor of Machine Design, Stanford University, P. O. Stan- 
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tember 15, 1920, entitled “Our Vast Unused Energy,” and con- 
taining a reprint of the act in question, there is this interpre- 
tation of the regulatory powers conferred upon the commission: 


Public service enterprises are subjected to control of service and 
rates by state commissions where such exist, and where such a state 
commission is not in existence, the Federal Power Commission is 
authorized to regulate and control service, rates, and the issuance 
of securities. When the power or any part of it enters into interstate 
or foreign commerce, the rates of service must be reasonable, just, 
and non-discriminating. Briefly, this involves a degree of control 
in the field of power development and distribution between states 
comparable to that exercised over railways by the Interstate Com- 
merce Commission. 


In the present writer’s mind the query arises whether the atti- 
tude of relinquishment shown in the paper by this executive 
officer does not amount to nonfeasance. 

One minor question in passing; one wonders what is meant 
by the phrase “to prevent favorable sites from falling into the 
hands of speculative enterprises which are unprepared to pro- 
ceed with construction.” Is this the method employed by the 
Commission to encourage that sturdy individualism we have been 
hearing so much about? Among the unenlightened there might 
be some who would construe the words to imply that those not 
affiliated with the great pecuniary interests, popularly known 
as the “power trust,’’ may more hopefully expend their efforts 
of initiative in some other line of ‘private enterprise.” 

(2) The discussion of the relative economic merits of water 
or fuel power which closes the paper, with an attempt to mini- 
mize the importance of the water-power issue, can scarcely 
mislead a group of engineers who are accustomed to analyze 
the differences between permanent real values and temporary 


pecuniary values. It is little less than tragic that a Federal 
administration from whom engineers, in general, had hoped so 
much in achievement and prestige should have no more depend- 
able sources to inform them of the temper of the people, not 
to mention their will as expressed in their executed law. Some 
of the consequences can be seen in the results of the recent elec- 
tions as shown in New York, Pennsylvania, Tennessee, Ne- 
braska, and elsewhere. 


Nots: Following the presentation of Mr. Bonner’s paper 
and the reading of the letter from Professor Marx, an oral dis- 
cussion developed. The consensus of opinion expressed was 
strongly in support of the principles advocated in Mr. Bonner’s 
paper. It was deemed desirable that the impartial and unbiased 
viewpoint of the engineering profession on these questions be 
made available to governmental bureaus desiring it, and to the 
public. This led to the preparation of the following resolution. 


Resolved, That the Hydraulic Division recommend to Council 
that it sponsor the formation of a committee to be known as the 
Engineers Water-Power Policy Committee, and that the committee 
be composed of five members, two of which are to be appointed 
by the American Engineering Council, one by The American Society 
of Mechanical Engineers, one by the American Institute of Elec- 
trical Engineers, and one by the American Society of Civil Engineers. 


[The resolution was presented to the Council by Ely C. Hutchin- 
son, and the Council voted to transmit it to the American Engi- 
neering Council with the suggestion that a committee corre- 
sponding to the one mentioned in the resolution be set up in the 
American Engineering Council to deal with this matter. Similar 
action was taken by the American Society of Civil Engineers 
and the American Institute of Electrical Engineers.—Ebpiror. } 
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Calibration of a Large Nozzle 


By JOHN R. DuPRIEST,' MINNEAPOLIS, MINN., ann JAMES H. POLHEMUS,? PORTLAND, ORE. 


In testing large centrifugal pumps it is difficult to de- 
termine the amount of water that is being handled. In 
many cases the quantity is so great it is almost impossible 
to determine it by the ordinary field weighing system. 
The use of standard test nozzles offers a simple means of 
determining the capacity of large pumps, but the nozzles 
must be accurately calibrated. The authors made a test 
of three pumps by laying about 1000 ft. of pipe behind a 
dredge and attached standard nozzles to the end of the 
pipe line for calibration purposes. The quantity of water 
flowing was determined by the salt-solution method. 


N the testing of large centrifugal 
pumps one of the difficult tasks is to 
determine the amount of water being 

handled by the pump. In many cases 
the quantity is so great that it is prac- 
tically impossible to determine it by any 
ordinary field weighing system. 

There are several methods used to de- 
termine the capacity of large pumps, and 
each method has advantages and disad- 
vantages, depending on the conditions 
under which the tests must be made. 
Standard test nozzles offer a very simple 
means of determining the capacity of large pumps, but the nozzles 
must be very” accurately calibrated in order to insure trust- 
worthy results. 


J. R. DuPriest 


1 Professor of Mechanical Engineering, University of Minnesota. 
Mem. A.S.M.E. Mr. DuPriest was graduated in 1901 from Virginia 
Polytechnic Institute with B.S. in E.E. In 1901-1905, in charge 
of mathematics and shop work in high schools at Marion, S. C., 
and at Clearfield, Pa.; 1905-1906, drafting and design with General 
Electric Company, Ingersoll-Rand Company; 1906-1909, designer 
on steam and gas engines with the C. & G. Cooper Co., Mt. Vernon, 
Ohio; 1909-1911, chief engineer, Columbus Machine Company, 
Columbus, Ohio; 1911-1920, instructor at Cornell University and 
at University of Wisconsin, and professor at University of Idaho 
and Rensselaer Polytechnic Institute; 1920-1921, consulting 
engineer, Ellicott Machine Corporation, Baltimore, Md., and was 
sent abroad to study designs of special machinery; 1921-1927, 
consulting engineer for the Port of Portland, designing the main 
pump on the new Diesel-electric dredge Clackamas; 1927 to date, 
head of Department of Mechanical Engineering, University of 
Minnesota. 

? General Manager and Chief Engineer, Port of Portland. Mr. 
Polhemus was graduated from Leland Stanford, Jr., University in 
1910. He became connected with the Port of Portland in 1920 
after having been the general manager and chief engineer of the Coos 
Bay Ship Building Company from 1917 to 1920, during which time 
this company built twelve ships for the United States Shipping Board. 
Prior to 1927 he served as an assistant engineer for the U. S. Engi- 
neer Department for some six years. During the last three years 
he was in charge of the river and harbor improvement work in 
southern Oregon, an interesting work in that district at that time 
being the dredging for the Coos Bay ocean bar with a seagoing dredge. 
This was the first successful bar dredging of this nature on the rough 
exposed North Pacific coast harbors. In his present position he 
has designed, built, and operated some of the largest and most 
modern hydraulic pipe-line dredges in this country. 

Contributed by the Hydraulic Division and presented at the Semi- 
Annual Meeting, Birmingham, Ala., April 20 to 23, 1931, of Tur 
AMERICAN SocrETY OF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Fig. 1 shows dimensions of a set of nozzles which have been 
used for many years for the testing of large hydraulic dredge 
pumps and which are considered standard for such work. 

Some time ago the authors were engaged in research work to 
collect data on large dredge pumps preparatory to building the 
large Diesel-electric dredge Clackamas for the Port of Portland. 
When this work was under consideration the question arose 
as to the methods to be used for testing the pumps, and naturally 
the nozzle method was suggested on account of its simplicity. 

Since the work to be done was of great importance, it was 
highly desirable that the results be as accurate as it was possible 
to obtain from field tests; therefore every 
phase of the work was very carefully 
studied. 

One of the first questions therefore to be 
considered was the accuracy of the nozzle 
method for such tests. 

Investigation showed that a coefficient 
of discharge of 0.94 had been established 
for this set of nozzles for all operating 
conditions and had been applied to many 
tests over a long period of years. No one 
seemed to know just when this coefficient 
was established or by whom. 

The authors were not just satisfied as 
to the accuracy of this coefficient and decided to make an effort 
to recalibrate the set of nozzles. From the design of the nozzles 
one would hardly expect a very high coefficient, and also it did 
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TABLE 1 NOZZLE COEFFICIENT DATA OF DREDGE “TUALA 
TIN,” TEST NO. 1 


Nozzle Static Velocity Total 
Pipe-line pressure, head on head at head on Discharge 
Pump velocity, lb. per nozzle, base of nozzle, coefii- 
speed, ft. per sq. in. at ft. at nozzle, ft. at cient 
r.p.m. sec. gage ft 
(1) (2) (3) (4) (5) (6) (7) 
Nozzle Diameter, 8 In. 
185 3.65 20.5 48.65 0.21 48.86 0.892 
215 4.29 28.1 66.15 0.29 66 .44 0.862 
245 4.93 5 7.85 0.38 88.23 0 857 
275 5 56 48 0 112.25 0 48 112.73 0.857 
314 6.39 63.0 147.05 0.63 147.68 0.862 
Nozzle Diameter, 10 In. 
190 5.59 19.3 45.85 0.49 46.34 0. 864 
215 6.41 25.3 59.75 0.64 60. 39 0.865 
245 7.39 34.0 79.75 0.85 80.60 0. 863 
275 8.38 43.8 102.45 1.09 103. 54 0.863 
306 9.37 55.0 128.35 1.36 129.71 0.863 
Nozzle Diameter, 12 In. 
195 7.90 18.0 2.85 0.97 43.82 0. 867 
215 8.75 22.3 52.75 1.19 53.94 0. 866 
245 10.0 30.0 70.55 1.55 72.10 0.857 
275 11.3 38.6 90.35 2.03 92.38 0.852 
298 12.2 45.8 107.25 2.39 109.64 0.850 
Nozzle Diameter, 14 In. 
200 9.89 16.0 38.25 1.51 39.76 0.839 
220 10.9 20.0 47.45 1.85 49.30 0.830 
240 11.9 24.1 56.85 2.20 59.05 0.826 
260 12.9 28.6 67.35 2.58 69.93 0.825 
288 14.2 35.4 83.05 3.14 86.19 0.818 
Nozzle Diameter, 16 In 
205 12.3 12.9 31.05 2.37 33.42 0.875 
225 13.5 16.0 38.25 2.84 41.09 0.862 
245 14.7 19.6 46.45 3.36 49.81 0.852 
260 15.6 22.5 53.25 3.78 57.03 0.843 
276 16.5 25.5 60.15 4.24 64.39 0.842 
Nozzle Diameter, 20 In. 
160 11.8 3.0 8.19 2.09 10.28 0.945 
185 13.3 4.6 11.90 2.74 14.64 0.905 
210 14.9 6.6 16.93 3.45 20.37 0. 864 
235 16.5 8.9 21.85 4.25 26.10 0.846 
264 18.5 11.0 26.65 5.32 31.97 0.856 
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TABLE 2) NOZZLE COEFFICIENT DATA OF DREDGE “TUALA- 
TIN,” TEST NO. 2 


Nozzle Static Velocity Total 
pressure, head on head at head on 
Pump  Pipe-line’ Ib. per nozzle, base of nozzle, Discharge 
speed, velocity, sq. in. at ft. at nozzle, ft. at coefficient 
r.p.m, ft. per sec. gage ft. 
(1) (2) (3) (4) (5) (6) (7) 
Nozzle Diameter, 8 In. 
155 3.1 13.1 31.45 0.15 31.60 0.900 
196 4.2 24.1 56.75 0.27 57.02 0.909 
Fig. 1 Port or Portnanpn Test = 03 0 oon 
308 6.5 63.2 147.15 0.66 147.81 0.875 
Nozzle Diameter, 10 In. 
185 5.5" 19.3 45.75 0.47 46 22 0.850 
fe 215 6 27.0 60.15 0.68 60.83 0. 888 
2 245 7.6 35.4 $2.75 0.90 83.65 0.871 
275 5 44.9 104.55 1.12 105. 67 0. 866 
° 1 299 9.2 54.2 126.25 1.32 127.57 0.854 
a 
Pe Nozzle Diameter, 12 In. 
195 18.5 43.85 1.02 44.87 0. 880 
c 220 9.2 24.5 57.75 1.31 59.06 0.872 
4 245 10.3 30.8 72.25 1.64 73.89 0. 862 
> 270 11.3 37.9 7.30 1.96 89.27 0. 866 
5 289 12.0 44.0 102.55 2.24 104.79 0.851 
= Nozzle Diameter, 14 In 
> 190 9.8 14.5 35.65 1.49 37.14 0.851 
6” | 215 19.4 45.85 1.90 47.75 0.855 
c | 240 12.3 24.5 57.65 2.36 60.01 0.850 
a F, 265 13.6 30.2 70.75 2.87 73.62 0.847 
4 | 281 14.4 34.3 80.25 3.24 83.49 0.844 
Maximum Conditions Nozzle Diameter, 16 In 
| 165 10.1 8.0 19.66 1.57 21.23 0.893 
- 190 11.6 11.5 27.75 2.07 29.82 0. 866 
0 | i EE | 215 13.0 15.3 36.55 2.64 39.19 0.850 
, 60 100 140 180 220 260 300 340 245 14.8 20.1 47.55 3.40 50.95 0.848 
Pump Speed in R.p.m 274 16.5 25.4 59.75 4.25 64.00 0.846 
Fig. 2 Nozzle Diameter, 20 In 
=" 185 13.5 4.0 10.46 2.81 13.27 0.964 
205 15.2 5.9 14.85 3.59 18.44 0.924 
20 225 16.9 8.0 19.68 4.43 24.11 0.900 
240 18.2 9.6 23.37 5.15 28.52 0.890 
256 19.6 11.6 27.97 5.96 33.93 0.880 
a 6 TABLE 3 NOZZLE COEFFICIENT DATA OF DREGSDGE “TUALA- 
L TIN,” TEST NO. 3 
a Nozzle Static Velocity Total 
pressure, head on head at head on 
ae Pump Pipe-line Ib. per nozzle, _ base of nozzle, Discharge 
c i2f— ~ speed, velocity, sq. in. at ft. at nozzle, ft. at coefficient 
r.p.m. ft. persec. gage ft. 
© | (1) (2) (3) (4) (5) (6) (7) 
5 Nozzle Diameter, 8 In. 
rt. oa 215 4.6 32.0 75.05 0.33 75.38 0.870 
=H 235 5.1 39.1 91.45 0.41 91.86 0.871 
© 250 5.5 45.0 105.05 0.46 105.51 0.870 
ce | 265 5.8 51.2 119.25 0.52 119.77 0.870 
7 | 286 6.3 61.0 141.95 0.62 142.57 0.865 
o | Maximum Condiitions | Nozzle Diameter, 10 In. 
Line 195 6.2 23.0 54.25 0.60 54.85 0. 882 
| | 215 6.9 28.2 66.25 0.75 67.00 0. 889 
0 | | | 235 7.6 34.2 80.15 0.89 81.04 0. 884 
: 255 8.3 41.0 95.75 1.06 96.81 8 
60 100 140 180 220 260 300 340 377 9.0 49.2 114.75 1.26 116.01 0.875 
Pump Speed in R.p.m. : 
Nozzle Diameter, 12 In. 
4 Fig. 3 200 8.8 21.5 50.85 1.21 52.06 0. 892 
ah 220 9.7 26.5 62.35 1.46 63.81 0.885 
235 10.3 30.4 71.35 1.66 73.01 0.877 
20 250 11.1 34.8 81.45 1.90 83.35 0.880 
267 11.8 40.0 93.55 2.16 95.71 0.876 
° A 16" Nozzle Diameter, 14 In 
16 155 7.6 11.5 27.75 0.90 28.65 0.759 
o 180 9.4 15.0 35.85 1.37 37.22 0.825 
= -/4" 205 11.0 19.6 46.45 1.88 48.33 0.847 
+ 230 12.5 25.3 59.65 2.43 62.08 0.848 
WA, 257 14.1 32.0 75.05 3.08 77.33 0.856 
12 | /2 
Nozzle Diameter, 16 In. 
165 10.3 9.4 1.65 24.60 0.850 
3 | Ja 10” 185 11.6 11.7 2.10 30.35 0. 862 
2 205 13.0 14.8 2.62 37.97 0.862 
225 14. 18.5 3.12 26.97 0.857 
~ 8” 248 16.0 23.1 3.97 58.52 0.856 
Nozzle Diameter, 20 In. 
1 13.1 4.2 10.95 2.67 13.62 0.92: 
a 4 “a —| —. 190 14.7 5.3 13.45 3.36 16.81 0.93: 
a | Maximum Conalitrons Line 205 16.2 6.8 16.95 4.06 21.01 0.924 
220 17.7 8.5 20.85 4.85 25.70 0.911 
| 234 19.2 10.3 25.05 5.71 30.76 0.90 
0 
60 100 140 180 220 260 300 340 Figs. 2, 3, aNp 4 (Lerr) Curves For 
Pump Speed in pom Tests or THREE Pumps 


Fig. 4 (Nozzle 1089 ft. behind dredge.) i 
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not seem reasonable that the same coefficient would hold for all 
cozzles of the set during wide variations in pressure and while 
L/D was changing so much. 

Finally it was decided to lay about 1000 ft. of pipe behind the 
dredge and attach the nozzles to the end of the pipe line for 
calibration purposes. This procedure was used during complete 
tests of three pumps, and the results are given in this paper. 

The quantity of water flowing was found by determining the 
pipe-line velocity by the salt-solution method, and it is believed 
that the results found in this way are as accurate as could be 
obtained under the circumstances. Data from these tests plot 
up in families of curves, which enables errors of observation to 
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be very easily detected. Pipe-line-velocity curves for the three 
tests are shown in Figs. 2, 3, and 4, and the results seem con- 
sistent. 

The coefficients of discharge for the nozzles were found from 
the equation 


Q = CA V 


where Q = cu. ft. of water per sec. 
A = area of nozzle in sq. ft. 
h = total head on nozzle at center line in ft. 


Tables 1, 2, and 3 give observed and computed data for cal- 
culating values for C, and these data were obtained from curves 
shown in Figs. 2 to 10. 

Total head on the nozzle was found as follows: 
were read just ahead of the nozzle, and line pressures just behind 
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the dredge. These pressures were plotted up as shown in Figs. 
5 to 10 to smooth out errors. Pressures were then read from 
the curves for chosen speeds, and to these values were added 
velocity-head and gage-elevation corrections. 

Curves for the coefficients of discharge as a function of head 
on the nozzle for each nozzle are given in Figs. 11 to 16, and 
Fig. 17 shows curves for all nozzles plotted to the same scales, 
but displaced vertically. 

The method of drawing the curves for the different nozzles 
was as follows: A pencil curve was drawn through each set o! 
points for a nozzle as though only one set of data was available; 
values were then read from the three curves for selected head~ 
and the averages of these readings were used in plotting the 
final curves. 

As was expected, the different nozzles gave different coeffi- 
cients since L/D varied over a wide range and also the heads 
varied a great deal. The coefficients found are all much lowe! 
than the value 0.94 which has been used in the past, and it is 
interesting to note that the 14-in. nozzle gave the smallest 
coefficient. 

The authors were a little surprised at the results when first 
obtained, but a careful review of all data and computations 
indicated that the work was free from numerical errors, 20d 
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further study of the question made the results seem more reason- 
able. 

A nozzle placed on the end of a pipe will act in quite a different 
way from a nozzle attached to the side of a tank. If the length 
of a nozzle attached to a tank approaches zero, the result is an 
orifice in a thin plate, and the coefficient will be near 0.6, whereas 
with the set of nozzles attached to a pipe, of the same diameter 
as the largest nozzle connection, as the nozzle is shortened the 
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final result will be an open-end pipe with a coefficient approach- 
ing unity. 

Inspection of Fig. 1 shows that the design of the set of nozzles 
is such that each nozzle is a frustum of a cone and that the exit 
side of each nozzle has a very sharp edge which would be expected 
to give a low coefficient of discharge. The nozzles cannot be 
changed to improve the bad exit conditions if they are to be 
assembled to form a set as in Fig. 1. 

After finding by experiment that the lowest coefficient of 
discharge was for the 14-in. nozzle, further study was under- 
taken to determine the reason for this result and to find out 
if possible just where the lowest value might fall. Curves were 
plotted, as in Fig. 18, showing coefficients of discharge against 
area of nozzles for constant discharge heads on the nozzles, and 
it appeared that the minimum value for the discharge coefficient 
would occur for a nozzle slightly larger than 14 in. 

With constant head on the nozzles, the only variables are 
L and D; therefore some relation was sought between these 
dimensions which might have a critical value when the coefficient 
wasa minimum. After studies were made along several different 
lines, it was found that when the product of L K D was plotted 
against the area of the nozzle, the curve shown in Fig. 18 was 
obtained, which appeared to have a critical value just beyond 
the 14-in. nozzle point. 

This result suggested an analysis by the calculus, and it was 
then found that the maximum value for L xX D, regardless of 
the nozzle angle, always occurred at a point where the diameter 
of the nozzle was one-half the diameter at the largest end. 

Now since L X D was found to have a critical value and also 
the coefficients of discharge showed critical values, curves were 
plotted between these two sets of data, giving the very interesting 
results shown in Fig. 19. 

The authors have no explanation just now to offer for these 
apparently unusual results, but it is believed, if sufficient data 
were available and all factors affecting loss through a nozzle 
were taken into consideration, that a satisfactory analysis of 
this problem could be made. 

As mentioned, the coefficients found for this set of nozzles 
are much lower than the value 0.94 which has been used in the 
past; however, the data were very carefully observed, and in 
working up the results care was taken to smooth out errors of 
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observation, and also numerical work was thoroughly checked. 
It is believed, therefore, that the results given are substantially 
correct for the conditions under which the nozzles were calibrated. 

It should be noted here that in making comparisons with 
dredge-performance data, which have been obtained by using a 
value of C = 0.94, capacities and efficiencies will be too high for 
all such tests. 

Another point of interest in this connection is that it is com- 
monly stated that any nozzle is equivalent to a definite length 
of pipe line under all conditions of operation. 

The curves shown in Fig. 20 give pipe-line lengths against 
static pressures for various size nozzles, and it was found that 
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the length equivalent to a given size nozzle increased as the 
static pressure at the center line of the nozzle increased. 

The authors realize that the nozzle discussed in this paper is of 
such a large size that very few engineers will have occasion to 
make use of the data and results presented. It is hoped, however, 
that this discussion will create some interest in the general subject 
of nozzles for measuring the flow of water and perhaps lead other 
engineers to follow up this work on perhaps smaller nozzles of 
similar design with the result that something of real value may 
soon be added to the meager literature on this subject. 

The nozzle offers a very simple means of measuring the flow ot 
water, and it would seem that it would be well worth while to de- 
velop a few standard sizes of the type discussed in this paper 
which could be calibrated and which would then serve as an ac- 
curate and rapid method of determining the flow of water over 
very wide ranges of operating conditions. 


Discussion 


Sanrorp A. Moss.* The authors are to be congratulated 
on the great gain in accuracy that they have secured by use of 
an actually determined coefficient of discharge, instead of the 
single uncertain value of 0.94 previously in use. No doubt the 
existing conical nozzles gave the best solution of the authors’ 
problem. It seems, however, that a better method is possible, 
which will give still more accurate results, and that any future 


3 Mechanical Engineer, Thomson Research Laboratory, General 
Electric Co., West Lynn, Mass. Mem. A.S.M.E. 
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problem of this type will be better solved by the more accurate 
method. 

This method is the use of a nozzle with well-rounded approach, 
and calibration by means of an impact tube traverse in the jet 
discharged from the nozzle. As an actual fact, enough data 
exist with respect to nozzles with well-rounded approach to give 
results accurate to less than 1 per cent, without any calibration 
whatever. Such nozzles with well-rounded approach have dis- 
charge coefficients which are very close to 0.99 for the conditions 
of the authors’ problem, and an easily made calibration would 
give actual variation of values between about 0.985 and about 
0.995. 

The jet discharged from a conical nozzle usually has some con- 
traction, so that there is a point of minimum diameter shortly 
beyond the nozzle end. If the authors have any photographs 
of the actual appearance of the jet, it would be interesting to 
include them in the paper, and there is no doubt that they would 
show this contraction. A proper nozzle with well-rounded ap- 
proach ends with a throat having a parallel portion of sufficient 
length to properly size the jet, usually about half the diameter, 
so that the jet leaving the nozzle has the exact diameter of this 
parallel portion. It is furthermore to be assumed that the 
curve of the nozzle just preceding the parallel portion is very 
gentle and blends into the parallel portion smoothly. A curve 
with a radius equal to 4/3 times the nozzle diameter, and tangent 
to the parallel portion, gives a satisfactory profile. This curve 
need only extend for a length equal to '/, the nozzle diameter 
preceding the parallel portion, and there may be a smaller radius 
preceding, such as '/, the diameter. A nozzle practically of 
such a shape was used by the Bureau of Standards in some mea- 
surements of air flow (Bureau of Standards Research Paper, 
No. 49). 

A series of such nozzles, each with a different throat diameter, 
could be independently bolted to the end of the 29-in. pipe. 
The cost of such a series, each to be used independently on the 
end of the 29-in. pipe, would be but little more than the cost 
of the set of successive cones which the authors actually used. 
The coefficients mentioned apply to cases where the nozzle 
diameter is about '/, the pipe diameter or less. However, tak- 
ing account of the contraction which must have existed with 
the conical nozzles, a 15-in. nozzle with well-rounded approach 
would probably have discharged the same quantity of water 
as the 16-in. nozzle that the authors used. This would leave 
only the 20-in. nozzle as being outside the range of the coeffi- 
cients mentioned and with which fairly accurate results could be 
obtained without calibration. However, even a 20-in. nozzle 
with well-rounded approach could be used if complete calibration 
was made. With such nozzles with well-rounded approach, 
the nozzle pressure is most conveniently found by an impact 
tube in the jet discharged from the nozzle, situated at the center 
of the jet and a short distance ahead of the plane of the nozzle 
end. Such an impact tube is very easily located and gives the 
total nozzle pressure, including velocity head, without requir- 
ing any computation of the approach velocity in the pipe. The 
jet discharged by such a nozzle with well-rounded approach 
has a constant velocity throughout the cross-section, except 
for a narrow rim extending in a short way from the outer sur- 
face of the jet. The calibration of such a nozzle is made by 
making a traverse, with a very small impact tube, of this rim, 
finding the differential pressure between a point at a known 
distance from the edge of the jet and the impact tube in the 
center of the jet. This method was first used with nozzles by 
John R. Freeman, and it is described in a number of papers 
in the Transactions of the American Society of Civil Engineers.‘ 


‘Trans. A.S.C.E., no. 426, vol. 21, Nov., 1889; no. 479, vol. 
24. June, 1891: and vol. 13, p. 382. 


This method is also described in a paper in the Transactions of 
the American Society of Mechanical Engineers. The same 
method was used in the Bureau of Standards paper quoted. 

The authors may fairly be asked if such a type of nozzle and 
such a calibration would have been more accurate and easier 
to execute than the method they used, of course assuming that 
a proper set of nozzles was available. 


J. M. Sperrzauass.6 The data disclosed by the authors bring 
to light a very interesting point in the behavior of fluid flow 
through a converging nozzle. The test nozzle of constant angle 
shown by the authors has the form of the approach side of the 
Herschel venturi. Here in the United States the term “‘venturi”’ 
designates a tube starting with a converging approach of a con- 
stant angle leading to a throat and terminating with a receding 
angle smaller than the approach. In European countries, es- 
pecially in Germany, the approach side of the venturi is a well- 
rounded nozzle, so that the term*“‘venturi’”’ in that case has 
reference only to the receding part of the venturi, while the ap- 
proach part is the same as any other well-rounded nozzle. 

When the writer visited in Germany in 1927, he was surprised 
to find that the German engineers deviated from the Herschel 
type of venturi construction. Upon inquiry, he was told that 
such construction brings about a more uniform coefficient. A 
mathematical analysis of the case proved that the rounded ap- 
proach of the same roughness will result in a smaller and more 
uniform drop of pressure through the approach to the throat 
of the venturi or nozzle. Since the friction drop through the 
approach is what reduces the value of the coefficient in propor- 
tion to the square root of that drop, any variation in this drop 
of pressure results in variation of the value of the venturi coeffi- 
cient. 

When the paper was read, the writer immediately realized 
the explanation for the results which the authors thought were 
unusual. In the analysis by the calculus the authors found 
“that the maximum value for L xX D, regardless of the nozzle 
angle, always occurred at a point where the diameter of the 
nozzle was one-half the diameter at the largest end.’’ The 
same analysis carried farther indicates that, for a given flow 
through a nozzle, a maximum drop of pressure occurs when 
the diameter of the nozzle is one-half the diameter at the largest 
end. The product of L X D is also a maximum at the same 
point, as it should be, because the product L X D represents 
the effective rubbing surface or the criterion of frictional re- 
sistance in turbulent flow. The total drop through a constant 
angle converging nozzle is a summation of the increments of 
the product of L X D. As we integrate these increments for 
a variable length of approach we find that the summation in- 
creases as L is increased to a point where D is equal to one-half 
of D,. As D is further decreased, the summation gives a re- 
duced total drop of pressure through the approach even though 
the length L is considerably increased. 

It is of still further interest to note that this disclosure is in 
full contradiction to the statement made in paragraph C-65, 
page 67, of the 1931 issue of the American Society of Mechani- 
cal Engineers research publication, ‘Fluid Meters.” The para- 
graph reads: 


When we come to applying this method, the first difficulty w: 
encounter is that the available data refer to venturis of variou- 
diameter ratios between 2 and 3 and that there are not enough on 
any one design to be worth much by themselves. But it turns out 
upon examination that for a given value of D2S:, the value of C is 
very little affected by variations of the diameter ratio R betwee: 


5 “The Impact Tube,” paper 1554, 1916. 
® Vice-President and Consulting Engineer, Republic Flow Meter= 
Company, Chicago, Ill. Mem. A.S.M.E. 
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the above limits. This is not surprising; for the major part of the 
resistance which makes the actual discharge fall below the com- 
puted theoretical value must certainly occur in or near the throat, 
where the speed is highest and the ratio of circumference to cross- 
section greatest. And it is very probable that if D2S. remained 
constant, lengthening the entrance cone and increasing the pipe 
diameter, so as to raise the diameter ratio to 4 or 5, would have very 
little influence on the value of the discharge coefficient. We there- 
fore ignore the differences of diameter ratio and treat all the venturis 
on which data are available as if they belonged to the same series and 
were all geometrically similar to one another. 

It is realized, of course, that the nozzle tested by the authors 
will have lower coefficients than a venturi with the smaller angle 
of approach and terminating with the rounded throat at the end. 
The fact remains, however, that the actual drop through the 
approach reaches a maximum at one-half ratio of throat diameter 
to pipe diameter. It appears, therefore, that for any given set 
of conditions the coefficient of the venturi will have a minimum 
value at the point where the throat diameter is one-half of the 
pipe diameter, increasing in both directions from that point. 


AvuTHoRS’ CLOSURE 


As to Dr. Moss’ interesting discussion, the authors realize that 
the set of nozzles discussed in this paper was not designed to give 
a high coefficient of discharge. 

Nozzles made according to Dr. Moss’ suggestions would give 
higher coefficients and also would probably be more accurate 
than the set discussed in this paper, but the authors’ problem 
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was to calibrate a set of nozzles which had been in use for many 
years so that data from previous tests could be compared with 
results obtained by other methods. 

If a separate nozzle were made up for each size to be attached 
to the 29-in. pipe, they would cost considerably more than the 
ones now being used, and also it would require more time and 
labor for changing nozzles, as well as more space for handling. 
Large dredging equipment is costly to operate, and any unneces- 
sary time spent during test periods is expensive. 

The nozzles are used to determine pump characteristics under 
different operating conditions and with different runners, and it 
makes little or no difference what the coefficient of discharge is 
for any given nozzle if it is accurate. Nozzles of the type dis- 
cussed in this paper are about as easy to make and use as any 
set. that could be devised, and when accurately calibrated will 
give good results. 

As to Mr. Spitzglass’ interesting contribution, the authors have 
searched all accessible literature and have found nothing con- 
cerning nozzles of the type discussed in this paper. Many engi- 
neers with whom they have talked have expressed doubt over the 
findings presented in this paper, although they could find nothing 
wrong with the data or results, and it is very gratifying for Mr. 
Spitzglass to give an explanation for the results obtained. It is 
hoped that more engineers may be interested enough in this sub- 
ject to do further research work along this line and check the re- 
sults here presented. 
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A Method for the 


HYD-53-3 
Standardization of 


Centrifugal Pumps 


By JOS. S. STEPANOV,' HARRISON, N. J. 


In the author’s opinion, the combined application of 
the preferred-numbers idea and the law of similitude 
provides an effective means of eliminating unnecessary 
variety of sizes and of simplifying tool and machinery 
equipment in any field of industrial production. 

In the application of this method to the standardiza- 
tion of centrifugal pumps, the author develops a set of 
geometric series conforming to the preferred-numbers 
table. The formation of the series, and their inter- 
connection and use for treating the standardization 
problem, are illustrated by numerical tables, charts, and 
diagrams. 

Standardizations of hydraulic and mechanical parts of 
centrifugal pumps are tied together by the use of the law 
of similitude, resulting in the formation of a set of inter- 
connected geometric series applicable to both cases. 


I—INTRODUCTORY 
men of late has been 


making a more and more intensive 
as well as extensive use of scientific 
methods in the solution of its problems. 
In recent years, and particularly during 
and since the World War, the problem of 
waste elimination has been given great 
attention. The standardization of indus- 
trial products, thus preventing the manu- 
facture of an unnecessarily great variety 
of sizes and simplifying the tool and ma- 
chinery equipment, has been an important 
part of the waste-elimination problem, 
and the subject of a thorough study in 


this country and in Europe. H 

As a result of such study it has been 
established that the development of sizes, Speed i ais N 
to be economically and psychologically ip VH 
satisfactory, should follow a certain natu- 
ral law of size variation which mathe- Capacity q = ~ & 
matically is expressed by a geometric 4 VH 
series. 

Such series of ‘‘preferred numbers” have Power.. p = 


heen adopted by German and French 


! Research Engineer, Worthington Pump and Machinery Cor- 
poration. Mem. A.S.M.E. Mr. Stepanov was graduated from the 
Imperial Institute of Technology, Petrograd, Russia, in 1908. He 
then started with the Petrograd Metal Works Co. as designer and 
was later assistant to the chief designer of its steam-turbine depart- 
ment (1908-1913). Later he was with the Russian Baltic Ship- 
building and Engineering Co., Russia, as chief designer and later 
chief engineer for the mechanical department in building torpedo- 
boat destroyers, cruisers, and other craft for the Russian Navy 
(1913-1918) and with the Machine Works Ilmarine Co., Esthonia, as 
manager, in building small oil and steam engines (1918-1924). 
After coming to the United States Mr. Stepanov was temporarily 
engaged in design and tests of ship propellers with the Akimoff 
Propeller Co., Philadelphia, and in design and standardization of 
dry-quenching equipment with the International Combustion Engi- 
neering Corp., N. Y. For the last two years he has been engaged in 
research and development work with the Worthington Corporation. 


industries and informally approved by the American Standards 
Association and recommended to our industries for a period 
of trial in practice? A thorough survey of the problem’ 
affords substantial evidence showing that the geometric series 
is most likely to be the natural law of size variation. 

Working on the problem of standardization of centrifugal 
pumps, the author, before he had become cognizant of the 
preferred-numbers concept, was led to adopt the geometric 
series as the natural law of size variation. This fact is further 
evidence that a certain psychological law in human nature directs 
investigators. Most likely it is identical with the law of Weber- 
Fechner, which can be formulated as follows: ‘To produce 
sensations varying in intensity as an arithmetic series, the irrita- 
tions causing them should vary as a geometric series.” 


Il—APPLICATION OF THE LAW OF SIMILITUDE 
TO CENTRIFUGAL PUMPS 


The conceptions and mathematical equations expressing the 
application of the law of similitude to centrifugal pumps are 
numerous, and sometimes confusing. Therefore it seems neces- 
sary to state here certain invariants which will be used in this 
paper. 

A general inspection of these invariants calls for the following 
remarks: 

Although the units n, g, and p have the same names (unit 
speed, unit capacity, etc.) as n;, gq, and p;, they express quite 
different things, n, g, and p being constant for a definite size 
at different speeds, whereas n:, q;, and p,, are for different speeds 
and different sizes of the same type. (For symbols used see p. 10.) 


Invariants in terms of — 


Velocity 


H and D V 29H — Specific speed- — 


ND 
n=-— K, = 
Q c NP: 
y 5 
m, = N*P = n,,*H'/* 


On another hand, the pairs n;, K,, and q;, K., in spite of their 
different structures and different names, express the same 
physical relationship, differing in numerical values by a constant 
factor. 

Capacity Q will be used in gallons per minute, therefore in 


2 “Table of Preferred Numbers,”’ A.S.A. Z17-1927. 

3 “Size Standardization by Preferred Numbers,”’ C. F. Hirshfeld 
and C. H. Berry, Mechanical Engineering, December, 1922, p. 
791. 

Contributed by the Hydraulic Division and presented at the 
Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Tue AMERICAN 
Soctety oF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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the denominator of the mn. formula there appears a constant 
factor 21.2. 

The law of similitude as applied to hydraulic machines in- 
volves certain assumptions, one of which is of special importance 
for the ‘“‘mechanical” specific speed, N?2P, and the limitations 
caused thereby will be treated later in the chapter on mechanical 
standardization. 

III—SET OF GEOMETRIC SERIES, THEIR 
FORMATION AND INTERCONNECTION 

1 Impeller-Diameter or D-Series. This series is basic for the 
development of all the other series. It is the result of the as- 
sumption that sizes of the impeller diameters, as well as all 
hydraulically controlling dimensions, of a set of geometrically 
similar pumps should vary according to a geometric series. 

Let us call the ratio of two successive terms of such a series 

D, 
Dy 1 
Then the nth term of this D-series is D, = D)X". The impeller 
diameter Dy of the model pump being the same for all of the 


or “length scale” of the pump series 


N P-Series 
=A - 
© 
~ 
; 8 Bo 
a 
\ 
A’ 
4 
\ 


oN INARI 
Constant 


Fig. 1 ScHEME FOR THE INTERCONNECTION OF THE GEOMETRIC 
SERIES 


D-series,?can be omitted in further development, and the general 
term of the D-series reduces to \" or: A~"... A7*, AY, AI, 
2... A", in which n can have negative as well as positive 
numerical values. 

The number of variables involved in the problem makes it 
necessary to deal with the following ten series: 


D-series N-series N-series 
Q-series N-series N-series 
H-series N-series PN*-series 
P-series 


The functional interconnection of all these series may to a 
certain extent be visualized by means of the scheme shown in 


Fig. 1. In this scheme the different rows of circles represent 
the different series as shown: Q, H, D, P, N, and PN*. Each 
of these variables develops one series, whereas speeds N (in- 
cluded in the rectangle, Fig. 1), form the additional series Nu, 
Na, N,, and Na, according to the row of the constant along 
which they proceed (D = const., Q = const., P = const., H = 
const.). 

It may be also seen that in this arrangement any set of the 
corresponding terms of all series can be easily located, as, for 
‘instance, those shown on the scheme by the double circles. 

Using this scheme we shall proceed with the formation of the 
various series. 

2 Capacity Series at H = Const. or Q-Series. Proceeding 
through the successive terms NA (H = const.), we pass through 
the corresponding successive terms of the Q- and D-series. 


From 
— = 
VHD, WH X 
it follows that 
D?, D, 
= for = 


The term ratio of the Q-series is \*, and its general term \2". 
3 Speed Series at H = Const. or N-Series. The terms of 
this series run parallel to the D- and Q-series (Par. 2.). From 
Nn-1 Da-i N, Dy 


ni = = = = )~! 
VH VH Dn 


The term ratio of the N,-series is \~'; the series runs in a direc- 
tion opposite to that of the D-series and its general term is \~". 

4 Head Series at Q = Const., or H-Series. Proceeding 
through the terms of N,-series (Q = const.) we pass through 
the corresponding successive terms of the H- and D-series. 


From 
Q Q 
qi = = 
V x D?,, Baws x D? 


it follows that 


== = 
D?, D+, 


The term ratio of the H-series is \~* the series runs in a direc- 
tion opposite to that of the D-series, and its general term is 

5 Speed Series at Q = Const. or .Nq-Series. The terms of 
this series run parallel to the D- and H-series (Par. 4). From 


Naw Daas 


WH. 


it follows that 


and 


a = \7~? according to Par. 4 


V 


The term ratio of the N,-series is \~* and it runs in a direction 
opposite to that of the D-series, and its general term is tee? 
6 Speed Series at D = Const., or N«-Series. This series 


_ 
i \ \ \ — 
 \\\\\\e 
\-""\ \ 
& 
H,, x Daas 7-3 f Baus 
= 
# 
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develops parallel to the Q- and H-series, D being constant. 
From 


N,D D 


it follows that 


Baus 


The term ratio of the Nu-series is \~*, it runs in the same direc- 
tion as the H-series (\~*), and its general term is \~2". 
7 Speed Series at Q, H, and D Variable, or N-Series. Each 


Q2-Series Vio 


0.794 | 0.708 | 0.631 | 0562 | 050! 
0.891 | 1.585 | 1.413 | 1259 | 1.122 | 1.000] 0.794 e 
1.000 | 1.496 | 1.334 | 1189 | 1.059 | 0944 | 0.841 i 
Li22 1.413 1.259 Li22 1.000 0.891 0.891 
1259 | 1.334] 1.189 | 1059 | 0944] 084: | o94a] 
1.413 | 4.259 | 1.122 | 1000 | 0.891 | 0.794] 1.000 
| | 100 | | | 0.750 | 1.059 
| 1.778 | 1.122 | 1.000 | 0891 | 0.794 | 0.708] 1.122 R 
1.995 | 1.059 | 0.944 | 084: | 0.750 | 0.668 | 1.189 
2.239 | 1.000 | 0.891 | 0.794 | 0.708 | 0631 | 1.259 
0.949 | 0.841 | 0.750 | 0.668 | 0.596 | 1.334 
1.585 1.259 1.000 0.794 0.631 


Head “H” - Series = 


Fic. 2 ARRANGEMENT OF PREFERRED NUMBERS TO REPRESENT 
D-, Q-, H-, N-, Ni-, Ne, AND Ng-Sertes AccorpIne TO ScHEME 
SHown In Fia. 1 
(The range is arbitrary and can be extended in any direction.) 


term of this series represents a certain row of constant N, i.e., 
those common terms of the N,- and N.-series which have the 
same numerical values. 

The term ratio of Nz is \~* and that of N, is A~. It is evi- 
dent that if we pass one step along the N.-series (A*) in the 
direction of decreasing terms and two steps along the N),-series 
(A-1)? = \~? in the direction of increasing terms, we shall 
meet a term of the same numerical value. This gives the loca- 
tion of the row of N = const. 

The ratio of the terms represented by each N = const., in 
other words, the term ratio of the N-series, is \~!, the same as 
for the N,-series, for all successive rows of N = const. pass 
successively the terms of the N-series. 

8 Power or P-Series. Proceeding through the successive 
terms of N, we pass through the corresponding successive terms 
of the P-, D-, and Q-series, H being constant. From 


HAD HD, 


it follows that 
P. D,? 


Panui D,? -; 


= )? 


The term ratio of the P-series is \*, and its general term is \*". 

9 Speed Series at Constant P, or N,-Series. Proceeding 
through the terms of this series we pass through the correspond- 
ing successive terms of the Q- and H-series, P being constant. 
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As the ratio of the H-series is \~‘, the ratio of this series will 
be found as follows. From 


Nop = = 


| 


it follows that 
Ni H,*/* 


n—1 n=l 


The N,-series runs in a direction opposite to that of the D-series, 
and its general term will be \~®*". 

10 PN*-Series. Each successive term of this series cor- 
responds to a certain term of the H-series, for PN* = constant 
is equivalent to H = constant (PN? = n.,* X H’/*). The 
term ratio of this series is: 


(PN), 
(PN2)n-1 


The PN*-series runs in a direction opposite to that of the D- 
series, and its general term is \~”. 


(x74)*72 = 


IMPELLER DIAMETER =D, 


Qo 


Fic. 3 RELATION OF THE RATING CURVE TO THE SERIES 


Arranged in the order of the ratio powers, these various series 
are given in the following table: 


Series.... D N Ny Q Ne P Ne H 
General 


Neglecting the plus &md minus signs, which only show the 
directions of the series’ development, we have only six series, 
with the ratios A, A*, A®, and 

It is obvious that all the terms of all these six series are in- 
cluded in the first one, with ratio = A; omitting certain terms 
of this series and taking only those corresponding to the power 
of \, we can get any other series. This fact immensely simplifies 
the further treatment of the problem; for, in terms of the pre- 
ferred-numbers idea, all these series are nothing else than different 
“orders of preference”’ of the same table of the preferred numbers. 


IV—METHOD OF APPLICATION TO THE 
STANDARDIZATION OF CENTRIFUGAL 
PUMPS 


1 Numerical Values of the Series. Tables of preferred numbers 


recommend the ratios: 04/10, 4/10, »+/10, 104/10, 54/10. 


Tis 
= 
| 
p. 
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It seems to the author that \ = “+/ 10 can be adopted as ratio 
of the D-series. If, for certain types or certain services, the 
sizes appear to be too close to each other, \ can be easily changed 
to the next order of preference by simply omitting every alternate 
term from this series. 

Preferred numbers having a ratio ) = “¥Y 10 are arranged 
in Fig. 2 according to the scheme shown in Fig. 1, excluding, 
however, the P- and N?P-series. 

Inspection of Fig. 2 shows that no numbers are used except 


at the speed N» delivers Qo against Ho and calls for Po, the 
maximum efficiency being right at this point of operation and 
the figured specific speed being 


‘ 


= 


Using the table of Fig. 2, we can construct another table 
simply by multiplying the terms of the capacity, head, speed, 
and diameter series by Q), //o, No, and D, respectively. 


a | 404 47131 4) 143 ved 107 976 | 837 80.6 7 be 6 
21? 23/6] 2497 204) 168.6) 153.2) 139 1045 | 86 785 
22492041] 18 1s 5 
| 2566] 2803) 316 | 29 26/ 237 lige | 178 62 a7 | 134 | 122 
2977) 3083)5 339 3) 3546 350.6) 3/87 2897 2395) 217 71 1779) 179 9) (6395 486)! pm 
~ 308 ~-— 4 7) 269 ~ + 
sre 339 359.2] 9792 382 3952) 3506) 3187) 2997 263 41299 5 217.7 | 1979 [1799 
373 1395 1] 410.5] 420 424.1424 3] 4/3 376 1342] 3/1 | 283 [2573 234 Sucrien, 
4:0 MELE’ 462 466.7 455 | 438 Ties 62 ©} 329.1 | 2992 | 272 2473) 169 8 
soo | 5455. 579 Teo $2) 162) | 606) 593 [resol i7ss [759517450] 73/8] 798] 1089 | 990 j2a t 
66c yoo 727 75/ 733 106 12 026 | 2: 2955 | 2/275) 1950 755 1450\ 1/98 |1089 990 | goo 1¢ 
be 170 B00 | @27 | ~ ~ 4 { 
732 199 847 | ggo 909 909 | G86 | 954 2569 23555 2723 930 J 755 145 43/8] 4/48/1089 | | yoo iti 
1025 | 1065 1089 | | 1100 33 2423 1930 11755 4595) 4450) 438 | | Goo 744 24 
C72 | 1169 1240 | 1289) 1348 1337 | 1298 nse 23355) 2123 1755 1595 1450 43/8 | 498 | 990 900 744) 676 2g 3h 
74 | 1364 114 10] 1450 1 1464 | 1464] 1428 | Te 
! 4 7 $95 476) 12 37 
ised 10/5 | 1888] 1930 | 19491] 1948 | 1900 | 1830 1/595 | [744 47% | 6/5 | 559 i 3 4] 
1726) 2077. 214312143 | 2090) 201 ~J a 
] | 2/96 | 2285] 2335] 2357] 2357] 2299 | 22/5 P1755 | 1595 | 676 | 6/5 | 508 3B 
8 2514 | 2564 | 2593) 25931} 2529 | 2438 
22 5012765] 282) 2 5212782 2680] 1595 | T Ties BEE | 462 | | 
22981 2 50626 765) 2826 | 2952) 2652) 27 2 } 4 
| 3346) 3419.1 345) | 94511 3366 | 3250] 1450) 13/8 Live] soe $6?) 420 4 
3052 | 33 [3538 3760] 3796] 3796) 22) 3577 | 
3364 | 5648 14044 4137 | 4676) 4176 | 4073 | S930T 119% | 462) 4201382 4H ish | 
3700 | 4035 | 4280) 4454) 1590) 4590 49329 4 4 
| 29 s 75 47 | 
| 1477| 4982 | 5/79] $309) 5506 | S558) S588) 542i | 5238 4 4 
4925] s37o[ 6057 | 41/4 | sees] |aoo | ais | 744 76 382) 3471356 | 
S417 42 652! 672 725] 6559 | 6337 T | 
6555] 7147] 758%] 1890] 9062] 8138] 8198] 1937 | 1668 | if 
7210 | 7862 | 6679) #868 | 2952] 8952| 8730 | 84209 400 | 744 676 | 346 207 | | 4 
7932] | 9174 | 9547) 9755 9847] 4847] 9603 | 9279 
2 s § $59 a7 
i 
14281 1144/9) 1441 | | | = 
17290 | 17946) 174946) 17012 | 16458 —t 
79/911 19/91] 187/3 | 1559 | 462 |4n0 | 216 | 
240675 ~ all | 
Soe | 402 #2 | 347 lvve | ve? 
655] 684) 72 73 | 72 [vos | 455 soe | | 34 | 75 [57 
65.5 | 542 | 44% 30.6 go |67 35 
709586 | 484) 40 | 334 2.9/7) 
162 30 Sz0| 43 335 ¢3 77 164 
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from the series “4/ 10, yet in the arrangement of the scheme all 
derivative series, with their ratios, appear in the expected places. 

Another check on the table is the fact that any set of cor- 
responding values of the H-, Q-, and N-series substituted in 


the expression of the specific speed ng = Nan @ should always 


give the value unity. 

Similar tables can be arranged also for P and N?P, following 
the indications of the scheme shown in Fig. 1. 

2 Application of the Preferred-Numbers Table to a Concrete 
Type of Pump. Let us assume that the test curves of one of the 
sizes of a certain type of pump to be standardized are as given 
in Fig. 3. These show that a pump of impeller diameter D, 


N FE T 


»N OF A Pump AccoRDING TO AUTHOR'S MreTHOD 


The specific speed for all sets of the corresponding N’ 8, Q's, 
H's, and D’sin such a table remain the same: n.go = 


for, as was stated in the preceding paragraph, the correspondinz 
values of the preferred numbers substituted in the specific- 
speed formula always.give 1 as the result. 

For another point A of the head-capacity curve, the sam: 
impeller Dy at the same speed Ny delivers Q and generates // 
at a specific speed n, and a lower efficiency. Obviously, {cr 
this point the N- and D-series remain as for the previous case 
(point A), and only new Q- and H-series should be added 
multiplying the capacity series (Fig. 2) by Q and head serirs 
by H. 


| 
zi 
ad 


HYDRAULICS 


In a similar way the Q- and H-series may be added for as many 
points of the head-capacity curve as desired. 

Fig. 4 is a tabulation showing the standardization of a pump 
according to this method, the numerical values of the impeller 
D being omitted. 

The blank spaces in the N- and D-series show that it was 
decided for the time being to actually develop only every alter- 
nate term of the series, i.e., to use the next order of preference. 

The number of terms of all the series (Fig. 2) is theoretically 

unlimited. Conforming to the special given type, the range 
of the H-, Q-, D-, and N-series and even the order of preference 
should be selected according to the field to be covered, the 
demand of the market under consideration, and the lowest 
acceptable efficiency. 
a 3 Graphical Presentation. The developed geometric series 
may be presented in convenient graphical form on logarithmic 
paper, as shown in Fig. 5, which includes all the series given in 
Fig. 1. 

Using the scheme of Fig. 1 and keeping in mind that the 
logarithms of the terms of a geometric series form an arithmetical 


7 


2 
? 
3 
= 
| 
Paper = ' ' 
log Q-Serres 
Fic. 5 GrapnicaL Meruop oF PRESENTING ALL THE SERIES, ON 


LoGARITHMIC PAPER 


series, and therefore the distances between the terms of each 
series on logarithmic paper are equal, it seems to the author that 
no further explanations are necessary. 

However, attention is called to the fact that certain other 
derivative series are presented on the same chart, namely, 


VH 
series are located along the D = const. line, for the same line is 
n = const. The ratio of this series is derived from the relation- 
ship n = n//D. As n; is constant for all sizes of the type, it 
follows that the ratio of this series is the same as for the D- 
series, i.e., 


(a) Unit Speed or n-Series: n The terms of this 


(b) Unit Capacity or q-Series: q = A 


VH 


ing shows that the terms g = const. coinciding also with D = 


The same reason- 
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const., form a q-series with the ratio \* for q = q/D*, qr being 
constant for all sizes. 

(c) Peripheral Velocity or u-Series. 
to the H-series, H = const. being also u = 


This series runs parallel 
const., for K, = 


——— is, like n;, constant for all sizes. The term ratio of this 


u 
V/ 
series follows from the relationship: 


VA. 


Un Un 


4 Simplification of Plotting. The plotting of the chart is 
highly simplified if all regularities of the series relationship are 


Un 


Logarithmic 


log Q 


Meruop or Fietp Coverep BY IMPELLER OF A 
GIVEN 


Fie. 6 


fully utilized. The method of plotting is shown diagran - 
matically in Fig. 6. 

It is not necessary to plot all the points given in the table ot 
the numerical values, Fig. 4. 

To plot the field covered by an impeller of size Dy (mode! 
impeller), in the selected range of the head-capacity curve 
(range of efficiencies and specific speeds) ABCDE at speed 
No, it is sufficient to plot only the points shown in Fig. 6 by 
circles. 

This means the plotting of — points along the 
series, first for the highest specific speed n,.-points along FE’ — E’, 
and, second, for the lowest specific speed n,.-points along A’—— A”. 
This will give extreme points A and E£ of the selected range of the 
head-capacity curve at the speed No. 

The intermediate points B, C, D of the same curve should be 
plotted, using the pairs of values Q and H for the corresponding 
values no, Msc, aNd Na at the same No. Thus the shape of the 
ABCDE curve is determined. As the shape of the curve on 
the logarithmic paper does not change along all speeds (and all 
sizes), it is sufficient to transport this curvature between the 
points given on A’A” and E’E’. 
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The points of these head-capacity curves, such as B’, C’, D’ 
or B", C", D", corresponding to the points B, C, D of the model 
curve, are located on the n, = const. lines B’B”, C’C”, D’D” 
which are parallel to A’A” and E’E” and pass through the 
points B, C, D. 

The intersections indicated by dots are corresponding to B-, 
(-, D-points, and can be checked by the numerical values given 
on the table (like the one in Fig. 4). 

Thus the field covered by the Dy impeller is plotted showing 6 
head-capacity curves, corresponding to 6 different speeds N 
from the N-series. 

For other sizes of impeller (D-series) it is sufficient to move 
the field A’A” E”E’ parallel to itself in the Q-direction by equal 
spaces, corresponding to the location of the D-const. lines, for 
instance, along the Q-series. 

The corner point E£’ will move to FE’, for the next larger size, 
or to B’, for the next smaller one. 

The accuracy can be checked by using the numerical values 
from the table, as above. 

Similarly, using the same method, the b.hp.-curves can be 
plotted, the difference being that the location of corresponding 
points on these curves should be determined by the pairs of 
numerical values of P and Q along the N .«-series. 

As example of such a plotting, the chart, Fig. 7, is given which 
presents the standardization of a type of pump. On this chart, 
for clarity’s sake, the intermediate points of the curves, like 
B, C, D, in Fig. 6, are not emphasized by lines like B’B”, C’C’, 
and D’D’, 

Corresponding to the numerical values of the table, Fig. 4, 
the D-series and N-series are of the next order of preference, 
any second term of the original series being omitted. 

The numerical values of the D-series, being unnecessary for 
the purpose, are also omitted. 

The b.hp.-lines, shown only at their ends, represent standard 
motor sizes, at the lowest efficiency of the pump under considera- 
tion, i.e., any condition point located on a certain line calls for 
maximum b.hp. indicated at the ends of this line. 


V—USE OF THE METHOD FOR STANDARDIZATION 
OF DIFFERENT SERVICES 


1—-SpPECIFIC-SPEED SERIES 


In the preceding pages the term ‘‘type’’ has been used to con- 
note the constancy of the specific speed for all sizes of the par- 
ticular class of pump being considered, i.e., all pumps of the 
series being geometrically similar. 

To cover the field required by a certain kind of service, several 
“types” in this sense of the word are usually necessary, i.e., 
impellers of different specific speeds. 

In deriving all the preceding series, the specific speed n. has 
always been kept constant. This is equivalent to saying that 
only the impeller diameters D and speeds N have been vere 
to obtain all the variety of capacities and heads. 

In practice it is frequently necessary to reduce the number of 
impeller diameters (casings) or speeds (drivers) to certain limits 
dictated commercially. 

Therefore, variation of specific speeds, generally necessary to 
reduce variety of sizes and speeds, represents the only means of 
best utilizing certain expensive casings or certain motor speed 
(high-pressure multi-stage casings). 

Specific-Speed Series at Constant Speed, or N-Series. All the 
speed series (N, N,, Nu, and N,) represent the variation of speed, 
with different variables being kept constant, needed to deliver 
a corresponding Q and generate a corresponding H, the specific 
speed being always constant. 

The problem now is to deliver the same capacities Q and 
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generate the same heads H, varying the specific speed n, and 
keeping speed N constant. The specific-speed formula shows 
what will happen: 


NQ’? Moe 


= 9 N 
As Q and H are assumed to remain the same, evidently n,/N 
should remain the same. This means: if n, = constant and 
N forms a series with ratio \", the result will be the same if 
N = constant, and n, forms a series with the ratio \~", for 


Nsd 


N * Neo 


This relationship justifies the following statements: 
N and specific speeds n, in all speed series are interchangeable, 
with the change only in the direction of the variation, the ratios 
remaining the same. Lines of N = const. at variable speeds 
and constant specific speeds turn into lines of n, = const. at 
variable n, and constant N. 

Let us investigate a field ABCD (Fig. 8) covered by 4 im- 
peller diameters and 8 speeds, all impellers being geometrically 
similar, i.e., n,, n;, gi = const. Let us assume that all speeds 
are constant and that the N-series is replaced by the n,-series 
directed as shown in Fig. 8. We then see that for AB impelle: 
(as for each of the rest) there is only one speed, but two specific 
speeds are used. Unit capacities g and q; remain the same as 
before, but unit speeds n and n; vary: 


, 


Nn N 
= — - = 
V/H, N H, 


Speeds 


—1 


for both series, D being constant. ‘This shows that n, is chang- 
ing only on account of change of unit speeds (n, n;), unit capaci- 
ties being constant. 

Inspecting now the N,-series, we see that along this series 
speeds are constant; i.e., corresponding terms of the D-series 
should also be constant, for these two series have the same ratio 
running in opposite directions, whereas the specific speeds in 
this direction is varying with ratio \. 


Along the same direction (AC) n is constant (- 7a) and 


, but q and q, form a series with \*. Therefore 


ND 

—= 
( VH 

it can be stated that keeping D = constant in the direction 
ns, we should vary q and q; at constant n and n;. 
As a final result it can be seen that all the field ABCD can be 
covered by one impeller diameter at one speed, but using eight 
different specific speeds. 
It is interesting to note here that the lines of constant specific 
speed do not always represent geometrically similar impellers: 
both the shape of the vanes (n;) and the width of the impellers 
(q:) are varying. This may indicate that the shapes of the 
operating curves are not necessarily the same, and this fact 
may call for a certain overlapping of the range of the separate 
impellers to cover completely the field under consideration. 
The number of specific speeds can be reduced to any extent 
if a certain variation of impeller diameters and speeds is possible. 
For instance, a certain field (Fig. 9) equivalent to 9 parallelo- 
grams like one shown in Fig. 8 can be covered by 3 impeller 
diameters, 6 speeds, and 4 specific speeds. In the arrangement 
shown here, the same speeds and specific speeds are used for 
several impeller diameters and the same diameter is also used 
at several speeds and several specific speeds. 
Such combinations of speeds (N), diameters (D), and specific 
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speeds (n,) provide a flexible means of reducing the number of 
terms of any one of these series to one, correspondingly increasing 
the numbers of the terms of other series. 

It can easily be seen that the problem is always how many 
terms of the D, N, or n.-series should be omitted and how many 
used—in other words, what order of preference should be selected 
for each of these series. 

Treating the actual problems of standardization of centrifugal 
pumps for different services covering different fields, it is usually 
necessary to reduce the number of impeller diameters, conform- 
ing to the number of casings, which latter should be reduced to 
a minimum, or to reduce the number of speeds, conforming to 
the standard speeds of the motor drivers. 

In addition to the shape of the efficiency and the head-capacity 
curves, the lowest competitive efficiency, as affecting the oper- 
ating range of the curves, is to be considered in the final selec- 
tion from all possible combinations. 

In the multi-stage pumps, the number of stages is an additional 
variable which, in combination with n,-series, provides still 
further facilities for reduction of the number of impeller diameters 
and speeds required to cover a definite field of service. 

Hydraulic engineers are familiar with the exceptional flexi- 
bility of centrifugal pumps. This feature is clearly expressed in 
the multitude of the series, in their various interrelations: 3 
fundamental series (N, D, n,) and their derivatives provide an 
almost unlimited variety of the Q and H. 

The method developed in this paper furnishes a means of 
utilizing this feature intelligently for the elimination of an un- 
necessary variety of impeller diameters and specific speeds, and 
for unification of the chief dimensions, thus avoiding unnecessary 
variety of different parts. 

Using when necessary different orders of preference, it is 


Q-Series 
~ 


2—COonsTANT-STRESSES OR N2P-SERIES AND MECHANICAL 
STANDARDIZATION 


The specific speed in terms of power absorbed by pump is 
NP: 

It can be proved that the numerator NP'/? is a mechanical 
invariant of the centrifugal pump. Let us call it m, = N’?P = 
n?.H’/?, This invariant can be called also ‘mechanical specific 


speed”’ of a centrifugal pump, and is characteristic for the 
mechanical properties of similar pumps. 
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possible to establish a single set of impeller diameters, a single 
D-series, for all kinds of services and designs, i.e., for the 
entire range of output of a centrifugal-pump manufacturing 
company. 


log Q 
Fic. 9 COMBINATION OF THE D-, N-, AND n,-SERIES 
Using the same “length scale” as before, 
\ the ratios for the mechanical properties 
of geometrically similar centrifugal pumps 
2. 3. will be as follows, for: 
Sectional areas ... 
Surfaces 
Velocities......... \°-const. 
amt 
Accelerations..... 
Mass forces....... 
Working pressures. °-const. 
Working forces.... 
Stresses........... A*-const. 


It is evident from these ratios that at the “length scale” \ 
of variation of centrifugal pumps, with velocities, pressures, an 
stresses constant (\°), power increases directly proportional to 
\2, whereas speed decreases directly proportional only to d; i-¢., 
the product N?P remains constant. 

From the equation m,(= n*,,H'/? = N*P) is constant when 
n., and H are constants, i.e., it indicates that the m.- or con 
stant-stresses series runs parallel to the H-series and that eac!: 
line of constant H is the line of constant stresses, or consta!' 
m, = N?P. 

The ratio of this series can be derived from the relationship: 


P.N.2 ( 
= 
Peay N%, <1 Hy, -1 


If} = “7/10, = = 1.778. This means if we pss 
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from one term of the H-series to the next, the stresses will in- 
crease or decrease 1.778 times as much. 

Certain limitations of the application of the mechanical invariant 
are due to the fact that the law of similitude neglects gravitational 
forces. For instances, the stresses due to the weight of the 
parts themselves in similar pumps do not remain constant, for 
weights increase with \* and sections only with \*. The differ- 
ence is caused by the fact that the acceleration due to gravity 
(g) remains constant, whereas the acceleration of the moving 
masses decreases with \~!. For the case of centrifugal pumps, 
this deviation from the mechanical invariant is of importance only 
for the shaft deflections and critical speeds. Let us therefore find 
the law of variation. 
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thicknesses, shaft diameters and lengths, ete.) as there are terms 
in the constant-stresses series. 

On the other hand, if we do not change these dimensions from 
one line of constant stresses to another, it will mean a poor 
utilization of the strength of the material according to the range 
of heads (or terms of the N?P series), the stress variations may 
be many times 1.778. 

This is a case frequently encountered in engineering practice 
when certain contradictory requirements find their reconciliation 
in a properly selected compromise. This can be done by intro- 
ducing certain series of constant stresses at constant dimen- 
sions. 

Torque, or T-Series. The conception of unit torque and its 


Deflections: formula t; = 7'/HD® provide a means of forming a torque series 
. ‘ and finding its term ratio. Proceeding through the terms of the 
XK = XX NX AT = Ni-series (1 = const.) we pass through the corresponding suc- 
cessive terms of the 7- and D-series. 
Critical speeds: From 
Neo n—1 T- Serus X 


= a" 


This shows that the critical 
speeds decrease when the sizes 
of shafts, as well as of pumps, 
increase according to the D- 
series. But along the constant- 
stresses (m,) or H-series or N, 
series, the operating speeds, N,- 
series, decrease in the same ratio 
(A7!): this means that along the 
constant-stresses series the mar- 
gin of safety against the critical 
speeds is also constant. 

The deflections increase with 
\*, whereas all dimensions in- 
crease with A, and there is no 
compensation to cover this dif- 
ference in the variation ratios. 
Therefore the following is of 
importance in designing the 
bearings: If the dimensions of 
the shaft are kept similar to all 
other dimensions of the pump, 
the limit of deflection allowed by 
the type of bearings should not be 
exceeded. 

Thus we see that along the 
lines of constant stresses every- 
thing remains equally safe except the deflection. But when we 
move from one such line to the next, the stresses vary according 
to the stresses series in the enormous ratio \”, and this calls 
for special attention if the same pump is to be used for higher 
r.p.m. 

Out of the above-stated relationship between the mechanical 
and the operating properties of centrifugal pumps, an interesting 
problem arises in the mechanical standardization of pumps. 

As in the hydraulic standardization the range of the efficiency 
fluctuations (range of operating curve and range of operating 
speeds) is of paramount importance, so in the mechanical stand- 
ardization the range of stresses (efficiency of utilization of the 
material) is a controlling factor. 

To keep the constant stresses along all size series we should 
have not only as many sizes as there are impeller diameters, but 
for each impeller size as many mechanical dimensions (wall 
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it follows that 


= )3 


The term ratio of the T-series is \*, it runs parallel to the D- 
series, and its general term is y". 

The location of the lines of T-const. (Fig. 10) is determined 
by the relationship: 7 = const. X P/N. This relationship 
shows that the lines of constant torque should pass through 
each alternate term of N-series (\~*) and each term of P-serie- 
(d?). 

The lines 7-const. are simultaneously the lines of constant 
torsional stresses at constant shaft diameters. 
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Constant Wall Thickness or s-Series. In a similar way, using, 
for example, “the boiler formula” for the stresses in casings due 
to the internal pressure (¢ = const. X HD/2s), we can form a 
series of constant casing stresses (c = const.) at constant wall 
thickness (s = const.). 

Proceeding through the terms N,-const. (H = const.) we 
pass through the corresponding successive terms of the s-series 
and D-series. From 


HD, 
= const. X 
8n-—1 


o = const. X 


it follows that 


Sn-1 


The term ratio of the s-series is the same as that of the D-series, 
i.e., A, and its general term is \". 

The location of the lines of constant thickness s = const. at 
constant stresses is determined by the same relationship ¢ = 
const. X HD/2s at s = const. Obviously these lines pass 
through each term of the H-series (A~*) and each fourth term 
of the D-series (\*), Fig. 10. Along these lines of s = const., 
the stresses o are constant at constant wall thicknesses, in spite 
of the casing size variation, following the D-series. 

Now, in addition to lines of constant stresses along N?P = 
const., where all dimensions vary in accordance with the D- 
series, we have the lines of constant stresses (T-series, s-series) 
where certain dimensions (shaft diameter, wall thickness) are 
kept constant in spite of the pump-size variation. 

Referring to Fig. 10, we can state the following results con- 
cerning, for instance, the shaft diameters: 

1 If the shaft diameters vary following the D-series, the 
torsional stresses will be constant along each line of N?P = 
const., but different for each such line; thus, stresses along the 
line AB will be 1.778 K 3 = 5,334 times as great as along the 
line A’B’. 

2 If the shaft diameters remain constant, the torsional 
stresses will be constant along the lines of 7 = const., but 
different for each such line; thus, stresses along the line AB’ 
will be 1.995 times as great as along the line BB’. In the first 
ease, using four shaft diameters, corresponding to the same 
number of impellers, we should expect the fluctuations of the 
torsional stresses to be in the ratio of 1 to 5.334, whereas in 
the second case, using only one shaft diameter for four impeller 
diameters, we should expect the fluctuation of the torsional 
stresses to be in the ratio of 1 to 1.995. 

Similar reasoning leads to the same conclusion concerning the 
stresses in the casing. 


The number of impellers (casings) to be included in each. 


group with the same shaft diameter and wall thickness depends 
on the stress fluctuation which is considered commercially 
permissible: The greater the fluctuation in stresses allowed, the 
smaller the number of different sizes needed. 

This conclusion is similar in all respects to the one derived 
for the hydraulic standardization. A statement expressing the 
same relationship for both hydraulic and mechanical standardi- 
zation might read as follows: The greater the fluctuation in the 
stresses as well as in the pump efficiency that is allowed, the smaller 
the number of different sizes needed to cover a definite field of 
service. 

At any rate, whatever selection is made following this method 
of standardization, all the dimensions of the mechanical parts 
will be included in the original table of preferred numbers if the 
dimensions of the model pump are preferred numbers. 


VI—CONCLUSION 


The law of similitude and the relations used in the development 
of this method are well known to hydraulic engineers. Therefore 
the author will confine himself to calling attention to certain 
points only. The method is accurate to the extent to which the 
law of similitude, as expressed in the equations used, accurately 
describes the actual performance of centrifugal pumps. 

It is known that efficiency does not remain constant at con- 
stant n,, but changes following the variation of sizes and speeds. 
The capacity is inclined to increase at the same n. with the 
increase in size. 

The deviations from the law of similitude are the greater the 
further the dimensioning of the pump, or its operating condi- 
tions, is from the normal state of a smooth channel flow and uni- 
form distribution of velocities and pressures (versus shocks, 
cavitation, etc.). 

Whereas these deviations are not of importance as regards 
the standardization itself, they should nevertheless be taken 
into consideration if the standardization chart is used as a rating 
chart for the preliminary selection of the size of pump to meet 
definite operating conditions. 

In such cases correction factors based on the tests should be 
applied to the readings on the chart. 

This method can be used for the standardization of other kinds 
of turbo-machines, properly adjusted to the individual peculiari- 
ties of the case. 

The author’s strongest conviction is that the method can be 
applied to the standardization of any industrial product if the 
relations expressing the law of similitude are established, for 
the preferred-number idea and the law of similitude are the 
most completely generalized principles which have ever been 
known. 

The law of similitude was used for standardization of steam 
engines as early as 1894 by Normand.‘ At the present time, in 
connection with standardization problems, the subject deserves 
much more attention and study’ than ever before. 

Therefore the purpose of this paper has been not only the 
application of this method to the standardization of special 
kind of machines, as in the present case of centrifugal pumps, 
but also to arouse interest in its further study and application to 
any object of industrial production. 


SYMBOLS USED IN THE PAPER 
H = head in ft. 


Q = capacity in cubic feet per second 
N = r.p.m. 
P = horsepower 
T = torque in foot-pounds 
D- = diameter of impeller in feet 
n,q, p,t = unit speed, capacity, etc., for the same size 
ni, 1, pr, 1 = unit speed, capacity, etc., for different sizes 
Nsq = specific speed in terms of capacity 
Nep = specific speed in terms of power 
m, = mechanical invariant 
u = peripheral velocity of the impeller in feet 
per second 
C = flow velocity in feet per second 
Nn, No, Np, ete. = speed at constant H, Q, P, ete. 
y = length scale, term ratio of D-series 
o = stress in pounds per square inch 
s = wall thickness 


4 Jauch et Masinejean. ‘“‘Cours de machine marines,” part 2, 
Paris-Toulon, 1910, p. 570. 

5 Prof.-Dr. W. Kummer, Ing., Zurich, ‘‘Wachstumgezetze und 
spezifische Drehzahlen der Maschinen,” Schweiz. Bauzeitung, 1927. 
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Discussion 


J. W. Macmerxen.* The exceedingly clear presentation of 
the subject by the author is refreshing. The mathematical re- 
lationships of all the functions of the variables which come under 
the laws of dynamic similarity are treated throughout from the 
viewpoint of infinite series, of which any one pump or particular 
machine is merely one example. The interrelation of these 
series as functions of the same fixed ratio is expressed with a 
clearness and consistency that are new in pump literature cover- 
ing these aspects of centrifugal-pump variations. This method 
of formulating the laws of variation is applied by the author with 
great advantage in showing the relationship between “the linear 
ratio” in its hydraulic aspects and its significance in design for 
strength of materials. 

Diagrams on logarithmic paper such as the author uses have 
been employed by designers for many years past as a guide for 
consistent reasoning and com- 
parison of results. This period 
of their use has seen us through 
the perfection of the hydraulic 
turbine and the development of 
the centrifugal pump to a degree 
of perfection at last equal to that 
of the turbine in several impor- 
tant types, but the period of de- 
velopment so far as pumps are 
concerned is far from completion. 
Later information acquired in 
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and the exit of the casing are elements that should scarcely be 
subjected to factor multiplication. In the impeller itself there 
are flow passages which operate under a different Reynolds num- 
ber for different pump sizes. Dynamically, an impeller char- 
acteristic type is one which is dynamically suitable for a certain 
maximum total dynamic head with certain concomitant ve- 
locities. ‘Therefore the numerical value of DVp/y», known as the 
Reynolds number, must be different for each pump size for the 
same fluid. The variation of radii of curvature in different sizes 
for the same velocity of flow as determined by type character- 
istics results in great variations in “radiating current’”’ and 
“induced vortices.”” For example, an irrigation ditch with water 
flowing under a velocity of 4 ft. per sec. at a bend will produce 
elbow flow free from independent vortices. The same channel 
proportions in a large river with the same velocity of flow have 
been known to result in a complete circular whirlpool, with severe 
loss in head. 


the last few years has afforded 
the designer unexpected knowl- 


edge of limitations of application 
of the laws of type similarity 
applied to centrifugal pumps. 


~Series 


2 


For instance, a large pump which 
gives a satisfactory performance 


with high efficiency has been 
found to give exceedingly poor 
results in a geometrical model of 


nvariant PN 


4 


considerable size reduction. 
Conversely, a conveniently di- 


Peripheral Velocity U-Series 


Head H-Ser/ses 


Mech. 


mensioned model when stepped 
up toa very large pump has been 


known to fail to perform accord- | Torque \ 
ing to the law of type similarity Np-ser tes 

in some instances, and in others WA 
has given a slightly different = sel 
performance from that expected Capacity Series Q-Series 

from calculations. The known <a 

difference in dimensions between Fig. 11 Reynotps’ NumBer or R-Serres 


a satisfactory large pump of 

economical design and a satisfactory small pump of economical 
design is so great in the case of a linear multiplying factor of 4 
that there must obviously be a continuous variation in the best 
proportions in all intermediate multipliers in a series of the same 
type. This is explainable by considering that the laws of type 
similarity are assertive in maintaining similar ratios in these 
elements of the machine which involve dynamic effect; for in- 
stance, in the proportioning of the maintenance of a forced vortex 
a8 a means of generating head. Certain parts of the hydraulic 
field of fluid flow in a centrifugal pump are not subject to dynamic 
effort on the part of the rotor; for instance, the approach to the 
impeller by any of the usual designs of suction casing or the 
distance through which the fluid travels between the impeller 


* Hydraulic Engineer, Byron Jackson Pump Mfg. Co., Berkeley, 
Calif. Mem. A.S.M.E. 


The intensity of competition among centrifugal-pump manu- 
facturers today makes the strict use of type multiplication dia- 
grams prohibitive except for the purpose of preliminary compari- 
son through a short range of multiplying factors in the series. 
A complete standardization based on the law of similarity would 
result in a series of standard pumps very likely to be satisfactory 
between certain limits and far short of the best possible above and 
below these limits. The study of this situation is being gradually 
advanced by different designers, and valuable knowledge is 
gained by occasional disappointments and the means that are 
found effective in their remedy. When this is completed, one 
important further step in the knowledge of pump standardiza- 
tion will have been reached. The principles outlined by the 
author remain important as a means for preliminary comparison 
and first approximation. 


x 
5 
4 
\ \ 
\ \ \ 
\ | 
\ \ “ey | 
/ / / o © 
e 
3 
ag 
3 
| 


24 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


The author’s suggestion of the use of preferred numbers in 
the choice of multiplying factors and ratios is a happy one. 
Every designer has, however, developed certain preferred num- 
bers of his own, based on actual experiences and arbitrary past 
selections, which have been fortuitously successful or which have 
some particular mental association. Many of these are not the 
result of psychological selection, but are fundamentally dependent 
on the natural laws of hydraulics, which in their application to 
power machines have a margin of possible variation. For in- 
stance, the ideal multiplying ratio for two consecutive machines 
of the same type should be such that a small-capacity impeller 
of the larger machine shall deliver only a slightly greater capacity 
than a high-capacity impeller in the smaller machine. This ratio 
has been determined experimentally, but is still possible of further 
modification. 

The series developments used by the author and which plot 
as straight lines to logarithmic scales in the Cartesian diagrams 
illustrated by him are not really all straight lines in actual 
practice. For instance, the brake horsepower used by a power 
machine varies with size, not in accordance with the laws of 
similitude assumed by the author. Power losses in different- 
sized machines of the same type nearly always vary with multi- 
plying factor as a transcendental function of the size of machine. 
This is true of steam turbines, centrifugal pumps, rotary com- 
pressors, ete., and such functions do not plot as straight lines to 
logarithmic scales. In addition, the combination of varying 
Reynolds-number indices in centrifugal pumps of different sizes 
has an effect on the unit capacity and unit speed which causes 
their deviation from the logarithmic straight-line rule. This 
variation is very marked in certain types and less marked in 
others. A knowledge of such effects is of the utmost importance 
to the designer in proportioning different sizes of machines of 
the same hydraulic type, not only in order to obtain the antici- 
pated output and the best possible efficiency in each size, but 
also to enable him to so dimension the various elements of each 
size that the lowest possible manufacturing cost may be arrived 
at by economizing in space and material. There exists today 
fairly conclusive evidence that really large pumps can be built 
to substantially smaller dimensions than small pumps belonging 
to the same series, and by so doing their performance is improved. 
The larger the machine, the better it may be proportioned to hy- 
draulic advantage-—a second reason why in standardization work 
a multiplying factor should be regarded as a ‘“‘type factor’ which 
requires for maximum advantage important changes in dimen- 
sional proportions of the machine for each size, as long as every 
size of machine is required to operate with uniform physical 
characteristics of the fluid to be pumped. 


AvuTHOR's CLOSURE 


Deviations from the law of similitude were briefly treated 
in the conclusion of the paper and the attention of readers was 
called to certain points liable to raise questions. That the 
discussion of Mr. Macmeeken has been directed to these points 
should be welcomed, as obviously they need further elucidation. 

If the Reynolds number be of such importance, as Mr. Mac- 
meeken seems to believe, its effect could be easily taken into 
consideration. 

Using the diameter D as representative of the size, the periph- 
eral velocity U as representative of the flow velocity, and 
vy as the kinematic viscosity ot the water, the Reynolds number 
R is proportional to DU/», or R = const. X DU/v. 

The kinematic viscosity being constant for the case con- 
sidered, this relationship permits us to form the R-series in the 
usual way. Proceeding through each term of H)-series along 
H = const. and U = const., we pass through the corresponding 
successive terms of the R-series and D-series. We have 


R,, D,U D, 


The term ratio of the R-series is y and its general term X". 

The location of the lines R = const. 1s determined by relation- 
ship R = const. X DU/»; obviously the lines of constant R 
pass through each term of the u-series (A~*) and each alternate 
term of the D-series (\*). The R-series is shown in Fig. 11. 
It indicates that the Reynolds number increases with the size 
and capacity of the pump, a fact which to a certain extent ex- 
plains the better efficiency of the larger-size pumps. 

Unfortunately we can not make more use of the Reynolds 
number in the standardization of centrifugal pumps than to 
state its relation to the other variables and its effect on the pump 
efficiency. That the Reynolds number is not the controlling 
factor as regards pump efficiency follows from the fact that 
there are large pumps (large Reynolds’ numbers) with low effi- 
ciency as well as small pumps with high efficiency. 

The Reynolds number has not been taken into consideration 
not only because the similitude, simultaneously geometric and 
dynamic, cannot exist for motion in a viscous liquid, but chiefly 
because in the application to turbo-machines the friction forces 
are negligible as compared with the mass-acceleration (inertia) 
forces. 

In addition, the friction losses, along with the other hydraulic 
losses (shock, conversion, etc.), were found to follow very closely 
the assumption involved in the relationships used, namely, 
that the losses are proportional to the square of the flow ve- 
locities, or heads. But in the law of similitude as applied to 
centrifugal pumps, further assumptions are involved, i.e., regular 
flow, uniform distribution of pressures and velocities, filled 
channels, no cavitation. 

In endeavoring to design pumps of better efficiency, we 
certainly approach the assumptions required by the law of 
similitude. Fig. 12 shows results of tests of a pump running at 
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different speeds and at constant openings of the discharge valve. 
The high efficiency (best, 86 per cent) of a comparatively smal! 
pump and the almost exact location of points of the N,-serie= 
on the mathematically determined parabolas are not a mer: 
coincidence, but seem to indicate a closer relationship betwee: 
the high efficiency and the fulfilment of the assumptions of th: 
law of similitude. 

Using the standardization method presented in the paper, | 
is possible to handle any information about the pump in questio' 
and to evaluate any new factor which may appear and take '' 
into consideration when selecting the range of the D-, N-, and 
n series to be used for a given service (see Chap. V on the © - 
series). 

The selection of the n.-series is especially connected wi!) 
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the matter of efficiency, and here is where the designer can util 
ize all information like that given in Mr. Macmeeken’s dis- 
cussion. As a means of presenting all the variables with all 
their interrelations, the standardization method may also be 
helpful in this stage of the work, but its task is, as a tool, to 
develop and incorporate in the standardization chart all the 


series involved, with their multiple interrelations, utilizing any 
information which is of value for the purpose of standardization. 
The method can do that, using not only the series already de- 
veloped, but also adding, if necessary, series of new variables, 
which it may appear desirable to evaluate, as was done at the 
beginning of the closure with the Reynolds numbers. 
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Application of Hydraulic Laboratory 
Researches 


By IREAL A. WINTER,' BIRMINGHAM, ALA. 


This paper presents results of laboratory investigations 
made in connection with hydroelectric power-plant de- 
signs, the problems encountered leading up to the estab- 
lishing of a policy of conducting research, the method of 
testing, and comparisons of laboratory and field results. 
The object is to illustrate the many advantages of model 
investigations and to point out the deficiency of scientific 
knowledge incidental to power-plant design, with the 
hope that interest will be stimulated in pure-science 
research. Hydraulic research may be classified under 
two subdivisions: complex flows created by natural 
active and reactive forces, such as river channels, harbors, 
estuaries, tidal effects, etc., and, second, manufactured 
structures, such as spillways, canals, penstocks, hydraulic 
machines, etc., where the active and reactive forces should 
be definitely predicted by the designer. This paper deals 
with the latter, principally in connection with hydraulic 
turbines and their associated parts. Results will be shown 
where slight changes in shapes raise or lower the efficiency 
of hydraulic machinery as great as 1 per cent. No at- 
tempt is made to specifically account for the results 
obtained, but the apparent inconsistency of performance 
of water passages designed according to the limited 
knowledge of positive and negative acceleration will be 
evident to hydraulic engineers engaged in the utility field. 


HE keen appreciation for a need of 

engineering facts in the preparation 

of designs for hydraulic structures 
has given impetus to research in this 
country to a great extent in the past few 
vears. The self-sufficient attitude of the 
engineer of the old school has been sup- 
planted by a desire to prepare designs in 
accordance with results established by 
laboratory tests on homologous models. 
This attitude has been brought about 
mainly by economic necessity, supple- 


' Hydraulic Engineer, Allied Engineers, Inc. The author was 
born on July 31, 1894, in Belvidere, Tenn. His engineering ac- 
tivities began in 1912 in the drawing room of the By-Product Coke 
Oven Plant of the Tennessee Coal, Iron and Railroad Company at 
Fairfield, Ala. From 1913 to 1914 he was engaged with the Ala- 
bama Power Company on the design of hydroelectric stations, re- 
signing in the fall of 1914 to accept a position with Ford, Bacon & 
Davis at New Orleans, to be engaged in the design of cotton ware- 
houses and grain elevators. In the summer of 1915 he returned to 
Birmingham with the Alabama Power Company on design of steam 
and hydroelectric generating plants. During the World War he 
served with the 37th Engineers, U.S.N.A., with the grade of Master 
Engineer. From 1919 to date he has at various times been connected 
with the Dixie Construction Company, Allied Engineers, Inc., 
and Corps of Engineers, U.S.A., on general design and laboratory 
investigation of hydraulic machinery and structures. 

Contributed by the Hydraulic Division and presented at the 
Semi-Annual Meeting, Birmingham, Ala., April 20 to 23, 1931, of 
THe AmMeRICAN SocreTy oF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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mented by engineering difficulties due to a deficiency in ma- 
terials. 

Many engineers are aware of the fact that new and improved 
methods are being fashioned in the laboratory, challenging the 
existence of every industry. A casual observation of the rapid 
change in importance of various industries today is sufficient 
acknowledgment of these facts. No group of utilities has been 
more aware of these conditions than the hydroelectric group. 
This new and energetic industry has grown to great economic 
importance by untiring efforts in developing its properties and 
markets through research, its very conception being a laboratory 
product 

Tue Dam PLANT 


When designs were being prepared for the Mitchell Dam de- 
velopment of the Alabama Power Company, several engineering 
problems became evident as the work progressed. 

The topography at the dam site limited the space available 
for spillway capacity when using gates of a depth considered 
safe for spilling on the river-bed foundations. The rock bluffs 
forming the abutments presented unsuitable conditions for a 
hillside spillway. The channel immediately below the site caused 
a rise in backwater of over 25 ft. during flood periods. As 
the normal operating head was only 68 ft., the loss in effective 
pressure at times of freshets, a frequent occurrence on the Coosa 
River, amounted to an appreciable loss in turbine capacity. 

These conditions brought to maturity the conception of the 
Thurlow backwater suppressor.2 This type of plant utilizes 
the hydraulic jump to lower the static pressure over the draft- 
tube orifice, thereby maintaining full pressure head on the tur- 
bine at all times. It also enables the plant to be laid out so 
that the full width of the river can be used as a spillway. This 
is accomplished by placing the units upstream of the spillway 
and discharging the draft tube through the main dam. Fig. | 
illustrates the general arrangement of the plant. Many second- 
ary advantages resulted from the design, and it is considered 
by the operators as one of the most satisfactory generating sta- 
tions on the system. 

The performance of the backwater suppressor has been as 
predicted from experimental research. The average increase 
in kilowatt-hours per year has been substantially 4 per cent. 
This is the amount of energy actually sold, and is not the avail- 
able generation had the load been equal to the plant capacity. 
The possible increase is 7.5 per cent without the influence of the 
Jordan Dam backing tailwater over the draft tubes. It is 
expected that a substantial increase over the present generation 
will be realized when the full efficiency of the spillway water is 
used in neutralizing the effect of a rising forebay at Jordan 
Dam. 

Of equal importance to increase in yearly generation is the 
ability of the plant to carry full load at all times.? The maxi- 
mum increase in plant capacity has amounted to 45 per cent, 
which may not account for a substantial increase in kilowatt- 
hours, but as a means of reducing capital investment, is of great 
moment. 


? Trans. A.S.M.E., vol. 44, p. 361. 
3.N.E.L.A. publication No. 267-10. 
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All features of this new type of plant were developed by models 
to a seale of '/24 and '/,o full size. No laboratory facilities were 
available in the Birmingham district; consequently the work had 
to be done on a very modest scale. The first working model 
was demonstrated in a flume costing less than one hundred dollars. 
The results were so convincing that the management appropriated 
a substantial sum for carrying the investigation to a conclusion. 

Since 1921 all major developments of the Alabama Power 
Company have been the subject of laboratory’ research covering 
structural, electrical, and hydraulic problems. The field of 
hydraulics has been investigated in connection with spillways, 
spillway gates, energy dissipators, penstocks, scroll cases, draft 
tubes, turbines, expansion joints, cofferdams, backwater curves, 
ete. The results of laboratory tests have been checked in the 
field where a check has been feasible. 


Drart-Tuse Tests 


When Mitchell Dam was under construction, the new improved 
concentric type of draft tubes was coming into general use, and 
it was thought desirable to investigate tubes best suited for the 
suppressor type of plant. 

A series of experiments were conducted at the Alden Hydraulic 
Laboratory of the Worcester Polytechnical Institute, using a 12- 
in. homologous runner and various types of draft tubes.‘ The 
result of these tests was the adaptation of two units using the 
White hydraucone® for good efficiency at all loads and two units 
of the elbow type modified to use the long downstream leg in- 


Fic. 1 View or Dam PLant SHOowING THREE Svup- 
PRESSOR GATES OPEN 
(Flow is 15,000 cu. ft. per sec.) 


cidental to the suppressor design. The latter type offered con- 
siderable saving in construction cost and equally good peak 
efficiency, being well adapted to base-load generation. 

A comparison of the laboratory and field results is shown in 
Fig. 2. No efficiency tests were made on the plant due to the 
difficulty of measuring the water quantity. The kilowatt out- 
put against the gate opening in per cent is used as the criterion 
for performance. It will be noted that the two machines have 
identical capacity for the same per cent of gate opening from 
16,000 to 18,000 kw. This is in substantial agreement with the 


Trans. A 


.S.C.E., vol. 87, 1924, p. 893. 
Trans. A.S. 


M.E., vol. 43, 1927, p. 255. 


model tests indicating that the efficiency of the two units should 
be the same between 0.20 and 0.235 hp. at 1 ft. head for D, = 12 
in. 

The importance of draft-tube design to construction costs and 
turbine efficiency was well illustrated by the Worcester tests 
In this same series a model of the old-style elbow-type draft tube 
used at Lay Dam (lock 12)* was built and tested. The inter- 
esting results of this work are shown in Fig. 3. 
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Comparisons of tests from several angles are given in this 
figure. Starting with the experiments on a 4-in. model without 
a runner, the general characteristics for various angles of whir! 
are shown. Contrary to the general belief that an elbow tube 
is poorer in efficiency with an increase in angle of whirl, the re- 
verse is true in this case. A draft-tube efficiency of 33 per cent 
is obtained at 8-deg. angle of whirl and increase to a maximum 
of 52 per cent at 40 deg. By plotting the area curve of the 
vertical barrel with sections taken in a horizontal plane, rat he: 
than normal to the center line of the tube, the reason for this 
apparent inconsistency is seen. The rate of expansion is much 
greater than can be obtained without considerable centrifuga! 
force to effectually fill the tube. Alteration D, Fig. 3, is a semi- 
cylindrical fillet blocking off 40 per cent of the outflow area. The 
efficiency at zero angle of whirl is increased 10 per cent to 
value of 46, and to a value of 63 per cent at 38-deg. angle of 
whirl. A comparison of the rate of diffusion normal to thie 
center line for the two tubes will show that the alteration more 
nearly approves the possible rate determined experiments!’ 


6 Trans. A.S.C.E., vol. 58, 1915, p. 1505. 
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for a conical diffuser than the original design which was based 
on negative acceleration obeying the law of positive acceleration. 

The same characteristics for the alteration are shown when 
tested with a runner, the peak efficiency being raised a full 
| per cent and the maximum power 3.5 per cent. 

The performance of the model runner using the Mitchell Dam 
hydraucone is shown for comparison. It was thought quite 
significant that a simple alteration in the old-style elbow tube 
would raise the efficiency of the runner to within 0.5 per cent of 
the value obtained with the improved hydraucone. Results of 
research to develop the quarter-turn tube are included in the 
paper. 

The field alteration of the draft tube at Lay Dam apparently 
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It was assumed that the increase in capacity was due to an 
increase in negative head within the draft tube. The Holyoke 
test on the model runner was used as the criterion for change in 
efficiency, all points being based on a percentage of power in 
both cases. A new gross head was computed that would produce 
the equivalent increase assuming the power to vary as H?*/.. 
A new quantity of water was computed on the basis of the Vi. 
The new quantity was substituted in the efficiency equation, 
using the actual head and kilowatt output. The resulting curve 
is shown in the figure. It is believed that this method of deter- 
mining the effect of alteration in the field is legitimate, although 
it has been questioned by several engineers. The author has 
had unfortunate experiences in attempting to check field results 
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agrees with the results obtained in the laboratory. The peak 
efficiency was raised 1.4 per cent and the maximum power 2 per 
cent. The power output was used to arrive at these figures. 

A test of capacity against gate opening was made on units 
! and 2. The head was kept constant for all readings. The 
switchboard instruments were used to determine the output 
and were sealed to prevent being altered before a check test could 
be made on the units after the draft tube change. Unit 2 
was used as a pilot unit, the draft-tube alteration being made 
on unit 1. 

The curve sheets show the agreement of the tests before and 
after alteration. Unit 2 shows consistent agreement of power 
‘or gate opening for both tests. These readings were remark- 
able inasmuch as the actual readings checked as close as 10 kw. 
in 12,000. Unit 1 showed a constant increase in kilowatts for 
all gates, the curves being parallel. 


with portable instruments. The best criterion for changes in 
turbine performance in the case just cited is the piston stroke 
of the guide-vane servomotor in inches and the revolution of 
the kilowatt-hour meter disk, with due respect for accurate 
head readings and the relation of piston stroke to actual gate 
opening in inches. 


Martin Dam TuBE 


The general idea of the modified elbow tube developed for 
units 3 and 4 at Mitchell Dam was incorporated in designs for 
the Martin Dam plant. The units at this plant are rated at 
45,000 hp. at 145-ft. head. Due to the relatively lower specific 
speed of the wheels, it was thought that draft-tube efficiency was 
not as essential as in the first cases cited. The designs were 
prepared to meet structural conditions to the best advantage. 

A series of laboratory tests were made to determine the hy- 
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draulic performance of tube N and Na as shown in Fig. 4. Tube 
F is used as a pilot tube for comparison. It will be noted that 
tube N gave a peak efficiency equal to tube F, but at other loads 
the performance was decidedly inferior. From paint experi- 
ments made to determine the flow lines within the tube, it was 
evident that at axial flow an eddy developed in the heel of the 
tube causing a reversal of flow up into the vertical barrel. A 
half-cone fillet was placed in the heel which proved effective 
in removing the reversal flow and improved the performance of 
the runner to a marked degree as shown by curve Na. 
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The importance of draft-tube design for the low-specific-speed 
runner was clearly brought out in these tests. A comparison 
of performance of tubes N and Na at various heads using a 13'/:- 
in. model runner is shown in Fig. 5. The effect of the alterations 
is interesting, as they indicate the necessity of making a labora- 
tory test to determine the effect of any change that might be 
made to suit field conditions. 


JORDAN Dam TUBES 


The similarity of the cross-section of tube Na and the results 
obtained on the draft-tube alteration at Lay Dam suggested a 
reversion of type to the old quarter-turn tube. A series of 
experiments were made to determine the characteristics of the 
true elbow type. The method adopted was purely experi- 
mental. The limiting dimensions were taken from tube F, and 
the outer radius was made to equal the depth of the draft tube. 
The inner radius and roof line were estimated from designs of 
earlier types. 

The first results showed poor performance as was expected. 
Paint experiments indicated that the trouble was due to eddies 
and reversal flows around the inner radius and along the roof 
of the horizontal diffuser. The regions of ineffective areas were 
filled in, and the paint test was repeated. This work was car- 


ried on in a manner similar to a mechanic spotting a bearing. 
As the dead area were eliminated, the efficiency improved, until 
a point was reached where the elbow was filled at all angles of 
whirl. The final design is shown as tube 1810 in Fig. 6. 

The closeness of performance of tubes F, N, and 1810 showed 
that the three general types represented in this series were 
all capable of delivering good efficiency, with the advantages in 
favor of the elbow tube. 


INCONSISTENT PERFORMANCE OF TUBES 


In general, it can be stated that a good draft tube for one wheel 
will also prove efficient for another, but to risk the design of a 
major installation without laboratory investigation is not just ifi- 
able. The following illustrations are offered: 

From tests shown in Fig. 4, it would appear that tube Va 
would be the better tube for comparison with 1810 and F in 
Fig. 6. This test was made, with the results shown in Fig. 7. 
The increase in draft-tube efficiency due to the installation of the 
half-cone fillet in the heel netted a loss of 0.75 per cent in peak 
efficiency, but registered a gain of 8 per cent in! horsepower. 
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The additional regain in velocity head pulled more water throu! 
the runner, but failed to improve the performance at point 
of best efficiency. The author has no explanation for tis 
fact, as other test data indicate the same inconsistency in a neg- 
tive way. 

Fig. 7 shows the draft-tube efficiency for tube 1810 and a 4-deg. 
conical diffuser. The conical diffuser has a superior efficiency 
of from 10 to 20 per cent throughout the range of 45 deg. of 
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whirl, but no increase in turbine efficiency was found when 
tested with a 16-in. model runner, although the horsepower 
did move out a small percentage. The second curve in this 
figure is a little more encouraging, as the peak efficiencies move 
up and out as the draft-tube performance improves. 

The upper and the second curves in this figure were obtained 
with runners of different designs, but which were of the same 


specific speed. 
GENERAL 


With the exception of the cases cited in Figs. 5 and 7, it has 
been the author’s experience that the tube giving the greatest 
horsepower also gives the best performance curve. This is only 
stating that the tube with the best regain of velocity head will 
perform better with a runner. 

The illustrations showing the results obtained with 4-in. 
models without a runner give considerable prestige to this method 
of testing. 

It has been generally understood that the 4-in. models were 
usable only for rough approximation. This idea is no doubt 
the result of the method of testing and the failure to appre- 
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ciate the necessity of making a suitable flume where accurate 
observations could be made. 

_ The power-house type of tubes being designed today leaves very 
little to be desired in the way of efficiency if we are to be guided 
by results shown in Figs. 5 and 7. This suggests the idea that 
the runners are deficient in delivering the water to the diffuser 
7 = that the superior ability of this type of water passage can 

utilized. 
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Scroui-Case ExperiMENTS WirHout RUNNERS 


Extensive research in connection with scroll-case design was 
carried on in conjunction with the draft-tube investigations. The 
results obtained have indicated that if full benefits are to be 
realized from tests, complete use of the laboratory facilities 
should be made. The later plants of the Alabama Power Com- 
pany have been designed from data obtained by tests on homol- 
ogous turbines, speed rings, draft tubes, scroll cases, and pen- 
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stocks. The plant has been set up in the laboratory as com- 
pletely as possible. New runners, speed rings, and guide vanes 
have been cast to reproduce the actual plant conditions. This 
is essential if correct values are to be obtained regarding speed, 
horsepower, and expected efficiency. 

The first research in this connection was on the Martin Dam 
plate-steel scrolls and penstock. This work was done in the 
Birmingham laboratory on 4-in. models without a runner. The 
difficulty of obtaining usable data by such a procedure was 
fully appreciated, but in view of the remarkable performance 
of the 4-in. draft-tube models, a try seemed justifiable. 

Three scroll cases with speed rings to match were built. The 
turbine proper was complete in detail, except that the buckets 
on the runner were omitted. The turbine gates were fixed 
at the point of best efficiency for all tests, the only variables 
being the scroll case and speed ring, The coefficient of discharge 
based on the throat discharge area of the runner D, was used 
as the criterion of performance. The flow line within the case 
and turbine was determined by paint tests. 

The installation of the model in the laboratory is shown in 
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Fig. 8. The flow line for the first scroll designed with increasing 
velocity around the turbine is shown in Fig. 9. _ It is interesting 
to note that the water entering the turbine adjacent to the speed- 
ring surfaces is flowing radially inward while the water at the 
center of the distributor is flowing more tangentially and in line 
with the turbine gates. The failure of the water to follow the 
speed-ring stay vane is shown by the eddies developing on the 
turbine edge of the vane. 

The second case, shown in Fig. 10, is designed for constant 
velocities around the turbine, the initial velocity being deter- 
mined arbitrarily as a percentage of the spouting velocity of 
the water. The same general characteristics of flow into the 
turbine are found as in the first case. The speed-ring stay vanes 
are slightly better in line with the water currents. 

The third case was designed along different lines from either 
of the first two cases. The moment of momentum was deter- 
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mined for the increment of flow passing the discharge tips of 
the turbine guide vanes when at the point of best wheel efficiency. 
All sections of the scroll were then made to conform to the 
full moment of momentum law. This gave a definite value for 
all dimensions of the scroll as well as establishing the initial 
seroll velocity. The speed-ring stay vanes were placed more 
radially than in the first two cases. These vanes were duplicates 
of the turbine guide vanes and placed substantially in line with 
the guide vanes at the point of best runner efficiency. Fig. 11 
shows the flow characteristic for this case. The radially inward 
flow still persists on the upper and lower speed-ring surfaces, but 
the stay vanes are more in line with the water stream than in 
either of the first two cases. It will be noted that the eddy has 
moved to the entering edge of the stay vane, indicating that a 
slightly less angle would have given better results. 

The influence of a 100-ft. radius elbow in a 20-ft. penstock 
immediately above the scroll intake was included in these ex- 
periments. The angle of the elbow was 32 deg. The intake 
to the penstock was bell-shaped to eliminate the influence of the 
usual design of penstock entrance. An equivalent length of 
straight penstock was built as a guide to the losses within the 
elbow. The tests indicated that the elbow lowered the co- 
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efficient of discharge a slight amount. The flow lines in the 
scroll case did not change, indicating that the elbow did not set 
up an appreciable roll affecting to any great extent the dis- 
tribution of the water to the turbine. 
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Coefficient of discharge based on runner D.: 
Case 1 = 0.3178 with elbow in penstock 


Case 2 = 0.3180 with elbow in penstock 
Case 3 = 0.3190 with elbow in penstock 
Case 1 = 0.3188 with straight penstock. 


These tests were not as conclusive as the experiments on 4- 
in. draft-tube models. This was expected, due to the opposite 
functions of the two types of water passages. The author has 
no definite records of tests on plate-steel scrolls using a runner, 
but he is under the impression that subsequent tests have indi- 
cated the same general relations as found in these experiments. 
It will be noted that the maximum difference in efficiency between 
any two cases amounts to less than 0.5 per cent and that the elbow 
accounts for less than 0.1 per cent in efficiency. 

These small models were to a scale of '/;; full size. The indi- 
cated discharge based on the coefficients determined by 
model test is about 3800 cu. ft. per sec The actual discharge 
of the wheels at the plant reached 3860 cu. ft. per see. This 
is a good criterion as to the accuracy of the tests and the precision 
of the models. 
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The influence of the rate of change of velocity within concrete 
seroll cases was investigated, using a 16-in. model runner. 
These tests included the penstock as proposed for field construc- 
tion. The test data obtained in the first series are shown in 
Fig. 12. Test 868 is for increasing velocity around the runner, 
and test 867 is for constant velocity, the initial velocity being 
the same in both cases. 

The peak efficiencies for both tests were identical, but the per- 
formance curve for the constant velocity case is decidedly supe- 
rior. The increase in horsepower is consistent with the increaser 
in coefficient found on the plate-steel scroll tests, using 4-in. 
models. 

The speed-ring stay vanes used in these experiments were of the 
guide-vane type. It was thought that the use of a speed- 
ring stay vane for every guide vane would improve the hydraulic 
efficiency as well as lighten the upper and lower distributor rings. 


This did not prove true, as is shown in Fig. 13. The use of 24 
vanes instead of #2 lowered the peak efficiency 0.6 per cent, 
and the entire performance curve proved to be decidedly in- 
ferior. 

The lower curve in the figure shows the effect of the shape of 
the speed-ring stay vane on turbine efficiency. The straight- 
sided vane slightly increased the maximum efficiency and horse- 
power, and is an economic factor in construction. This is con- 
sistent with results found in the paint test made in connection 
with the 4-in.-plate scroll-case tests. 

A comparison of performance of the two general types of con- 
crete scrolls and a third radical design is shown in Fig. 14. De- 
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sign for test 643 was based on 4-in. models without a runner, 
assuming that the water should flow radially into the guide vanes. 
Test 645 is for a scroll with constant velocity, and test 658 is 
with increasing velocities. Here again the constant-velocity 
scroll proved the better design, the peak efficiency being raised 
0.75 per cent and the general performance curve being improved. 
The empirical scroll, with a symmetrical discharge and radial 
speed-ring stay vanes, proved equal to the increasing velocity 
scroll in peak efficiency, with better performance at part gate. 

An interesting sidelight on the consistency of test data is shown 
in Fig. 15. This design of scroll was determined in the flume 
used for testing 4-in. draft-tube models. The only limiting di- 
mension given was the gross width and depth of penstock. A 
galvanized-iron form was placed around the turbine entrance to 
conform to the limits of the vertical walls of the penstock and 
scroll case. The scroll end was semi-circular and without « 
central baffle. Water was passed through the model to a depth 
corresponding to the roof of the penstock, and the resulting flow 
was noted. Two sheets of iron were bent to a shape approx'- 
mating the outer surface of a scroll and placed in the flume while 
the test was under way. The two eddies forming about the down- 
stream center line of the turbine entrance were greatly reduced 
by this procedure. The two sheets were then shaped by hand 
until all surface indications of ineffective areas were eliminated. 
The flume was then drained, and all metal parts were painted 
with white lead and oil. A test with a constant flow of water 
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was run for two hours. When the flume was drained, the flow 
lines showed with remarkable contrast, indicating the rate of 
reduction of area required in the scrolls. The limits of flow were 
calibrated from the iron sheets and transferred to a working 
drawing for the 16-in. turbine tests. 

It was assumed that radial flow into the speed-ring stay vanes 
was desirable. Accordingly, a set of radial stay vanes was used 
in making the preliminary paint test. A set of corresponding 
vanes was built for the 16-in. runner. To check the effect of 
stay-vane angle on scroll design, a run was made with the sym- 
metrical case, using the conventional vane angle of about 45 
deg. Test curve 643 is for the condition of design, and curve 
648 is for the conventional stay-vane angle. A drop of 1 per cent 
in efficiency resulted from the use of the sloping vane. 

The influence of a sharp angle in the penstock immediately 
above the turbine entrance is shown in Fig. 16. This test was 
made using a 16-in. model turbine. The steep-shaped penstock 
for test 647 is not usual in power-plant design even with its 
penalty of 0.75 per cent on the plant’s output. 


CONCLUSIONS 


Data presented in the paper are necessarily limited. The 
main object has been to point out the many potential mistakes 
in resorting to individual judgment without thorough laboratory 
tests. It is of equal importance to know what not to do as well 
as what to do. Throughout the paper it will be noted that 
many attempts have been made to use definite laws of motion 
to effect a proper design. The consistent failure of these attempts 


to produce the desired results is evident. A closer understanding 


of the application of fundamental principles to design will 
be realized when more scientific data are available to point the 
way. 

The necessity of making field tests is of first importance if the 
full advantages of experimentation are to be realized. It is most 
gratifying to note the steady increase in field tests being made. 
Only by experience can we learn the art of measuring flows up 
to 7000 and 8000 sec-ft. with a fine degree of accuracy. Com- 
panies that have withheld their support because of the uncer- 
tainty of obtaining reliable results are now making plant tests 
and contributing their share to the general knowledge of the 
art. The measurement of the electrical output has not received 
the sincere attention that it should, no doubt due to the apparent 
ease with which these readings can be obtained. This is un- 
fortunate, as many cases of conflicting results of overall efficiency 
measurements have resulted from indifferent output read- 
ings. 

It is seldom possible to check the effect of various phases of 
turbine design in the field. The plant is tested, and the results 
obtained are for one condition only. This fact emphasizes the 
necessity for obtaining accurate absolute values if progress is to 
be noted by reference to other plants. i 

A review of the effect of altering parts of the water passages 
generally considered non-essential gives encouragement to the 
idea that substantial increases in efficiency and simplification of 
structures are to be had by continued effort along the lines of 
research, 

The work outlined in the paper was done under the direction 
of Mr. O. G. Thurlow, Vice-President, Allied Engineers, Inc., 
with the author in responsible charge. Acknowledgment is 
made of the valuable assistance of Messrs. G. J. Hornsby, R. R. 
Randolph, Jr., Roy E. Davis, and E. B. Coleman, whose efforts 
were responsible for the precise execution of the work, and to 
Allis-Chalmers Manufacturing Company, I. P. Morris & De 
La Vergne, Inc., and 8. Morgan Smith Company for their splendid 
cooperation in contributing their time and information to much 
of the data presented in the paper. 


Discussion 


R. V. Terry.’ Experimental results obtained by the writer on 
4-in. draft-tube models are in agreement with the author’s in 
showing that, to a certain extent, the efficiency of most elbow 
draft tubes inereases with whirl. 

As a matter of record the writer would suggest that the author 
include a statement regarding how the efficiency of the 4-in. 
draft-tube models was determined; i.e., whether it is expressed 
as a regain in percentage of the throat velocity head or a percent- 
age of the difference in throat and discharge velocity heads; 
also a statement regarding how the whirl was introduced and 
where the angle was taken. The angle of whirl of course varies 
across the throat of the tube. 

The writer also has found some inconsistencies such as pointed 
out by the author. Slight errors are likely in the construction 
and testing of small models; also our simple theories do not 
completely cover the complex nature of water flow. 

The writer has always used the constant-velocity method in 
designing turbine spiral casings. The method which increases 
the velocity toward the small end of the casing is based on the 
simple theory of free vortex flow. However, the flow conditions 
in a hydraulic turbine between the casing inlet and the runner 
are far from free vortex conditions. This space is subdivided 
by the speed-ring vanes and wicket gates. It is also quite prob- 
able that the runner indirectly affects the flow conditions in the 
casing to some extent. The writer considers that water flow in a 
spiral casing is more nearly analogous to flow in a pipe bend. 

Certain previously published information is misleading in 
intimating that there is practically no loss of head in a well-de- 
signed spiral casing. The writer has found that there is appreci- 
able loss of head in even well-proportioned casings and agrees 
with the author that casings should be the subject of laboratory 
investigation. 

It is a little startling to find that radial speed-ring vanes give 
slightly improved results. This could never have been found by 
theory. The more one studies water flow the more he is con- 
vinced that it is far better to consult the water first, as the author 
has done, and then investigate a theory to correspond. 


E. Brown’ anp L. B. StiruinG.’ The paper shows that tests 
of model turbines and their settings can be relied upon in fore- 
casting the performance of full-sized homologous units. An 
increasing amount of confidence in such work will lead to the 
appropriation of funds for test purposes, and the results of studies 
undertaken over a wide field by various organizations should 
result in improvements in efficiency and reliability of hydroelec- 
tric units. 

The Shawinigan Water and Power Company established a 
turbine testing plant at Shawinigan Falls a few years ago, in 
which model runners could be tested under heads varying from 
55 ft. to 75 ft. or more, the tailrace level being adjustable over a 
wide range to facilitate studies of the effect of “setting” of the 
runner. It was thought that tests under such heads would bring 
to light unfavorable characteristics of runners which would 
not appear from tests under lower heads. The experience of 
many operating companies shows that modern high-speed run- 
ners, of both Francis and propeller types, exhibit a marked 
tendency to pitting, both on their under blades and on the draft- 
tube liners. A considerable amount of testing work has been 
done in studying the conditions under which such pitting occurs 
and in efforts to minimize it. These tests include the effect of 
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form of draft tube, and studies of the power-efficiency character- 
istics of propeller runners with differently shaped blades, and the 
influence of the setting of the runners on these characteristics. 
Many other allied problems have also been investigated. 

Like the author, the writers have found the use of paint to be 
most helpful in certain kinds of work. To study the conditions 
resulting in pitting in the draft tube, the surface of the draft tube 
was painted with red or yellow duco and overlaid with a coat of 
soft white paint. After the paint had dried for about 12 hours, 
the turbine was operated under some predetermined condition 
for half an hour. The extent to which the painted surface was 
affected gave a comparative measure of the tendency of the 
conditions to cause pitting. In some cases no changes occurred; 
in others only the paint was removed; while in others both paint 
and duco were removed. In some cases the pitting was very 
severe and localized, and in other cases was scattered lightly 
over large areas. By such tests on a propeller runner it was 
established that serious pitting occurred over a comparatively 
small range of gate opening and that a very small change in the 
shape of the trailing edge of the blades made considerable change 
in the intensity of the pitting. Some unexpected results have 
been recorded, as in the author’s experiences. Thus, for example, 
severe pitting occurred at a certain gate opening and speed, 
under 60-ft. nead. The tailrace was lowered 5 ft., and the 
pitting was almost nil, other conditions being unaltered. A simi- 
lar experience occurred with two service units on the system. 
The unit in which the runner appeared to have a safe setting, as 
judged by general principles of hydraulics, showed considerable 
pitting. The other runner, which was installed to replace one 
which had shown mechanical weakness and inefficiency, had a 
poor setting as judged by the same standards. It shows no 
pitting after two years of operation. The two runners are not 
of the same size, but their specific speed is the same, they operate 
under practically the same head, and they are similar in design. 

During the summer of last year an extended series of tests 
was made in conjunction with the manufacturers who supplied a 
number of models of propeller runners, so designed that the 
inclination of the blades could be altered, thus providing for a 
number of variations at reasonable cost. The settings were 
altered by variation of tailrace level, and the performance of 
different models was thus related to the cavitation factor. After 
selecting the form and inclination of blade which gave the most 
desirable power-efficiency characteristic, the model was tested for 
resistance to pitting by using the paint method described. The 
_model runner thus selected was used as the basis of design for 
the fifth unit of 30,000 hp. recently installed at LaGabelle, where 
the normal operating head is 60 ft. 

Tests made some years ago on the effect of cones of different 
heights in the draft tube proved that no one cone showed to 
advantage over the others at all gate openings, when tested over a 
wide range of speeds. For small gate openings the smallest cone 
gave best results at all speeds, whereas at the larger gate openings 
the highest cone had the advantage up to certain speeds, beyond 
which the advantage lay with a cone of intermediate height. 
These results are mentioned briefly, to show that small changes 
have distinctly measurable effects and that it is sometimes danger- 
ous to generalize from the experience of individual tests. The 
explanation of results is sometimes difficult or impossible, but the 
facts are of great importance and only appear as the result of 
tests. 


Raupx L. Tuomas.’ It is particularly notable that the author 


and his company have had the courage to apply the results of 
their model tests in actual installations, involving expenditures 
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of large sums of money, sometimes in the face of the skepticism 
usually met in pioneering work, and that their expectations have 
been amply fulfilled. 

There is one feature of the design of the hydraulic turbine 
water passages, as shown by the drawings with the paper, 
concerning which it would be interesting to have additional infor- 
mation. Was the shape of the bell mouth of the turbine intakes 
as shown in Figs. 14 and 16 the result of model tests? In par- 
ticular, has the author made an investigation of the proper or 
most efficient curvature for the top of this bell-mouth entrance? 


Carrouut F. Merriam.” The paper deals with an important 
phase of a subject which is being given serious consideration by 
power companies, particularly those constructing important 
hydroelectric plants. It is a well-established fact that these com- 
panies cannot afford to build modern plants without carrying 
through an extensive testing program comprising experiments 
such as those the author describes. 

There is always present danger of accepting results which are 
based upon too little testing and of the establishment of engineer- 
ing dogma which may be blindly followed in the future. For this 
reason experiments should aim to give clear understanding of the 
fundamental causes of hydraulic phenomena, rather than to deter- 
mine simply what designs may under certain circumstances give 
the best results. These circumstances may be entirely upset by 
a slight alteration, and conclusions which might be accepted as 
general may prove on further investigation to be fallacious. The 
problem therefore demands the finest talent available, as well 
as a free interchange of information between investigators. 

It is interesting to compare our practice with that in Europe, 
where progressive work in hydraulic-turbine design is being 
conducted practically entirely by the turbine manufacturers. 
In this country, although it is true that all of the leading turbine 
manufacturers have well-equipped laboratories, a great deal of 
work is being done by the laboratories of educational institutions 
and by the power companies themselves. The chief engineer 
for a foreign manufacturer recently remarked that he wished that 
his clients took the same interest in hydraulic experimentation 
that we do in America. 

It would be very desirable, in order that laboratories may ex- 
change equipment, to standardize upon a particular diameter of 
runner, and it is therefore urged that 16 in. should be adopted, 
inasmuch as the following laboratories are equipped to handle 
this size model: I. P. Morris & De La Vergne, Inc., Philadelphia, 
Pa.; S. Morgan Smith Company, York, Pa.; Newport News 
Shipbuilding and Dry Dock Company, Newport News, Va.; 
Shawinigan Water and Power Company, Shawinigan Falls, 
Quebec, Canada; Pennsylvania Water and Power Company, 
Holtwood, Pa.; Alden Hydraulic Laboratory of the Worcester 
Polytechnic Institute, Worcester, Mass. The economies effected 
by having it possible to test a runner at any of these laboratories 
can be appreciated. 

In one place the author mentions measuring the electrical out- 
put by timing the disk of the integrating watt-hour meter. Ex- 
cellent results may be secured in this manner, particularly for 
informal tests. Precautions, however, should be taken to see 
that these permanent instruments should not be affected in any 
way by outside causes, such as the change of burden on the trans- 
formers caused by the use of other instruments in the same 
secondary circuits, difference in power factor, ete. 


G. W. Spavuupina."' The author has clearly shown the need 
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for model testing when dealing with hydraulic design problems 
and by numerous examples indicates what improvements are 
possible by this means. It is generally recognized that the field of 
model testing, with either turbine models or structures, is by no 
means exhausted, and while each engineering project has its own 
peculiar local problems, it is plainly evident that a wealth of 
general knowledge could readily be available if the various 
agencies would pool their information obtained by model testing. 
Last year a hydraulic laboratory was built at Holtwood, Pa., to 
study the problems arising in connection with the Safe Harbor 
project. Much of the data and information obtained will be 
of considerable interest, and it is hoped that this information can 
be made known at a later date to those interested. 

The results obtained by the author on his scroll-case tests 
without runners were exceedingly interesting and emphasized 
the fact that it is indeed difficult to predict the direction of the 
actual flow lines. On similar tests which were made in connec- 
tion with Safe Harbor, it was found that the angle of the speed- 
ring vane was not critical and that this angle could be varied 
appreciably without affecting either the power or the efficiency. 
The angle actually used on the Safe Harbor turbines is approxi- 
mately 25 deg. with the radius. The vanes are symmetrical 
about a center line, and it was decided to use one stay vane for 
each guide vane in order to reduce the cost of the speed rings. 

A number of different tests were made with the final draft tube 
chosen for the Safe Harbor plant, to determine the effect of 
sloping the horizontal leg of the tube upward, to determine the 
most efficient rate of diffusion in the horizontal leg of the tube, 
and to determine the most economical horizontal length of the 
tube. 

It would be interesting to obtain additional confirming data 
for a wide range of conditions including various types of draft 
tubes and with runners of various types and specific speeds, 
before agreeing with the author’s statement that “‘in general, it 
can be stated that a good draft tube for one wheel will also prove 
efficient with another wheel.’’ This is a matter which has been 
the subject of many discussions. It is hoped to make certain 
comparative tests along this line at the Holtwood Laboratory in 
the near future. 

The author points out that the necessity of making field tests 
is of first importance, if the full advantages of experimentation 
are to be realized. It is planned at the Safe Harbor plant to 
use two methods of index testing, each of which will first be used 
on the homologous setting at the Holtwood Laboratory, and it is 
hoped that the coefficients obtained on the model can be used 
for the actual unit. One of these index methods is the Winter- 
Kennedy principle, for which the author was responsible. In 
addition to the index testing, actual efficiency tests will be made, 
using a large bank of current meters. The engineers of this 
company have spent considerable time and money in studying 
the question of field tests, and we are going to be very critical 
of the results obtained with these current meters. It is recog- 
nized that these field tests will be of primary value in analyzing 
the conclusions reached from the model tests. 


LeRoy M. Davis.'? Not only is this paper valuable for its 
positive information, but it clearly shows the danger of designing 
an important hydraulic structure from the known laws of hydrau- 
lics without substantiating this design with suitable model tests. 
The importance of model testing, as a cheap and accurate means 
of determining the action of an unprecedented hydraulic struc- 
ture, is just beginning to be appreciated by the. American en- 
gineer. It seems probable that in the future the laboratory will 
= considered a necessary medium for arriving at an efficient 

esign. 
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Model testing in the hydraulic field is not limited to draft 
tubes and intakes. For years model tests have been used ex- 
tensively on turbine design. Recently tests have been made on 
spillways and on piers, to determine the breakwater effect of 
dams and cofferdams, and also the effect of excavation in rivers. 

It would be interesting to know how the models which the 
author used were constructed. The Alden Hydraulic Labora- 
tory has developed a method of building draft tubes which is 
especially well suited for models. A skeleton of wood is made up 
composed of rings and longitudinal braces. The inside is then 
lined with sheet copper which is hammered into shape and sold- 
ered together. For convenience the tube is made in two sections, 
which are fastened with bolts. The copper lining can be ac- 
curately formed, the wooden frame giving the necessary strength. 
The tube is light and inexpensive, and experience has shown that 
there is very little distortion when the wood becomes soaked. 
This same construction could be adopted for intakes and scroll 
cases. Such construction is limited to models for comparatively 
low head testing with low draft heads. 


J.B. Curier.'"* The author states that “‘a review of the effect 
of altering parts of the water passages generally considered non- 
essential gives encouragement to the idea that substantial in- 
creases in efficiency and simplification of structures are to be had 
by continued effort along the lines of research.’’ The writer 
assumes that by non-essential parts of water passages the author 
refers more particularly to speed-ring vanes, scroll-casing layout, 
and details of draft-tube design. It is undoubtedly true that 
higher efficiencies than at present obtainable will be developed by 
improvement of these details. The margin for improvement, 
however, above the present high-efficiency values of approxi- 
mately 94 per cent is not large, and it does not seem probable that 
an increase of more than 1 or 2 per cent in actual calculated effi- 
ciency will be obtained. 

The author’s reference to the Thurlow backwater suppressor, 
with which it is possible to maintain rated output from a unit 
under greatly reduced heads caused by excess stream-flow condi- 
tions, gives rise to the thought that possibly greater importance 
should be attached to investigations conducted along this general 
line. The Moody ejector turbine, like the Thurlow suppressor, 
and other features developed for the attainment of the high ca- 
pacities under reduced heads have been used with very satisfactory 
results. Considering the excess water available to the power 
company as an additional source of energy apart from the machine 
itself and without cost, the efficiencies developed from the stand- 
point of net return to the company might be considered as being 
in effect appreciably in excess of 100 per cent. 

In view of this possible greater net revenue to the power pro- 
ducer from such devices as these, it would seem that further re- 
search along this line should perhaps be of greater ultimate value 
than along the line of improving features of design within the 
established water passages of the turbine itself. This conclusion 
is in contradiction to the generally accepted understanding that de- 
velopment in turbine design is definitely limited by the small mar- 
gin in actual net efficiency, yet remaining under 100 per cent. In 
the writer’s opinion the proved performance of the Thurlow sup- 
pressor should suggest fields of research the limits of which are as 
yet undetermined. 


H. A. HaGeman.'"* For a number of years it has been the 
practice of this corporation to do model testing in connection 
with the design of important structures of hydroelectric develop- 


13 Safe Harbor Water Power Corporation, Baltimore, Md. Mem. 
A.S.M.E. 

14 Chief Hydraulic Engineer, Stone & Webster Engineering Cor- 
poration, Boston, Mass. 
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ments. Recent work along this line includes a variety of model Experiments described in this paper are practically all of the 


tests of the spillway dam for the Osage development in Missouri 
now nearing completion, and the Rock Island development on the 
Columbia River, near Wenatchee, Wash., at present under 
construction. 

In connection with the latter development, a model was con- 
structed on a scale of 1 to 100 which reproduces the entire power 
site over a distance of 6200 ft. An extensive series of tests have 
been made on this model which have proved of great value in 
determining the effect of the river flows in an unusually rugged 
section of river channel. The largest flow on record at this 
power site is about 740,000 c.f.s., and flows corresponding to 
even greater than this amount have been experimented with on 
the model. As a result of these model tests, it has been possible 
to measure headwater and tailwater levels for a wide range of flow 
conditions, to determine cofferdam heights for protection of the 
work under construction, and to study the effect of changes in 
location and alignment of the various structures. Certain of 
these model tests showed that, by directing the river discharge 
from a battery of large flood gates through a deep channel below 
the power house, a reduction in tailwater level during high flows 
could be obtained very similar to that obtained by the Thurlow 
suppressor. No special construction was used to obtain the 
ejector action, which was accomplished by an arrangement of 
structures in relation to the natural topography. It is expected 
that for flows of about 200,000 c.f.s., the minimum head on the 
plant can be increased by this means at least 3 ft., which for an 
installed capacity of 150,000 kw. will mean a very considerable 
increase in available power. 

The writer is thoroughly in accord with the practice of conduct- 
ing model tests and believes that much valuable information can 
be obtained relative to the flow of water through hydraulic struc- 
tures at small expense. 


S. O. ScoaMBERGER.'> The author’s description of laboratory 
work done and field results accomplished in connection with the 
various hydroelectric developments of the Alabama Power Com- 
pany indicates that considerable distance has already been cov- 
ered in determining the value of experiment whenever there is a 
reasonable doubt in the mind of the designer as to the ade- 
quacy of a structure or the value of a change in design or opera- 
tion. 

Recent years have seen real interest taken in the subject of 
model testing, and one need only refer to the report of the Com- 
mittee on Survey of Hydraulic Research of the Hydraulic Divi- 
sion of the A.S.M.E. to be convinced that there must be some 
justification for the work. Publicity is lacking, however. There 
may be some justification for the withholding of test data by 
equipment manufacturers on the grounds of economic pressure, 
but certainly this is true to only a small extent in the consulting 
field and not at all with operating companies. The author is to be 
commended on the experimental data he has made available to 
all. 

Losses of any kind in an operating structure cost money. The 
elimination of losses is therefore warranted if the cost of elimina- 
tion is not too great. Model testing to determine the ways and 
means may be the first step in the elimination of these losses if 
one can depend upon the accuracy of the results obtained. This 
paper, if it has done nothing else, has pointed out to an extent 
(not, however, to the extent that it might be hoped for) that 
results obtained by model testing can be checked in the field. 
It is to be hoped that more data can be made available in the 
future which will give the designer and the operator confidence 
in his ability to obtain field results as obtained by model testing. 


4 Hydraulic Engineer, New York Power and Light Corporation, 
Albany, N. Y. 


type where a change in form or line results in improvement in 
operation without appreciable increase in cost. In this type of 
experiment, the exact relation between the model and the proto- 
type is not absolutely essential, as a dollars and cents value 
need not be placed upon the gain obtained by the model. It is 
important, however, to know that the field installation will 
react to the change in the same way, if not exactly in the same 
amount, asin the model. The paper has shown conclusively that 
this is true. 

There is another type of testing which has its value to the 
designer in that losses experienced in waterways can be deter- 
mined and evaluated before the construction, and in this way 
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VELOCITY HEAD AT CASING ENTRANCE 


Fic. 17 Comparison or Lost Heap as DETERMINED From Move. 
Test AND From Figevp Test 


(Conducted at New York Power and Light Corporation's Spier Falls hydro 
station.) 


the most economic design be determined. With this type of 
testing, it is important to know the relation between the mode! 
and the prototype, and more data should be obtained from the 
field before confidence can be placed wholeheartedly in the mode! 
builder. 

During the past two years, the writer has had opportunity to 
use a model on the scale of 1 to 48 to determine forebay and canal 
losses in a heavy rock cut, and also to determine the economic 
limit of increasing the velocities through an intake structure. 
These experiments were conducted at the Alden Laboratory at 
Worcester Polytechnic Institute in connection with the addition 
of a 37,500-kw. unit at the Spier Falls Station of the New York 
Power and Light Corporation. The test of these models has been 


briefly described in an article by C. L. Avery, published in the 
December, 1930, issue of the N.E.L.A. Bulletin. 

The Spier Falls plant was built in 1902 and designed for an 
ultimate capacity of 9000 c.f.s. The characteristics and the 
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advantageous location of the plant with respect to the intercon- 
nected system made it desirable to increase its capacity for peak 
operation. The quantity of water through the forebay was to 
be increased from 9000 c.f.s. to more than 17,000 c.f.s. The en- 
larged forebay was in heavy rock excavation, so that dollars spent 
in taking out the rock should earn dollars in increased ca- 
pacity. 

Prior to the construction of the model, an actual test was con- 
ducted in the field to determine losses in the existing installation, 
and then that installation was set up in model form to determine 
the accuracy which might be expected from the model. The re- 
sults were sufficiently convincing so that testing was continued 
to cover the entire construction project. After the model ex- 
periments for the determination of the final alignment of the 
forebay and the dimensions of the intake, construction was 
finished and a field check was made. 

Because of the lack of time in testing the model before con- 
struction was actually under way, there were minor changes made 
in the design which resulted in a structure and water passages 
slightly different from those tested in the model. It is felt 
that the forebay model is as close a representation of the actual 
forebay as it is practical to make. There are, however, certain 
differences in the intake and penstock model, as follows: 

1 The angle of the floor of the intake was 9 deg. steeper in the 
model. 

2 The elevation of the stop-log sill was 2 ft. higher in the 
model. 

3 The area of the head-gate opening was 3 per cent smaller in 
the model. 

4 The percentage of the total acceleration produced in the 
transition section was 15 per cent less in the model. 

5 The percentage of the total acceleration produced in 
the penstock bend was 13 per cent more in the model. 

6 The model was tested without racks. 

Of these variations, the first three tend to decrease the loss in 
the field, while the last three tend to decrease the loss in the model. 

The curve shown in Fig. 17 indicates the agreement between 
the field test and the model test. For best gate capacity of 6200 
c.f.s., the model indicated 0.56 ft. loss from pond to waterwheel 
casing entrance, while the actual field test showed 0.54 ft. The 
model test in this particular case indicated changes in design 
which resulted in a saving of some $80,000 in construction cost 
without appreciable increase in operating loss and unquestion- 
ably warranted the cost of the experimental work, which was in 
the neighborhood of $8000. 

It is hoped that this comparison between the model test and 
the actual field check will help confirm the conclusion which 
the author has drawn—that model testing is a very great aid 
to the designer and may result in savings in construction and 
operation far in excess of the cost of experiment. 


AUTHOR’s CLOSURE 


Since presentation of the paper, field tests have been completed 
on the Lower Tallassee Plant, where identical turbines with 
different speed rings were installed. Fig. 18 shows results ob- 
tained on unit 1 with a 24-stay-vane speed ring and unit 2 with a 
12-stay-vane speed ring. These results are in agreement with 
model tests as shown in Fig. 13. 

The field tests define the shape of the performance curve more 
completely than is possible in the laboratory. It will be noted 
that the efficiency in model test 869, Fig. 13, shows a tendency to 
drop sharply after reaching the point of maximum efficiency. 
This characteristic is positively brought out in the field tests. 
The absolute difference in peak efficiency was found to be 1 per 
cent in the plant as compared with 0.6 per cent on the model. 
This difference is not due necessarily to inaccuracy in testing, but 
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is inherent in the present laboratory methods. By selecting six 
or seven gate openings and covering a wide range of speeds, the 
performance curves are determined by intersecting the resulting 
horsepower-speed—efficiency-speed curves. The peak efficiency 
is established from the envelope. This method leaves consider- 
able latitude in plotting the resulting performance curve. The 
need of laboratory apparatus whereby a constant speed on the 
turbine under test can be maintained is evident. This is only 
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Fic. 18 Lower Test, Over-ALL PLant Horse- 
POWER 
(Comparison of 12 and 24 speed-ring stay vanes. Unit 2 has 12 stay vanes, 
and compares with test 868 of Fig. 13; unit 1 has 24 stay vanes, and com- 
pares with test 869 of Fig. 13.) 
emphasizing the necessity of keeping all factors in model and 
prototype as similar as is practical. 

Mr. R. V. Terry’s comments regarding scroll cases is most 
interesting. The author is inclined to believe that the scroll case 
functions as a combination of vortex and elbow. By referring to 
test 121, Fig. 9, it will be noted that there are three separate 
streams of water entering the speed ring. The upper and lower 
streams tend to flow radially, following the elbow characteristics. 
The central stream tends to flow more tangentially and in agree- 
ment with the vortex law. Mr. William White, of Allis-Chalmers, 
emphasized this fact during an informal discussion of the paper. 

In making the 4-in.-model draft-tube experiments, a turbine 
speed ring with guide vanes was used. The guide vanes were at 
various angles adjusted to produce whirl in the draft tube cor- 
responding to 0, 15, 30, and 45 deg. with the vertical axis of the 
turbine. The angle was measured at the outer walls of the draft 
tube. The efficiency was completed by the formula E = (C2/C1)? 
— 1/C2? in which Cl = coefficient of discharge (based on runner 
D:) without draft tube, and C2 = coefficient of discharge with 
draft tube attached. This formula is a function of external and 
internal head and has no factor for the inflow and outflow 
velocity heads. 

The effect of cones in the draft tube, as noted by Messrs. EF. 
Brown and L. B. Stirling, is of interest, as it was found in the 
Worcester tests that a large cone extending to the runner shaft 
increased the efficiency of the turbine. The function of the cone 
in this case was to fill a void under the runner rather than to 
correct areas within the draft tube. 

The bell-mouth penstock entrance used in the plate-steel scroll 
case experiment was not arrived at experimentally. The object 
of the experiment was to determine the effect of the penstock 
elbow at the scroll entrance. The following table of plant tests, 
based on weighted values for all sections of water passage, will 
indicate to Mr. R. L. Thomas the combined head losses from fore- 
bay to turbine entrance to be expected in actual plant operation: 


Head 

Ratio loss, 

L/R % Hv 
Martin Dam.... 40.0 36 
Upper Tallassee . 21.8 65 
Jordan Dam.... 7.6 33 
83 


in which L = length from penstock entrance to net head piezome- 
ters in feet and R = hydraulic radius in feet. Martin Dam 
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has a plate-steel penstock in a single pipe. Upper Tallassee, 
Jordan Dam, and Lower Tallassee are three-pipe concrete pen- 
stocks. The Upper Tallassee water passages are comparable to 
the Safe Harbor design. 

Mr. Carroll F. Merriam states the fact that conclusions should 
not be deduced from even a great number of repeated experiments 
unless the phenomenon is clearly understood. Hydraulic re- 
search as conducted by various operating companies in this 
country is of a defensive nature. Only limited funds are available 
for offensive research to point out the phenomenon, enabling the 
engineer to make a direct approach to the solution of his problems. 

The position taken by Mr. G. W. Spaulding relative to the 
performance of draft tubes with various specific speed wheels is 
well founded. The author wishes to qualify his statement that 
“in general, it can be stated that a good draft tube for one wheel 
will also prove efficient with another wheel,’’ to the Francis type 
runner, as he has had no experience with the propeller turbine. 

The construction of draft-tube models in sheet copper, as 
described by Mr. LeRoy M. Davis, represents an advancement 
over the method used by the author. The models referred to in 


the paper were constructed of white pine and followed pattern- 
work practice. An average 16-in. model draft tube costs $350, 
while a scroll case may reach $500. Deterioration is rapid due to 
the wood swelling and joints opening, making constant inspection 
and repairs necessary. 

As pointed out by Mr. Davis and Mr. Hageman, there is much 
to be gained by building a model of the complete project. In the 
case of Mitchell Dam, the plant arrangement using the Thurlow 
suppressor is equivalent to increasing the over-al! turbine effi- 
ciency by 4 per cent. 

A valuable contribution to the paper is offered by Mr. 8. O. 
Schamberger in presenting the results obtained at the Spier Falls 
Plant. The agreement of head losses as determined on the model 
and at the plant is remarkable. An interesting comparison of 
intakes and entrance losses could be made by reducing the Spier 
Falls values to those shown in the table for various plants of the 
Alabama Power Company. 

The author wishes to thank the contributors to the paper for 
their assistance in materially adding to the usefulness of the data 
presented. 
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American Management in Europe 


Industrialists in England and on the Continent Exhibit a Growing Interest in Methods In- 
stalled in the United States—The Purchase of More Efficient Machines and Equipment 
Has Not Brought the Expected Prosperity, and It Is Now Found That 


Management Is as Important as Processes 


By WALLACE CLARK,' NEW YORK, N. Y. 


NHE scope of management engineer- 
ing is no longer confined to the in- 
stallation of so-called mechanisms of 

management or the technique of carrying 

on the routine of a business. It now covers 
all the psychological, physical, and eco- 
nomic conditions which affect a certain 
enterprise. It applies method to every 
phase of industry and nothing is left to 
the old haphazard way of getting into an 
unexpected situation and then moving 
heaven and earth to get out of it. The 
executive in these days is expected to foresee practically every 
change in conditions both inside his company and those outside 
which will affect it. | Where possible he is expected to prevent an 
undesirable event from happening, or when he cannot do that, he 
must already have planned a course of action which will make the 
best of the changed conditions. It is obvious that the man who 
first sees his way out of a difficulty has a decided advantage over 
his competitor. 

The management engineer has for a long time provided the 
executive with the technique for the routine management of pro- 


' Wallace Clark & Company, Consulting Management Engineers. 
Mem. A.S.M.E. Mr. Clark was graduated from the University of 
Cincinnati in 1902, and then entered the employ of the Lodge & 
Shipley Machine Tool Co. In 1910 he was engaged by the Reming- 
ton Typewriter Co. in New York City. When H. L. Gantt was 
retained by that company to install his methods of management, Mr. 
Clark was selected as an understudy and later as an executive to 
carry out the new system. 

In 1917 he resigned from the Remington Company to join Gantt’s 
staff and went to Washington, where he had charge of the latter’s work 
of planning the utilization of ships controlled by the U. S. Shipping 
Board. In 1919 he started his own consulting practice, which he 
has since maintained. 

During the next six years he investigated the operation of the U. S. 
Patent Office for Herbert Hoover, then Secretary of Commerce, and 
was a member of the commission which drew up the plan for the 
organization of the proposed Federal Department of Public Works. 
J n 1926, as the engineer member of the Kemmerer Finance Com- 
mission which stabilized the currency of Poland, he recommended 
methods for the reorganization of the Polish salt and tobacco monopo- 
lies. In 1927, at the request of the Minister of Finance and a group 
of manufacturers in Poland, he reorganized some of that country’s 
leading industries and since then has extended his services to Ger- 
many, France, Switzerland, Czechoslovakia, Rumania, England, and 
Denmark. He is the author of a number of books, among them 
being “The Gantt Chart,” which has been translated into seven 
languages. 

Contributed by the Management Division and presented at the 
Annual Meeting, New York, N. Y., Dee. 1 to 5, 1930, of THe AmERI- 
CAN Society oF MEcHANICAL ENGINEERS. 


duction and distribution, and more recently he has provided 
budgets for the financial direction of the business. He cooperates 
with the statisticians in applying forecasts of general business 
conditions to a specific industry. He works with the economists 
in their attempt to secure a greater general prosperity and with 
the workers in their desire for greater security, better living 
conditions, and the chance to use and develop their creative 
energies. 


Tue ApPLicaTION OF 


The application of method to his daily duties does not deprive 
either the worker or the executive of initiative. On the contrary, 
it frees more of his time for those parts of the work which require 
the use of his creative faculties rather than his memory. 

If a workman has to do a certain task for the first time, there 
is no good reason why he should be allowed to flounder around 
and discover his own meti od when the same problem has been 
met and solved a thousand times by other men. It is obvious 
that the existing knowledge should be made available to him in 
the form of a method, and that he should use his mind in im- 
proving that method. If the situation is complicated, he must 
use his judgment in deciding which of the several methods will 
accomplish the best results under those particular circumstances. 
The application of method means the selection of the best from 
the many current ways of doing a thing, improving that, if pos- 
sible, and then teaching it to all who have to do that thing. In 
this way the individual starts from the best-known method and 
employs his creative ability in developing a better way. He does 
not waste his time in discovering things which were discovered 
long ago. 

The same is true of the executive, for the application of method 
to his work frees his mind for the use of keen analysis and good 
judgment in determining a course of action and of will power and 
resourcefulness in following that course. 

One of the greatest services the management engineer can 
render is to make existing knowledge and method available, so 
that constructive minds will not need to go over ground which has 
already been covered; to simplify the routine so that it will re- 
quire a minimum of time, and in other ways to free the creative 
energies of executives and workers. 

The pioneering work of applying science to management has 
been done and the mechanisms or technique of management have 
been developed. Much will be done in future to improve this 
technique and extend its application to new fields, but the task of 
the management engineer now is to place this science of manage- 
ment at the disposal of every part of industry and then to concen- 
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trate his energies on developing the individuals and stimulating 
their creative brains. 


Makine Metruops AVAILABLE ABROAD 


Should an American engineer make the methods developed here 
available to industry in foreign countries? 

That is a question which is sometimes asked and more often 
suggested indirectly. Should America keep her prosperity to 
herself and not share it with the rest of the world? Should we 
too develop the intense and selfish nationalism which brought on 
the World War and is still a grave danger in Europe? 

To the engineer or the scientist the answer seems obvious, for 
to him right methods of work and good conditions for workers 
have no nationality. Politics is outside his domain. If im- 
proved processes and methods, through some later political up- 
heaval, are turned to the uses of war, it is because civilized brains 
and intelligent forecasting are not concentrated on removing the 
underlying causes or conditions which lead to the political up- 
heavals or catastrophes. If the economics of nations were 
planned according to engineering principles, there would be 
friendly cooperation in place of fear and hatred. 

America, as a matter of fact, has gone far in making her methods 
available to foreign countries. We began years ago to ship our 
machine tools and other labor-saving devices to Europe, and they 
have had a marked effect on increasing the productivity and 
wealth of those countries. We have exchanged our inventions 
for those originating abroad. 

It seems to be generally agreed in Europe that our methods 
of management have been largely responsible for our recent period 
of prosperity, and our books and papers on management have 
been eagerly translated and published. Countless delegations 
and individuals have been sent to study our plants, and American 
executives have freely opened their doors and have given the 
visitors all the information they could take away with them. 

Industrialists and engineers have apparently learned that no 
country can live entirely to itself, and that our prosperity is 
closely tied up with that of the rest of the world. 


MAINTAINING STANDARD OF LIVING 


The present business depression has lasted so long that some 
in Europe are asking whether we can maintain our high standard 
of living, and even more frequently in the American press some 
one says that the standard of living of our workmen must be 
reduced. 

To the engineer who has taken part in the growth of manage- 
ment, any loss of what men have gained through the development 
of industry is unthinkable. 

If the workman is to go back to an outgrown stage in his prog- 
ress, there will be no need for the inventor to bring forward his 
ideas for improvements aimed to make life easier and more satis- 
fying. The scientist will have no incentive to carry on his ex- 
periments for the benefit of mankind, and the engineer will be 
out of a job. 

It is not the American way to be satisfied with things as they 
are. It is not intelligent, with the advance we have made, to 
continue to suffer these periodic depressions. The task before 
America is to regain our prosperity and then to stabilize it. 

We have an abundance of raw materials and foodstuffs, plenty 
of machines standing idle, and millions of men and women wanting 
work. There are many more millions who need the good food, 
better clothing, housing, and other things produced by those 
machines. 

The money to buy the products of our machines must be placed 
in the hands of those who need to buy them. Some way must 
be found to direct a flow of money to consumers which will more 


nearly balance our ability to produce goods. When this prob- 
lem is solved, we shall be able not only to maintain our standard 
of living, but to continually raise it. 


Proaress In Evrore 


The leaders in European industry generally recognize that a 
higher standard of living ior their own people can be attained 
only through a better development of their own resources, in- 
creased productivity of labor, and better methods of management 
to eliminate waste and to coordinate the various parts of each 
business. Much progress has already been made in the applica- 
tion of American methods, as will be shown in the summaries 
from different countries. Some of the characteristics of European 
industry are these: 

There is less mass production there than in America because of 
tariff walls, different habits of peoples, and lower purchasing power. 

Turnover of investment is slower, due to less effective manage- 
ment. 

There are not enough practical men among the executives, due 
to class distinctions. 

The introduction of results of research into practice is slower. 

More labor is wasted, because wages are low. 

There is more respect for knowledge and authority than in 
America. 

Workmen have greater security. 

These characteristics of industrial conditions in Europe apply 
only partly to Great Britain and not at all to Russia, where the 
fundamental structure produces different shop and business condi- 
tions. I should also except the three Scandinavian countries, 
where the wages and standard of living compare fairly well with 
those in our country. 

In the installation of management methods in Europe among 
the obstacles to be overcome are: the necessity of working 
through interpreters in several languages and differences of men- 
tality and psychology, but these can be overcome by carefully 
planning the installation. 

In the application of American methods the following points 
are noticed: 

In Europe more time is required to secure delivery of pur- 
chased materials. 

Rearrangement of old buildings is more frequently necessary. 

Reserved-time scheduling is more needed than chain produc- 
tion. 

Market research and sales organization have not made much 
progress. 

Budgeting is well understood. 

Methods of executive direction are as much in demand as in 
America. 

There is now in Europe a more general understanding of the 
fact that conditions are changing and that methods must be flexi- 
ble. 


MANAGEMENT HELPS THE WORKER 


The introduction of the new management into European plants 
has almost invariably brought about better working conditions, 
higher wages, and steadier employment, just as it has in America. 
It is fortunate that there is on both continents a growing recogni- 
tion of the worker. It is particularly easy to see this in some of 
the older countries where there are so many reminders of the 
early stages of the industrial era, when a worker’s time, health. 
and even life itself were held so cheap. The long hours be 
worked, the miserable wages he received, the inhuman punis’:- 
ments he suffered for any infringement of the rules, and the con«i- 
tions under which women and children were employed seem in- 
credible today. 


Characteristics of European Industry and 
Growing Interest in American Methods 


T= growing interest of European industrialists in American 
methods of management is well known. Fora long time they 
believed that the purchase of the most efficient machines and 
equipment would bring them American prosperity, but they 
have learned, as we did over here, that management is quite as 
important as machines and processes. 

As a body of technicians The American Society of Mechanical 
Engineers may be interested in some of the characteristics of 
European industry noted in the author’s daily work of installing 
management methods and how those methods are adapted to 
foreign conditions. During the last three and a half years in 
the plants and mines of nine European countries, his organiza- 
tion’s clients have been engaged in the following industries: 
mines of salt, iron ore and coal, blast furnaces, foundries, forges, 
rolling mills for steel, brass and copper sheets and tubes, locomo- 
tives, railway cars, automobiles, airplane motors, agricultural 
and textile machinery, cellulose and mechanical pulp, paper, 
lumber, printing, lithographing, clocks, screw-machine products, 
chocolate, cotton, wool and linen textiles, municipal tramways, 
tobacco monopolies, and state industries. 


Mass Propuction 


The characteristic of European industry most frequently dis- 
cussed is that there is less mass production than in America. 
One reason is that the countries are smaller and the tariff walls 
prevent the distribution of manufactured articles to a body of 
consumers large enough to justify mass production. Consump- 
tion is also limited by the marked differences in habits of the 
people in the various countries. A third reason is that wages are 
low, and therefore the purchasing power of the average family 
is not sufficient to enable it to buy many of the manufactured 
articles which in America are purchased in mass. Consumers, 
particularly in France and England, also demand greater indi- 
viduality of design than we do. 

Nevertheless there is a good deal of mass production in Europe 
accompanied by strict standardization of design and the use of 
automatic machines and of moving belts for assembly. Where 
production of this kind has been successful it has so simplified the 
management that other manufacturers have looked on it with 
envy and have frequently installed the equipment for chain 
production when the volume of sales did not justify it, and as a 
result the fixed investment became so great that interest and de- 
preciation swallowed up all the profits. Manufacturers in this 
situation have often taken the course of dumping their products on 
the market without profit in order to keep their machines running. 

However, in a majority of instances the adaptation of mass or 
chain production has been extremely profitable. Most of our 
clients, by standardizing design, reducing the number of styles, and 
rearranging production to match the tempo of moving belts, have 
increased output by 25 per cent or more, and have so greatly im- 
proved the quality of product and lowered its cost that they have 
built up domestic sales, and some have opened up foreign mar- 
kets which were not known to exist. 


TURNOVER OF INVESTMENT 


A slower turnover of investment is another characteristic of 
European plants. Raw materials are kept in stores much longer 
than necessary and work moves deliberately through the process 
of manufacture, which in turn makes it necessary to keep larger 
quantities of finished goods in stock. This slower time of pro- 
duction requires more investment in proportion to the volume of 
sales than in the United States. 
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This difference in tempo between the industries of the two 
continents has of course a decided influence on resulting profits. 
European executives are learning that it is more economical to 
turn over their capita] quickly than to secure additional capital 
on which dividends or interest must be paid. 

The American technic of production invariably brings about a 
swifter flow of material and ideas, and therefore a better turnover 
of investment. Ina Polish plant, for example, where about 3000 
workmen are employed, the new methods of management in- 
creased production 55 per cent with the same number of workers, 
very small investments in equipment, and with no changes in 
executives. 


PRACTICE AND THEORY 


Another characteristic of Continental industry is the tendency 
of the managing staff toward abstract theory, and therefore one 
of the problems which faces the consultant in organizing a Euro- 
pean plant is that of securing a good balance between practical 
and theoretical men. The executives from the superintendent 
up almost invariably have engineering degrees with good theoreti- 
cal training behind them, but seldom any actual shop experience 
in operating machines or processes. 

On the other hand, the good shop men are very seldom pro- 
moted to positions of responsibility in the management. A work- 
man expects to live and die in the class in which he was born. 
There is almost no training of good workmen to become foremen, 
and no classes to fit foremen for higher responsibilities. Evening 
technical schools are rare and the same is true of correspondence 
schools. The workman does not expect promotion from the 
ranks, and does little to fit himself for it. 

In organizing American shops we do not have much difficulty 
in securing an even number of technically trained men and those 
who have been brought up in the shop. By placing them side 
by side we develop a management which is more sure of itself 
and quicker to make decisions and take action. In Europe this 
is more difficult to accomplish because of class distinctions, but 
fortunately it is becoming easier each year as class lines are re- 
laxed. 

In a Polish spinning mill we found a need for more supervision 
over some of the difficult operations such as doubling and twisting. 
The superintendent said there was no one who could be assigned 
as supervisor. On being asked who knew most about this par- 
ticular operation, he replied without any hesitation by naming 
one of the operators, but said that she would not do because 
she was just one of the peasant girls and no one would respect her 
and follow her orders. However, he consented to give this girl 
a chance, and a few weeks later told us that the other operators 
were all willingly obeying her instructions, and that the produc- 
tion of that battery of machines had so far improved in quality 
and quantity that they were no longer holding back other opera- 
tions. He then asked us to do the same thing for succeeding 
operations. 

Such promotions from the ranks are not as frequent as they 
should be, and the reason is not so much that executives oppose 
it as that it does not occur to any one that it can be done. 


PRACTICAL APPLICATION OF KNOWLEDGE 


Due to the theoretical bias of the average European executive, 
it is easier to get a matter studied or investigated than it is to 
get the resulting knowledge introduced into daily practice. In 
the United States we are more apt at making practical use of what 
knowledge we acquire, and therefore the results from research 
are proportionately greater than in Europe, although they have 
carried on their investigations and experiments for many more 
years. This fact is realized by the forward-looking managers in 
Europe, and they are devoting more attention to seeing that the 
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results of research are “introduced into the life,” as they express it. 
In a French cotton mill we found girls in the packing depart- 
ment doing all the heavy lifting, while one of the plant engineers 
for some months had been designing equipment to avoid this 
fatigue. But the girls went on lifting, while the engineer, en- 
joying his problem, went on refining point after point of his design. 
When the engineer was instructed to install the equipment without 
the final touches, the production of that department increased 
45 per cent. Then the executive began to set dates for the com- 
pletion of all work done on his instructions, and incidentally the 
girls enjoyed higher wages with a great reduction of fatigue. 


Waste or Lasor 


On the Continent there is extreme economy in the use of ma- 
terials, which are expensive, and a prodigal waste of the time of 


However, the level of wages in Europe is rising, and 
we have in almost every case found managers willing to increase 
wages and to share with the workers the savings resulting from 
better management. 


RESPECT FOR KNOWLEDGE 


The respect for knowledge in Europe is probably greater than 
in America, where money and influence seem equally important. 
For this reason the work of the consultant is somewhat easier 
because he can usually be sure of a sympathetic consideration 
of his proposals. 


Security FoR WORKERS 


Europe provides for workmen greater security and continuity 
of employment than we do in America. A worker cannot be 
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workers because wages are low. This is the opposite of the prac- 
tice in America and must be kept in mind by the consultant. 

In a cellulose-pulp mill in Germany twelve men used to push 
railway cars from one point to another in the factory yard. 
Those cars are about one-third the size of American freight cars, 
but when filled with pulp wood they are quite heavy. One man 
and an electric truck, which was already in the plant but seldom 
used, were substituted, and eleven men were transferred to other 
work which was more important and required mcre skill. Similar 
examples could be cited without end. 

Due to the lower level of wages it is obvious that many labor- 
saving devices which are economical in the United States will 
not pay for themselves in Europe within a reasonable time. This 
must be kept in mind in appraising the efficiency of a plant, and 
it is one of the reasons why the production per man is not so great 
as in America, where a workman has at his command more 
power-driven tools and transportation equipment. 


dismissed without notice ranging from two to four weeks, and 
consequently foremen do not depend on threats of discharge t 
maintain discipline. 

In most of the countries workmen have old-age, sickness, and 
unemployment pensions administered by the governments 
These things help to free the workman from worry about the 
maintenance and happiness of his family, and enable him to be 
come more proficient in his trade. However, the dole both iz 
Germany and Great Britain has serious disadvantages, and the 
difficulty of taking it out of politics seems almost insurmountable. 


RESPECT FOR AUTHORITY 


European workers have more respect for authority than Amer 
can, probably because of class lines. A worker will seldom dit 
agree with his superior, and this often makes it difficult to get #* 
the essential facts in regard to many conditions. 

In parts of Germany and in countries east of it, whenever ® 
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workman sees an important executive or visitor he takes off his 
hat, and the older men also bow from the waist. Etiquette re- 
quires the executive not merely to touch the brim of his hat, 
but to lift it. 

In France and England this is not the custom, because work- 
men there are more independent and are not afraid to disagree 
with their superiors. In England the workmen are backed up by 
strong organizations, while in France, where workers’ organiza- 
tions are not so strong, the managers have found that their 
people do not work well in an atmosphere of repression. There is, 
therefore, more appearance of freedom, and in place of hat lifting 
and bowing one is more likely to hear a polite “good morning.’’ 
A French workman may even disagree with his foreman, but he 
will express himself with the greatest politeness, and also with 
what we would consider a great many unnecessary words. 
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instance, class lines do not separate the workmen from the execu- 
tives, because there is only one class. Very few managers and 
engineers have been left over from the old régime, so their places 
must be filled from the ranks of the workers. There is therefore 
a determined effort to train exceptional workers for the responsi- 
bilities of management, and to provide them with the best avail- 
able methods. In no European country is there so much eager- 
ness to learn American management methods as in Russia. 
The development of managers and of technical engineers ap- 
pears to be the key to the success of the much-discussed Five-Year 
Plan. It is a tremendous task to transform an agricultural into 
an industrial country within such a short time, but the difficulty 
of changing peasants into machine operators and skilled workmen 
is nothing compared to that of developing within such a few 
years a group of men capable of managing and providing the 
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In all European countries there are, of course, plants in which 
the relations between the owners and the workers are extremely 
cordial, due to long years of wise and sympathetic consideration of 
the needs of the workers. As a rule, however, the bow of the 
workman and the hat lifting of the manager are not accompanied 
by any relaxation of the facial muscles. One longs for the smile 
and quick nod which flash through an American shop. 


Great Britain aNp Russia 


These characteristics of industrial conditions in Europe apply 
only partly to Great Britain and not at all to Russia. British 
shops are in many ways more similar to American than to Conti- 
nental shops, as England was the cradle of modern industry and 
we have learned more from her than from other countries. 

Russia is, of course, unlike other countries in its fundamental 
structure, and therefore shop conditions are quite different. For 


technical knowledge necessary for industry on so large a scale. 

The developing of Russian managers is more difficult than usual 
due to the absence of rewards as a stimulus to improvement. A 
manager gets a salary which is frequently not more than 50 
per cent in excess of the wages of a skilled workman. This does 
not enable him to provide for his family a home which will free his 
mind and energies for his responsible work. 

In the early part of this year the heads of the Soviet Govern- 
ment realized that the workers’ organizations were interfering 
too much with the authority of the managers, and they therefore 
passed new laws giving the managers more authority and at the 
same time providing prison terms or exile to Siberia for those 
managers who do not carry out their programs successfully. To 
an American mind the substitution of the fear motive for the de- 
sire for reward and self-improvement cannot develop the best 
managers. The most satisfactory results from scientific manage- 
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ment have been secured where the direction of industry is the 
most democratic. 


TECHNIC OF INSTALLATION 


There are certain obstacles to be overcome in the installation 
of American methods of management in foreign countries. One 
of the first to be met by one who does not speak the continental 
languages is the necessity of working through interpreters. Ob- 
viously it requires a little more time to repeat every speech, but, 
on the other hand, translating has a tendency to make a conversa- 
tion more precise and to the point. While a paragraph is being 
interpreted one has a chance to think through the next point to 
be made. 

It is of course necessary in our work for an interpreter to under- 
stand thoroughly the various phases of management and the 


spends twice as many weeks in a plant as the American. 

Our consulting work consists mainly of the installation of 
management methods, that is, adapting methods to a particular 
situation and staying with it long enough to accomplish practical 
results. In some cases we analyze the condition of an existing 
company and recommend a plan for the future conduct of the 
business. In other cases, after our installation is finished, we 
supervise the maintenance of the methods and the progress made 
in the execution of the more important business policies which 
we have recommended. This service is applied to groups of 
plants as well as to single companies. 

It may be sufficient to outline our technic of installation rather 
than that of analysis.2 We handle several clients at a time, 
spending one week with A, a second with B, a third with C, then 
returning to A. We have found that an installation is more 
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special terminology in both languages. Frequently he has to stop 
and give a long explanation of a word. For instance, there does 
not seem to be in French a single word which translates ‘“‘plan- 
ning,” and he must say: “the preparation, distribution, and 
routing of work.” 

In each country it is necessary to study the mentality or psy- 
chology of the workmen and executives in order to understand 
them better, and to know in what particular way any subject 
should be presented in order to create interest. 

We have found that the best results are accomplished when the 
installation is made by a combination of native and American en- 
gineers, one being most proficient in the technique of management 
and the other knowing the national psychology and habits, as 
well as the developments in the past which have led up to present 
conditions. In each of the countries in which we operate, the staff 
is therefore made up in this way, and the native engineer usually 


thorough and therefore followed by better results when we do not 
split a week between two clients, but devote the entire five days 
to a single plant. 

We work on the assumption that the increase in production, 
improvement in quality or service, and reductions in cost which 
are realized during the term of our engagement are less important 
than those which should follow after we leave. It is therefore 
necessary for the managing staff to understand these new methods 
and their principles, and how to get them accepted and used by 
the entire personnel. One of the most important duties of the 
consultant is to train some of the members of the clients’ staff so 
that they can continue progress after his engagement is ended. 


2 A more complete description of methods is given in the author's 
paper entitled “The Technic of Installation of Scientific Manage- 
ment,”’ presented before the International Management Congress 10 
Rome, 1927. 
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When we begin our visits a client assigns to us for training one 
or more men from his staff, relieving them of all other duties so 
that they can spend their entire time on the new work. These 
understudies watch every step and soon are able to carry forward 
many things themselves. We ourselves do not do any repetitive 
or detail work which can be done by the employees of our clients. 

During a typical week’s visit to a plant we first go over with 
our understudy the things they have been doing since our last 
visit, explaining any points which have not been clear and im- 
proving the operation of the method. We then develop the next 
phase of the installation and begin its actual use. Several things 
are kept going at the same time, each one being looked after by a 
different understudy—for example, the installation of planning, 
storeskeeping, operation studies, costkeeping, and the physical 
arrangement of the shop. On Thursday a report is dictated 
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phase of the installation. As the weeks pass, heavy lines are drawn 
on the chart to indicate the progress compared with the plan. 

Each of the client’s understudies has a chart showing the details 
for which he is responsible. Throughout the installation the time 
element is emphasized, because one of our major aims is to ac- 
celerate the tempo of the entire business, and the promptness 
with which the executives and staff make decisions and execute 
instructions determines the tempo of the plant. 


DIFFERENCES IN APPLICATION OF METHOD 


In Europe, as in America, every plant is different, and in 
installing the so-called mechanisms of management it is quite 
impossible to impose any rigid set of methods; it is obvious 
that they must be carefully adapted to the individual business 
and also to the mentality of the workers and the executive staff. 


Women WorkKERS IN POLAND 


outlining as clearly as possible what has been done during the 
week, attaching copies of all instructions, designs of forms, prints 
of floor plans, etc., and concluding with the statement of what we 
recommend to be done before our next visit. This report is 
presented in two languages, and on Friday afternoon is discussed 
in detail at a conference of the chief executive of the plant and 
those members of his staff who are concerned with the execution 
of the recommendations. 

These reports therefore become records of progress or lack of 
progress, and are extremely useful in securing cooperation and 
the quick introduction of methods. 

After we have spent a short time at a plant and understand the 
conditions and the personnel, we schedule our own work of in- 
stallation on a Gantt chart, sometimes a year in advance, showing 
the various phases of the installation and the weeks we shall be 
at the plant. For each department in the plant there is a sched- 
ule on which a date is set for the beginning and completion of each 


We have found, however, that in general the mechanisms, such 
as planning, storeskeeping, salesmen’s quotas, and so on, which 
were first developed in America, apply equally well to conditions 
on the Continent. Their application is apparently universal, 
and the changes which need to be made to fit local conditions are 
not fundamental. 


SToRESKEEPING 


In installing Gantt storeskeeping methods, for example, we 
find that the use of standard bins and boxes, the physical marking 
of order points, and the routine of ordering, receiving, and issuing 
materials is practically the same as in the States. There is, to 
be sure, a greater tendency to require signed receipts for items 
of small value, but this is not difficult to overcome. In Europe 
the tendency to save material is sometimes carried too far, for 
there is too much delay in selling scrap and in disposing of obsolete 
items which have little chance of ever being used. 
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The difference is most noticeable in determining ‘order points” 
and “quantities to order,’’ which of course depend upon the time 
required to secure a new supply. Some countries are not self- 
contained industrially and therefore many items must be imported 
from other countries, and the delays in going through the customs 
considerably lengthen the average time of delivery. Even in the 
more highly industrialized countries the service from suppliers 
is not nearly so prompt as in the United States. Filling and ship- 
ping an order the day it is received is almost unheard of. In those 
countries in which cartels have eliminated competition, the service 
is noticeably poorer. 

All these things cause the storeskeeping and purchasing de- 
partments to allow long periods for deliveries of materials— 
usually far longer than is necessary even under such conditions. 
It is necessary to get a purchasing department to adopt a more 
exacting and aggressive attitude in dealing with their suppliers, 
but even when the storeskeeping and purchasing departments 
have done all they can, it is not possible in the average European 
manufacturing plant to do as large a volume of business on as low 
an inventory of materials and supplies as it is in America, due to 
the longer time of delivery. 


Layout 


There is little difference in the application of the principles 
of plant layout in Europe, for managers are just as anxious for 
straight-line production as in the States. Because there are so 
many old industries, the problem of rearranging the equipment 
and machines in old buildings is more frequently met than at 
home. In one plant we had to change the layout of machines in 
a building which was about 130 years old, and a direct flow of 
material was secured without breaking down any of the walls. 


PLANNING AND SCHEDULING 


Since there is less mass production in Europe, there are fewer 
shops in which the rate of movement is set by an assembly belt. 
The need in most cases is for reserved-time scheduling, that is, 
the type of planning which reserves the time on all machines so 
that when material is issued from the storesroom it will move at 
a steady rate through the shop. Wherever installed this type of 
planning has brought large increases in the volume of produc- 
tion, ranging from 12 to 40 per cent. 

Some of the delays in planning are surprising. When a new 
cupola was to be installed in a foundry we had to reschedule the 
work to allow a day for the building of an improvised altar on 
the molding floor, and another day for the priest to bless the new 
equipment so that it would be safe for use. 


CosTKEEPING 


In costkeeping no important alterations in methods are neces- 
sary to meet European conditions. We have found that the 
modern cost methods are more readily accepted than in America 
because executives are more willing to adopt a method as a whole 
without wishing to alter details. One client, the director of a 
municipal tramway company, said that he expected us to provide 
methods adapted to the peculiar conditions of his plant, and that 
the members of his staff would give us all the information which 
we needed, but would not attempt to mix their old methods with 
the new. 

Methods of costing provide the most effective means of im- 
proving conditions. Ina Polish pulp mill it had been the custom 


for years to send six men down into a digester to tramp the chips 
before cooking. At the end of their tramping these men would 
come up out of the digester on a rope ladder, stripped to the waist, 
dripping with perspiration, covered with sawdust, and breathing 
through handkerchiefs which were almost useless in protecting 
them from the dust in which they worked. 


Without any reference to the welfare of the workers, a brief 
comparison of the cost of time lost in this way with the small gains 
of tramping quickly brought about the installation of a revolving 
spreader for the chips which made it unnecessary for any men to 
go down into the digester. 

In the same mill, after the cellulose had been discharged from 
the digesters, workmen had to go down into the pits and shovel 
the mass into a chute. Their wooden shoes did not prevent them 
from getting wet to the knees and the fumes of SO, were so strong 
that they had to come up for air about every ten minutes. 

The traditional attitude in such a case is that men are cheap and 
there are plenty of them. But in order to reduce costs a suction 
device was installed, and the men no longer had to work under 
those unhealthy conditions. 

Many examples could be cited to show how American methods 
break through the European attitude toward cheap labor and 
improve conditions for the workers. 


IMPROVEMENT OF OPERATIONS 


In the study and improvement of processes and operations 
there is a great deal of inertia to be overcome. Usually the first 
reaction to a proposed change is that it is impossible, and the 
second that it is not worth while, because the time saved would 
be wasted some other way. However, as soon as the interest 
of the managers is aroused they become eager to make these 
studies with their own men, and after some training in the tech- 
nique these men succeed in bringing about marked improvements. 

The men chosen for this work sometimes have technical 
training, and in other cases are workmen who have developed 
exceptional skill. They are so close to the workers that they are 
able to stimulate creative ideas in the workers’ minds, and as a 
result, the latter take much more interest and pride in undertaking 
and mastering new things. 


INCENTIVE PAYMENTS 


The idea of incentive payments is not new in Europe, and in 
the majority of plants in the author’s experience, piece rates are 
in common practice. The rates have not usually been set with 
sufficient care, nor has there been any attempt to determine the 
best method of doing the operation; therefore the rates are not 
successful in securing uniformly high production. 

In applying a bonus system there are no unusual difficulties, 
except that simplicity is even more imperative than in the States 
because workmen are not so well educated. In Russia, where the 
equality of workmen is emphasized, piece rates in several shops 
were said to be a recent development. 


SALES AND DISTRIBUTION 


In spite of the wide acceptance of American methods of produc- 
tion, Europe has not yet awakened to the importance of distri- 
bution. The need for market analyses is even greater than in 
America, because there are more pronounced differences in the 
customs and buying habits of the people in the various sections of 
European countries. 

In Russia there is no problem of selling because there is almost 
no private trading, but distribution is extremely difficult through 
such an immense territory. 


BupGETING—EXECUTIVE CONTROL 


Within the last few years Europe has taken a keen interest in 
the matter of financial budgeting. This was shown by the re- 
markably successful Budgetary Conference held in Geneva in 
July of this year under the auspices of the International Man- 
agement Institute. 

Even in plants where expenditures are closely watched, as they 
usually are on the Continent, it has been surprising to see how ex- 
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penses have been reduced by careful planning and the fixing of 
responsibility which the budgets have brought about. Accoun- 
tants have welcomed them because they do so much to clarify the 
relations between them and the executives. 

Recent developments in methods of executive direction have 
attracted the attention of forward-looking executives in Europe, 
who are eager to learn the most dependable technique of securing 
cooperation and of directing instead of following the progress of a 
business. 

It is obvious that one of the principal duties of a chief executive 
is to prepare his company to meet whatever happens in the 
future, and this directs his attention to forecasting conditions 
in general business as well as in the specific business in which he 
is engaged. But European statistics needed to form a basis for 
forecasts are far from complete. The various governments keep 
records of imports, exports, bank clearings, and other matters 
which pass through their hands, and they publish figures which 
are usually prompt and accurate. Some Chambers of Commerce 
also provide valuable data, but the information about specific 
branches of industry, which in this country is secured through 
trade associations or the Department of Commerce, is rather 
meager. For this reason planning for the future of a specific 
business is more difficult in Europe. 

One client owning plants in three countries and distributing his 
products in six countries, prepared forecasts for all those countries, 
and in spite of the incompleteness of the data he was able to secure 
fairly reliable forecasts of changes in business conditions. 


RESULTS 


In order to illustrate the results obtained, other than in in- 
creased production or in savings, by a typical installation, part 
of an address delivered before the Engineers’ Association of War- 
saw by Mr. J. Zaporksi, Technical Director of Lilpop, Rau & 
Loewenstein, a company with 3000 workmen which builds railway 
passenger and freight cars, is given below. Mr. Zaporski says:* 


One of the features of the new method as a whole and in detail is 
a considerable clearness and a simplification of work in all its phases. 
The installation was begun from the last phase of manufacture, the 
erecting shop, and this has brought about its penetration to all our 
needs which actually derive from that shop and are dictated by it. 

The benefits obtained are general. The production has been 
entirely mastered, while the normal management duties connected 
with this production have been mechanized, that is, brought to quite 
determined forms and phases which put clearly defined responsibilities 
on the shoulders of each of the executives, and, in case of divergences 
— the normal flow, allow the fixing of responsibility for each of 
them. 

By this mechanization of every-day duties, the initiative of mana- 
gers and subordinates has in no way been limited; on the contrary, 
executives have today more time to study the improvement of pro- 
duction, since most of their every-day troubles have been taken off 
their shoulders and placed on those of less important men by means 
of planning. 

A proper and accurately defined division of responsibilities between 
members of the management and employees and a strict control of 
the timely execution of the duties of each of them obliges them to 
bring to attention all difficulties which they meet in their work, 
which causes an automatic improvement of the whole organization. 

In closing I wish’to express some of the general impressions on the 
work done. 

The entire personnel of our plant has become deeply interested in 
the new organization. It has penetrated into every part of the fac- 
tory life, leaving everywhere its mark. Naturally there were some 
difficulties which, however, were easily overcome and we can say that 
the better a man understood the spirit of the methods and the more 
deeply he penetrated into those ideas, the more eager he became to 
follow them and the better results he obtained. 

The organization breaks no one’s individuality and harms no one; 
on the contrary, it develops personal efficiency. representing his prog- 
ress In units which are easy to measure. Clear-cut duties and re- 
sponsibilities allow each member of the organization, irrespective of 
the work he performs, to show his own accomplishment. 


* See Appendix No. 4. 
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All unnecessary ballast, which appeared to be useful but in reality 
obscured the clearness of things, was removed. A sound foundation 
of management was created, that is, a plan thoroughly thought out 
and made in advance for all work. The principles of fair play are 
apparent everywhere; work is made easier, conditions of work are 
improved, and earnings are increased. 


PrRoGRESS OF MANAGEMENT IN EvROPE 


In every large European country there is a national organiza- 
tion for the advancement of the science of management. These 
groups have received financial support from their respective 
governments, which have been anxious to obtain the advantages 
of good management in their struggle for export markets. The 
work of collecting information and broadcasting it to technicians, 
managers, and the public at large, as well as the translation of 
books and papers on management subjects, has been done by these 
national groups. 

The International Management Institute in Geneva has 
shouldered the difficult task of coordinating the work of these 
national organizations and stimulating the free interchange of 
information among them and the American groups. 

Four international management congresses have been held in 
Europe, presided over by such statesmen as Mazaryk, Mussolini, 
and Tardieu, and attended by thousands of delegates who have 
gone back to their homes in every industrial country with an 
added realization of the importance of management.‘ 

At the present time there is in Europe a more general under- 
standing of the fact that conditions are changing. Industrialists 
are realizing that the acceleration of change which has taken place 
since the Great War cannot be expected to slow down. They 
are therefore reorganizing their businesses, not only to fit changed 
conditions but to anticipate further changes. They are seeking 
more flexible methods, more effective planning for the future, run- 
ning comparisons of what actually happens with those plans, and 
are training executives to see the tendencies thus revealed and take 
the action necessary to get the best results from those changes. 


TECHNOLOGICAL UNEMPLOYMENT 


In Europe more consideration is being given to technological 
unemployment than here at home. Labor is less mobile there 
because it is more attached to the land, and also because jobs are 
more difficult to find and therefore losing one’s position is much 
more serious than here. 

In many cases the head of a business gives his personal atten- 
tion to providing positions for the workers who are displaced by 
labor-saving machines or processes. He does this in a variety 
of ways: by passing a part of the savings due to the new machine 
on to consumers in the form of lower prices in order to increase 
the volume of sales; by improving quality; by extending the 
service to consumers; by more, intensive advertising; by taking 
on additional lines of manufacture, and sometimes by building 
entirely new plants to absorb the workers released by the intro- 
duction of new equipment or methods. 

In those countries where there is a good deal of unemployment 
due to economic conditions, the introduction of better methods 
is particularly difficult, but it must go on because the high costs of 
production and ineffective sales methods have been largely re- 
sponsible for the gradual decrease of business and the consequent 
increase of unemployment. 


MANAGEMENT HELPS THE WoRKER 


The introduction of the new management into European plants 
has almost invariably brought about better working conditions, 


‘In order to give a more complete picture of the progress of 
management in Europe, brief reports from leading industrialists in 
nine countries, summarizing what has taken place there and point- 
ing out present tendencies, fclkow as appendixes to the paper. 
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higher wages, and steadier employment, just as it has in America. 
It is fortunate that there is on both continents a growing recogni- 
tion of the worker. It is particularly easy to see this in some of 
the older countries where there are so many reminders of the 
early stages of the industrial era, when a worker’s time, health, 
and even life itself were held so cheap. The long hours he worked, 
his miserable wages, the inhuman punishments he suffered for 
any infringement of the rules, and the conditions under which 
women and children were employed, seem incredible today. 

The general welfare and prosperity of a nation appear to go 
hand in hand with the better appreciation of the worker. A re- 
alization of his importance as a consumer has done much to bring 
him better wages and a higher standard of living, which in turn 
has helped general prosperity. His influence as a shareholder is 
also beginning to be felt, and in many plants on both continents 
he has a good deal to say about management policies. 

In Russia the satisfaction of the worker is regarded as one of 
the prime objects of industry. This year, when asked by the 
Soviet Institute of Management Technic to develop and install 
management methods in an entire branch of industry, the author 
was requested to keep the following objects in mind: 

To provide safe and healthy conditions for the worker; 

To remove from his path the obstacle which prevented him 
from doing good work; 

To enable the worker to understand his part in industry and 
to have maximum freedom for self-expression. 

This is of course a statement of aims and these conditions have 
not yet been introduced into industry; however, when her plans 
have been carried further, it seems quite possible that Russia 
may make a major contribution to the welfare of mankind by de- 
veloping the worker and improving his position in industry, and, 
even though we may not agree with her political dogmas, the 
Western world should not hesitate to learn as much as it can 
from this gigantic experiment. 

One of the greatest services the management engineer can ren- 
der is to make existing knowledge and method available so that 
constructive minds will not need to go over ground which has 
already been covered: to simplify the routine so that it will 
require a minimum of time, and in other ways to free the creative 
energies of executives and workers. 

The pioneering work of applying science to management has 
been done, and the mechanisms or technic of management have 


been developed. Much will be done in the future to improve 
this technique and extend its application to new fields, but the task 
of the management engineer now is to place this science of 
management at the disposal of every part of industry and then to 
concentrate his energies on developing the individuals and stimu- 
lating their creative brains. 


CONCLUSION 


When we read the reports of disarmament conferences, hear 
the threats and counter threats of government spokesmen, 
and watch the frantic building of tariff walls, the picture is dis- 
couraging. 

The workman on the frame of a fifty-story skyscraper knows 
that his safety depends on his ability to focus his eyes and con- 
centrate his mind on the steel beam immediately before him. It 
is the same with the engineer—he does not allow himself to be 
distracted by other things or to worry about the complexity of 
the maze about him. He takes one thing at a time and organizes 
that to the best of his ability, and then goes on to the next, 
building carefully, even if the extent of his work seems small. 

The engineer is busy with his plans and charts, his records and 
forecasts, but nevertheless he is sensitive to what is going on 
around him and the changes which management is bringing about. 
He sees it provide machines to take the burdens from man’s 
back, allowing him to use his mind rather than his anima! strength, 
and to free himself from poverty. He sees industry teaching 
men to understand more clearly their aims and to cooperate in 
reaching those objectives; fair play becoming a daily habit rather 
than a text for a sermon; the authority of leadership going to 
those who are capable of leading without regard to class lines. 

The engineer sees executives imparting to others the knowledge 
which they formerly kept entirely to themselves, and whole 
groups of industries overcoming their suspicions and exchanging 
information for mutual benefit. He sees commercial agreements 
being made which disregard boundaries and forget the fears and 
hatreds of the past. He hears the shouting of warriors and 
idealists exhorting people to follow them to freedom and hap- 
piness, but as he goes on with his work, he watches the machine 
age and the new management breaking down barriers, healing 
old wounds, wiping out poverty, and giving men more freedom 
to develop themselves and to prepare the next generation to lift 
higher the torch of progress. 


Appendix No. 1—Management in the 
U.S.S.R. 
By WALTER N. POLAKOV® 


ODAY scores of leading American engineering firms, from 

General Electric to MacDonald Engineering Co, from Du 
Pont de Nemours to General Motors, are doing construction 
and equipment-installation work in the Union of Soviet Socialist 
Republics in the usual manner. The installation of management- 
engineering methods presents, however, many unusual peculiari- 
ties due to local specific conditions, the most important of which 
are: 

1 The entire national industry is run strictly according to the 
plan prepared by the State Planning Commission for a 5-year 
period; everything from the production of fuel and steel ingots 
to fishing and fur trapping is so preplanned. 

2 Industry throughout being run not for profit but for utility, 


‘ Consulting Management Engineer, Walter N. Polakov & Co. 
Inc., Moscow, U.S.S.R. Mem. A.S.M.E. 


its aim is to make goods in the quantities required and of qualities 
and at costs prescribed by the plan. 

3 Industry is owned and managed by the workers themselves, 
and very inadequately directed by managerial staffs of limited 
experience. 

4 Every department of every plant or factory is operated 
under a strict budgetary plan, as if an independent enterprise, 
with a foreman as the sole responsible head. 

For these four main reasons, the former enthusiasm for “Tay- 
lorism’”’ in planning and functional foremanship brought no 
results, because while satisfying condition 1, it was appallingly 
inoperative under condition 3, and not well adapted to condition 4. 

For years, as well as at present, every industrial establishment 
was required to have an efficiency department (Rationalization 
Bureau) whose duty was and is to devise means for increasing 
production and reducing costs. Since mechanical ability is more 
readily found than managerial talent, most of the work was lim- 
ited to the development of jigs, simplified operations, and the 
like in mechanical devices, all record keeping and organization 
problems being neglected. 
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The recent popular fervor to accomplish the 5-year plan in four 
years disclosed most convincingly the managerial shortcomings, 
proving the old truth that good organization avails far more than 
perfect equipment, and that sound management yields more 
than large plants. 

Under these conditions, especially in view of the dire shortage 
of managerial ability, it was inevitable that the principles of 
management as laid out by Gantt, including his charting mecha- 
nism, should become indispensable for the proper running of 
that great national industrial machine of the U.S.S.R. 

Layout charts meet the need of condition 1, idleness charts help 
materially to satisfy condition 2, and progress charts and man- 
record charts assist greatly to live up to the task imposed by 
condition 3. 

Budgetary departmental and plant control is adequately 
guided by the Clark’s executive control charts, which offer even 
to inexperienced foremen and other executives a ready guide by 
means of which they may cope with budget and production pro- 
grams. 

Inasmuch as standards once adopted in the U.S.S.R. become 
industrial laws enforced by the state, the managerial methods and 
mechanisms which produce results also become laws. 


Appendix No. 2—Scientific Management 
in Holland 
By C. H. VAN DER LEEUW* 


EW methods in management and all questions touching the 
subject of efficiency are on the whole received with an open- 
minded interest in Holland. Several firms of consulting engineers 
are putting tleir services at the disposal not only of manufac- 
turers, but also of organizations of public utilities and the like. 

The Netherlands Institute for Efficiency, together with the 
Netherlands Institute for ‘‘Documentatie en Registratur,” are 
holding yearly congresses at which different ways of improving 
efficiency, possibilities of rationalization, methods of planning, 
of budgetary control, etc., are treated in several short papers and 
in the discussions which ensue. 

Contrary to practice in the United States, manufacturers are 
apparently reluctant to publish anything regarding steps taken 
in the new direction, so that many most efficient systems are 
being put into effect which never come to the attention of the 
public at large. 

Another thing found frequently in Holland is the tendency of 
manufacturers to solve their own problems without calling on 
outside help. In fact, many would rather attain 80 or 90 per 
cent efficiency with their own staff than 100 per cent efficiency 
with outside specialists. A certain amount of secretiveness also 
keeps many people from calling on outside help. 

Some of these tendencies are sound enough, provided they do 
not result in necessary improvements being left undone. 

There is a trait in their character which makes the Dutch 
want things to be shipshape and run in the proper way without 
much talking about it; while this certainly opens the door to 
modern methods, it nevertheless renders communications as to 
results obtained rather scarce. 

The relation between employer and employee is on the whole 
one of mutual understanding, making possible the cooperation 
of all in introducing new methods—a cooperation essential to 
attain ultimate success. The difficulty experienced here as else- 
where is in the following-up procedure after the system has been 
installed. 


“De Erven de Wed. Ja van Nelle,” Rotterdam, Hol- 
and. 
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Appendix No. 3—Swiss Societies Devoted to 
Scientific Management 
By ALOYS HENTSCH’ 


HE Commission de Normalisation de la Société Suisse des 

Constructeurs de Machines was created in 1918, and in the 
following year became the Association Suisse de Normalisation. 
The Bureau de Normalisation du V.S.M., which acts as a central 
office of this association, has achieved notable results in different 
fields, both from a national point of view and by contact with 
foreign organizations which deal with standardization, and it 
has published, among others, standardization tables which are 
current in Swiss industries. 

The SFUSA (Schweizer Freunde des U. 8S. A.) organized in 
November, 1925, and February, 1926, a series of lectures on 
rationalization. Following these lectures, a commission was 
set up, the Kommission fiir Rationelles Wirtschaften (K.R.W.), 
designed to further measures helpful to rationalization in Switzer- 
land. This commission organized a series of national and inter- 
national lectures, whose success was noteworthy. It also in- 
stalled a library and a lecture hall, and a number of pamphlets 
relative to rationalization were published under its auspices. Its 
efforts to create an “Association Suisse de Rationalisation”’ re- 
sulted in setting up a group of this kind, whose future is still un- 
certain. 

The Union Centrale des Associations Patronales Suisses, at 
Zurich, after a conference in the Federal Polytechnic School 
with Mr. H.S. Dennison in 1927, inaugurated groups for research 
and information, now three in number. Group 1 is composed 
of seven large non-competitive businesses employing at the begin- 
ning 35,000 workmen and clerks. Group 2 is made up of twelve 
medium-sized metallurgical and engineering businesses, and 
Group 3 comprises nine medium-sized textile enterprises, the 
two together employing 9000 workmen and clerks. 

The Société Suisse des Constructeurs de Machines established 
two groups for research and exchange of information which are at 
present attached to the Institute for the Rational Organization 
of Industrial Exploitation, established at the Federal Polytech- 
nic School and dealing, under the first group, with seven manu- 
facturing businesses of various kinds employing 100 to 150 work- 
men each, and under the second group with six metallurgical and 
engineering businesses, each employing from 500 to 1200 clerks 
and workmen. 

In January, 1928, the Commission Romande de Rationalisa- 
tion was founded in Latin Switzerland. Its principal aims are: 

1 Coordination of all efforts relative to scientific management 
in Latin Switzerland. 

2 Contact with similar institutions in national or interna- 
tional fields with a view to exchanging information and to con- 
centration of research. 

3 Study and dissemination of methods giving the maximum of 
efficiency in production and distribution. 

4 Anti-waste campaigns, whether of raw material, machin- 
ery, Or man power. 

5 Study of “human factor” problems concerning work, hy- 
giene, safety, insurances, industrial relations, etc. 

6 Propaganda for rationalization: the principal aims being 
the lowering of costs and sales prices, and the increase of output, 
production, consumption, and profits. 

7 Office for documentation and information relative to sci- 
entific management. 

8 Study of specialized technical problems directly concerned 
with scientific management. ys! 

7 Director of the Commission Romande de Rationalisation, 
Geneva, Switzerland. 
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Divers sections were planned (industry, agriculture, arts and 
crafts, commerce, private administrations, banks, and public 
establishments). One of these, the Industry Section, got to 
work at once and instituted a group for research and exchange 
of information, which ndw comprises twenty businesses employing 
a total of more than 9000 workmen and clerks. 

The principal questions thus far studied are: 


Wage payment Rationalization of buying 


Lighting Heating 
Guides for foremen Insurance 
Industrial accounting Filing 


Preparation of work 


Other organizations are collaborating in the spread of rationali- 
zation in Switzerland. First of all, the Institut pour |’Organisa- 
tion Rationnelle des Exploitations Industrielles (Institute for 
Rational Organization of Industrial Exploitation), founded at 
the Polytechnic School, got in close touch with industry, com- 
merce, and government, and devoted itself more particularly 
to the collecting of Swiss and foreign papers relative to the science 
of organization; collaborating in the exchange of various kinds 
of information between different bodies; undertaking certain 
researches corresponding to the needs of the economic life in 
Switzerland, instituting lectures and conferences on the science 
of organization; and issuing various publications. 

Finally, certain organizations of a commercial character, as 
well as a number of independent experts, have also participated 
effectively in the organization and reorganization of businesses. 

The J. J. Rousseau Institute at Geneva has given part of its 
time to the study of the psycho-physiology of work; similarly; 
'ASORT has devoted itself to vocational guidance. The Fonda- 
tion Suisse pour la Psychotechnique, established in Zurich, 
(Swiss Institute for Psychotechnic) has opened a number of in- 
stitutions of psychotechnic to which employers (in industry or 
public service) frequently apply. In this field, other organiza- 
tions, among them the Association Suisse pour |’Orientation Pro- 
fessionnelle et la Protection des Apprentis (Swiss Association for 
Professional Guidance and Protection of Apprentices), have 
attained noteworthy results by different methods. 

As regards teaching, lectures devoted to the methods of scien- 
tific management and allied problems are given in the technical 
schools and certain universities. 

In business, the organization of groups similar to the retail 
research associations is being considered; centralized purchasing 
already exists, as does also chain-stores distribution. The pro- 
fessional associations could serve in certain cases as groups for 
the exchange of information. 

The Swiss Office for Commercial Development, with branches 
in Zurich and Lausanne, affords to business men, and more par- 
ticularly to importers and exporters, much valuable help. 

Finally, the public utilities, the CFF (Federal Railways), PTT 
(Post, Telegraph, and Telephones), etc., are applying more and 
more scientific management in their respective fields of action. 

Studies have also been made by different bodies on questions 
of national welfare, especially in the field of apprenticeship, in- 
surance, crafts accounting, building, commerce, and banking. 
Professional associations as well as employers’ associations or 
syndicates are also studying questions relative to scientific 
management. 

Exhibitions, some held occasionally such as the Schweizerische 
Austellung fir Frauenarbeit (Swiss Women’s Exhibition), others 
periodically such as the Foire d’Echantillons de Bale ou le Comp- 
toir Suisse de Lausanne (Sample Fair at Bale or the Swiss Counter 
at Lausanne) make some contribution to the study of certain 
problems. Finally, efforts are being made to insure a certain 
amount ef coordination in the clock industry, and in banking. In 


industry, individual endeavors proceed as circumstances offer, and 
within the limits possible under the particular economics suitable 
to Switzerland, which is a small country without raw materials, 
but with skilled labor, which has to devote its whole attention to 
exportation. Banks have also perfected their individual methods 
of work. 

In Switzerland, rationalization has advanced more on the 
technical side than on the side of sales. Industrial agreements 
have as yet no very large place in the scheme of things (cf. Federal 
clock industry), but the research groups would seem to have a 
bright future before them. 


Appendix No. 4+—Results of Reorganization 
of Plants in Warsaw, Poland 


By J. ZAPORSKI® 


RODUCTION in the plants of Lilpop, Rau & Loewenstein 

has, during recent years, been limited almost exclusively to 
the erection of various types of railway cars. The entire produc- 
tion has been concentrated on Bema Street, in the suburbs of 
Warsaw. 

In May, 1920, a contract was made with the Ministry of Rail- 
ways for the supply of rolling stock to the Polish State Railways, 
and the gradual rebuilding of the factory for that purpose was 
begun. In 1922 the first post-war freight cars were made, and 
in 1923 the first new passenger cars. Primarily the real work of 
the factory was the repairing of cars—in fact, their complete 
reconstruction. However, all endeavors of the management of 
the plant were now directed toward the building of new cars, and 
finally in 1928 the factory discontinued accepting cars for repair, 
as it was becoming more and more difficult to combine repairs 
with the constantly increasing number of new cars erected. 

In the meantime a number of subsidiary shops were installed. 
It would be difficult to find more troublesome work than that of 
the erection of railway passenger cars. There are many different 
craftsmen needed in building a passenger car—blacksmiths, tin- 
smiths, boilermakers, hydraulic workers, glassmen, electricians, 
carpenters, furniture makers, upholsterers, painters, varnishers— 
while the number of operations in the erection of a car amounts to 
over 700, and there is an immense number of different parts. It 
is obvious that the organization of such a complicated task is 
not easy. 

In 1928, in order to bring this production under the control of 
scientific management, which is the only rational method nowa- 
days, the company sought the assistance of Mr. Wallace Clark, 
an American engineer well known for the exceedingly good re- 
sults he had obtained in such work. Mr. Clark, together with 
Mr. A. Kucharzewski, started work in June of the same year. 


PLANNING WorK AHEAD 


The initial attack was made on the final phase of manufacture 
in the erecting shop. The first step was to show each foreman in 
this department the necessity for planning work ahead for the 
following day and for checking later to learn whether the work 
thus planned was actually completed. From that moment the 
foremen began to acquaint themselves with the graphical planning 
of work on Gantt charts. It was naturally difficult for a fore- 
man, having his men scattered in small groups in several cars, to 
keep well informed as to every detail of the realization of the plan, 
especially since his main duty had always been to see that the 
work was well and promptly done. Therefore the preparation 
of the daily graphic schedules was delegated to planning clerks 
who were chosen from the shop inspectors. Of course the planned 


* Technical Director, Lilpop, Rau & Loewenstein, Warsaw. 
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progress of work depended first of all on whether materials and 
tools were available for the operations in sequence, which the 
foremen were obliged to investigate beforehand. 

The technique of making these plans was mastered fairly easily, 
and the foremen with the planning clerks began to teach the men 
to follow the plans, seeing at the same time that materials and 
tools were available when needed. 

At the same time it became evident that much time was being 
lost by the workmen in getting the necessary materials and tools 
from the storesroom, and as a consequence this task was immedi- 
ately delegated to unskilled workmen, while the duty of making 
out stores issues and other clerical work was delegated to planning 
clerks, so that the foremen could give all their time to their proper 
duties, such as supervision of the quality and prompt execution 
of work by the workmen, spending only an hour in the afternoon 
with the planning clerks on the preparation of the plan for the 
following day. 

Due to the fact that the work in car erection had been divided 
into large units of time, covering groups of cars and ranging from 
100 to 900 hours in duration, the preparation of daily plans at 
first met with difficulties, as these long units were not suitable for 
planning work day by day. The erection was therefore subdi- 
vided into smaller elements not exceeding 8 hourseach. The suc- 
cession of separate operations was revised and the operations were 
arranged so that they should not interfere with one another 
through an excessive number of men working on one car at the 
same time. 

A study of the daily plans of the various foremen revealed dif- 
ferences in the sequence of separate erecting operations, and 
therefore a standard schedule was developed for the entire erec- 
tion with the object of harmonizing the daily plans of separate 
erecting groups, such as carpenters, blacksmiths, painters, up- 
holsterers, etc., so that one group should not interfere with the 
others. 

The aim of this central planning in the erecting shop was to 
collect accurate data on the time needed for the separate ele- 
ments of the erection and to prepare a general schedule of erec- 
tion. The order of work made on that basis gave automatically 
the date of completion of the erection of each car. This further 
made it possible to simplify the making up of daily orders of 
work. The general plan of work gave also a true picture of how 
much time and how many men are needed for a complete erection 
of a car. 

With such a schedule, it is possible for the head of a department 
to follow the progress of work with the greatest accuracy, and 
to learn the causes of delays and to eliminate or greatly re- 
duce them by making rational alterations in the daily orders of 
work. The Central Planning Office, coordinating the progress 
of the general plan with the daily orders, could also determine 
proper dates of delivery of parts from other departments and the 
storesroom, which would result in a more even loading of other 
departments and a considerable decrease of stocks as they ceased 
to be overloaded with products which would remain for weeks 
on shelves without being used. 

Endeavors to adhere more and more strictly to erection sched- 
ules showed that a large number of operations could be simplified. 
An Improvements Section was therefore created for studying all 
erecting operations with the view of simplifying them. Its pro- 
cedure consists in accurately describing the existing method of 
work, and later in making recommendations as to simplification 
of separate processes, showing the savings in time which can be 
secured. 


IMPROVEMENTS OF OPERATIONS 


It would seem that the erection of cars exclusively by hand by 
skilled workmen would be the best way to do it, and that a non- 
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specialist would not be likely to improve upon that method. 
Yet, in reality, quite the opposite is true, and each study gives 
positive results, the whole giving very large savings. In 
order to illustrate the value of studies and improvements the 
writer will cite an example. The erection of the floor of a car 
took 188 working hours as per the schedule of the Technical Bu- 
reau. After a study was made and the existing method described, 
the latter was changed, and as a consequence the floor is now being 
erected in the erecting shops in 18 hours, while the increase in 
work in other departments due to the change amounts to only 
51 hours, which means a total of 69 hours as compared with the 
previous 188 hours. 

The complete erecting time of the Westinghouse brake has 
been decreased from 148 working hours to 71, and as a result a 
second-class passenger car is now being erected in less than 90 
days as compared with about 180 days formerly, while a third- 
class car is erected in 60 days instead of about 130. It should be 
noted that the premiums earned by workmen have considerably 
increased in spite of the fact that labor costs per car have greatly 
decreased, this being due to eliminating the time wasted on un- 
necessary or insufficiently studied operations. 


WorkKING ConDITIONS 


Apart from the improvement of operations, general conditions 
in which the work is carried on such as floors, methods of handling 
materials, light, heating, ventilation, and sanitary equipment 
have a great influence on the decrease of cost of production. 

It is a mistake to think that it is possible to produce cheaply 
under unsatisfactory conditions. Good working conditions are 
much more important for a man than for a machine. Our ad- 
visers have given much care and attention to the improvement 
of working conditions in the shops and of interdepartment and 
shop transport. 

A layout or floor plan of each shop was made providing good, 
smooth roads for transport, places for storing materials before 
and after machining, lockers for workmen’s clothes, toilets, etc. 
As a consequence a larger output per workman has been secured 
due to better conditions and easier supervision and a large reduc- 
tion in the cost of transport, while the number of workmen en- 
gaged in transport has decreased from over 80 to about 30, and 
the investments made in materials-handling equipment have al- 
ready largely paid for themselves. 


CosTKEEPING 


One of the most efficient and accurate tools for controlling the 
activities of superintendents of the various producing departments 
is a rational method of costkeeping. The method generally used 
does not provide sufficiently accurate figures for a comparison of 
estimated costs with the actual costs, due to the fact that it does 
not take into account the degree of utilization of the capacity of 
the shop. 

The modern method applied in our plants introduces a so- 
called “idleness” account to which is charged a certain part of 
shop expenses which should not be charged to production account, 
due to non-usage of the full producing capacity of the plant. 
When this account is introduced, the actual costs correspond to 
the estimated or budgeted costs provided the budget was pre- 
pared correctly and the management directed the execution of 
a given order in a sufficiently efficient way. In case of disagree- 
ment, an investigation is made to determine which of the two is 
at fault and who is responsible for the state of things. One of 
the advantages of this method of costkeeping is that it affords 
the possibility of having a statement of costs completed three 
to four days after the finishing of an order. This enables the 
management to intervene promptly in case an increase of costs 
is noticed, and is exceedingi¥ valuable for the management. 


4 
4 
3 
art 
fy 


14 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


The above method requires considerable preparatory work, 
and therefore our advisers have from the very beginning of their 
work divided all costs chargeable to ownership and maintenance 
of grounds and buildings among the separate departments. 
Each department has ther been charged with costs of supervision, 
lighting, heating, etc., on the basis of the square meters of floor 
space occupied. The cost of each square meter of floor space 
has been further charged to the area occupied by a car or by a 
machine or working place, according to the character of the 
shop. By adding to these costs the expenses of owning and main- 
taining a machine or a group of machines, we obtain the shop 
expenses to be charged to separate machines or working places 
during the year. This amount divided into the number of 
working hours in the year gives the cost of a machine-hour or 
the rate for a working place. The product is then charged with 
these costs multiplied by the number of hours of work of a ma- 
chine or working place in the erecting shop. In the case of our 
plant this is for one car. The difference between the former 
method and the present one is that the product was previously 
charged with shop expenses in proportion to labor costs, which is 
the usual method in most plants. If we analyze the former 
method carefully we see that it is far from being right, as shop 
expenses do not depend on labor costs but only on the above-men- 
tioned facts. The evident results of the new method of cost keep- 
ing are: 

Resvutts oF New METHOD oF COSTKEEPING 


1 They make precalculation easy and accurate, as the account- 
ant uses figures of materials, labor, and machines and work places 
already decided upon. 

2 When an order is completed, comparison of actual figures 
with those of the budget is easy, no unforeseen increases of shop 
expenses being possible if the work is done in the time and under 
the conditions stipulated. 

3 It is now possible for the management of the plant to secure 
the true cost of each order irrespective of the load on the shop, 
which is extremely important from the point of view of control 
of preliminary calculation, and from the point of view of the 
balance sheet of each separate order and the activity of the shop 
superintendents. 

4 In quoting prices to buyers the method is exceedingly valu- 
able with the present keen competition, as it shows to what extent 
prices can be decreased in an effort to diminish the losses due to 
idleness of the plant. 

The technique of keeping the new costs up to date requires that 
the costs incurred each day by a given order be communicated 
to the Cost Department as soon as possible, that is, within 48 
hours. In connection with this the workmen’s earnings are calcu- 
lated each day on production cards and sent the following day to 
the Payroll Department, whence they go one day later to the Cost 
Department. Production cards provide a very strict control 
of production and of the presence of workmen in the shop. 


STORESKEEPING 


The reorganization of stores consisted first of all in the physical 
arrangement of materials, that is, in the application of a method 
of storage which gives a most economical use of the available 
space and easy service to the stores and shops. 

With that object in view a rack consisting of 6 or 8 divisions was 
designed, each of which was provided according to the size of 
material with 2, 4, 8, or 16 exchangeable bins, this insuring a very 
easy handling of these bins. At the same time the bins used by 
the shops were standardized to make it possible to exchange an 
empty stores bin for a full bin brought from the shop. Due to 
the installation of this system the erection of a new stores building 
was found unnecessary. 


Much attention has been paid to the decrease of the invest- 
ment in stock, at the same time keeping in stock all materials 
needed to insure a normal flow of work through the plant. Strict 
adherence to the principle of maximum and minimum resulted in 
a decrease of the value of stocks by 5 per cent and an increase 
of production of 27 per cent. A continuous method of control 
of stocks has also been applied which enables all errors to be dis- 
covered every two or three months and not after a year has 
elapsed, as is usually the case. 

The handling of the paper control of the stores has also been 
considerably improved by eliminating all those operations which 
have only had the appearance of a control of stocks, and in fact 
have only made the matter more complicated; a clear and ac- 
curate control has thus been obtained with a decrease in the per- 
sonnel. 


CONCLUSION 


In the foregoing the writer has endeavored to present the salient 
features of the newly installed method of management without 
going into such details as forms, blanks, charts, etc., which would 
take too much time and, for that matter, are peculiar to our 
special work. However, it should be stated that one of the fea- 
tures of the new method as a whole and in detail is its clearness 
and the simplification of work in all its phases which it effects. 
As mentioned at the beginning, the installation was begun at 
the final phase of manufacture, the erecting shop, and from there 
it has penetrated into all our activities which actually derive from 
that shop and are dictated by it. The benefits obtained are 
general. Production has been entirely mastered, and the normal 
management duties connected therewith have been mechanized, 
that is, brought to forms and phases which put clearly defined 
responsibilities on the shoulders of each of the executives, and, in 
case of divergences from the normal flow, allow the fixing of re- 
sponsibility for each of them. 

The initiative of managers or subordinates has in no way been 
limited by this mechanization of every-day duties; on the con- 
trary, executives have today more time to study the improvement 
of production, since most of their every-day troubles have been 
taken off their shoulders and placed on those of subordinates 
by means of planning. 

A proper and accurately defined division of responsibilities be- 
tween the members of the management and employees and a 
strict control of the timely execution of the duties of each of them 
serves to bring to light all difficulties which they meet in their 
work, the result being an automatic improvement of the whole 
organization. 

The entire personnel of our plant has become deeply interested 
in the new organization. It has penetrated into every part of the 
factory life, leaving everywhere its mark. Naturally there were 
some difficulties at first, but these were easily overcome and it 
can be said that the better a man understood the spirit of the 
methods the more eager he became to follow them and the better 
results he obtained. 

The organization destroys no one’s individuality and harms no 
one; on the contrary, it develops personal efficiency, recording its 
progress in units which are easy to measure. Clear-cut duties 
and responsibilities allow each member of the organization, 1r- 
respective of the work he performs, to manifest his accomplish- 
ments. 

All unnecessary procedure, which appeared to be useful bu‘ 
which in reality obscured the clearness of things, was removed 
A sound foundation of management was created, that is, a plan 
which was thoroughly thought out and made in advance for ai! 
work. The principles of fair play are apparent everywhere; 
work is made easier, conditions of work are improved, and earn- 
ings increased. 
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Appendix No. 5—Application of Modern 
Management Methods in France 


By SERGE HERANGER® 


RANCE has not been behindhand among European coun- 

tries, especially during the last decade, as regards the ap- 
plication of modern methods of industrial organization, although 
the progress that is being made is perhaps not as rapid as might 
have been expected, considering that France was one of the fore- 
most countries in Europe to interest itself keenly in scientific 
management at the time when Taylor and Gantt were proceeding 
with their pioneer work in the United States. 

This is due, therefore, not to a lack of interest in modern meth- 
ods of management, but rather is a consequence of the mentality 
of the French. France is an old country with old traditions, and 
the French executive is apt to be overprudent and cautious with 
regard to new ideas and new methods, and hesitates to invest his 
money in reorganizing his plant. This is a psychological problem 
that the American engineer must carefully bear in mind when he 
is consulted by French executives. Another important factor 
is that the current opinion in France couples American industrial 
organization exclusively with mass production, and a question 
put very often is whether modern American methods can be ap- 
plied to the small-series or irregular production work more fre- 
quently done in France. 

In spite of this, there has undoubtedly been a steady progress 
in the application of new management methods to French in- 
dustries. The phase of management which has been more par- 
ticularly developed is that relating to plant production, and there 
are now many plants that have a more or less elaborately organ- 
ized planning and scheduling department, modern storekeeping 
and cost systems, etc. 

Office organization has also been well developed. On the 
other hand, practically nothing has been accomplished with re- 
gard to the application of sales organization, distributing, mar- 
keting, mergers, etc., although these questions have raised a 
great deal of interest and there is every probability that in the 
next few years and independently of the much greater develop- 
ment of plant organization these problems will also be taken up 
progressively in view of their application to French industry. 
The great incentive which will insure this and which is always 
present in the minds of French executives is the unequaled in- 
dustrial development of the United States. 


Appendix No. 6—Scientific Management in 
Great Britain 


By B. SEEBOHM ROWNTREE” 


"THE war and its post-war consequences at one and the same 

time increased the need for more scientific management in 
Great Britain and made the attainment of this object more diffi- 
cult. Britain is more dependent than any other nation upon 
foreign trade. During the war Britain was compelled to give up 
a large part of its overseas trade, partly because of the necessity 
for concentrating upon munition production for itself and its 
al lies, and partly because of the submarine menace. Other na- 
tions which had continued to buy from Britain largely as a matter 
of routine either found other sources of supply or learned to 
produce for themselves, and at the end of the war they proceeded 
to protect their new industries by tariffs. For these and other 
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reasons it became imperative that Britain should reduce its 
costs of production, and in particular, its labor costs. 

At the same time, circumstances made this more than usually 
difficult. In the first place, there had been under the voluntary 
system the loss of the best part of a generation which should have 
been contributing enterprise and new ideas to industry. Then 
industry had to bear the heavy financial burdens left by the war. 
Moreover, these burdens were seriously increased by the pursuit 
of a social policy designed to improve the living conditions of the 
general mass of the people. Thus, either in direct contributions 
or in increased taxation industry had to contribute toward the 
cost of unemployment insurance, pensions, improved housing, 
and soon. ‘At the same time capital was dear and enterprise was 
compelled to offer attractive terms in order to induce investors 
to put capital into industry rather than into gilt-edged stocks. 
On top of all this British producers had not only to face the handi- 
cap of falling world prices, but the special handicaps arising from 
the return to the gold standard in Britain itself. 

Meantime wage rates had risen very greatly, and for some 
years have stood at from 70 to 75 per cent above prewar rates, 
while in the two years succeeding the war average weekly hours 
of work in British industry fell by some 10 per cent. While 
therefore there was obviously the most insistent need for more 
scientific management in every direction, and particularly in the 
reduction of labor costs, conditions made it difficult to carry 
through the necessary changes to the same extent and with the 
same rapidity as in certain other countries. 

It is impossible to state the achievements in any statistical 
form because the necessary statistics do not exist. There has 
undoubtedly been a notable increase in the use of payment by 
results in the engineering and kindred trades. The official view 
expressed by the Balfour Committee some two years ago was 
that in the exporting group of industries, those paid by results 
were not far short in number of those paid by time. These, 
however, are the industries in which trade unionism is more 
highly developed, and the probability is that payment by re- 
sults is much more extensive in the less highly organized indus- 
tries, and it would not be surprising to find that in British indus- 
try as a whole there are now more workers paid by results in one 
form or another than those paid purely by time. 

In certain directions considerable progress has been made in 
the application of psychology to industrial problems, and in the 
study of the physiological effects upon workers of methods of 
work, useful work having been done in these two directions by 
the National Institute of Industrial Psychology and the Indus- 
trial Fatigue Research Board. A good deal of this work is still 
at a pioneer stage, and many employers have yet to be convinced 
of its value, but there are prospects of its yielding results of out- 
standing importance in the sphere of industrial efficiency if it is 
judiciously pursued, and in particular, if it carries along with it the 
consent and cooperation of the worker. 

In this connection it may be said that great efforts have been 
made in the post-war period to secure a greater measure of real 
cooperation between employers and employed. Probably more 
progress has been made in this direction in Great Britain than in 
any other. Not only have individual employers gone a long way 
in the direction of taking their employees into their confidence 
and in giving them a share in the prosperity of the business in 
one form or another, but the great organized bodies of employers 
and employed have been meeting in council on this subject over 
a considerable period and have achieved some considerable mea- 
sure of agreement. This is typified by the work of the Melchett- 
Turner Committee, a joint committee of the National Confedera- 
tion of Employers Associations and the Trade Union Congress, 
which incidentally has unanimously recommended the setting 
up of a National Industria] Council. 
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As regards industrial processes, there has been some develop- 
ment along the lines of mass production typified by the motor-car 
industry, and some considerable progress has been made in stand- 
ardization and in simplification, particularly under the inspiration 
of the British Engineering Standards Association, but progress 
along these lines has probably been less than in some other 
countries, and certainly less than in the United States. This 1s 
no doubt due to some extent to conservatism and to Britain’s 
post-war difficulties, but it is also justified to some considerable 
extent by the fact that Britain manufactures for such widely 
diverse markets that standardization can only be carried up to 
a certain point. The situation is quite different from that of 
the United States with its great homogeneous home market. 
As regards equipment, there has of course been a great develop- 
ment in the direction of the use of automatic machinery, but 
here again this has been limited by the facts just mentioned. In 
particular the use of automatic machinery is limited by the extent 
to which the product can be standardized. As regards power, 
there has been a very substantial increase in horsepower, the 
figures for 1924 showing an increase of 58.9 per cent over those 
for the last Census of Production in 1912. 

With regard to the application of scientific management in 
individual factories, the situation is very “spotty.” A number of 
plants can be found in Great Britain which have made an inten- 
sive study and an energetic application of scientific methods over 
along period. These are comparable with undertakings of equal 
size in any part of the world, and are well distributed among dif- 
ferent industries. On, the other hand, there are a large number 
of small, backward factories which from the management stand- 
point are still medieval. While there has been notable progress 
in the last decade, the country has lacked the leadership provided 
in the U.S. A. by the report on ‘‘Waste in Industry”’ and subse- 
quent work by the Department of Commerce and by private in- 
stitutions. Consciousness of management as a separate issue, 
distinct from the technical evidence of this, is to be found in the 
inadequate volume and character of the management literature. 
The rapid growth of management research groups, modeled on 
the Manufacturers Research Association, of Boston, indicates, 
however, a growing appreciation of the need for scientific study 
in this field. 


Appendix No. 7—Scientific Management 
in Italy 
By DR. FRANCESCO MAURO"! 


HE difficulties special to Italy, among them lack of the most 

important raw materials, high taxation, and the restricted 
purchasing power of the internal market, have combined to 
compel Italian industry to push to the furthest the spirit of enter- 
prise and initiative. 

Without considerable ingenuity and keenness to work it would 
have been impossible to live, even less to develop. 

For this all-important reason Italian industry has quite natu- 
rally been only too ready to set about studying new methods of 
scientific management and business administration. 

Thanks to the drive and propaganda work of the E.N.I.0.S., 
the national institute of which the writer has had the honor to be 
president since its foundation, an even greater development is 
taking place in the attitude of mind which must exist before 
scientific management can be applied with good results. 

It is necessary to keep in mind several factors which indicate 
that the problems to be solved in Italy are quite special and some- 
times of great interest owing to their original characteristics. 


11 President of the International Committee of Scientific Manage- 
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Among these factors the writer will limit himself to mention- 
ing: 
1 The large population, and therefore the plentiful supply of 
labor, which means that much account has to be taken of the 
unemployment problem, technological and otherwise. 

2 The relative scarcity of capital, which necessitates making 
the utmost possible use of existing equipment and the careful 
study of any change to avoid unproductive expenses. 

3 The comparatively small size of many businesses and the 
fact that they are distributed throughout the country makes it 
advisable to proceed with caution in order to avoid the social 
and economic difficulties which would follow a too extensive and 
hasty relocation of industries. 

Changes are now in process and, in spite of inevitable obstacles, 
are giving satisfactory results which encourage considerable hope 
that further and deeper changes will be forthcoming. 


Appendix No. 8—Scientific Management in 
Czechoslovakian Industry 
By ING. DR. EMANUEL SLECHTA® 


HE principles of modern works management were known in 

Czechoslovakian industry in prewar times. However, in- 
dustry was only induced to study it carefully and to use its meth- 
ods after the war, because of many reasons which influenced the 
growth of manufacturing costs. In the first place, Czechoslo- 
vakian industry lost a great part of its original home market in 
former Austria, and had to start exporting more than half of its 
production (in some cases even not less than 75 per cent). This 
brought it into competition with foreign countries, for instance 
with German industry. Furthermore, the effects of tax burdens 
and debts to the banks dating from the times of inflation should 
be noted, and finally also post-war social legislation, which be- 
cause of the dues which must be paid for accident, social, and 
pension insurances requires up to 12 per cent of the amount of 
wages paid. Sales conditions have made it impossible for our 
industry in general to think of mass production. There are of 
course some exceptions, such as the shoe factory of Messrs. T. & A. 
Bata, at Zlin, where 120,000 pairs of shoes are now manufactured 
a day. Management has made an effort to decrease manufac- 
turing cost in all its items—material, wages, and overhead charges 
—this, of course, without large investments, since the greater 
part of Czechoslovakian industry is composed of small and 
medium-sized concerns. (According to the statistics of 1926, 
the average industrial concern employed 16.5 workmen; there 
are, however, several works in Czechoslovakia each employing 
over 20,000 workmen.) 

Since in Czechoslovakia, as also elsewhere in Europe, ma- 
terials used in manufacturing are considered of greater importance 
than are wages, works managements have given especial at- 
tention to economy in the use of matter and of energy, and partic- 
ularly to heat economy—witness the excellent results obtained 
by Skoda Works and the Vitkovice Iron Works. Materials are 
also economically utilized in all Czechoslovakian works, not onl) 
as regards raw materials, but also waste products. It may be 
said that, especially in the regions far distant from the coal-min- 
ing districts, heat economy will be striven for still more, since 
coal represents a large item in manufacturing costs. 

As regards the part which wages play in manufacturing costs. 
it may be said that the modernization of our works was first 
manifested in the installation of new automatic (labor-saving) 
machines, used either directly for manufacturing purposes or for 
transporting and auxiliary work. The war prevented many works 
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from renewing their machinery plant, but after that old machines 
were replaced by new ones, this being made possible by special 
exemption. Coal mines, machine shops, chemical works, etc., 
could be mentioned here in which the percentage of machine 
work is constantly increasing as compared to hand work. At 
present this is true of the larger concerns only, but it will soon 
extend also to small- and medium-sized works, as may be seen 
from the interest which they are taking in small materials-han- 
dling equipment. 

The laws in force limit to some extent the use of certain systems 
of wage payment, so that thus far there has been little or no ap- 
plication of time and motion study in most of the Czechoslovakian 
factories. However, some of the large concerns have of late 
given these matters attention, and as a result are getting ready to 
introduce in their works either the Halsey, Emerson, or Bedaux 
system of wage payment. This, however, is exceptional, and 
in the majority of cases day wages based on time and piecework 
fixed by experience are being paid. 

Preparation and planning of work according to the principles 
of modern engineering practice has been brought to a high degree 
of excellence only in several of the leading concerns, especially in 
the engineering line (precision and mass production) and in the 
chemical and textile industries, which latter up to the present 
have employed the principles of modern management to the 
greatest extent. Future development will be in the direction of 
establishing planning departments, as may be seen, for instance, 
from the interest—especially of the medium-sized concerns— 
taken in papers presented on the subject. 

Control of the works on the part of the management is effected 
in the majority of cases by periodical statistical reports. Only 
a few leading factories have introduced the modern graphical 
control system, and these only because of the pressure of the 
economic crisis. 

It is evident from what has been said that the lack of prepara- 
tory and planning work is responsible for a lack of documentary 
data for use in calculations. It is apparent that the calculation 
of costs and prices is another question which is receiving much 
attention. 

As for the Czechoslovakian factories, it is necessary to bear in 
mind that while there are of course very modern concerns com- 
plying with all requirements of work, in the majority of cases 
old works are involved, and therefore also old buildings, which 
only after the war were slowly adapted to the changed conditions. 
For this reason it is difficult in the old works to adjust the working 
conditions to the modern requirements of manufacture, i.e., ar- 
rangement of the machines and plant in the workshops, depart- 
ments, etc., so that this circumstance should be taken into con- 
sideration, 

A greater advance may be seen in the organization and manage- 
ment of office work and offices. 

On the whole, one cannot speak of an intensive use of modern 
principles of management in the Czechoslovakian industries, 
the few large and medium-sized concerns in which they are em- 
ployed being exceptions. However, the era of more scientific 
management will start with the arrival of the younger generation 
of engineers in the field of works management. 


Appendix No. 9—Scientific Management 
in Poland 
By CZESLAW KLARNER"® 
wrt methods have you used to increase the productivity 
of those enterprises which you are leading? 
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One of my first aims has been to introduce methods of scientific 
management. In this I have had as a goal the bringing of waste 
under control and the putting of the particular business dealt 
with on a basis of right management. In this respect I am 
seconding the work of American engineers in Poland, helping our 
industries to make use of their knowledge and experience. 

Are there any conditions which you find prerequisite for the 
introduction of up-to-date methods of management? 


For the work of such experts it is absolutely essential that the 
men at the wheel of these enterprises understand the principles 
of the new management and are willing to introduce them into 
daily practicé. 

What is being done to help bring about conditions favorable for 
the introduction of better management? 


The Institute of Scientific Management in Warsaw, headed by 
Mr. P. Drzewiecki and Prof. K. Adamiecki, has done a great 
deal in this direction, and as a result the necessity for scientific 
management is now more and more penetrating into the minds of 
leaders of our commercial and industrial enterprises. 


Could you quote a specific instance where scientific management 
has been successfully applied in Poland? 


In a company of which I am president and in another of which 
I am vice-president, together employing about 7000 workers, the 
introduction of scientific management has effected great savings 
and at the same time has given higher wages to the workmen. 
Organization of this kind requires a larger number of brain 
workers than formerly in order to deliver the task to the workman 
in a prepared and well-digested form, so that he will not lose 
time in overcoming difficulties which prevent his progressing 
with the job. 

Do you find any differentiation necessary in Poland in applying 
these methods? 

We must remember that under Polish conditions it is not pos- 
sible to copy blindly American examples, because the costs of 
money and of labor in Poland differ entirely from those costs in 
America. We Poles must use good judgment in applying those 
methods, especially in costly labor-saving investments. 

What do you think of the possibility of improving the manage- 
ment of state-owned enterprises and increasing in this way the 
budgetary income of the Polish Republic? 

When private enterprise has accepted on a large scale the right 
kind of organization, the state will also become interested, and 
will apply the same methods to its enterprises. The principles 
of scientific management are well adapted to certain kinds of 
enterprises conducted by the state, such as cigarette factories, 
coal and salt mines, etc. 


Appendix No. 10—New Management 
Methods in Germany 
By DR.-ING. OTTO KIENZLE" 


OTH in the metal industry and in other industries in the 
last 10 years have scientific management methods been 
extensively introduced. 

Much attention is being given to the new accounting systems 
which provide means for figuring gain and loss by setting up 
monthly balances. In these the overhead expenses are appor- 
tioned systematically and methods are presented for figuring 
costs with respect to the special conditions obtaining in a given 
factory. Much attention is also being given to the percentage of 
full running time of the different shops, and this has led to a dif- 
ferentiation between fixed costs—similar, though not equal, to 
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idle costs—and costs varying with the output. In quite a num- 
ber of places where these methods have been installed the second 
step in budgeting has been taken. 

In connection with this, methods of calculation and time stud- 
ies should be mentioned. A committee (Reichsausschuss fiir 
Arbeitszeitermittlung, abbreviation ‘‘Refa’’) has collected and 
published in extensive handbooks rules and data for operating 
times in the metal and wood industries, foundries, ete. Accord- 
ingly, we use the so-called ““Refa Methods” and have Refa en- 
gineers using these methods. 

Technically in machine shops the method consists in providing 
for each part carefully prepared drawings with tolerances, operat- 
ing plans, and control plans. As to the shops, the machine tools 
of recent design show great progress; in particular, cutting speeds 
have been greatly increased. Whenever it has been possible to 
adopt mass production, a great deal of special machinery has 
been designed and installed; e.g., the multi-spindle drill press 
is as well known in Germany asin America. One of the most im- 
portant differences between a shop of today and one of 10 years 
ago has been brought about by the introduction of line work and 
means of transportation. Many important simplifications have 
been accomplished, and costs have been greatly lowered by the 
standardization of materials, tools, machines, and machinery 
equipment which has found its way down to the smallest shops 
and has consequently promoted specialization of production to 
a great extent. Internationally, in Europe a number of practical 
results have already been attained by means of standardization. 

Continuously increasing attention is now being paid to the 
human element. Theoretical methods have been replaced by 
practical ones. Improvements in the equipment of shops, and 
especially of working places, have done much to facilitate work 
and to alleviate the working conditions, and the writings of our 
leading specialists in management are dealing more and more 
with these problems. 


Discussion 


G. S. Grirritx.® During a three-month inspection of Euro- 
pean factories made in the summer of 1929, the writer noted 
the following: 

1 There is a general tendency toward the use of American 
methods and machinery in their factories. Some of the factories 
have about 40 per cent of our machinery, but they have found 
that this alone does not bring our prosperity. The gradual 
adoption of the American methods of management is bringing 
the desired results. 

2 Some of the plants are using our progressive assembly 
methods with very good results. This method was employed 
in the Renault factory in France. However, the difficulty in 
employing this method of manufacture in Europe is due to the 
smaller markets for their products caused by the number of 
countries and the various tariff walls. 

3 The worker’s position in Europe in general is more secure 
than in the United States. The foreman is compelled to give 
from two to four weeks’ notice to the employee before the latter 
can be laid off. He does not have to keep threatening the worker 
with the idea of being laid off as is done in the United States in 
order to hold the employee’s respect for the employer. The 
workman has more respect for his employer principally because 
of the class distinctions which are so prevalent in Europe. 

4 The layouts of the plants are being changed to permit the 
better arrangement of the machinery in order to increase produc- 
tion. The machines are placed in groups or run by individual 
motors, which does away with the overhead drives. Lighting 


conditions are being improved, and more thought is given to 
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sanitation and better working conditions for the employees. 

5 Storerooms are being centrally located and American meth- 
ods of stockkeeping are being adopted, which has greatly helped 
in the matters of inventory and stockkeeping. It is necessary 
for the European concerns to keep larger inventories because 
many of the countries are not self-contained, and in order to get 
parts, some of which come from other countries, a longer time 
is required than in this country. 

6 The wages of European workers are small compared to those 
of the American worker, but the former do not seem to require 
more money due to the standards of living not being the same. 
What the American calls an absolute necessity the average Euro- 
pean worker would call a luxury. Do not think, however, that 
the writer means if their wages were higher that their standard 
of living would not be higher. The industries over there are 
placing many of their workers on the incentive-payment plan, 
which has increased the production. 

7 The apprentice system is still in vogue in Europe, although 
it is dying out in our country. There are three classes of appren- 
tices: the “regular,’’ who applies to learn a trade but does not 
pay for the privilege; the “premium,” whose parents pay to have 
him learn a trade; and the “pupil,” whose parents pay in order 
to have him trained to become a foreman or an executive. The 
apprenticeship usually requires from 3 to 5 years. 

8 Some of the employers are helping their employees to gain 
a better education by educational programs. Some of them have 
established training classes and schools for the workers, but not. 
to the extent that our industries have done in this field. 

9 The working hours are being lessened as the employers 
realize that long hours harm the employees. The average 
working day is from 8 to 10 hours. More and more the idea of 
giving vacations to the employees is gaining ground. Some of 
these vacations are with and some without pay, and vary from 
1 to 3 weeks in duration, depending upon length of service and 
the position held. 

10 Measures are being taken to prevent accidents. Guards 
and safety devices are being applied to the machines, and cam- 
paigns against accidents are being instituted. In Germany some 
of the industries are effectually working along this line and use 
many posters to illustrate their points. 

11 Some of the industries have systems to help the employees 
save a percentage of their wages, as well as accident and unem- 
ployment insurance and old-age-pension plans. In a number of 
the European countries the governments now take care of men 
out of work and provide for old-age pensions. 

In conclusion, the writer would say that American management 
policies are taking root in European industries and that the latter 
are showing a gain as the result of adopting these methods. 


Lituian M. Gitsretu.'* This Society and all engineers in 
the management field are fortunate to be represented abroad 
by the author, who interprets Europe to us and us to Europe. 

The paper furnishes, tactfully but explicitly, many lessons to 
engineers. Some of these come through advice on how to handle 
European problems. The author says that the former emphasis 
on machines rather than on management has shifted. This 
means that we must be prepared to send management with 
machinery or perhaps even management before machines. And 
the same thing holds true of mechanism. He says that while 
mass production is increasing, many industries still handle small 
diversified lots. This means that‘our management, mechanisms, 
and machines must be adapted to the small lot. 

The author notes a difference in tempo in Europe from what 
we have here—a slower speed. This affects both machine speed 
and man speed—and we should have the matter in mind as we 
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send over machines and equipment, as well as the men who 
will sell, install, demonstrate, and perhaps maintain them. 

The author notes the distinction between the theoretical and 
the practical man—which implies the need of our men knowing 
both theory and practice and being able to present either to anv 
group—if they are to retain leadership. Our engineers must 
not only be prepared to demonstrate what they say, but to persist 
even though they find such demonstrations greeted with aston- 
ishment. 

The greater lag between being convinced by the theory and 
initiating the practice which the author finds abroad, implies 
that our engineers must be ready and able to push things across 
against both inertia and custom. 

And so on through the entire paper. The differences which the 
author has observed, reported, and explained are regarded by him 
not as hindrances but as challenges—and challenges which he 
shows us how to accept and meet successfully. 

Much of the author’s material can be used to cope not only 
with situations abroad, but here. This he makes clear, for he 
recognizes not only the differences but the likenesses. Many of 
our workers, plants, and industries are more European than 
American, even yet, and his techniques of recognizing and han- 
dling these are most serviceable. Others which might be rated 
by some standards as typically American in origin, organization, 
and efficiency, are European in psychology. And the writer 
means no criticism of such plants—as Mr. Clark means no criti- 
cism when he says “European...’’ Through them all exist iden- 
tical problems, i.e., of measurement, standardization, and teach- 
ing—which make the author’s varied and extended experience 
invaluable to every one ready to use it. 

Recent observations in Europe, Asia, and this country by other 
engineers who specialize in management all confirm the author’s 
findings—and emphasize the value of his paper. 


Frank M. Ryan.'? The author has given us a very clear pic- 
ture of how European executives react to American management 
methods, so it may be of interest to examine the reaction among 
the workers. 

Class consciousness manifests itself in many ways and some- 
times acts as a serious handicap to the increase of individual 
production, thus delaying the accomplishment of the manage- 
ment engineer’s task. 

In practically all European countries the Socialist party is a 
strong factor in politics. As a result, social-insurance laws are 
common and the worker is accustomed to seeking financial aid 
from the government for childbirth, sickness, old age, unemploy- 
ment, etc. 

This influence tends to dampen individual initiative and the 
desire of the worker to attain the maximum production of which 
he is capable. It leads him to consult the government agencies 
on many problems which the American worker handles individu- 
ally or upon advice from the employee relations department of 
the plant in which he works. 

The governmental contact, through state-owned railroads, post 
offices, telegraph and telephone systems, and compulsory military 
training, in addition to all the agencies of state aid, is a factor in 
the worker’s life which the average American does not appreciate. 

This background makes it more difficult to stimulate the 
cooperation of the workers in better methods of production, but 
once this has been accomplished, given the same working condi- 
tions and a proportionate wage incentive, a good European 
operator will turn out 60 to 80 per cent of the production of a good 
American operator. 

‘7 Works Manager, Norton Grinding Wheel Co., Ltd., England. 
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It has been reported that the man-hour production of the 
Irish workers in the Cork Fordson plant has exceeded that of 
the American tractor builders. 

As a rule, European workers react most favorably to American 
methods of management and, once the introductory period is 
passed, sincerely appreciate the greater interest which American- 
trained executives take in bettering working conditions and elimi- 
nating fatigue and working hazards, and all those factors con- 
cerning the worker which American management has come to 
realize are so important. 


Cuas. M. Mitus.'® Any one who has been in Europe in the 
past five years and has been in touch with industrial organiza- 
tion and management there, knows the reputation which the 
author and his associates bear among the leading industrialists 
in Germany, France, Switzerland, Poland, and England. His 
methods and personality have won him clients and friends in 
many corners of Europe. His desire at all times to work with 
people, to outline projects and not to superimpose them, have 
built his character and reputation upon firm foundations. He 
has become a worthy international ambassador representing the 
best in American traditions of thoroughness, accuracy, and co- 
operation. 

It is therefore with considerable trepidation that a casual ob- 
server, making only two extended trips to Europe in the past 
five years, attempts to comment upon the author’s excellent sum- 
mary of European conditions in management. 

The writer is inclined to ask the author what effect interna- 
tional agreements, syndicates, cartels, or pools have had in the 
regulation and promotion of mass production, not only on do- 
mestic consumption, but with regard to exports. Has there not 
been a development from an economic point of view toward the 
furthering of mass production by international agreement in 
certain basic industries? What attempts have been made toward 
an economic United States of Europe or common consuming 
and export market? The writer has reference, for example, to 
syndicates in steel and iron, coal, and petroleum. 

The author mentions the tariff, habits, wages, and desire for 
individuality in design as restrictions in mass production. Is 
there not another important factor in the decrees or national acts 
that restrict importation—acts in addition to regular tariffs? 
In Hungary, for example, only three hundred Ford cars can be 
imported per year. The reason given is to afford protection to 
a state automobile factory—to a home industry supposedly 
created for mass production. 

Slow turnover of investment is of course recognized as an 
outstanding European characteristic. In this connection, the 
writer would inquire how far European industry has been 
hindered by foreign capital, chiefly American. The word “hin- 
dered”’ is used, for many experts believe that the availability of 
American capital and the eagerness with which American invest- 
ment banks have sought to offer money has caused some Euro- 
pean industrialists to expand in projects of rather risky and un- 
stable nature. The availability of such capital would naturally 
lessen the chances of economies through a more rapid turnover 
of investment. 

The author cites the waste of labor in employment in moving 
freight cars by hand and in treading shavings into pulp in a paper 
mill. Is it not true that the average European industrialist, 
largely because of class distinctions, has not recognized the dollar- 
and-cents savings in the development of human relations in the 
plant? Has not the enactment of compulsory social legislation— 
forced upon the employer—blinded his eyes to the potential 
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saving in his own plant under the provisions of such laws? 

Social legislation has provided greater security and continuity 
of employment in Europe than in our own country, according to 
the author. How far has such legislation restricted the employer 
in management control, say, for example, in Germany? How 
far have these laws affected the work of the consulting engineer? 

In storeskeeping, in plant layout, in planning and scheduling, 
and costkeeping the methods of application are more or less the 
same as in the United States. In sales distribution a great field 
seems to be open to American marketing specialists. 

The author mentions the International Management Institute 
in Geneva as the one group coordinating national management 
associations. As one who visited this organization last summer 
and who is somewhat conversant with its scope and purpose, 
the writer would say that there is a fine opportunity for American 
engineers to support this institute. We have some things to 
learn from Europe as well as to give to Europe. 

It has been said that American engineers should not be so 
willing to promote better management methods in Europe which 


‘may result in increased competition with foreign nations. The 


author has most ably answered these critics in his conclusion. 
International peace can be promoted better by ambassadors of 
knowledge and scientific approach like the author, and by an 
international institute of scientific management, than by naval 
treaties and international politics. 


AuLAN H. Moaensen.'® I should like to stress the value of 
travel and observation. I think we in America do far too little 
of this. As for our going abroad to visit plants and study proc- 
esses, we seldom visit plants even in our own vicinity. Before 
we feel secure in our superiority, we should at least see the others 
to be sure that we are correct. One of the reasons for our pres- 
ent economic dilemma is our belief that we can proceed by 
ourselves without regard for what the other fellow is doing, or 
getting all the facts before going ahead. 

Mention has been made of the rapidity with which the Euro- 
pean plants take hold, and it is stated that the foreign manu- 
facturer can undersell us because of his low labor costs. These 
are of course due to the lower standards of living in these coun- 
tries. These standards will eventually rise. They have always 
risen in the past and we should expect this trend to continue. 
We should expect our own standards of living here to continue, 
despite the pronouncements of even some of our financial leaders 
to the contrary. When European living standards approach or 
equal ours, there will be no problem. But what are we to do 
in the meantime? How are we to meet this competition? 

I think that we can find the answer in the proper selection of 
machine equipment. While it is true that in many fields we are 
overequipped, it may be that we have the wrong equipment. 
The textile industry offers a case in point here. We need more 
careful selection of machinery and equipment, purchased on a 
scientific basis, and the problem of depreciation handled properly. 
No machine or tool should be purchased unless it can be economi- 
cally justified. But on the other hand, if there is a machine 
available that will enable us to produce more effectively and 
economically than we are doing at present, we cannot expect to 
meet competition unless we secure it. 

I should like to ask the author how he feels about the question 
of control in industry. Is not the sort of control exercised by the 
government in Poland over the salt mines the answer to our 
problem? 

We should not attempt to limit production, but do we not need 
some sort of control to prevent excessive expansion of plant 
capacity? We know that the coal industry is in a serious situa- 
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tion because of excess capacity. If the bituminous mines can 
produce 750,000,000 tons a year, and we use only 500,000,000 
tons as in 1929, we have excess capacity, and some one must 
suffer. Each mine must operate inefficiently, as long as no one 
is willing or can be forced to shut down. Exactly the same 
situation exists in the shoe industry. We have capacity enough 
to produce almost twice as many pairs of shoes as we do produce. 
Therefore, each pair of shoes we buy carries so much direct labor, 
so much material, and overhead for two pairs. The author him- 
self has often told us of plants operating at only 40 per cent of 
capacity. 

Is it not this lack of proper planning and exercise of contro! 
that puts us in our present situation? Procter & Gamble are 
buying new equipment and building new plants, but are doing it 
as justified. They have a definite long-time plan, and follow this 
closely. When they build a new plant it is not because some one 
in the organization is overenthusiastic because business is good, 
orders are coming in, and there is money in the bank, but because 
the facts show that it will be needed at a certain definite date. 

I want to emphasize the difference between failing to modernize 
at the right time, and expanding unwisely and blindly at the 
wrong time. Can we do this ourselves, or shall we require some 
super-controller to tell us when and how much? 


AUTHOR’s CLOSURE 


Mr. Mills inquires as to the effect of international cartels and 
syndicates on mass production. These agreements have un- 
doubtedly brought about some standardization of product which 
has favored mass production and also they have been successful 
in minimizing dumping on export markets, but in the various 
domestic markets it seems that they have not been good for 
industry. The rigid control of prices at rather high levels has 
prevented any marked increase in the use of products of cartelized 
industries, and the apportioning of orders to plants without 
regard to efficiency or costs stifles initiative on the part of execu- 
tives and results in a lower grade of service to customers. 

The tendency. during recent years has been to raise the tariffs 
of the various European countries as in the United States, and 
in addition there have been the national acts restricting importa- 
tion mentioned by Mr. Mills. These tariffs and restrictions 
have been designed primarily to foster domestic production, but 
they result in limiting markets to a single country and restricting 
the possibilities of mass production and the consequent cheapen- 
ing of the daily necessities of life. Tariffs encourage wasteful 
production, and the consumer has to pay for it. 

It is difficult to say how far European industry has been 
“hindered” by American capital. It is the author’s opinion that 
on the whole both have benefited by the collaboration, although 
it is true that money from this country has sometimes been pro- 
vided without any attempt to study the markets, the plants, or 
the ability of the management staffs. The resulting losses have 
been painful to the Americans and discouraging to the borrowers. 
In the majority of cases, however, the lender retains experienced 
counsel to study the situation, agree with the borrower as to 
how the money is to be used, and then to see that the plan is 
carried through wisely. An outstanding example was the recent 
three years’ service of Charles 8S. Dewey, who, as financial 
adviser to Poland, not only assured the security of a loan of many 
millions, but by his guidance of that government through « 
difficult financial period made a notable contribution to the 
welfare of the country. 

It is undoubtedly true, as Mr. Mills suggests, that the social 
legislation in Europe causes many employers to go no further 
than the law requires in developing their relations with workers, 
whereas it would be to their financial advantage to do so. For 
example, when accident insurance is paid into a government 
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fund at a certain per cent of wages without regard to the accident 
rate in that particular plant, the employer often feels that there 
is no incentive to carry on a safety campaign, whereas if he did 
show an interest in accident prevention, the increased running 
time of his machines and the improved morale of his workers 
would bring substantial savings. 

Within the author’s experience social legislation has not 
directly restricted management control to an appreciable extent, 
although it has strengthened workers’ unions which in turn have 
restricted employers, sometimes wisely and sometimes unfairly. 

It does not seem that social legislation affects in any way the 
consulting engineer. On the whole it is good for industry, and 
the consultant merely arranges the details of his client’s business 
accordingly. For instance, in several cases the so-called social 
allowances, comprising sickness and accident insurance, vaca- 
tions on pay, pensions, unemployment insurance, etc., average 
12 per cent of the payroll. Therefore, in all calculations of costs 
and in payroll budgets this 12 per cent is added to the wages. 


Even with this addition the wages are low, and one can hardly 
say that such legislation is a burden on industry. 

Mr. Mogensen brings up the question of control in industry 
and asks if government monopoly is not what we need in America. 
There is no doubt that we need a more wise and far-seeing direc- 
tion of industry, but this can be built up better by industry itself 
than by federal or state governments, because politics so often 
places control in the hands of men who do not know how. 

A “super-controller to tell us when and how much” is sug- 
gested by Mr. Mogensen, and perhaps in some future age such 
an all-wise being or group will appear, but in the meantime it is 
possible to introduce more complete planning in the various sec- 
tions of industry, particularly in regard to the distribution of 
money and purchasing power. 

Modern management has provided a technic which simplifies 
the most complex situations and plans their control. This can be 
applied to the direction of the changing forces of industry, and 
benefit not only one class or one country, but mankind as a whole. 
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Apprentice Training in Virginia 


By C. F. BAILEY,1 NEWPORT NEWS, VA. 


Virginia, along with the rest of the South, is becoming 
industrially minded. This stresses the need for education 
for the industries and the arts. The transportation com- 
panies, iron works, and shipbuilding concerns require 
skilled mechanics, trained through apprenticeship. The 
primary principles in apprentice training are, first, careful 
selection of candidates; second, importance of the super- 
visor; and, third, the sympathy and aid of the manage- 
ment. The advantages of apprentice training include 
recruiting skilled mechanics, with a spirit of loyalty and 
service, some of whom will develop to foremen and higher 
officials. To promote this, training schools, on company’s 
time, are advisable. The apprentice group should be self- 
governing. The conclusions are that the wages should be 
liberal, with opportunity for increased earnings through 
premium or bonus work. The prospects for apprentice- 
trained men were never so bright as now. Virginia 
manufacturers are taking increased interest, and they 
recognize the necessity and value of apprentice training. 
The business of building involves both materiel and per- 
sonnel—the building of men as well as of machines and 


ships. 
HE South, including Virginia, is 
I rapidly becoming industrially 
minded. With this come the prob- 
lems arising from mass production and the 
need of education for the industries and the 
arts. Business prospects which were 
quenched and blighted by the Civil War 
are now far in advance of any previous 
period. Development of the large natural 
resources of the South, such as timber, iron, 
coal, and water power, is demanding skilled 
mechanics and engineering talent. In the 
Virginia Section such talent is principally required by the trans- 
portation companies, bridge and iron works, and in shipbuilding, 
wherein 20 or more independent trades are practiced in the 
building of a modern high-class ship. In other industries where 
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mass production is the order comparatively few mechanics skilled 
in the trades are employed. 

We see, then, in the Virginia Section a few towns widely sepa- 
rated in which are industries requiring skilled mechanics, and 
therefore presenting opportunities for apprentice training, which 
involve somewhat different problems from those found in densely 
populated sections wherein a single city may constitute an entire 
section of the Society. This does not excuse the widely separated 
and less populated sections for neglecting the issue, although the 
adoption of a general rule is probably not workable for all. 

The purpose of the present paper is to create an interest in this 
subject in the Virginia Section and elsewhere. This has been 
attempted through correspondence with the principal indus- 
trialists in the State, through a meeting of the united engineering 
societies, through interchange of visits of officials of several 
industries, and through the Department for Vocational Educa- 
tion, wherein the acceptable principles of apprentice training 
have been presented, discussed, and illustrated. Considerable 
interest has thus been created which, with the proper nutrition 
and fostering, will doubtless be increased to a marked degree. 

There are only a few towns in the section where apprentice 
training is established to any considerable extent. However, 
there are a number of smaller organizations and contractors who 
take a few apprentices in certain of the basic trades. 

The State Department for Vocational Education is largely 
directing this matter, and through the influence of its agents 
great benefit has resulted. There are no very complete data 
compiled as to the number of apprentices in the State. The 
report of the Department of Labor and Industry, September, 
1929, gives some information, but it is difficult to classify accu- 
rately. There would appear to be about 600 apprentices in the 
different trades that are practiced in the State. 


Tue PrincipLes INVOLVED 


In the discussion of this subject by the author at a joint meeting 
of the engineering societies at the Virginia Polytechnic Institute 
on April 26, 1930, certain important principles and qualifying 
factors were brought out which control to such an extent as to 
constitute the laws governing successful apprentice training. 

First, the careful selection of the apprentice group with par- 

ticular reference to initiative, self-control, and determination; 
scholarship (completion of high school), moral sense, and physical 
fitness. 
. As then stated, since our objective is to train and equip young 
men to become highly skilled for industry and the arts, it is vital 
that only those of certain physical, mental, and moral traits be 
received. We might therefore state the first law of apprentice 
training as follows: 

First Law: Candidates must be physically fit, mentally superior, 
morally hopeful—hand, head, and heart. 

We should include in this intensive apprentice training no boy 
who has not these desirable characteristics in an outstanding 
degree. The mediocre candidate displaces one of the promising 
type who might become an effective influence in industry and the 
community. 

Second, the selection of a supervisor whose heart and mind are 
in sympathy with the work and with the apprentice and who has 
the vision, initiative, and organizing ability to devise and carry 
through a comprehensive training program. We may then state 
the second law as follows: 
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Second Law: The supervisor of apprentices and the instructors 
must stand forth prominently in manipulative skill, intelligence, 
training aptitude, mental resourcefulness, application, and in the 
high principles of self-control, citizenship, and interest in and vision 
of the possibilities of the boys’ future. 

Third, in order to make apprentice training successful, not 
only must we have the choice, selected personnel, but there must 
be a realization on the part of the management of the need—an 
inspiring interest in young men and a willingness to spend time 
and means to promote such training not only for the good of the 
company, but for the benefit of the individual, the community, 
and the country. We may therefore state the third law: 

Third Law: The management must be imbued with a hearty 
interest in the apprentice, visualize his possibilities, recognize the 
mutual interest existing, and provide both matériel and personnel 
to foster his training. 


ADVANTAGES OF APPRENTICE TRAINING 


With care used in the selection of the teaching personnel and 
the apprentice personnel, the management may confidently look 
to having eventually a high class of employees imbued with a 
spirit of loyalty and service who will develop into first-class me- 
chanics and many of them later into supervisors, foremen, su- 
perintendents, and even higher officials. It is for this reason that 
such care should be given to the selection of the candidates. 

The management should keep in sympathetic touch with the 
supervisor and as far as may be with the individuals, lending en- 
couragement to the young men by showing interest and by culti- 
vating a personal acquaintance where feasible. It is vital that 
the supervisor should follow up all of his students and apprentices 
throughout the course. Not only should these men be followed 
during their course, but also, with advantage to both the men 
and the organization, throughout their service, either with the 
company or with others. No employer can hope to retain in 
his organization all of the skilled men which he may train; many 
will leave, some for a period only and others for their life work 
in kindred fields. This, however, should not be looked upon 
entirely as a loss, and many examples might be cited where ap- 
prentices have left the company after completing their appren- 
ticeship and have risen to responsible positions in other concerns 
throughout the country. They thus form a contact and an 
advertisement for the parent company which is of considerable 
intangible value. In one’s own organization the policy of the 
careful selection and training of apprentices will encourage and 
emphasize a study of the history and policies of the company, 
its founders and leaders, as an inspiration to zeal and loyalty. 


“We shall build good ships here, At a profit— 


Such men, so trained, are particularly valuable for promotion 
to higher positions within the company. 

The policy of training is one to be left by the management to 
the supervisor, who should outline the blocks in each trade which 
the apprentice should learn and in which he should become prac- 
ticed and expert. These blocks need not, however, be taught in 
the consecutive order in which they are naturally grouped. They 
also serve the purpose of valuable training in emergency for spe- 
cial-purpose men wherein a man may be taught a particular part 
of the trade and become skilled in this, whereas the apprentice 
will be trained in block after block until he has completed the 
educational part of the trade and thereafter will acquire more 
skill, dexterity, and speed by practice throughout the remainder 
of his apprenticeship. Such training furnishes the management 
with a reservoir of potential personnel for the upkeep and de- 
velopment of the organization. 

In order to carry on such a course of training it is also advisable 
to establish in the company’s time a school with teachers and 
trade instructors, and it is here that high-school graduates are 
eminently fitted to carry on with great interest and value studies 
directly related to the problems with which they come in contact 
day by day in the shops. These studies should include physics, 
chemistry, economics, the principles of accounting, psychology, 
mathematics, drafting, effective English, accident prevention, 
and other branches related to the work in hand and to the affairs 
of the company. In order to develop the morale of the group 
it is necessary and advisable to make the organization as far as 
feasible self-governing, which may be done through an apprentice 
association with committees, officers such as president, vice- 
president, secretary, treasurer, athletic committee, and honor 
council, who shall consider all important questions arising as to 
policies, infractions of the rules of the association, and the dis- 
cipline to be applied, which may even be as severe as a recom- 
mendation for dismissal from apprenticeship. The cultivation 
of the apprentice traditions forms an incentive; the inculcation, 
not by direct instruction, but by practice and precept of a broad, 
correct labor policy is wise and enlightening. The promotion 
of efficiency as a means of increased earnings for both the com- 
pany and the apprentice must receive attention, together wi! h 
improved quality. 


CONCLUSIONS 


The matter of the apprentice wage is of vital importance. The 
wage at the beginning and throughout should be liberal, although 
at first the apprentice may not earn much. This tends to attract 
the better class and gives a far superior list of applicants from 
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whom to choose. It is the policy now in some cases to select only 
high-school graduates or those who have had the equivalent of a 
high-school course because of their proved capacity for develop- 
ment. 

The inspiration coming to any manager in watching the prog- 
ress and development of the bright young men is one of great up- 
lift and value. There comes to be a feeling of interest in the 
boy which is reciprocated by him and which is a great factor in the 
labor problem of the time. The apprentice should be taught the 
value of efficiency and given incentives which will develop intense 
reaction in this respect. These incentives may take the form of 
the assignment of choice jobs to such as show the ability, interest, 
and willingness required; the increased interest of the supervisor 
and the management, without danger of partiality; and later as 
skill is developed increased remuneration by the adoption of a 
system of payment whereby the regular hourly rate is supple- 
mented by a bonus or premium based directly upon the character 
and amount of work performed, which may be established either, 
by contract or in other ways. 

Because of mass production in some cases the need for skilled 
mechanics may seem to be declining; however, one need not be 
discouraged, since this machine age requires the skilled hand, 
trained in practical application of the trades, associated with 
minds trained to straight thinking, with healthy viewpoints of 
labor policies, which enable young men to advance. The pros- 
pects for such a young man thus trained and educated in industry 
were never before so bright as now. He takes his rank in a 
different squad, but he takes it just the same along with the 
college graduate, and often he can outclass the college man. 
Examples might be cited of these young men occupying positions 
of supervisors, foremen and superintendents, salesmen, and 
others. One young man who served in the pattern shop and who 
is now in a sales department of a high-class machine-building 
company says that, as he looks at it, there are two types of trained 
men with whom to compete; first, the purely technically trained 
man, and second, the practically trained man. The course 
which he pursued in his apprentice training he considers to be a 
middle route, and now he expresses his deep appreciation of the 
advantages which he enjoyed in this training. With the skill 
gained both by practice and theory he has risen without em- 
barrassment to a leading position. 

Another graduate is in a large, successful building corporation 
furnishing important machinery for marine work. He is a diplo- 
mat in adjustment of difficulties, which may be fancied or real, 
with the purchasers of his company’s products. Others who have 
remained with the parent company have risen to high positions as 


foremen, as assistant superintendents, and (one) as superin- 
tendent. They are now of great value to the company in that 
they are in sympathy with the broad system of training which is 
so advanced over that which they enjoyed. These men, familiar 
with the company’s traditions and policies, are the backbone of 
the organization as representatives of the company in dealing 
with the inspectors and supervisors sent to the works by its 
clients. 

One apprentice in the civil engineering department lost his 
job soon after graduation due to drastic curtailment of work in 
the company. This young man took a minor position in the 
city engineer’s office, and within three or four years he became 
the city manager, which position he still holds and in which he 
has made a greater success than any former incumbent—a pride 
to the company where he was trained and an honor and asset 
to the city of which he is manager. 

A number of letters have been received from manufacturers and 
operators in the Virginia Section in which is unanimously ac- 
knowledged the value of apprentice training. The transportation 
people express great interest in this and are anxious to progress 
with it. They admit that it requires much more thought, study, 
and consideration than it has formerly received. 

One Virginia manufacturer says that he considers apprentice- 
ships as becoming more and more a necessity in American in- 
dustry and that apprentice schools are necessary in the solution 
of the modern industrial problem; that while mass production 
has in a large measure changed the need for skilled mechanics, 
yet its leaders and master mechanics and foremen must be skilled. 

One Virginia railway official stresses the importance of exami- 
nations physically and along educational lines in order to select 
the best material for training. Another railroad superintendent 
states that apprenticeship training cannot be worked out along 
general lines to meet any working conditions and that no cut- 
and-dried plan for one works can be adopted in its entirety for 
some other. He thinks that self-improvement work can be 
effected and must be largely initiated by the apprentice under 
suitable encouragement by the management. All of this can 
be greatly fostered by the management in its dealings with the 
apprentice. 

The vice-president of a large foundry company in the western 
part of the Virginia Section writes as follows with regard to his 
newly established apprentice system: 


This program has been in practice only about four months, and of 
course it is impossible to give an intelligent idea of the worth of a pro- 
gram of this nature with the short experience that we have had. We 
are, however, more than pleased with the progress made thus far 
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and feel more convinced than ever that our training program will 
prove to be one of the most worth-while things that we have under- 
taken for many years. 


The products of a well-planned and directed apprentice training 
course where the attractions offered are such as to draw the 
brightest, most intelligent material, are greatly improved labor 
conditions, highly skilled mechanics, an intelligent, happy citizen- 
ship, and a supply of potential supervisors, foremen, and even 
superintendents. When we see this illustrated and stop to con- 
sider, we realize the great importance of this training. The su- 
pervisor or foreman occupies a dual position of great significance 
and influence. It is he who represents the management of the 
company to the men under him. As some one has said, “He 
must be familiar with the company’s policies on the one hand 
and on the other represent the workmen to the management.”’ 
Therefore, his own training is of great importance. Not only 
should he interest himself in teaching the apprentice the trade 
in all its branches requiring hand, head, and heart, but he also 
has the rare opportunity of touching the other vital chords of 
the man’s being. 

The Chamber of Commerce of the United States considers that 
foremanship holds the key to production. The foremen can cre- 
ate a sympathetic contact with the men and be an inspiration to 
them, a service to the company, to the men, and to himself. 
With such foremen the management gains in spirited team-work, 
morale, loyalty, lower turnover, reduced accidents, greater out- 
put, and an improved spirit of orderliness. ; 

While we honor the outstanding professors in engineering col- 
leges and recognize the great influence which they have upon the 
development of the engineers of the future and the personnel 
coming up to take the places of us here today, still many manufac- 
turing concerns today present opportunities which challenge the 
best in any man to take a large share in this upbuilding of our 
engineering organizations and personnel. If there can be created 
in the executives of the many fine industries of our sections an 
intense love for and interest in the young men whom they are 
training, they will find that it stimulates the faculties and gives 
enjoyment and recreation of a satisfying character. 

With the right spirit pervading an organization there is a place 
without jealousies or friction for the development side by side 
of the well-trained mechanic and the technically but less prac- 
tically trained college man. Many industries, like. the great 
electrical manufacturing companies, have positions where it is 
essential that men with eminent knowledge of the sciences are 
required, but in these same organizations and in most organiza- 
tions involving the trades are numerous enviable positions for the 
properly trained apprentice. 

In order to carry out such training a company must make a 
set-up particularly for it. The smaller companies, however, 
may not be able to do this. In any case, there is one source of 
great help which should not be left untapped, and that is the 
assistance granted by the practical application of the Smith- 
Hughes Act which is fostered and administered in the State of 
Virginia by the Department for Vocational Education. In the 
Virginia Section this department has been of great service in 
helping to develop, establish, and promote the apprentice course 
and the training of foremen. It is only a step from the training 
of these well-balanced and bright apprentices to the development 
of skilled mechanics, supervisors, and foremen which should 
take its turn. 

A few years of a young man’s life at this age is not 
wasted in service before he rises to the position of greater 
authority. Eugene R. Grace says: ‘‘Not only is the hard 
work, in humble jobs, a test of these young men’s endurance, 
but it serves to give them a background of sympathetic under- 
standing of the workman’s point of view which enables them as 


executives in later years to strike a just balance between their 
duty to the corporation which employs them and to the men who 
work under their direction.” 

In all this training are many opportunities to create loyalty for 
the company by briefly reviewing in an interesting way the his- 
tory of the company, dwelling upon its outstanding personalities, 
past and present, and the policies which guide it. 

In any organization or in any large group of young men there 
is always latent, unnoticed talent in one direction or another, 
some in special skill, some in leadership, some in individual de- 
velopment. 

These qualities are to be looked for and noted, and they 
can be found in the shop, in the schoolroom, and in the 
games and sports, which should be largely fostered. The great 
business of building involves quality in matériel and personnel; 
the building of men as well as machines or ships. 

Throughout the country the most successful manufacturers 
and engineering concerns are surrounding themselves with staffs 
of the brightest minds, who by means of conferences, study 
groups, and lectures are learning the vital principles of the or- 
ganization and the company’s policies. 

To many, and particularly to those engaged in small industries, 
the foregoing may seem impracticable. It has, however, been 
demonstrated that this is not so. Results obtained under the 
principles and conditions outlined are encouraging and inspiring 
and demonstrate that, with the proper spirit of management, the 
rare supervisor of training, and the selected group of apprentices 
these results can be realized and improved upon. 


Discussion 


D. 8. Jacopus.?. Mr. Bailey's paper radiates his enthusiasm 
and keen insight in the training of young men as carried on in 
his department. There is a fascination in this work. The 
principles brought out by Mr. Bailey and his conclusions are in 
harmony with ideas that have come to the writer in his career 
as a teacher for over 20 years and his longer contact with the 
dutside field. Hand, head, and heart must strive together in 
the young man, and the instructors must stand forth prominently 
in training aptitude. 

In viewing teaching in its broad aspects the writer is more and 
more convinced that the success of any course is more directly 
measured by the amount of effective work done by the students 
than in any other way. To learn how to work effectively one 
must himself work effectively. There is no short cut to success 
which will bypass hard work. Some may challenge this state- 
ment, but where one may claim to have reached the top of the 
ladder through natural ability rather than effort, there will be « 
hundred who will acknowledge the benefits of hard work. It 
is feared that in some cases our modern training is along too 
idealistic lines. The goal is often set so high that the great 
majority fail in its achievement. Young men with the sort of 
training outlined in the paper may outdistance many of those who 
are looking so far afield that they cannot see what is at their 
feet. 

Some of those reviewing engineering education have laid much 
stress on character. All know that character is indispensable, 
but with it should go a fundamental training in the principles 
of one’s profession, and above all a willingness to work hard in 
applying them. 

Character cannot be taught by precept. There are no keener 
or fairer critics than a class of young men, and any amount of 
advice on the bearing of character on success by one not having 
a high character will fall on empty air. 

2 Advisory Engineer, Babcock & Wilcox Company, New York, 
N. Y. Former President, A.S.M.E. 
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The writer is happy to endorse all that Mr. Bailey says in his 
paper and hopes his experience in the training of young men will 
carry with it as many happy recollections as his own. 


E. W. Kempron.? When reviewing a paper, one might take 
the stand that there must be something about which he should 
be critical. The writer thought that he had such a point in 
Mr. Falk’s paper when he stressed the control of the appren- 
ticeship system in Wisconsin through a commission established 
by law. However, before concluding the paper the author states 
that the passage of a law is unnecessary, and in this the writer 
concurs. Mr. Bailey’s summation of policies and attitudes for 
effective apprentice training is well made. It is a pity that there 
is not a greater appreciation of the benefits to be derived when 
such advice is followed. 

The writer is an ardent believer in apprenticeship, and inas- 
much as the papers of Mr. Falk and Mr. Bailey set forth specific 
plans, principles, and benefits of apprenticeship training, he 
can but add substantiating evidence. 

The reason why there are not more apprentices in training is 
not because of failure to legislate the control of apprenticeship 
training, but rather because of the impatience of American in- 
dustrial superintendents and foremen and their interest in little 
that does not create immediate results. It takes time to develop 
an apprentice into a mechanic, and time is the one thing of which 
we have the least. It requires giving thought and consideration 
to something that is not a specific production problem of the 
moment; hence there is too great a willingness to let some one 
else develop mechanics and then we shall hire them away when we 
want them. 

To secure an idea of the number of skilled all-around machinists 
(not operators) that exists, one needs only to talk to an employ- 
ment officer who was in the field for such workers during 1928 
or early 1929. 

Of machine operators there is no scarcity, but when one looks 
for the so-called all-around worker such as is needed in the main- 
tenance and repair shops of industry, one does not have to be 
convinced of the necessity for apprentice training. The reason 
for this condition is not difficult to find, for in maintenance shops 
where foremen and superintendents are pressed quite as much 
for costs and other economical factors as in production shops, 
there is little immediate interest in taking a man who has de- 
veloped into a good lathe operator and giving him experience on 
some other type of machine such as the milling machine or planer. 
In mass production shops there is no possibility of this. 

Furthermore, there is little opportunity today for a young man 
to go through that process that was formerly known as “stealing 
a trade.””’ Once a young man could secure a position in a shop, 
acquire experience, and learn how to operate a lathe, and then 
if he were not given an opportunity on some other machine, he 
could leave, secure employment elsewhere, and bluff his way until 
he had obtained further experience. By repeating this process a 
sufficient number of times, he eventually became a good me- 
chanic. Today, with well-developed employment departments, 
it is quickly discovered that the experience of a man has been 
limited to one particular type of machine, and he is either turned 
away as not required or is employed for work similar to that which 
he has been doing, with practically no opportunity to broaden 
his experience. Even in the limited number of shops where this 
is still possible, there is no appreciation that this is the most 
expensive and inefficient method possible. Hence, there has 
been during the past two decades a very appreciable decrease in 
the relative number of all-around mechanics, notwithstanding the 
fact that the total number employed at the machining trade 


* Educational Director, American Steel and Wire Company, 
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has increased. To secure further corroborative information, 
one need only make inquiry pertaining to the average age of 
mechanics employed in any maintenance, repair, or jobbing 
shop where there is necessity for something more than operators. 
He will find that the average age is constantly increasing. He 
will further find that potential material for foremanship posi- 
tions is relatively scarce, if a foreman is required who has had a 
wide experience as a mechanic. 

The strange part of this picture is that corrective measures 
are not difficult nor expensive to take. There appears to be an 
impression upon the part of executives that apprentice training 
is expensive and cumbersome, but it need not be so. In fact, 
it may be quite the opposite. 

In almost every community there exists some part of the public 
educational system that may be readily adapted to the training 
of apprentices, the teaching of that auxiliary knowledge necessary 
to a good mechanic. Modern-minded educators connected with 
public educational systems are usually pleased at the oppor- 
tunity to cooperate. It has been this writer’s experience that 
there is altogether too much said about the unwillingness of the 
public schools to cooperate in the training of young men and 
women for business and industry. As a matter of fact, it is 
usually the other way around. Business men and factory execu- 
tives will not cooperate with public schools. 

With such cooperation and a little conscious effort upon the 
part of the machine-shop foreman or superintendent or some 
other executive, in the matter of diversifying experience, the 
training of apprentices is neither complicated nor expensive. 

The apprentice system developed through the cooperation of 
manufacturers and the public school system in the City of Cleve- 
land is a good illustration. Here the embryonic mechanic at- 
tends a school that has been set apart for the purpose, full time, 
8 hours per day, for the first year of his apprenticeship. One- 
half of this day he spends in the classroom studying mathematics, 
blueprint reading, and other auxiliary material, and the other 
half of the day in the shop of the school. At the conclusion of 
this first year the instructors, who are men who have been success- 
ful in their chosen trade, are able to distinguish between those 
who will and those who will not succeed as apprentices. At the 
conclusion of this first year the successful apprentices are em- 
ployed by manufacturers in Cleveland, who are always willing 
to take them, even anxious to get them. 

The second year of apprenticeship is devoted to a coopera- 
tive plan whereby the apprentice spends two weeks in school 
and two weeks in the shop of his employer, boys being paired in 
teams, one being on the job all of the time. 

In the third and fourth years of apprenticeship the boy spends 
all of his time in the shops of the employer, with the exception 
of four hours a week which he spends in the school on school 
work. 

The success of this plan is evidenced by the fact that it is 
constantly growing, and those employers who are using it are 
becoming more satisfied with results as time goes on. However, 
there are still manufacturers in the metal trades of the City of 
Cleveland who complain because of the scarcity of all-around 
mechanics, but who will not exert the effort to participate in 
this plan. Some manufacturers appear to believe that me- 
chanics simply sprout from nowhere to be plucked at the employ- 
ment office as required. It is the experience of those conducting 
apprenticeship courses, whether fully under their own control 
or in cooperation with public educational institutions, that their 
best mechanics are from the ranks of their own apprentices. 

A discussion of the means for securing a well-rounded training 
of an apprentice would not be complete without mentioning the 
fact that apprentices may secure the auxiliary knowledge that 
goes with their trade, through correspondence school courses. 
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Some employers are today conducting very effective apprentice- 
ship courses and requiring their apprentices to take a corre- 
spondence course, which has been developed for that specific 
purpose, correlated to their trade. Utilizing this facility, no 
employer need say that he has not the means for properly train- 
ing an apprentice. 

There is just one more idea often expressed against the young 
men of today that should be exploded, and that is the idea that 
applicants for apprenticeship are scarce, that young men will 
not take apprenticeship courses, and that they want white- 
collar jobs. Wherever a systematic apprenticeship course has 
been organized, with reasonable guarantees to the young man 
that he will secure an adequate training, there are always more 
applicants than can possibly be employed. 

It is the experience of the American Steel and Wire Company 
in the various communities in which it operates that in no case 
need we take any apprentice who has not graduated from high 
school unless we so choose. Applications are always on the 
waiting list. 

There is a bountiful supply of good material for apprentice- 
ship courses. Apprenticeship courses are not difficult to or- 
ganize; they are not expensive to conduct; properly conducted, 
they easily pay for themselves; and they furnish the best source 
of material for advancement to higher positions. 


Morris 8. VirEetes.‘ Apprentice training programs are, in 
most instances, being developed for use in plants employing a 
large number of apprentices. The small plant employing a few 
apprentices has, in the main, been overlooked in the formula- 
tion of such training programs. This omission has made it 
practically impossible to exploit the full possibilities of such plants 
in increasing the corps of adequately trained machinists. This 
problem has been faced by Philadelphia Electric Company in the 
organization of a training program for apprentice machinists. 

The training program was organized for the generating and 
operating maintenance section, employing no more than six 
apprentice machinists at one time. The nature of the job 
is such that there is no opportunity for production work. There 
is no way of foreseeing the kind of work in which the apprentice 
will be engaged at any time in the future and no way of bringing 
systematic training to the job so as to insure organized prac- 
tice on the various trade skills in a definite, logical order. There 
are difficulties in insuring centralized supervision, inasmuch as 
an apprentice may be shifted rapidly from one location to an- 
other. Moreover, the fact that there are so few apprentices 
makes it impracticable to organize classes for instruction in the 
related subjects with which the skilled machinists should be 
familiar. 

To overcome these difficulties and still provide systematic 
training for these apprentices, the following training program 
has been developed. 

In this training program each apprentice works approximately 
48 hours per week in the different shops and plants throughout 
the system over a period of four years. He is transferred 
periodically from one station to another, in order to familiarize 
himself with the maintenance work from all its angles. 

Each week 4'/, hours is devoted to formal training under the 
direct supervision of an especially assigned instructor. The 
remaining time is devoted to regular routine maintenance work 
under the guidance of a foreman or mechanic or as part of a crew 
working on larger jobs. 

The formal training program is divided into main parts, as 
follows: 

(1) Machine Shop Projects. This includes a series of shop 


* Director of Personnel Research, Philadelphia Electric Company, 
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projects by means of which each apprentice may become familiar 
with the operation of every machine and with all the bench prac- 
tices which should be familiar to a skilled machinist. These 
projects supplement such casual instruction on the machines 
and on bench-shop techniques which the apprentice may receive 
from his foreman while working on the job. 

The program includes a series of projects ranging in com- 
plexity from a simple grinding job to one involving the use of 
practically all of the machines and all of the bench techniques 
which the apprentice has practiced in working earlier projects. 
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APPRENTICE TRAINING CouRSE ProJect No. 22, 
DETECTOR 
(Material required: Part I, one Neon tube. Part II, one piece of 7/g-in. 
round fiber 3 in. long. Part III, one piece of 7/s-in. round brass 1 in. long. 
Part IV, one piece of 3/\s-in. round brass 5/s in. long. Part V, two ®/1-in 
round-head brass machine screws '/4 in. long. Procedure: Part I: The 
Neon tube is furnished by the storeroom. Part II: (1) True up fiber in 
lathe; leave approximately 4 in. extending out of chuck. (2) Square end 
and turn diameter. (3) Center with center drill and drill %/1s-in. hole. 
(4) Drill small hole; use extension drill. (5) Cut off at correct angle. 
(6) Lay out, drill, and file sight hole as per blueprint. (7) Tap small hole 
Part III: (1) True up 7/s-in. round brass in lathe chuck; leave approximately 
1'/, in. extending out of chuck. (2) Square end. (3) Center and dril! 
hole. (4) Square bottom of hole with bottom drill. (5) Set cutting-off 
tool '/2: in. back of face and feed in to within 17/4 in. diameter. (6) Move 
tool ahead and make a second slice, leaving approximately '/s in. metal in 
between. (7) Move too! back and cut the meta! left between the grooves 
(8) Repeat these operations until you have a groove approximately %/i¢ in 
wide. (9) Turn the diameter to '/4 in. with the same tool. (10) Cut off 
(11) Move the bench vise and cut !/,in. 20 thread with hand stock and die 
Part IV: (1) With hand stock and die, cut thread on 4/j¢-in. round brass 
(2) Cut off to length with hacksaw. (3) Clamp in V-block and center-end 
with center punch. (4) Drill in drill press. (5) Chuck piece in drill press 
and round-end with file. Assembly: (1) Assemble parts II and III and 
drill and tap holes as per blueprint. (2) Mark relative position of parts 
with scriber and remove cap. (3) Solder wire of Neon tube in cap. (4 
Assemble parts I, II, III, and V. (5) Slip part IV over protruding wire and 
screw it in place. (6) Solder protruding wire to part IV and cut same 
Remarks: Considerable care should be taken in the soldering operation 
so as not to bend the filament wire of the Neon tube too near the glass, a 
it will break easily. Questions: (1) How do you grind a drill for drilling 
fiber? (2) Describe the construction and the use of the Neon tube.) 
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The character of these projects is shown in the diagram (Fig. 2). 
The gradual progress from instruction and practice in simple 
to complex trade skills is evident from a comparison of projects 
taken from the early and later phases of the training course. 

(2) Correspondence Work on Related Subjects. A skilled ma- 
chinist must be familiar with a certain amount of mathematics, 
with the fundamental principles of mechanics, etc., in the prac- 
tice of this grade. Inasmuch as it is impossible to organize 
formal courses in these related subjects, instructions in these 
subjects are given by the correspondence course method. Ar- 
rangements have been made with Pennsylvania State College to 
furnish these correspondence courses. The arrangement is 
such that the college furnishes all of the text material and grades 
all of the lesson assignments. The ground covered by the cor- 
respondence work includes courses in mathematics, blueprint 
reading, mechanics, electricity, and shop economics. 

(3) Conference on Machine-Shop Practices. In order to fa- 
miliarize apprentices with the general aspect of machine-shop 
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practices, talks are given at periodic intervals by members of the 
supervisory force of the maintenance section and by representa- 
tives of other departments who are asked to cooperate on this 
phase of the training program. 

(4) Conference on Assigned Lessons. Provisions are made for 
conferences between the apprentice and the supervisor of the 
training program in the maintenance section on problems which 
arise in connection with the correspondence-course work and on 
other problems which grow out of the training program. 

Length of the Training Program. The training program ex- 
tends over a period of four years. The first six months of ap- 
prenticeship is considered as a period of probation for the ap- 
prentice. Accurate record of progress is kept. 


L. P. Arpuser.§ So much attention is being paid, and must 
continue to be paid, to the problems of distribution, that it al- 
most seemed that production, the goose that lays the golden eggs, 
might be neglected. In fact, the writer has heard business men 
and engineers who ought to know better say: “We do not need 
to worry about production any more. That jobisdone. We can 
forget it. Now we must distribute what we can make.” Let 
us stick to fundamentals. We cannot forget production, for, 
argue as we will about sales quotas, advertising media, dis- 
counts, etc., it still remains true that efficient production is 
essential to effective distribution. Consequently, the papers by 
Mr. Bailey and Mr. Falk are significant. We are not going to 
be allowed to forget where the golden eggs come from even if 
we have no scientific means as yet for their distribution. 

After going over both papers the writer finds very little with 
which to disagree. He is not quite so familiar with conditions 
in Virginia as he is with those in Wisconsin, but is sure that both 
states are on the right track. 

There are many ways, aside from our former method of whole- 
sale importation, in which we attempt in America to produce 
skilled draftsmen and all-around mechanics. We have the 


mechanics institutes such as Franklin for evening courses, the. 


free trade schools such as Pullman, the two-year day and evening 
institutes such as Pratt Institute and Ohio Mechanics Insti- 
tute, technical high schools such as Cass, Brooklyn, Lane, 
Milwaukee, Omaha, Central Toronto, and Roosevelt at Los 
Angeles, cooperative high schools and colleges, two-year en- 
gineering courses such as exist at Carnegie Institute of Technology 
in the School of Industrial Arts, a host of company apprentice 
schools such as at General Motors, General Electric, Westing- 
house, New York Central, and Pennsylvania Railroads, R.R. 
Donnelley, and others too numerous to mention, many Y.M.C.A, 
day and evening trade schools, college-extension and private 
correspondence-school courses for employed craftsmen, and 
finally the nation-wide system of vocational schools operated 
separately by each state, but guided and stimulated by the 
Federal Board for Vocational Education largely through the 
power of granting or withholding federal aid. 

Many of these methods and combinations of methods are very 
effective, but our production of trained all-around mechanics 
for the various industries is still very spotty. We do need addi- 
tional organization along state and national lines to provide 
opportunities to compare notes and share experiences and to 
add weight to our pleas. The Department of Manufacture of 
the United States Chamber of Commerce, the various national 
trade associations, the American Vocational Association, the 
National Manufacturers Associations, the S.P.E.E., and our 
own engineering societies are all working on the problems of 
correlation of effort, while the peculiarly effective set-up of the 
Federal Board for Vocational Education, with its regional travel- 
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ing agents, gives it the power to assist all of the other agencies 
in guiding their efforts in training along proper lines. 

Like the U. 8S. Bureau of Education, the Federal Board for 
Vocational Education is a great clearing house. The writer has 
seen technical schools in corporation, private, and public systems 
here and in Canada modify their methods to conform more nearly 
to those advocated by the Federal Board. Some of these have 
had a century of tradition back of them. He has seen much 
engineering college teaching influenced directly and indirectly 
by the Federal Board and the American Vocational Association. 
So whatever agencies are used in apprentice training, do not for- 
get to use state and local departments of vocational education 
and to see that all agencies cooperate. 

As an example of cooperation in Brooklyn, the Brooklyn 
Union Gas Company sends selected employees to our evening 
school for a year of preliminary training, after which these men 
go to the evening classes at the Polytechnic Institute of Brooklyn 
aad then to those at Columbia University. We tend to sift out 
the impossibles in our first year of preliminary training. In 
this way men with company trade experience are trained as gas 
engineers. In addition the directors of all of the important 
private and public educational systems in Brooklyn are united 
in one organization which deals as a unit with educational prob- 
lems. 

In connection with apprentice training, the writer’s experience 
leads him to say that it is a relatively easy matter to impart 
principles, but that intangible something known as trade skill 
cannot be imparted by a teacher to a learner. Job skill is only 
acquired on the job itself by monotonous repetitive effort. 

Not only skilled mechanics but a host of machine operators (and 
this applies to office as well as to factory work) are required 
by modern industry. In fact, as specialization increases, the 
relative need of trade training as such decreases, but the problem 
of supervision becomes complicated and acute. And that puts a 
new job up to the foreman. 

When Arthur Mann of the New York State Department of 
Vocational Education was training a number of Brooklyn busi- 
ness and industrial executives as conference leaders at Brooklyn 
Central Y.M.C.A., one of the things worked up by the group itself 
was a table, as follows: 


Plan Direct Supervise Train 
Manager......... 75% 15% 5% 5% 
10% 15% 55% 20% 


We also agreed that any superior must follow the teaching 
process in giving orders. Fully 90 per cent of all operator failures 
are foreman failures if traced back properly. They are largely 
due to wrong methods of giving orders. 

The experience of the group also led it to agree that the study 
which revealed the following was largely correct: 

Fully 98 per cent of all industrial accidents are preventable, 
and 88 per cent of these are due largely to faulty management. 
The foreman is an integral part of management. He has some 
job these days, has he not? 

Foreman training has amply justified itself by results. It is 
believed that the trend in methods of foreman training is toward 
the conference method. Expert lectures and textbooks have 
their place in conferences, but they must be subordinate to the 
conference itself for good teaching. 

Before any company institutes conference methods of foreman 
training, however, the top management would do well to search 
its heart for sincerity of purpose. The conference is a two- 
edged sword; it cuts up as well as down. When members of a 
group of foremen are once started to thinking cooperatively, 
they may not only think about themselves and their operatives, 
but they may also think about the top management itself. They 


| 
wie: 
a 
ig 
| 
ER 
> 
if, 
x 
ph 
fost ATE 
2 
ieee 


32 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


may even come to discover for themselves that management can 
throw more efficiency out of the window in five minutes with a 
teaspoon than the foremen and men can bring in the doors in 
eight hours with shovels. So if one starts foremen’s conferences, 
he can be sure that his actions speak louder than his words. 
He will have to work hard and play the game straight if he uses 
the conference. Preaching or telling is ineffective in any field. 

It is quite apparent, therefore, that when foreman training 
is discussed, one must necessarily bring in top management train- 
ing as well. All the closed minds in industry are not in the lower 
ranks. 

Mr. Falk stated that the training of apprentices must become 
a general institution in as many business and manufacturing 
establishments as possible. The writer would like to emphasize 
the word ‘“‘business.”” We operate business and _ technical 
schools in the Y.M.C.A. in Brooklyn. The problems in each are 
quite similar. In fact, if one will write for the 1930 pamphlet on 
“The Necessity of Closer Relations Between Business and the 
Schools,” by Cameron Beck, personnel director of the New York 
Stock Exchange, he will be struck with the general similarity of 
the training problems encountered in the office and in the fac- 
tory. Which leads to the remark that the apprentice method, 
or the cooperative method if one wishes to call it that, can be 
applied to training in business as well as in industry, and with 
decided advantage to business and industry, and the schools. 
The writer well knows the problems that come up such as co- 
ordination, vocational guidance, placement, and the like, but 
these things have to be done somehow, so why not do them as well 
as is known how in a cooperative way? The writer’s guess is 
that the trend in education is toward the cooperative or “sand- 
wich’’ method. 

There are many reasons for this, economic, pedagogical, and 
otherwise, but if it is thought that the writer is wrong just con- 
sider M.I.T. with three such courses, N.Y.U., Marquette, the 
University of Cincinnati, Georgia Tech., Detroit Institute of 
Technology, and some other schools in the engineering field alone 
that any one can find out about for himself. The same method is 
also used in some schools of medicine, liberal arts, and business, 
and quite effectively, Dr. Abraham Flexner to the contrary not- 
withstanding. 

Bryan Houston, manager of training for the Standard Oil 
Company of Ohio, led the sectional conference on education and 
training in the industries at the Conference on Industrial Re- 
lations conducted by the Industrial Department of the National 
Council of the Y.M.C.A. at Silver Bay, New York. Mr. Houston 
remarked that salesmen, because of their greater articulateness 
and because they have been beaten into acceptance of the idea 
that they do not know it all are frequently more ready to accept 
training than the manufacturing groups. Think that over. 
But to ward off all criticism, let it be seen that apprentices are 
taught oral expression. The English language is one of the most 
effective tools if used properly. 

In closing, let it be said that the whole program of apprentice 
training is just a start. It is not only a means of training skilled 
mechanics, but also a way of interesting men and boys in con- 
tinuing their education throughout their lives on a voluntary 
basis. And that is important for several reasons. An open- 
minded man is adaptable and can change his job if industry re- 
quires it. The man with a closed mind operating on the knowledge 
that he obtained, say, ten years ago, in high school or college and in 
industry, is a nuisance to himself and to others. He cannot 
change jobs to save his life and he is an important element in the 
social lag that complicates so many problems of the day. 

Support schools. It pays to do so. We need a Federal 
Department of Education that will cover every branch of this 
great field, with a separate cabinet officer at its head. In this 


way we may get business, industry, and education coordinated 
as they must be to secure the balanced progress we so sadly need. 

Let the writer close with the words of Harvey N. Davis in his 
opening address at the Silver Bay Conference: ‘The stake that 
industry stands to lose if a balanced progress, material, cultural, 
and spiritual, is not attained may be its own existence, but the 
stake that industry may play to win is an honored place in a 
civilization far finer than any of which this generation can even 
dream.” 


Joun A. McCarrtuy.* While interested in this type of in- 
dustrial training, the writer feels that he cannot with justice 
discuss any of the statewide problems in this development in 
Virginia since we in New Jersey have many problems in the same 
field which we have not successfully solved. Mr. Bailey presented 
an apprenticeship-training program which has been established 
under ideal conditions in the Newport News Shipbuilding Com- 
pany. The main features of this program were outlined in a 
wonderful manner by Mr. Via at the American Vocational 
Association Convention in New Orleans just a year ago. 

The writer is interested in the three laws which Mr. Bailey 
sets up for the guidance and administration of a successful ap- 
prentice program. The factors used in the selection of ap- 
prentices, such as initiative, self-control, and determination, 
are factors that are not easily measured in a selection process. 
It is true that these factors may be observed while the boy is still 
in school and before he enters his apprenticeship in the industry, 
but it must be remembered that these factors can be observed 
only through behavior, which is much influenced by environ- 
ment. Those who come from industry realize that the environ- 
ment of the pupil in the school is entirely different from that of 
industry. The things which are prohibited in school and which 
produce one set of behaviorisms are required in industry with 
probably a different kind of behavior resulting. 

The writer is not sure that it is advisable to set up high-school 
graduation as a requirement for apprenticeship in all trades. 
Even in a shipbuilding organization there are trades which can 
be successfully mastered by boys who have completed only the 
seventh and eighth grades. Perhaps high-school graduation is 
set up as a measuring device which will insure a selected group 
with high intelligence. There are more scientific means of 
measuring intelligence, however, than merely requiring high- 
school completion, and many boys who have been retarded in 
school because of illness or migration of parents will be found to 
have an equally high I.Q. as those who have graduated from 
high school. In using high-school completion as a standard, 
we are confusing schooling with intelligence and are missing « 
group of boys who may have more desirable aptitudes for 
trade training than those who have had greater educational 
opportunities. 

The second and third laws which Mr. Bailey establishes are 
fundamentally sound—particularly the third, which sets up 


‘management’s responsibility in the program. At the present 


time it is unfortunate that many large manufacturing organiza- 
tions are dropping their apprentice-training program because 
of a business depression. These organizations are not releasing 
their mining properties or other sources of raw products, 2s 
they know that there will be a return to prosperity with a <e- 
mand for such raw material for the factory production. Only 
two years ago there was a decided shortage of skilled tool makers 
along the Atlantic Coast, and the very industrial organiza- 
tions which have now dropped their apprentice-training programs 
were suffering because of that shortage. The shortage wil! \e 
more acute when prosperity returns. 


6 State Supervisor of Trade and Industrial Edutation, New Jersey 
Department of Public Instruction. 
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Employers in the building trades are notable offenders in this 
respect, and as a result of the present depression in the building 
trades, hundreds of so-called “half-baked’’ mechanics will be 
found on building operations when building is resumed. Boys 
are engaged as apprentices and held on the job during a building 
operation to be dropped at the first ceasing of work on that opera- 
tion. When a new job is started, in most instances new ap- 
prentices are engaged. 

The writer is interested in Mr. Bailey’s outline of studies for 
an apprentice group, particularly since such an outline included 
chemistry, economics, principles of accounting, and psychology. 
There is a responsibility for determining just what trade skills 
are involved in an apprentice-training program and then deter- 
mining what mathematics, science, and drawing are necessary 
for these trade skills. Anything beyond that must be classified 
as broadening or cultural subjects. Too many apprentice 
programs are spoiled because the objectives of this program are 
to develop trained mechanics, and the technical training program 
set up is far beyond the needs of the mechanic, being intended 
for developing engineers. Of course eventually a far-seeing or- 
ganization is looking to the development of supervisors and minor 
executives through their apprentice program, but the first job 
should be to develop the mechanic and then to set up another 
training program for those mechanics who give evidence of ability 
for supervisory positions. 

The Federal Board for Vocational Education has made many 
wonderful trade analyses for the purpose of determining what a 
trade-training program should include. The most notable of 
these is Bulletin 52, an analysis of the machinist’s trade. If at- 
tention is given to such analyses when a trade-training program is 
being developed, a more effective training program will result. 

Mr. Bailey emphasized the development of the heart, as well 
as of the head and the hand. Recently those in trade and in- 
dustrial education have considered this from the viewpoint of 
morale. It is expressed in the Allen-Richards formula, which 
also is outlined in Bulletin 52 as the factor ““Mo.”’ Morale has 
to do with the spirit of the individual or the group and should not 
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be confused with morals. Morale may include some factors 
which are found in morals, but it is possible for good industrial 
morale and poor morals to be combined in the same individual. 
A study of failures of young persons in industry indicates that 
most of these failures are due to poor morale rather than to any 
deficiency in trade skill or technical knowledge. Most employers 
are ready to accept young workers with good morale even if 
they have limited trade ability. 

Mr. Bailey also mentioned the importance of foreman training 
if a successful apprentice-training program is to be carried out. 
Foreman training assists the apprentice-training program because 
the foreman himself has a better view of his own job and a better 
appreciation of the difficulty of other workers in his organiza- 
tion. Then, too, the foreman is the individual with whom the 
apprentice has his industrial relationships. Unless the indus- 
trial organization is a very small one, the apprentice never meets 
the superintendent or representatives of the management. It is 
important, therefore, that the foreman know his job, and he 
should be trained in the best teaching methods to use during the 
learning period of the apprentice on the job. 

The writer’s chief comment on the paper prepared by Mr. Falk 
on “Apprentice Training in Wisconsin” is that we in New Jersey 
are envious of the Wisconsin apprentice law. We wish that we 
had a similar law; we are certain it would materially assist 
in solving the difficulties now experienced in apprentice training. 
The Wisconsin law makes it possible to properly organize and 
supervise apprentices. Without such a law, apprentice training 
is usually unorganized. No adequate training standards are 
established, and the ethical practices of both employer and ap- 
prentice are questionable. We have been attempting to coor- 
dinate the apprentice-training activities within the state, but 
unfortunately such an important training program is left to local 
districts and employers without any legal means for supervision 
and control. 

We are hopeful, however, that some day we may be able to 
profit by Wisconsin’s example and place our apprentice training 
on a more sound basis. 
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Apprentice Training Movement in Wisconsin 


Industry 


By HAROLD S. 


The apprenticeship movement in Wisconsin has been 
made a concerted organized effort. In developing the 
work important considerations and tendencies have 
been taken into account, such as the shortage of skilled 
mechanics in American industries at the present time in 
spite of considerable unemployment, the requirements of 
production as well as of jobbing industries for trained men, 
and the importance of the human factor in all industry. 
Employers and employees have cooperated in the promo- 
tion and support of an apprenticeship law in the state 
which stabilizes and dignifies apprenticeship by preventing 
exploitation of boys and by setting standards of work- 
manship in the trades. Asaresult of public favor and the 
enthusiasm of influential individuals, apprentice training 
has developed rapidly in the state. There are 3350 ap- 
prentices employed and 2567 have graduated in the last 15 
years. At the present rate of graduation, this number 
will be increased very much in the next 15 years. 

However, neither the Industrial Commission nor the in- 
dustrial leaders are satisfied with the progress which has 
been made. The number of apprentices in the state is 
inadequate compared with actual requirements for skilled 
men in the trade. Nevertheless, an excellent foundation 
has been laid upon which greatly increased activity may 
be built in future years. 


Wisconsin industries has attracted 

much attention in recent years, not 
so much perhaps because of the number of 
apprentices in actual training, although the 
number is considerable, but more par- 
ticularly because apprenticeship has been 
made a concerted, organized effort. In 
most industrial and commercial communi- 
ties there are and always have been em- 
ployers who have given young men appren- 
tice training on their own initiative and 
according to regulations and customs 
which they themselves have established, largely upon a basis 
of tradition. Such independent apprentice training programs 
include some of the finest institutions of the kind to be found 
anywhere. However excellent as these training programs may 
be, they can afford opportunity only to those young men who 
happen to be employed in these organizations. In order to 
make apprentice training a social factor on the one hand, where- 


Ti apprenticeship movement in 


1 Vice-President and Works Manager, The Falk Corporation. 
Mr. Falk was graduated from the University of Wisconsin in 1906 
and entered the employ of the Falk Corporation as assistant to the 
superintendent. In 1923 he was appointed to his present position. 
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ing for the Industries and presented at the Annual Meeting, New 
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by organized experience may be provided for the maximum num- 
ber of those who wish to follow skilled trades, and on the 
other hand to provide a proper quota of skilled mechanics for 
the industries of the community, the training of apprentices 
must not be carried on merely by one or the other random 
employer, but must become a general institution in as many 
business and manufacturing establishments as possible. 

An attempt has been made in Wisconsin to build an appren- 
tice-training system which shall satisfy these requirements. 
Employers usually resent what is ordinarily called meddling 
in their affairs on the part of state government. However, 
Wisconsin employers were themselves largely instrumental 
in the passing of the apprenticeship law whereby the Indus- 
trial Commission of Wisconsin is authorized and enjoined to 
direct and supervise the training of young men in the indus- 
tries. In many trades and industries committees have been 
appointed which cooperate with the Industrial Commission 
and direct the apprentice affairs of their respective organi- 
zations and promote the movement in every way practical. 
As a result of all this, apprenticeship in the state has achieved 
a dignity and a stability which would not be possible otherwise. 

In the development of this apprentice-training work, certain 
fundamental considerations had been recognized and taken 
into account. For instance, organization seems to be a key- 
note of all modern activities. Business men depend upon organi- 
zation, not only for success, but even for survival. They have 
organized their purchasing, their finance, their accounting, 
their manufacturing, and their selling. Is it not reasonable, 
therefore, that they should organize the training of men for 
industry? Men are the most important factor in industry. 
Accordingly, the training and development of men should be 
even more highly organized than other business and commercial 
departments. 

Again, in spite of considerable normal unemployment at 
all times and a serious unemployment situation at the present 
time, the fact remains that there are not enough highly skilled 
mechanics in our industries. In fact, in some parts of the 
country, according to reliable reports, there is a distinct short- 
age of skilled mechanics even at the present time. The term 
highly skilled mechanic is here taken to mean an artisan who 
is fully qualified in all branches of his trade and not merely 
in one operation. It is taken to mean a man who can act on 
his own initiative, plan his own work and carry it out, and 
solve his own ordinary problems without assistance. According 
to this viewpoint, a machinist is not a man who knows how to 
operate a milling machine or a boring mill; he is a man who 
thoroughly understands the operation and the maintenance of 
all standard machine tools and is sufficiently familiar with 
their fundamental principles to grasp the construction and 
operation of all kinds of special machines. 

It is sometimes maintained that men of this type are no 
longer needed because of the rapid introduction of automatic 
machinery in modern manufacturing plants. While it is no 
doubt true that the relative number of skilled mechanics in 
modern industries is less than formerly, nevertheless the skilled 
mechanic cannot be dispensed with and is required in great 
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numbers. Even the most highly developed mechanical manu- 
facturing plant requires trained men for the planning and super- 
vision of work, for the adjustment and repair of machinery, 
and for the building and maintenance of the many fixtures and 
appliances without which automatic manufacture is impossible. 
Moreover, many essential industries cannot be established on 
an automatic basis. In the manufacture of locomotives, ships, 
machinery for power plants and steel mills, for instance, skilled 
mechanics will be employed for years to come just as they have 
been in years past. After all, only a limited number of commodi- 
ties are in such demand that thousands of units must be pro- 
duced every day so that automatic production may be justified. 

In the development of apprentice training for Wisconsin 
industries, these various factors and many others were kept 
in mind and they served as a basis for planning the work. 


THe APPRENTICESHIP LAW 


The apprenticeship law of the state has a twofold purpose: 
to prevent exploitation of boys and young men and to establish 
and maintain high standards of skill in the trades and industries. 

The decline of apprentice training with the close of the last 
century was no doubt due in large measure to certain abuses 
which had developed. Boys and young men were engaged 
as apprentices, but were actually employed as common laborers. 
In many cases no systematic instruction was provided and they 
were given no change of work. If a boy happened to become 
proficient in the operation of a screw machine or in the making 
of a certain mold of which a large number were required, he 
was kept on those operations indefinitely, regardless of the 
restriction thus imposed upon his training, merely because the 
foremen or department head was too indolent to break in an- 
other operator. 

The law is intended to do away with this evil. It provides 
close supervision of the work of apprentices by the state, so 
that conditions of this kind are practically impossible. 

Again, the standards of skill in a trade or industry will de- 
pend almost exclusively upon the training which is given. In 
those trades in which high standards of apprenticeship and 
instruction are regularly maintained, high standards of work- 
menship can be found. On the other hand, when training is neg- 
lected, a low grade of skill prevails, such as exists at the present 
time in only too many industrial and building trades. 

In order to secure high standards of training, the law requires 
that the Industrial Commission of the state must approve all 
work programs for apprentices, and if these work programs are 
not sufficiently broad and not sufficiently strenuous, they are 
rejected, and the employment of an apprentice under the plan 
is forbidden. 

The various provisions of the law have been established 
in order to carry out its twofold purpose. In the first place, 
the law requires that all apprenticeship agreements must be 
executed in writing in three copies, of which one copy goes 
to the apprentice, one copy to the employer, and one copy to the 
state, so that an official record of the apprenticeship and of 
the work to be done shall be found on file with the state. The 
agreement, or indenture as it is called, must contain the names 
of the parties and the age of the apprentice, the trade or occu- 
pation which is to be taught, the number of hours to be de- 
voted to work and the number of hours to be devoted to school 
instruction, the schedule of work or processes, the schedule 
of compensation to be paid, a statement that a certificate will 
be furnished the apprentice upon completing his course, and 
any special provisions which may exist, such as the payment 
of a bonus for the completion of the course. 

The law requires that every apprentice must be 16 years of 
age or over and that he must attend school four hours per day 


during the school year until he has completed 400 hours of 
school work. Hours of overtime work are limited. Also, 
a penalty is provided for violation of the indenture by either 
the employer or the apprentice. The Industrial Commission 
is appointed by the law to supervise apprenticeship in the state, 
and all public school officers are required to provide facilities 
for the instruction of apprentices in their respective communi- 
ties. 

The apprenticeship law was passed at the urgent request 
of representative groups of employers and mechanics in 1911. 
It has been revised a number of times since then. 

Although the Industrial Commission of Wisconsin is charged 
with the administration of the apprenticeship law, only impor- 
tant and final decisions are left to the commission itself. The 
practical management of the apprenticeship affairs of the com- 
mission is intrusted to a supervisor and several deputies. It 
is the function of the Industrial Commission to issue such rules 
and regulations as may be necessary for carrying out the pro- 
visions of the apprenticeship law, to approve indentures or 
contracts which are not valid without such approval, to adjust 
grievances which may arise between apprentices and employers 
regarding the fulfilment of the provisions of the agreement and 
other matters, to issue certificates of graduation to appren- 
tices who have completed their course, and to cancel appren- 
ticeship agreements when it appears necessary to do so. After 
a probationary period of three months has been passed, the 
indenture may not be canceled except by the Industrial Commis- 
sion and only for valid reasons. 

The commission carries on a promotional campaign at all 
times in order to develop apprenticeship in the state as much 
as possible. 

In the administration of the apprenticeship law, the Indus- 
trial Commission has been eminently far-sighted and reason- 
able. Decisions have been made carefully and with due regard 
for the attitude and position of all parties concerned. 

The regulations and decisions of the Industrial Commission 
regarding apprenticeship are based very largely upon the ad- 
vice and assistance of joint trade committees which have been 
established. These committees are made up of three or four 
representatives appointed by the employers’ association of the 
trade or industry in the state and an equal number of repre- 
sentatives of the mechanics. These committees meet under 
the auspices of the Industrial Commission and determine, first, 
the length of apprenticeship which shall be standard in the 
trade and, secondly, in a general way, the course of work to be 
pursued by the apprentice during this time. Thereafter, the 
committee meets at suitable intervals to advise the commission 
in the adjustment of the problems which arise in the adminis- 
tration of apprenticeship and in the correction and adjust- 
ment of the apprenticeship policy of the commission. 

In addition to these various trade committees, there is a 
general advisory committee, composed of representatives of 
employers and employees, which consults with the commission 
in those matters which affect apprenticeship in all trades, but 
which do not involve the peculiar problems of any one. 


ScHooL, REQUIREMENTS 


Compulsory school attendance for apprentices is one of the 
most important features of the apprenticeship law and prob- 
ably the outstanding characteristic which distinguishes modern 
apprenticeship from the apprentice training courses which 
began to disappear about 30 years ago. This legal require- 
ment places school attendance where it belongs as an essential 
and adequate training and not merely a finishing touch which 
the employer may add to his course or omit as he wishes. The 
law recognizes that schools for apprentices in the ordinary 
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shop are out of the question because of lack of organization 
of the work and lack of suitable instructors and equipment. 
Moreover, the atmosphere of the manufacturing plant is not 
ordinarily conducive to effective study. 

Accordingly, the apprentices are required to attend the local 
vocational school four hours per week during the school year 
in order to receive the related instruction necessary for their 
apprenticeship, and the school authorities are made responsible 
for proper teaching of mathematics, blueprint reading, elemen- 
tary science and mechanics, industrial subjects, and even some 
cultural subjects. 

Individual instruction has been instituted in most of the 
apprenticeship classes so that each apprentice may progress 
as rapidly as his ability permits. Although the law requires 
that each apprentice shall attend school until he has completed 
400 hours of school work, the Industrial Commission reports 
that the majority of apprentices are required by their employers 
to attend the vocational school during their entire apprentice- 
ship, which is satisfactory evidence that the value of school 
work is appreciated by the employers in the state. 

In those communities in which no vocational school has 
been established, special classes are arranged under the super- 
vision of the State Board of Vocational Education, and part- 
time instructors for these classes are secured from the local 
trade or industry or from the members of public school facul- 
ties. In other cases a number of communities together engage 
an instructor in a given trade who divides his time between 
the communities. The salaries of these itinerant teachers 
are paid partly by the federal government, partly by the state, 
and partly by the local communities, just as in the case of regu- 
lar vocational teachers. 


GROWTH OF THE MOVEMENT 


Favored by public interest and the enthusiastic support 
of influential individuals, apprentice training in the state of 
Wisconsin has developed rapidly in recent years. A total of 
3350 apprentices are employed in the state, distributed in 10 
building trades, 11 metal trades, 15 printing trades, 6 garment 
trades, 5 automobile trades, 11 railroad trades, and 22 miscel- 
laneous trades. Between August 1, 1915, and August 1, 1930, 
a total of 2567 apprentices had completed their courses. This 
may not appear to be a great number, but two factors must be 
taken into account. In the first place, there were very few gradua- 
tions in the earlier years of the movement. At the present 
rate of 325 apprentice graduations per year, the next 15 years 
will show a great increase in this number. Also, it must be 
remembered that Wisconsin is not one of the outstanding indus- 
trial states so far as total value of product and number of em- 
ployees are concerned. 

By far the largest group of apprentices is employed in the 
metal-trades manufacturing industry, and as this industry 
in Wisconsin is centered very largely in and about Milwaukee, 
the development of apprenticeship in the shops of the Metal 
Trades Association of Milwaukee may present a fair picture of 
the growth of the movement in the state. Apprentice training 
of one kind or another had been carried on in a limited way 
throughout the machinery-building industry of the state metropo- 
lis. It appears that the first concerted effort for the develop- 
ment of apprenticeship in the industry was made in 1901 when 
the Milwaukee Foundrymen’s Association (no longer in exis- 
tence) appointed a committee to investigate apprenticeship, 
and this committee recommended that all members of the 
association adopt a plan of apprenticeship which had been es- 
tablished by the National Metal Trades Association. Ap- 
parently there were very few apprentices in training at the time, 
and the training must have been haphazard and disorganized. 


In 1905 the important machinery builders and foundries of 
Milwaukee united in an organization known as the Metal Trades 
and Founders Association, and one of the purposes of this or- 
ganization was the promotion of apprentice training. A sur- 
vey made at the time disclosed 217 apprentices employed in 
the shops of the members, although it is not known among which 
trades these apprentices were divided. In 1908 a new committee 
of this organization was appointed, and it recommended a uni- 
form apprenticeship contract and the awarding of a diploma. 
In the following year this committee adopted 11,000 hours 
as the term of apprenticeship and established pay rates of 10, 
11, 12, and 15 cents per hour during each of the successive four 
years of the apprentice course. 

It was at this time that the need of a law was felt in order 
to stabilize and dignify apprenticeship work, and members of 
this committee took an important part in the deliberations which 
preceded the enactment of the law in 1911. 

In that year there were 460 apprentices in the shops of the 
members of the National Metal Trades Association in Miul- 
waukee. This number has grown to 1068 at the present time. 
The total number of employees in the member shops is ordi- 
narily in the neighborhood of 20,000, so that there is about 
one apprentice for every 16 or 17 employees. 

In these machinery-building plants, apprentice graduates 
have become an important factor in the development of strong 
organizations of mechanics, foremen, inspectors, engineers, 
and other highly trained personnel. In many of the plants, 
the apprentice graduates have become the principal source 
from which important members of the organization are re- 
cruited. In one large organization which operates three foun- 
dries, no molders have been engaged for a number of years other 
than graduates of their own apprentice-training program. 
This may be considered a singular achievement in view of the 
attitude of American people toward the foundry trade. In an- 
other large organization no foremen have been hired for ten 
years or longer other than graduates of apprentice courses in 
the plant, with the exception of department heads who have 
become members of the organization when smaller manufactur- 
ing plants were absorbed. 

Evidence of the prestige which apprentice training has ac- 
quired in the community is the attitude toward apprentice- 
ship of the people in the community in general. For instance, 
public school officials cooperate in the work, which is somewhat 
surprising in view of the fact that the traditional attitude of 
the school principal is that higher education is or should be 
the chief goal of all primary school and high school students. 
In three of the city high schools, apprentice supervisors have 
been invited to address the students on the benefits of appren- 
ticeship in metal trades shops. Supervisors have also addressed 
students in three suburban high schools. In one of the high 
schools, which is located in a very fine residential district, the 
principal has permitted a foundry representative to recruit steel- 
foundry apprentices from the members of his senior class at the 
close of the school year. High school students are frequently con- 
ducted through shops under the supervision of apprentice di- 
rectors in the plants. The result of this public attitude is 
that there are many more applicants for apprentice training 
in the shops of the city than can be accommodated, and prac- 
tically every plant maintains a considerable waiting list from 
which the best applicants may be selected. 

The apprentice-training work of the members of the Metal 
Trades Association of Milwaukee is carried on under the di- 
rection of a major committee of five plant executives who meet 
once or twice a year to direct policies and decide important 
questions and a general operating committee made up of ap- 
prentice directors and supervisors which meets monthly and 
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carries out the plans and directions of the major committee. 
These committees cooperate with the Industrial Commission, 
and through their efforts apprentice training in the Metal Trades 
Industry has been standardized to a large extent. 

Moreover, excellent progress has been made in other trades 
and industries. The Industrial Commission of Wisconsin 
has available considerable information regarding the work in 
a number of the important trades. In the building trades, for 
instance, the plumbers have made great strides. Nine years ago 
there were only 20 indentured plumbing apprentices in the state. 
At the present time there are 458. This excellent showing 
has been the result largely of the influence of certain persons 
in the business who have taken an active interest in promoting 
apprentice training. The state advisory committee of the 
plumbers has been very active, and the state plumbers associa- 
tions are in close contact with the Industral Commission. 
Four itinerant instructors for plumbing apprentices are engaged, 
and their services are available to 16 different cities. In 15 
of these cities there are local joint apprenticeship committees 
for the plumbing trade. 

There are 46 indentured apprentices in the painting and 
decorating trades. The promotion of apprenticeship in this 
trade has been rather difficult due to the fact that the major- 
ity of the employers are not members of any single association 
and many of them have not themselves completed a full appren- 
ticeship in their trade. Three itinerant teachers are employed 
and serve 12 cities, although their services are not limited to 
the teaching of apprentices, but classes are held also for others 
in the trade. In an effort to develop apprentice training in 
this field, the Industrial Commission has held a number of 
mass meetings for employers and journeymen, and these meet- 
ings will be continued in the future. 

In the electrical trade, 62 apprentices are employed in the 
state, and three itinerant teachers are provided for 12 different 
cities. Interest in apprenticeship has been stimulated largely 
by the itinerant teachers, as electricians themselves have as a 
rule shown little interest. 

Although the carpenter trade is the most important of the 
building trades and has the largest number of workers, there 
is such a diversion of specialties and lines in the trade that 
apprenticeship has not flourished as it should and only 73 ap- 
prentices are indentured. In the bricklaying trade, conditions 
are much better, with 173 apprentices. Most of these are em- 
ployed in closed shops, and the promotion of apprentice training 
in the trade has been the result almost altogether of the coopera- 
tion and energy of the labor organizations. 

In the printing trade there have been labor troubles in recent 
years which have had a detrimental effect upon the develop- 
ment of apprentice training. Nevertheless, 72 apprentices 
are employed, and it is expected that this number will be in- 
creased very shortly. 


Work OnLy BEGun 


It must not be inferred that the Industrial Commission of 
Wisconsin or the leaders in any single trade or industry of the 
state are satisfied with what has been accomplished in appren- 
tice training. The extent and development of the work ap- 
pear strikingly inadequate when it is compared with the number 
of persons engaged in the various trades and industries and the 
requirements of the trades and industries resulting from natural 


growth. In speaking before this society in 1924, Dr. Magnus 


Alexander, of the National Industrial Conference Board, pointed 
out that 5 per cent of the skilled employees in every industry 
are lost every year as the result of death, retirement, transfer 
to other occupation, and other normal causes. Accordingly, 
there should be graduated in every trade a sufficient number 


of apprentices per year to replace the 5 per cent who are thus 
lost. And to graduate 5 per cent of the total skilled mechanics 
per year, it would be necessary to employ a number of appren- 
tices equal to at least 20 per cent of the total skilled mechanics 
in the trade. It is perhaps unnecessary to explain that such 
a large quota of apprentices is probably not employed in any 
single trade or occupation in the state. However, the move- 
ment has been started, methods have been established and proved 
to be successful, and upon this foundation it must be possible 
to build in the years to come a constantly increasing apprentice- 
training activity which should in time be adequate. 


Law Nor EssEentTIau 


Also, it would be a mistake te assume that a state law is 
in any way essential for successful apprentice training. Ex- 
cellent proofs to the contrary are the very fine apprentice- 
training programs which have been carried out in important 
industries for many years in states in which no apprenticeship 
law has ever been passed and in which none is contemplated. 
After all, the individual employer can establish apprentice 
training if he wishes to do so and is willing to give to the sub- 
ject the amount of time and attention which is necessary. The 
law, after all, merely standardizes and recognizes the appren- 
tice training and provides an agency through which apprentice- 
ship may be promoted and controlled. Undoubtedly this is 
of great benefit to the apprenticeship movement, but it would 
be absurd to state that apprentice training cannot be carried 
on without a state law. After all, successful apprenticeship 
must always be the result very largely of the enthusiasm and 
energy of far-sighted individuals, and unless these are to be 
found in the trades and industries, a law would never come 
into being in any case. The Wisconsin apprenticeship law 
is the result and not the cause of such energy and enthusiasm. 


Discussion 


Frep H. Cotvin.? An outstanding feature of the paper is 
the statement at the end of the first paragraph, “In order to 
make apprentice training a social factor,” etc. 

While more and more machine operations are bound to be 
done on automatic or semi-automatic machines, there always 
will be a need for skilled mechanics to set them up and keep 
them in operation. Likewise the need for, and the possibility of, 
improved machines is as likely to be realized by bright men in 
the shop as by engineers in the designing department. 

The sooner it is realized that this is an age of cooperation in 
such matters rather than of haphazard individual effort the better. 

There is, however, a place for individualism in apprentice 
training; in the handling of the apprentices themselves. Boys 
differ widely in temperament, which may reflect home condi- 
tions that vary greatly. This does not mean favoritism, but 
rather an intelligent study of individual characteristics and 
possibility. The diffident boy will benefit by encouragement 
and the overaggresive lad by judicious repression, to the improve- 
ment of both and the development of first-class material. 

[Further discussion of this paper jointly with that of C. F. Bailey, 
by E. W. Kempton, Morris S. Viteles, L. P. Arduser, and John A. 
McCarthy, will be found following the Bailey paper.] 


AUTHOR’s CLOSURE 


In reading over the discussion and comments which were made 
concerning the papers by Mr. Bailey and myself, it is gratifying 
to find so many people, representing so many different attitudes 
and fields of activity, who apparently are fully in agreemen' 
with us. In fact, it seems remarkable that the movement does 
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not grow more rapidly when it very seldom if ever happens that 
any organized, coherent arguments against the apprentice- 
training system are formally presented under conditions which 
make it possible to answer them effectively. For instance, it is 
very seldom that a speaker appears at a meeting of this kind and 
opposes apprentice training. 

Here and there something appears in the discussions which is 
startling in view of our experience at Milwaukee, but local 
conditions may be so different in other places that they may 
justify what would be considered radical procedure in Wisconsin. 
For instance, the question of limitation of apprentices to high- 
school graduates is raised once or twice. In Wisconsin it is felt 
that boys of common-school training can find a place as skilled 
mechanics in industry and may be trained for this work with 
much success. In fact, the majority of Wisconsin apprentices 
are not high-school graduates, and employers may even be found 
who refuse to engage high-school graduates, as they very much 
prefer the graduate of the eighth-grade course. It is generally 
accepted, however, that the high-school graduate apprentice is 
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more likely to develop into the kind of man who can assume a 
responsible position. 

Mr. McCarthy refers to the tendency of certain manufacturers 
to discontinue apprentice training at the present time because 
of the depression. Apprentice training, of course, must be a 
continuous institution. We would not close our public schools 
during a period of depression in order to relieve the taxpayer, 
because we fully realized that public education must be a con- 
tinuous process. The same argument should apply to apprentice 
training. 

Moreover, it is not merely important to maintain apprentice 
training during periods of depression, but it is even true that a 
period of depression is a better time to institute apprentice 
training in a plant than any other. In the first place, officials 
and foremen can give to the work the time which is required; 
secondly it is easier to find desirable candidates for apprentice- 
ship; and finally, the public will appreciate that apprentice- 
ship is a legitimate enterprise and not a method to get cheap 
labor. 
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A Generation of Progress in Human 


Engineering 


By WILLIAM A. HANLEY,! INDIANAPOLIS, IND. 


In this paper the author has considered two manufac- 
turing plants of about the same size, and in the same state, 
and contrasted conditions under which labor worked in 
these factories 30 years ago and conditions as they are to- 


day. The subjects covered deal with nearly every phase of 
factory employment. Some interesting conclusions are 
drawn. 


N THE LAST 30 to 35 years there 
have been fundamental changes in the 
status of factory workers, many of 

which are not fully known to the younger 
generation, nor to those not intimately 
connected with facteries. Some of these 
changes are so striking that conditions in 
the nineties will seem to many as represent- 
ing a period much earlier. The object of 
this paper is to show the conditions which 
surrounded the worker at that time and 
those under which he works today. By 
worker is meant not only the mechanic or artisan, but also the 
man who has no trade and who is not skilled in any craft. They 
are the men who sweep floors, use picks and shovels, run wheel- 
barrows, unload cars, haul trash, handle coal or ashes, and do 
such other tasks requiring no especial experience nor training. 
Many men from the farms fall into this group. They have no 
unions to help fix working conditions. They are the first class 
reduced in numbers and wages in hard times and their employ- 
ment is never very stable. 

Because comparisons are sometimes unfair, the author in this 
instance takes two concerns with which he is very familiar. Both 
of these concerns were or are located in Indiana, not very far 
apart. The first concern manufactured iron and steel, and the 
second manufactured drugs and chemicals. The author’s family 
has been intimately connected with both companies, so that the 
knowledge is first hand. 

Both corporations had as workers a large percentage of native 
Americans, very few foreigners being in either organization. The 
concerns were about the same size, each employing about 1500 


1 Director of Engineering, Eli Lilly & Co. Mem. A.S.M.E. 
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people. Both companies have been successful, although the iron- 
and-steel property was merged at the close of the century, and 
because of fuel conditions, later dismantled. Both industries 
were operated by men of high ideals who believed in the policy of 
fair play. Each concern had loyal and faithful employees. 

The place of labor in industry, even of the poor common 
laborer, has changed and changed greatly in the last 35 years as 
these comparisons will show. 


WaGEs 


In 1895 the wage of the common day laborer was 12.5 cents per 
hr. About the close of the century this was increased to 15 cents 
per br. The wage today is 45 cents per hr., or just three times 
what it was 30 years ago. Now 45 cents today buys about 1’/, 
times as much in useful and necessary commodities as 15 cents 
did in 1900. The purchasing power of an hour of labor has in- 
creased in just this proportion. 

In 1895 all labor was paid either by the hour or by the piece. 
Today every job, where at all possible, is placed on a standard 
minutes basis and the employee is paid a bonus for all produced 
above the standard. This is true even of porter work. 


Hours 


The hours for common labor in the nineties were from 6:30 
a.m. to 5:00 p.m. with 30 min. forlunch. A day was of 10 hr. and 
a week of 6 days This made a total of 60 hr. per week. Shop- 
ping and business transactions were limited to Saturday night; 
recreation and rest was limited to Sunday. In winter the worker 
went to the factory in the dark and came home in the dark. 

Today the worker puts in 44'/, hr. per week; that is 8 hr. on 
Monday to Friday, inclusive, with 4'/, hr. on Saturday. Plant 
operations start at 8:00 a.m. and are over at 5:00 p.m. The 
lunch period at noon isl hr. The plant closes at 12:30 Saturday 
afternoon. It is interesting to note that the worker goes to his 
job 11/, hr. later in the morning than he did in 1900, has 1 hr. at 
noon for lunch, where he had '/; hr. before, and that he has 
Saturday afternoon where he formerly worked all day on Satur- 
day. On a recent referendum (something unheard of 30 years 
ago) as to whether the employees preferred a 30-min. lunch period 
instead of the hour with 30 min. earlier closing, the majority vote 
was to make no change and to keep the lunch period 1 hr. 


HIRING AND DISCHARGING 


In 1900 the common laborer would be at the works seeking a 
job between 6:00 a.m. and 6:30 a.m. He would apply to one of 
the labor foremen, a man receiving about 25 cents per hr. Phys- 
ical characteristics were usually his only recommendation. If 
hired at all, he might be kept for a long or short period depending 
on how he satisfied the foreman. He made no written applica- 
tion, his age and previous employment were not recorded, and 
he either satisfied the foreman or was dismissed by the foreman. 
It was a very simple affair, about as harvest hands are hired in 
the grain-producing states, yet many men advanced under the 
old system, crude as it was. Its principal drawback seems to have 
been that there was no real selection, no opportunity for the 
thinking worker, that many filled positions for which they were 
unsuited for years, and that foremen were given great powers of 
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discretion, and personal differences with the foreman often con- 
trolled the destiny of a worker instead of his value to the company. 
The records of the company showed no difference as to whether 
the worker was discharged for drunkenness or laid off because of 
slack business conditions. 

At the present time the man seeking employment makes his ap- 
plication in writing from 24 hr. to a month or more before he ex- 
pects to go to work. The application shows his age, family con- 
ditions, parentage, education, previous employment, and his own 
desires as to type of employment and wages expected. The man 
has a personal interview with an employment supervisor, espe- 
cially trained in human relations. If the man is employed, this 
employment supervisor becomes his guide, counsellor, and friend 
in helping him to success in his new work. He will advise the 
employee on any subject from getting along with his wife and 
children to his family budget or buying a home. The employ- 
ment supervisor has nothing to do with the actual duties of the 
man once he is assigned. He is then under the foreman of his 
department, but the employment supervisor is responsible for 
the employee being started in work for which he is suited, being 
transferred when the work is unsuited, and in getting a fair deal 
with the foreman. The employment supervisor is a staff officer 
rather than a line officer, and his rank is higher than the rank of 
foreman of a department. No workmen can be discharged ex- 
cept through and by the employment department. 


SEASONAL CHANGES 


In times past there would always be a part of every year when 
business was very brisk and another part when it would be slack. 
The general practice was to hire and to lay off employees to meet 
these conditions. Two distinct advances have been made from 
the old scheme. The production demands are now anticipated, 
and merchandise at special terms is offered during slack seasonal 
periods, so that the variation in monthly factory production has 
been practically eliminated. This means steady work for the 
employees. It also does away with temporary help. The second 
change covers times of depression. Formerly departments were 
closed and employees forced into idleness. The new method is to 
reduce working hours instead of reducing numbers of workers. 
This gives all employees some income and keeps the whole organi- 
zation ready to function as soon as normal conditions return. 


Rest 


Formerly people worked 8 or 10 hr. per day continuously, 
stopping only at noon. Studies of fatigue, particularly on fast 
repetitive operations, have shown that rest periods are very bene- 
ficial. Accordingly two rest periods of 10 min. each, one in the 
morning and one in the afternoon, give the worker the relaxa- 
tion which is so helpful to both muscles and nerves. 


Sarety, Hospirau Faci.iries, AND INSURANCE 


Thirty-five years ago very little attention was paid to safety. 
It was expected that every man would take care of himself, re- 
gardless of the conditions under which he worked or the hazards 
which might prevail. 

In the steel business, there were several men who lost the sight 
of one eye and one or two who lost the sight of both eyes due to 
the explosion of the hot metal. There were no regulations as to 
the wearing of goggles, and no written instructions as to hazards 
which should be avoided. There was not even any provision for 
taking care of injuries. The author recalls very well witnessing an 
accident wherein a blacksmith striking at his anvil had a piece 
break, which made a very ugly wound on his leg. The man was 
bleeding profusely and the only bandage which could be provided 
was the napkin out of a fellow workman’s dinner basket. An- 
other injury to which the author was a witness left the workman 


in such a state that he could not walk. He was carried home, 
about two blocks away, on a door, as there were no cots or 
stretchers available. Another man had one arm severed on an 
alligator shears. No guard of any kind was provided on this 
shears, and when a guard was supplied it was taken off by the 
operator as being a nuisance to him. 

The theory of the employee was that he was to take care of him- 
self, and to this theory the employer agreed. There was no safety 
committee, no first aid equipment, and no medical attention pro- 
vided. 

Great progress has been made in 30 years, and now the plant 
has a well-equipped hospital with a graduate nurse on duty at 
all times. People who come to work in the morning with a cold 
or who feel indisposed from any cause are encouraged to go to the 
hospital and receive preventive remedies. A constant system of 
education is maintained in an attempt to keep the health of the 
workers on a higher plane. Warnings are given about living 
conditions which will result in tuberculosis, typhoid fever, pneu- 
monia, etc. Minor casualties, such as scratches, cuts, or burns, 
must be treated immediately. A practicing physician is on hand 
5 hr. out of every day to give advice and to treat the employees 
for minor ailments. The theory, of course, is not to replace the 
family doctor, but rather to help him and to keep the employee 
from falling into the hands of incompetent practitioners. There 
is no charge for any of this service. 

A safety committee carefully combs the plant for hazards. 
Any accident causes a complete investigation, with the result that 
there are virtually no repetitions of accidents of the same type. 
Machinery is guarded carefully when it is installed, and it cannot 
be adjusted except when shut down. Goggles are provided where 
eyes are endangered, and gloves are provided where possible 
poisoning is involved, window washers have safety belts, and 
scaffolding is always erected with the thought of protecting the 
worker. Sometimes these goggles, gloves, etc. slow up the 
worker or cause him inconvenience, but the management has an 
iron-clad rule that these precautions must be followed out or the 
workman cannot go ahead with his duties. 

In times of epidemics every employee in the plant will be vac- 
cinated, have his throat swabbed or given such other preventive 
help as the occasion demands. The employer seems now to 
realize that it is just as necessary, or maybe more so, to keep his 
employees in good condition on the job, as it is to keep his ma- 
chinery well maintained and ready for use. 

Thirty-five years ago when a man died his family buried him, 
and unless he had provided for this contingency the family 
budget was given a severe blow from which it took many months 
to recover. For some years the company with which the author is 
connected has had group insurance for every person in the factory. 
The major cost of this insurance is borne by the corporation. For 
those receiving the smallest wage, there is provided $1000 for 
ordinary death with $2000 for accidental death. In addition 
there are weekly sick benefits, accidental dismemberment in- 
surance, total- and permanent-disability benefits, and non-oc- 
cupational accident benefits. The employee pays for all of the 
above about $1 per month. This covers the job of the least- 
paid employee in the organization. Those receiving higher wages 
go into classes Nos. 2, 3, or 4. The last class provides for $4000 
ordinary life insurance with an additional $4000 in case of acci- 
dental death, and dismemberment and disability insurance. |! 
this is at a cost to the employee of $3.20 per month. 

This, however, does not tell the whole story. In the case of 
a person employed by the company for 5 years, who is head of 4 
family, the company pays 6 weeks’ wages to the family of such 
employee to cover the period in which the family are adjusting 
themselves and providing another income. Where the employee 
has been with the company 10 years, 10 weeks wages are paid, 
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and this keeps the family during the readjustment period from 
having to draw on what savings they have accumulated. 


LUNCHEON AND RECREATION 


Thirty-five years ago the workman had his lunch packed in a 
bucket or basket and brought it from home with him. The cam- 
paign of 1896 had as its popular cry, “The Full Dinner Pail.’’ 
No facilities were provided around the establishment for the em- 
ployee to get any food or even to keep food which he might bring 
with him. The corner saloon, and it is to be hoped that it is 
gone forever, was usually the only place he could get recreation 
and refreshments in or near the factory. The workman could 
use no recreation facilities in connection with the factory as the 
30 min. provided for lunch was hardly more than sufficient to 
give him time to consume his food. 

At this time a fine cafeteria provides food at a nominal cost to 
all employees, and they have one hour in which to eat, rest, or 
recreate. Different departments go to the cafeteria every few 
minutes, so that there is a steady line passing before the lunch 
counters and to the inviting tables. In the old days people had 
to eat what they brought in the department where they worked. 
Now a clean, well-ventilated cafeteria is the only place where 
lunches can be eaten around the plant. 

For the interval after lunch there are provided recreation rooms 
for both men and women. The employees play cards, read, or 
relax. Each rest room is equipped with a piano, radio, or phono- 
graph. In connection with the girls’ recreation room, there is a 
room with cots where those who are indisposed can rest. In con- 
nection with both recreation rooms there are branch library fa- 
cilities from the city library. This enables employees to use the 
facilities of the public library through the instrumentality of the 
factory. 


Rooms AND LOCKERS 


Thirty-five years ago scant provision was made around factories 
for taking care of employees’ clothes and providing them with 
adequate wash-room facilities. Now every employee has a safe, 
clean place to put his clothes, and people leaving the factory are 
just as clean as when they come to the factory in the morning. 
Wash-room facilities have not only increased in numbers and 
been improved in type, but they are so located as to make them 
convenient to the employees. 

The self-respect engendered in the individual, who can go on 
the street at the close of a day’s work without the factory grime, 
is well worth considering. 


VACATIONS AND Ho.ipays 


In the nineties the only people who enjoyed vacations were 
those who worked in the office or who owned the industry, that 
is, salaried workers. Those who did piece work or who worked 
by the hour received nothing except when they were on the job. 

At the present time every person, no matter in what capacity, 
who has been in the employ of the company one year, receives one 
week’s vacation with pay. When they have been in the employ 
of the company 5 years, they receive 2 weeks’ vacation with 
pay. 

In addition to this (and the author knows of no parallel case) 
every worker is paid for 6 holidays in the year; that is, New 
Year’s, Memorial Day, Independence Day, Labor Day, Thanks- 
giving, and Christmas. These are real holidays to the employees, 
and their pay envelopes do not reflect the fact that they have 
not worked on these holidays. 


PENSIONS 


In the old days when a workman could no longer carry on his 
Ttegular task he was given some comparatively light work to do. 
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He was compelled, however, although he had reached the age when 
he should retire, to continue to work. 

Today a pension plan covering all employees that have reached 
60 years of age is provided. This does not mean that all employees 
must retire at 60, because many are very active and can give good 
service for some years beyond that age, but it does mean that 
any one in the employ of the company 20 years or more, who has 
reached the age of 60, can retire if he so desires and receive an 
income for the rest of his life. 


PROMOTIONS 


In former times every job had a certain rate. The persons 
on such jobs got such a rate no matter how long they were on it. 
To get higher wages it was necessary to go to another job, either 
in the factory where they were employed or in some other estab- 
lishment. 

Much progress has been made, and now every employee is given 
a starting wage, and it is anticipated that this wage will be raised 
in 3 months if the employee has been satisfactory. Every 6 
months the foreman of each department, with the head of the 
division, considers each individual case, as to whether the 
employee should be continued on his present job, moved to a 
better job, or be given a wage increase. Thus semi-annually the 
management carefully considers the status of each employee. 


ATTENDANCE Bonus 


Another feature of the modern factory is the attendance bonus. 
This is an extra payment over and above wages paid to those who 
are on time and present each day at their post of duty. This 
amounts to $4.50 per month and tends to create promptness and 
regularity. 

AUTOMOBILES 


In the old days employees came to work in three ways—that is, 
they walked, rode bicycles, or came on street cars. In a recent 
survey it was found that there was one automobile being driven 
to the plant for every four factory workers. These cars usually 
carry 3, 4, or 5 workers, so that at least two-thirds of all employees 
travel to and from the factory in automobiles. To care for these 
cars, parking and garage facilties have been provided by the man- 
agement so that the owner can feel that his car is protected while 
he is performing his duties during working hours. 


METHODS AND STANDARDS 


Another division in the organization not heard of 30 years ago 
is the group that visits departments, studying the duties of the 
different workers, and determining the one best way to do each 
job. Usually the one best way is both the simplest way and 
the easiest way. This department makes layouts, locating 
machinery and tools, so that the worker can perform his duties 
most efficiently and with the least exertion. Mechanical power, 
conveyors, and hoists are substituted in every case possible where 
human power was used in the past. Drudgery has been reduced 
to a minimum. 

SENTIMENT 


It has been said that there is no sentiment in business, but 
wherever the human heart is, there is always sentiment. On 
Christmas eve each year all employees are guests of the company 
at a turkey dinner in the cafeteria. Christmas decorations have 
changed the room to one of feast and pleasure. Christmas 
carols by trained groups of employees sing out the glad tidings. 
Those in the service for 25 years have a special table where they 
reminisce and dine with the president of the corporation. Each 
of the 25-year group is given a Christmas check equal to 10 per 
cent of his year’s earnings. Following the dinner there are de- 
partment parties as the afternoon is given over to recreation. 
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Happy faces portray happy hearts and all leave the company 
premises with the true Christmas spirit. 


CONCLUSION 


Having enumerated in detail many of the industrial changes, it 
is interesting to list the results both to the employee and the em- 
ployer. 

To the employee there has come: (1) The higher standard of 
living, (2) greater respect for himself and from his fellowman, 
(3) better health, (4) no uneasiness about the future because he 
is insured against accident, loss of heath, and old age, and (5) 
greater happiness and contentment. 

Surely these things are worth while because they tend to raise 
the standards of health and citizenship, and to give greater hap- 
piness to workers and their families. 

The results to the employer because of these changes have been: 
(1) A more highly selected class of employees, (2) fewer interrup- 
tions due to sickness, (3) no absences except for unavoidable 


reasons, (4) a real interest in company affairs by intelligent and 
interested workers, (5) a minimum of labor turn over, (6) a decrease 
in avoidable wastes, (7) better quality of merchandise, (8) more 
output per employee, and (9) no strikes and no labor problem. 
The question will arise in the mind of the skeptic as to who pays 
for all these innovations. Are they taken out of corporation 
profits or are they added to the cost of merchandise? The 
answer is that nobody pays for them. The difference in output 
per employee of a factory having selected, contented, healthy, and 
interested employees is 25 to 30 per cent greater than the fac- 
tory which regards its employees as human machines only, 
and this increased output pays the bill. Cost sheets for over 20 
years verify this conclusion. After many years of study and 
experience the statement can be made that one of the most valu- 
able asset of any corporation is a corps of loyal, intelligent, and 
satisfied workers, and that not only the corporation profits 
thereby, but a distinct service also is rendered to the community 


and the nation. 
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Management by Exception 


By CHESTER B. LORD,’ NEW YORK, N. Y. 


The exception principle, as approved by the first leaders 
of industrial management, is expounded and advocated. 
It is described as a natural method of scientific manage- 
ment that directs when direction is sufficient and that 
compels when compulsion is called for, but that does not 
interfere with matters which are progressing in orderly 
compliance with a planned procedure, but which has 
positive methods of detecting and correcting variations 
from that procedure. Four rules of management by 
exception are stated. 


ITH scientific management came 

\ \ the problem of its application to 

industry. The principles laid 
down by Taylor were epochal, but a posi- 
tive method of applying them to industry 
was lacking. As a result each one who 
accepted the principles interpreted them 
and applied them according to his own 
experience or understanding. It is not 
surprising, therefore, that there sprang up 
almost as many schools of management 
as there were engineers. Neither is it 
strange that, in some cases, system became paramount and in 
the course of time was considered a major factor of manage- 
ment control instead of a mere expression of individual opinion 
or preference as to the method to be followed in applying manage- 
ment principles. 

In his day Taylor was accused of not knowing how to handle 
men, while Gantt disagreed more or less violently with some of 
the higher executives and was called intolerant. It seems im- 
possible today for any one to review the work of these two men 
and say that they did not understand other men or that they 
did not have the executive viewpoint. 

Taylor and Gantt were practical. The principles they advo- 
cated were the result of many years’ labor and experiment. 
Therefore they spoke a language different from that of many 
who attempted to apply Taylor’s principles and who inferred 
the principles were at fault when the application failed. It 
seems more probable, in the light of the later work and utterances 
of both Taylor and Gantt, that both men were exasperated by 
opposition and disappointed because there was no existing 
mechanism into which they could permanently transfer the skill 
and knowledge they possessed. Hence Taylor’s impatience 
and his insistence upon his own interpretation being followed. 
Gantt was similarly situated. He believed that many of the 
higher executives were opposed to scientific management. The 
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real trouble, however, was that the executives could not visualize 
cause and effect on such a scale as Gantt himself could. 

Robert T. Kent described the situation in his paper on the 
“Use of Economic Manufacturing Quantities’ in the following 
words: 

“In introducing scientific management methods, one of the 
prime requisites of success consists of so regulating the dose 
to be given that all the medicine will be effectively and com- 
pletely absorbed. In other words, it appears essential that those 
who have delegated themselves to the job of introducing the 
application of science to industry must prepare themselves to 
be satisfied with accomplishment which falls far short of the 
goal which they are able to visualize. Some of our 
most learned and accomplished disciples of scientific manage- 
ment have fallen far short in the accomplishment of results by 
not being willing to be satisfied. with a 30 per cent accomplish- 
ment of the goal rather than 100 per cent accomplishment.” 

This is what both Taylor and Gantt failed to realize. 

That Taylor, Gantt, and other leaders in industrial-manage- 
ment methods recognized the deficiencies in systematic manage- 
ment is proved by their continued advocacy of the exception 
principle. Taylor asserted that the extension of the principle 
to every field of industry was a vital necessity. Gantt labored 
continually to make it possible. Gilbreth visualized its necessity 
in management and the benefit to be derived from its use even 
more definitely. As far as can be learned, he was the only one 
who visualized its extension to minor executives. He declared 
that it apportioned the load to the shoulders which must bear 
it, that it made good executives of mediocre ones, and gave 
good ones more time for constructive planning. 

Under the circumstances, the natural question is: If the im- 
portance, and even the necessity, of using the exception principle 
was recognized by these and other leaders who had the power 
and the opportunity to use it, why was not some definite action 
taken toward its introduction? The same circumstance that 
handicapped the introduction of scientific management and 
caused the teaching of Taylor and Gantt to be futile in many 
cases, also prevented the introduction of management by excep- 
tion. This was the lack of the proper mechanism for its intro- 
duction. 

The striking thing about the whole matter is that these men 
should have been so insistent upon the use of a method of manage- 
ment that had no histor;, no rules for its application, and not 
even a clear definition. In spite of these deficiencies, the desire 
for exception management has always been inherent in people 
of the executive type, and it is used by them to the limited ex- 
tent that their businesses will allow. This desire for its use 
undoubtedly arises from an instinctive knowledge that there 
must be some natural method of management that directs when 
direction is sufficient and that compels when compulsion is 
called for, one that does not interfere with matters which are 
progressing in orderly compliance with a planned procedure, 
but which has positive methods of detecting and correcting 
variations from that procedure. 

It is possible that the knowledge of such a type of manage- 
ment is inherited from a line of ancestors who used that method 
of bringing up their children, and it may also be possible that 
such a method of bringing up has been responsible for the execu- 
tive type. 

When exception management is contrasted with systematic 
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Fig. 1 


Pin CHART ARRANGED TO DEMONSTRATE How ITEMS ARE PLANNED IN UNIFORM TERMS OF A COMMON DENOMINATOR 


(The static chart without indicators is the permarent plan of the items shown across the top. The faint titles are planned exceptions, typed in red.) 


management, it is no longer strange that the former has not 
been extended to every field of industry, as Taylor advocated. 
Systematic management assumes theoretical conditions and 
seeks to control exceptions by making those conditions para- 
mount. Exception management, on the other hand, makes 
system subordinate to an exception, and must therefore visualize 
actual conditions in order to function. 

The very first rule of exception management is that “‘Con- 
sistency of procedure must never interfere with an obvious excep- 
tion to that procedure or to its system.’’ Because it cannot be 
theorized or systematized, it has been utilized, as stated, only 
by the higher executives, and by them only as far as they can 
depend upon their immediate subordinates for accurate infor- 
mation. 

Alford, in his “Laws of Manufacturing Management,”’ reflects 
the former limitations upon its use by the way he expresses the 
law. The law of exceptions, as given in his book, reads: 

“Managerial efficiency is greatly increased by concentrating 
managerial attention solely upon those executive matters that 
are variations from routine, plan, or standard.” 

It is obvious that, if the use of the exception principle is con- 
fined to the manager alone, and cannot be extended to include 
his subordinates and their subordinates in turn, it becomes 
merely a rule for managerial efficiency. Such is not the intent 
or limitation of the law of exceptions. 

Because of the vagueness surrounding the history of the ex- 


ception principle, the lack of rules for its application, and the 
apparent limitation of its use, it is natural to question whether 
it can add to systematic management anything that it does not 
at present possess. Briefly, the answer is that it gives, in fact 
compels, an entirely different management—one of exceptions 
instead of details. 

In practice, the use of the exception principle separates manu- 
facturing management into two distinct types, and these again 
into components having a common denominator. It divides 
the elements of manufacturing and management into constants 
and variants, and eliminates the constants from further con- 
sideration. It separates the variants into planned and acci- 
dental exceptions and ignores these also unless, and until, they 
vary from plan. 

It plans permanently in terms of denominators that make 
all elements comparable regardless of their quantity or nature 
It divides material, makes one portion a constant, and auto- 
matically balances inventory with much less investment than 
is usually necessary. In manufacturing, it eliminates schedules, 
progress charts, and calendar dates, and makes the use of work 
and material orders optional. It automatically separates the 
duties, directs the actions, and limits the responsibilities of dil- 
ferent ranks of individuals in proportion to their capacity and 
authority. Further, it furnishes a basis of comparison for every 
item and provides a definite measure of individual and collec- 
tive management by visualizing together the planned condition 
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Fig. 2 


(They contrast the actual condition of an item with its planned condition. 
action. 


and the actual condition, emphasizing any difference between 
the two in definite terms. It does this by means of mechanisms 
into which skill can be permanently transferred, by a method 
of visualization that covers the entire range of possible condi- 
tion, and by a forced coordination impossible under other cir- 
cumstances. Summed up, it furnishes a self-corrective, com- 
pulsory method of management that functionalizes the proc- 
esses of management by automatically apportioning the duties 
to those best able to perform them. 

No longer is it necessary for the management engineer to 
be satisfied with a smaller percentage of accomplishment than 

mechanical or accounting engineer can reasonably expect. 
Exeeption management simply cannot operate without con- 
trolling the function to which it is applied 100 per cent. 

The natural reaction to such strong claims is to question 
whether exception management has any weak spots, and if so, 
what they are. Briefly, the exception principle is more dangerous 
in the hands of careless or mediocre executives than is system. 
There is such a thing as a weak system, but no such thing as 
weak control—it is either control or it isnot. Exception manage- 
ment is an example of the permanent transfer of skill into definite 
mechanisms, similar to that transferred into an automatic ma- 
chine. It follows the “law of the transfer of skill” in that 
“the attention and skill required to use a tool or operate a machine 
is inversely as the skill transferred into its mechanism.”’ 

Here also, as in the case of the machine, the “creator” must 
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Tue BLAack AND WHITE PINS CORRESPOND TO THE INDICATORS UsuALLy UsEp 


The first two items from the left show planned exceptions which require no 


The next two show emergency conditions of roughly but eight weeks’ supply of finished material.) 


have had the skill to transfer. While it does, as Gilbreth said, 
“make good executives from mediocre ones,’’ it does so because 
the skill of the planner has apportioned the mediocre executive 
a suitable load and a definite path along which to carry it. 

Another drawback to exception management is that it can- 
not be applied theoretically. Systematic management concen- 
trates upon influencing the mass of elements to follow a given 
path. It cannot visualize the stragglers. Exception manage- 
ment, after pointing the direction, ignores the mass and con- 
centrates upon any items which show even a tendency to stray. 

Experience shows that probably 70 per cent of manufacturing 
and management items will follow a planned path if not mo- 
lested. Control consists in anticipating which 30 per cent will 
stray and when. 

Reduced to its final terms, the art of management is to plan 
each element that enters into or affects its application. The 
problem of management is to forecast which of the elements 
will vary from its plan, when it will vary, and what will be the 
degree of its variation. The task of management, therefore, 
is to minimize and prevent variations from the planned pro- 
cedure. 

To do this effectively, three things are essential: First, a 
basis of comparison for each item; second, a common denomi- 
nator that makes related elements comparable; and third, a 
method of visualization, in terms of the common denominator, 
that will compare and evaluate the different elements in such a 
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manner as to emphasize exceptions to the plan in proportion 
to the degree of their variation. 

Gantt clearly visualized the requirements of exception manage- 
ment in the matter of a basis of comparison and of visualization, 
but so far as can be ascertained, he did not recognize the value 
of planning permanently in terms of a common denominator, 
nor did he seem to realize that, while plan is static and can be 
thus visualized, the elements of management themselves are 
dynamic and must therefore be visualized dynamically by a 
method capable of advancing or receding with the advance or 
recession of the element. 

In presenting his chart, Gantt again emphasized the supposed 
opposition of the higher executives to scientific management 
and offered his chart primarily as a measure of management. 
Had he realized that management was not hostile, but, instead, 
was blind, he might have carried his work of visualization further. 
It is generally agreed that Gantt’s chart is the outstanding 
method of visualizing systematic management. It furnishes a 
yardstick for measuring accomplishment, as contrasted with 
the plan, without which management is largely guesswork. 

When the statement is made that the exception principle has 
not been used in management, the usual exception to rule must 
be allowed. H. Carter Harrison recognized its “supreme im- 
portance”’ in disclosing “‘variations between actual and standard 
costs,’’ which, as elsewhere in management, means the difference 
between plan and execution, and applied it to cost accounting. 

While accounting may be called a reflection, or result, of 
management, it is of prime importance as a means of visualizing 
conditions in systematic management. It will therefore be 
instructive to learn how the application of the exception prin- 
ciple to accounting was made possible, and why its general 
extension did not follow. 

As has been said, three things are essential to the applica- 
tion of the exception principle: a basis of comparison, a com- 
mon denominator, and emphasized visualization. Of these 
three essentials, accounting already had two—a common de- 
nominator and a means of emphasized visualization. The com- 
mon denominator of accounting is value. Every item entering 
into accounting may be expressed in terms of the dollar or its 
fractions, and such items are comparable and intelligible regard- 
less of whether they represent labor, material, overhead, or 
waste, because value is the product of time and quantity. 

The results of accounting may be selectively visualized by 
grouping items into totals, by placing them in different posi- 
tions, and by using different colored inks. Harrison found, 
however, that accounting lacked a basis of comparison and that 
it was not wholly effective as a means of visualization. He 
proceeded therefore, to set up “cost variation formulas” to com- 
pare and measure the difference between an estimated cost and 
the actual cost of the same item, or, as before stated, between 
plan and fulfilment. This made it possible to restrict the 
items demanding attention to those that were excessive or other- 
wise exceptional. 

Like causes must produce like results, and if a common de- 
nominator, a basis of comparison, and a means of selectively 
visualizing them are applied to any other branch of manage- 
ment, the results obtained must be as definite as those secured 
in accounting relatively speaking. 

As in the case of accounting, production management already 
had two of the three essentials. It had a basis of comparison 
in its planning, and it had its denominators in time and in quan- 
tity, but it lacked a means of dynamic visualization and could 
not therefore use its denominators. 

Given these three essentials, the first thing their use does 
is to demonstrate that there are two distinct types of produc- 
tion management: one, where time is conserved at the expense 


of quantity and another, where quantity is conserved at the 
expense of time. These types are repetitive and contract type of 
manufacture, respectively, or as some term them, large lot and 
small lot. 

Having different denominators, these two types of manage- 
ment require different treatment. There is a wide difference 
between time-quantity and quantity-time. Either type ‘is 
equally controllable, but by an entirely different procedure. 
For purposes of clarity, only the methods necessary to the con- 
trol of repetitive manufacture will be outlined in this paper. 

The use of the common denominator of repetitive manufac- 
ture is expressed thus: “Since time is the basis of repetitive 
manufacture, all elements must be presented in their relation 
to time.”” This denominator applies only to production manage- 
ment. Other functions and phases of management have other 
denominators, and in still other cases, each item that is visualized 
may have a different base. Therefore, in order to visualize any 
single function of management, any department, or any manage- 
ment as a whole, on the same chart, it was necessary to use u 
basic denominator that would resolve all the others. 

The basic denominator that naturally suggested itself was, 
condition. This not only resolves time, quantity, and value 
but any other denominator, factor, or element, tangible or in- 
tangible, in management or elsewhere. A moment’s reflection 
will show why this is so, as well as how appropriate and uni- 
versal condition really is. 

Our whole outlook on life is in terms of the effect that dif- 
ferent actions or lack of action will have on conditions that 
concern us financially, socially, or personally. When it rains, 
we visualize the rain not in terms of water, but in terms of the 
condition the rain will bring about. It is a good rain or a bad 
one, according as it affects conditions in which we are interested. 
When we refuse to eat a hearty meal just before retiring, we do 
not consult our desire: we reason in terms of the condition 
that will be brought about if we do eat it. 

In manufacturing management while we plan in terms of time 
or quantity, we are really concerned with the conditions that 
will be brought about by a lack of time or quantity, or a surplus 
of either one. In short, from the time that we are able to reason, 
we do so in terms of condition. Condition, therefore, as a basic 
denominator, is not an innovation, but is the application of a 
universal basis of comparison and measurement. Everything 
is in some state of condition. To be able to visualize present 
conditions is to be able to forecast probable conditions, and 
thus forward or prevent them. 

Condition being all inclusive, it was necessary, in order to 
use it as a definite measure of comparison, to have several di/- 
ferent degrees of condition. Four were segregated and rela- 
tively evaluated. One extreme of any condition is normal; 
the other extreme is always called vital. Between these two 
extremes, two more or less arbitrary zones have been designate ! 
as attention and emergency condition, respectively. These 
four degrees of condition—normal, attention, emergency, and 
vital—are the standards of evaluation and measurement used 
for visualizing purposes. 

The third essential of management, emphasized visualization, 
requires an unusual type of chart. It may be made in any de- 
sired form, provided it fulfils the requirements. The one used 
is of wire screen of any desired length and width. The indica- 
tors are permanently attached. 

The chart that must be used has as its base the four degrecs 
of condition mentioned above, arranged as horizontal zones. 
Each zone has a distinctive color, and its relative importance 's 
emphasized both by the intensity of its coloration and by i's 
width. The effect of this arrangement is to attract attentio” 
first to the vital zone and next to the emergency zone. 
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The colors used are green, blue, yellow, and red, for the nor- 
mal, attention, emergency, and vital zones, respectively. The 
two upper zones are the operating zones. They are incon- 
spicuous both in color and width, because they represent nor- 
mal and near normal conditions. The two lower are the ex- 
ception zones and are therefore emphasized. 

These four zones not only indicate different degrees of con- 
dition, but also the relative rank of the individual who funec- 
tions within each of them. The operating zones fall naturally 
into the classification of clerical and supervisory. A normal 
item is purely clerical. If for any reason it ceases to be nor- 
mal and requires attention, a supervisor is the logical one to 
give it attention at that stage of variation. 

The original planning does not contemplate that any item 
will go into the two lower zones; thus only exceptions to plan 
are visualized there. Such exceptions receive, first, the atten- 
tion of a general supervisor or of an assistant to the executive 
that is responsible for the application. If this fails to arrest 
the variation or to restore the item to normal, it receives the 
attention of the executive himself, at a time and in a condition 
provided for in the original plan. 

The four zones, therefore, when used for manufacturing manage- 
ment, are called normal-clerical, attention-supervisory, emer- 
gency-staff, and vital-executive. These are the basic char- 
acteristics of the chart. They are always used and understood 
regardless of the application and of whether they are indicated 
by legend or not. 

Arranged thus, the chart serves a threefold purpose; first, 
the bare chart, with appropriate legends, acts as a common 
denominator and visualizes the planning. The top of the nor- 
mal and the bottom of the vital zone are the extremes of the 
allowances of the plan. The two central zones represent stages 
in the plan or increments of time, quantity, or progress between 
the two extremes that are proportioned to the authority and 
capacity of those responsible for them. Legends denoting 
what denominators are being used and what proportion of the 
whole plan is assigned to each zone are placed in their proper 
holders. The titles of 100 per cent of the items belonging to 
a particular department or function are placed across the top, and 
the whole represents a complete plan with three different degrees 
of exception, each apportioned to a different degree of authority. 

The third rule of management by exception states that: 
“Positive control demands the visualization of 100 per cent of all 
factors, 100 per cent of the time.”’ Such visualization is com- 
pulsory and necessary, because an exception cannot be detected 
until it happens, but if it is caught at the beginning of its varia- 
tion it can usually be either controlled or discounted. The ten- 
deney to stray is shown by the chart, which therefore directs 
what action shall be taken and how long it shall continue. 

The selective zone principle apportions the responsibility 
accurately, not by dividing the items numerically, but by di- 
viding each item and observing the laws of specialization, di- 
vision of effort, and responsibility. The net result is that the 
law of exceptions is amplified so that it may be read: ‘Efficiency 
in management is greatly increased by confining the attention 
0! each individual solely to those matters within his own jurisdic- 
tion which vary from routine, plan, or standard.” 

Che second function of the chart is to visualize the actual 
condition of the two elements which constitute each posted item, 
and to contrast them with their planned condition. Actual 
condition being dynamic, the means of visualizing it must also 
be dynamic. For this purpose, two separate but related ele- 
ments of each item are indicated—one by a white indicator, 
the other by a black one. These related elements may be rough 
and finished, current and cumulative, time and progress, or any 
two dependent factors. 
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The reason for indicating two factors is the simple rule that, 
“from two known terms, the third, or unknown, term may be 
found.” It is of no value to an executive to look at a chart 
and see that sales are above the average for the month, unless 
he knows what they have been for the year to date and also 
what they were planned to be at different intervals. Neither 
does it profit a production manager to be informed that a cer- 
tain rough stock is exhausted unless he knows also how many 
finished parts are on hand and how long they will last. The 
“two known terms” principle is automatic and universal in 
exception management. Obviously it must be, if only excep- 
tions are to be recognized. 

This double indication does not require additional work or 
space, because they have but one title. The two indicators 
may have the same denominator or different ones, depending 
upon the application. In fabrication, for instance, they repre- 
sent tools and material, respectively. In contract or similar 
work, one represents location or progress and the other the per- 
centage of scheduled time that has been consumed, while on a 
coordinating application, where every item has either a different 
denominator or none at all, one indicates specific condition and 
the other cumulative or average condition. 

A hospital is about as different from manufacturing as can 
be imagined, but the chart visualizes each with equal clarity. 
One indicator shows the temperature of the patient, 98.8 being 
normal and above 104 being vital; the other indicator shows 
whether his degree of condition is normal, below normal, emer- 
gency, or vital. Here, as elsewhere, the two known terms are 
necessary to arrive at an intelligent conclusion. Here, also, 
the zones divide themselves logically into tasks apportioned to 
the shoulders that must bear them. The different zones he- 
come normal-nurse, attentive-interne, emergency-house physi- 
cian, and vital-consultation. In this case, the chart would be 
cleared twice a day to check the attention given each patient. 

In applications where a deficit of time or quantity will even- 
tually become vital, the maximum allowance or requirement 
is shown in the top or normal zone, and the indication is in 
terms of receding quantities. The chart has, when used thus, 
the inherent characteristic of automatically increasing the im- 
portance of an item in proportion to its decrease in time or quan- 
tity. In other cases, such as contract sales, the indicator for 
unsold capacity starts up from the vital zone, while the “time 
consumed”’ indicator moves down from the normal zone. The 
same is true of starting a contract or assembling an army. In 
other words, vital indications, whether receding or increasing 
with time, are in the vital zone at the proper time. 

One of the results of indicating in terms of receding quantities 
is that exceptions stand out clearly. Possibly 2 per cent of the 
indicators get as far as the emergency zone, and less than one- 
half of 1 per cent reach the vital-executive zone. They are, 
therefore, quite conspicuous. 

The third function of the chart is to act as a measure of manage- 
ment. The actual condition of the two related elements of an 
item, as shown by the two indicators, contrasted with the origi- 
nal plan, which is the chart itself, gives the efficiency of execu- 
tion. Not only as a whole, but in four different degrees that 
represent the relative and actual efficiency of the individuals 
responsible for the different zones. This is the feature that 
Gantt considered so desirable. Any method of visualization 
that uses a basis of comparison is a measure of that part of 
management to which it is applied, but the visualization of 
100 per cent of the items, a common denominator, and definite 
zones of action make measurement both comparative and defi- 
nite. 

The three functions of the chart—the permanent plan, the 
actual condition, and the efficiency of execution—constitute 
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a simple method of visualizing the requirements and results of 
management that is as plain to the messenger boy as it is to 
the manager. 

Visualization of conditions, simple as it is, makes the use of 
the exception principle possible. The chart and the permanent 
methods it makes possible are the mechanisms into which skill 
is transferred to such an extent that management becomes di- 
rective and, when necessary, compulsory. 

The foregoing epitomizes the difference between the two 
methods of management. Exception management takes any 
plan and reduces it to a common basis on a chart. The dynamic 
indicators show whether the plan is consistent, and, if not, which 
items need correction. Thus, over a cycle of time, the method 
is self-corrective, because all items having been planned to a 
common basis with all differentials allowed, they should nor- 
mally follow a uniform procedure. Any item that lags behind 
or that proceeds toward the vital zone too rapidly receives the 
individual attention of clerk, supervisor, or staff, and each must 
explain to his superior the reason for the exception to plan un- 
less he rectifies it himself. It is impossible to have a surplus 
or deficit of any item at any time without its being conspicuous 
as an exception. It is also impossible to neglect an item unless 
three people neglect it in succession. This and the fact that 
those responsible for the two exception zones are also notified 
by form when items are indicated in their zone constitute the 
compulsory feature of the method and insure action being taken 
to prevent exceptions as well as to rectify them. 

Another decidedly important point remains to be emphasized. 
No method of visualization can be effective if it is used only 
for tickler and informative purposes, and no system of manage- 
ment can be effective unless it has within itself the elements of 
compulsion. Neither can it be automatic or definite without 
being compulsory, because the three terms are synonymous. 
No man, regardless of his station, does anything without an 
incentive. The only difference is that, with some men, the in- 
centive is in front and with others it is behind. 

The creative instinct of the executive type rebels at repeti- 
tion. Only the detail man is content, or even able, to follow a 
routine day after day, and he is not considered executive material. 
As pointed out, this was part of Gantt’s trouble. Executives, 
when given a task, would attack it with all the enthusiasm that 
they possessed as long as they could see a reason for so doing, 
but they failed five times out of ten in the attempt to follow a 
routine that was unnecessary. 

The last of the four rules governing exception management 
covers this point effectively. It reads: “A department shall not 
post any chart that directs its activities or that visualizes the re- 
sults it achieves.’”’ This rule, like the others, is so simple that 
it requires no effort to observe it. 

The chart applications, then, provide direction without com- 
ment and record failure without criticism. They also provide a 
pitiless publicity, by an independent agency, which is both an 
incentive and a compulsion. There are no rules as to what 
must not be done or what shall be done, except the four re- 
ferred to. The compulsion lies in the inevitable progress of 
the indicators from zone to zone when actual condition varies 
from plan and in the notification of the staff or the responsible 
executive when an exception occurs. 

Thus it may be truly said that exception management makes 
it possible for a few girls to direct the activities of a large plant. 
The uninformed accept this statement with wonder or skepti- 
cism, but a knowledge of condition shows the assertion to be 
without point because the skill of management has been trans- 
ferred into a permanent mechanism, and the attention and skill 
required to operate the mechanism are inversely as the skill 
transferred into it. 


At this point, three questions naturally arise. They are: 
How much does it cost in time and labor to post the charts? 
How can a large number of items be visualized? How much 
of the executive’s time is required? 

The answer to the first is that in the shop the departmental 
charts are the only records necessary. Because schedules, 
definite quantities, and dates are ignored. The production de- 
partment, therefore, has practically no records to keep. It posts 
the departmental charts for dispatching and visualizing pur- 
poses. 

The material charts usually require part time of one girl, who 
posts them, together with the storeroom records. The items 
showing on the chart are not posted every time the stock records 
are changed. As stated, definite quantity is ignored in planning 
and visualizing, and the indicators are changed only when the 
balance between the planned condition and the actual condi- 
tion is disturbed beyond the planned limit. The visualization 
of material is in terms of periods of time, with an ultimate refer- 
ence, of course, to quantity in the form of economical manu- 
facturing lots. 

The second question was asked by a manufacturer who had 
110,000 items of material. Another asked how it was possible 
to visualize material with a turnover once a week. The answer 
in both cases was the same. Exception management has no 
system. It simply visualizes any system that can be consis- 
tently planned. Therefore, if a system is used, the chart will 
visualize it in terms of a common denominator, balance it, and 
forecast exceptions to it. If a plan is not followed, its adoption 
will make planning compulsory, and whether the material is 
kept track of in terms of individual parts, groups, or sub-assem- 
blies, it will visualize the difference between actual and planned 
condition 100 per cent of the time. 

It is not concerned about whether the turnover period is one 
day or one year. It merely makes the method used positive 
by forecasting shortages and excesses in time for them to be 
remedied. Preparation for a weekly turnover must extend 
further back than one week. 

This leads up to the question of room necessary for visualiza- 
tion. One cannot expect to receive something for nothing, 
and while the method of visualization used in exception manage- 
ment requires less linear space than any other, it still requires 
room. The only application that requires any considerable 
space is for material, which is 20 linear feet for 1000 items. The 
charts, in any desired length, are usually placed against the 
wall or back to back in the aisles, with the bottom of the chart 
high enough not to obstruct the vision of persons seated. The 
reason for the small linear space required is that the two ele- 
ments of an item are visualized under a single title instead oi 
separately. 

The third question is: With 100 per cent of the items visualized 
and any or all of them likely to go into the executive zone, will 
not the method require too much executive attention? 

There are three reasons why items go into the executive zone. 
They are: Error in planning, failure of subordinates to rectify 
or prevent, and an uncontrollable exception. The first two are 
the responsibility of the executive, and they can be remedied by 
him. 

Experience shows that, with material turnover periods of four, 
eight, and twelve weeks, less than five uncontrollable items 
out of a possible 1000 reach the executive zone after the ma- 
terial has made one cycle of turnover. 

It still holds true, however, that there can be no manage- 
ment without a manager, and no transfer of skill without ability; 
but, granted these, there is no comparison between the systematic 
and the exception methods in economy of labor, overhead, and 
material. 
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Discussion 


Wa. H. 
modern factory that is run along lines of approved scientific- 
management methods does not in some degree make use of the 


There can hardly be any doubt that the 


principle of management by exception. The principle which 
advocates that executives and sub-executives should not be 
burdened with a mass of routine details connected with the 
execution of any function which is smoothly proceeding accord- 
ing to plans seems to be the quintessence of common sense. 

A practical chart which would enable the executive to visualize 
variations from planned routine would naturally be of invaluable 
assistance. However, the question naturally comes to mind, 
How much does it cost to prepare these charts and to keep them 
in such a shape that they reflect the current conditions in the 
plant? The author contends that the use of these “visualiza- 
tion charts’’ will practically do away with records normally 
kept in the production department. It seems to the writer 
that the condition emphasized in the visualization chart can 
be determined only by knowing all the factors which bring 
about that condition. Using the author’s illustration, one must 
first record the temperature of the sick man, and by comparison 
with the normal temperature then determine the condition 
of the patient. Similarly, one must record all the facts per- 
taining to the execution of a given manufacturing function. 
If that execution of function proceeds according to plan, there 
is no need to burden an executive with them. Yet they must 
be recorded for possible analysis and comparison should a func- 
tion not proceed according to plan. In other words, records 
must be kept. Possibly the writer has missed the point of the 
author’s contention because he never has used one of the pro- 
posed visualization charts. 

Another thought in connection with the charts is that while 
they may be suitable for large businesses where thousands of 
employees are concerned, yet in the small factory of only sev- 
eral hundred employees it seems rather unnecessary to employ 
such a method. The introduction of the principle of manage- 
ment by exception into an organization is largely a matter of 
training the employees right down the line. 


Kenneth McGratu.? The author has stated the benefits 
of exception management with such precision and logic that 
those who doubted its advantages compared with the conven- 
tional or systematic type of management are at least willing 
to try it. 

For the last few months the writer has been considering how 
he could better portray certain angles of a production-control 
system through the use of charts. 

Considering one form against the other, in the case of excep- 
tion management through the aid of charts there is something 
which is an open book at all times and which every one from the 
highest to the lowest can refer to and pick off at a glance the 
items for which they are responsible. In the other type of 
management no one except the clerk actually responsible or 
working on the particular file in question really knows what the 
high spots are. Of course, he probably has been instructed to 
send a note to his superior when the danger point of any item 
in his file has been reached, but this does not have the same 
effect on the executive as the visual examination of charts at 
stated intervals. 

In the early part of the paper the author spoke of the oppo- 
sition that both Taylor and Gantt experienced in their installa- 
tions. This is something with which one will always have to 
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contend. Every one feels that he can give advice on manage- 
ment matters. Probably this is because it is not an exact science, 
and furthermore because of the experience all have had in manag- 
ing their own affairs. Ask a man to drive a car or figure a prob- 
lem on a slide rule, and if he has had no experience he will say 
so, but not so in matters of management. 

We should not be disappointed on this account, because it 
is only natural when one considers that systematic management 
has existed as long as industry, and for that reason companies 
that have grown from a small beginning where their entire or- 
ganization is acquainted with their existing system are naturally 
hesitant in what appears to them a radical, doubtful change. 

The writer would appreciate it if the author would say where 
additional information on the make-up of the charts referred 
to could be had. In fact, it appears to him that the actual 
physical make-up of charts would be a worth-while topic for 
some future meeting. 


Georce A. Page.‘ Historically the system presented by 
the author seems to be a routine successor to an executive func- 
tion or individual common in factories, jobbing shops, and on 
construction jobs for more than 20 years in the writer’s own 
experience and still in use in flexibly organized work. Indeed 
many of us have been “it.’’ 

The unconventional users of the fundamental method of 
management by exception were frequently men who were op- 
posed or indifferent to Taylorism, and in one instance of the 
writer’s own experience such an unconventional advocate of 
the principles of Taylor and Gantt retained the latter to pro- 
mote this work only to have the alliance rudely broken because 
they “couldn’t make sense of Gantt’’ and because Gantt on the 
other hand found them to be impervious to new ideas. Yet 
they were working in closer harmony than either realized. 

Such “outsiders” would probably be classified in this meet- 
ing as using Taylor ideas and Gantt methods in a general way. 
But from the paper it appears that some would charge that to 
apply the principles set forth under his title through a human 
agency instead of as a statistical or signal system would be 
archaic and without method. Here the ‘radical’ and the 
“mossback”’ began to concentrate on their differences and ig- 
nore their common views. One was charged with being ‘‘method 
minded,”’ as would be said today, and the other with “standing 
pat” on results through inertia, prejudice, and ignorance. 

But the “archaic” or power” application of all manage- 
ment principles had their particular virtues, and in the case of 
the “exception principle” such virtues are illustrated by four 
natural characteristics that the human agency possessed that 
were not inherent in any formal routine system. These four 
items are: 

Versatility 

Judgment 

Adaptability to small jobs and concerns 
Yielded more information. 


For the report included in condition, for example, not merely 
position, as with a military map, but direction, rate of change, 
predicted position in advance interval of time, reported appli- 
cation of corrective measures, and current result. 

Since this managerial detail has been known by many names, 
and its personnel by many more—most of them picturesque 
and none of them descriptive—the writer will merely recall 
that the personnel or individual charged with this work was 
usually a man thoroughly informed as to requirements and per- 
sonally experienced in all the details involved. 

Is it surprising that a conservative executive, competent but 
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busy—or an executive board, the larger number of whom were 
less familiar with the internal operation of their business than 
with its external aspects and contacts—-should look askance at 
a mere system without brains as a substitute for a man or a de- 
partment that was able to help them with their thinking? 

The writer submits that able scientific management experts 
frequently enter a concern when they are unhampered and pro- 
vide systematic management while they remain with the outfit, 
and leave behind them when they withdraw their presence and 
services—merely management system. This seems to be an 
unhappy chapter in the history of rational management. Where 
the established management has not hospitably extended un- 
limited cooperation with the incoming change or to its ambassa- 
dor, the story has been still more unfortunate. 

Is it not true that much new light might be shed on ideal 
management by a thoughtful consideration of the examples 
where the application of modern principles of management has 
been hastily conceded as failure, with special regard for the 
institutions to be displaced and a sympathetic analysis of the 
human situations? Is this not, after all, the utility of detailed 
history of a subject like management? 


Davin B. Porter.§ It would be difficult to trace the origin 
of management by exception. It is used by every one of us 
in the control of many of our every day affairs. If we are in 
the habit of being home for dinner at a certain time, we do not 
telephone from the office every day that we will arrive at the 
usual hour; but only in case something has arisen to prevent 
the usual event from occurring do we find it necessary to notify 
our domestic headquarters. Of course some of us may be so 
irregular that there is no habit of being home for dinner, and 
consequently no established routine; therefore a non-appearance 
at this meal is not an exception, and consequently no notifica- 
tion is necessary. 

It is perfectly natural, therefore, that this principle should 
be extended to the more complex problem of management in 
industrial and commercial enterprises. Taylor, Gantt, and Gil- 
breth recognized its importance and devised means for its ap- 
plication. It was the writer’s privilege to be associated with 
Mr. Gantt at the time when he was developing his system of 
charts which give visual expression to the exception principle. 
He was able to do this by reducing the various factors to the 
common denominator of time which is the field of the chart, 
and by using bars to show their condition with reference to 
time. The normal condition is represented by bars which are 
up to or moderately ahead of the current date. Exceptions 
to the normal state are represented by bars which lag behind 
or are excessively ahead of the current date, and the degree of 
variation from normal is measured by the amount of this lag, 
or lead. 

The author, in this paper and in earlier writings, has presented 
his tell-tale mechanism for visualizing exceptions from plan 
which appears very effective in its application of the exception 
principle. He accomplishes this by reducing all of the factors 
to the common denominator of condition which is the field of 
the board, and by using indicators to show their degree of con- 
dition. This technique compels the use of several fundamental 
principles of good management. 

First, it depends upon 100 per cent planning of all the factors. 
This includes the determination of the allowed limits of varia- 
tion from plan for each of the four degrees of condition. 

Second, it transfers intelligence into the fixed plan in the same 
way that skill may be transferred into a machine tool. 

Third, it transfers judgment into a routine by notifying the 
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proper individual designated for taking care of each degree of 
variation from plan. 

Fourth, this latter provision necessarily apportions and dele- 
gates responsibility in accordance with the ability to assume it. 

Fifth, it conserves the time of all executives by bringing to 
their attention only those matters which vary from plan and 
over which they have jurisdiction. This liberates the higher 
executives from the useless attention to routine detail which 
ought not to concern them. In this connection it tends to de- 
velop executive material by training those in subordinate posi- 
tions in the art of executive technique. 

The writer would suggest that the use of too many denomi- 
nators on one chart be avoided. The effectiveness of any method 
of control lies in its degree of simplicity. This was emphasized 
by Gantt, who hoped to establish through the medium of his 
chart a simple and universal language which could readily be 
understood in any of its applications. 


James C. Tucker.* The subject seems too exhaustively 
treated to offer additions or criticisms. Management for the 
past thirty years or more has been very much talked about— 
systems and methods experimented with and variously tried 
out. Are we getting anywhere? Doubtless we are, for large 
industrial organizations must be better managed than formerly, 
else utter confusion would result, unbearable expenses would 
be involved all ending in sad failures with disrupted society 
and untold suffering among the workers thus deprived of their 
livelihood. 

Better management, then, has become as essential as better 
machinery, better materials, and higher grade output. 

The author has reviewed the exponents of various manage- 
ment systems scientifically evolved during the past thirty years, 
and now proposes renewed attention to ‘“‘management by ex- 
ception,” as the inevitable and the most workable next step 
toward more efficient results. He notes that both Taylor and 
Gantt could not eliminate the law of exception from their advo- 
cated systems, and then develops a plan whereby the “law of 
exceptions” may be tied into a system so that management may 
be graded and assigned to executives of progressive rank. 

Ten years from now will one wonder, as did Taylor and 
Gantt, why the idea meets opposition or indifference among 
leading managers, and will later students turn the pointer of 
better direction back to system or to some new plan yet undis- 
covered or to be evolved? 

The writer ventures to say that some day it will be discovered 
that there is a fundamental or perhaps a divine principle so basic 
that upon it may be evolved a system of management as com- 
plete, unchanging, and unexceptional as the law of gravity and 
the law of centrifugal force, which keep our universe in consistent 
harmony. 

The weekly system of labor and rest which, according to Scrip- 
ture, was set up by the Supreme Being when He did all His 
creating in six days and rested on the seventh day, has been 
pretty much adhered to ever since. Only lately have some of 
our prosperous fellow workers discovered that in five days can 
they earn what they need to spend in their two-day week-end. 
Mr. Alford, in his reference to early instances of applied manage- 
ment principles as recorded in his new book, “The Laws of 
Management,” apparently overlooked that remarkable example 
of “management by exception’’ set up by Moses under his father- 
in-law’s direction, as recorded in the 18th chapter of Exodus. 

One writer concludes that, after all, there is not much new 
to be known about the principles of management. 

The author infers that we may have inherited, and therefore 
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come naturally into the acceptance of management by excep- 
tion through its being the basis of family government. 

Another writer, after discussing various systems of wage in- 
centives, concludes that, after all, the gross results are not much 
different than those obtained by the ordinary day-work-pay 
method. 

Are we talking in circles, getting nowhere, but perhaps en- 
larging our horizon of vision, or is it the inevitable triangle in 
which we are brought up sharply at each angle to try a new di- 
rection of procedure, profiting by our experiences on the last 
leg, returning again to discover that the human element is 
eternally involved, and that our progress in management pro- 
cedure barely keeps pace with the changing demands of business 
and industry? 

The author, after presenting his plan with charts, whereby 
exception management may be operated infallibly by clerks, 
supervisors, staff executives, and managers, has cautioned that 
no plan can function successfully without capable managers. 

Capable leadership is essential in successful management. 
Then we must have leadership. Ability and intelligence, plus 
training, will make leaders: then we must have training. 

A paper entitled, ‘Training Minor Executives in a Rapidly 
Growing Organization,” presented before this Society in May, 
1928, by Mr. A. J. Beatty, Director of Training, The American 
Rolling Mill Company, and the discussions led by R. C. Forbes, 
C. 8. Coler, J. O. Keller, and others, have ably outlined plans 
and methods for training leaders. 

Craig and Charters, Tead and Metcalf, and many other 
writers on management have supplied us with ample source 
material to develop our potential leaders into trained managers. 

Then, it seems, any good, workable plan of management, 
whether it be Taylor’s, Gantt’s, Emerson’s, Ford’s, or any other, 
will be adapted by trained managers to the particular type of 
business to be managed, with a reasonable, if not a high degree 
of success. 

The author states that “exception management has no sys- 
tem.”’ He also emphasizes that it is an effective aid to a system. 
That, it seems, is the point to keep clearly in mind. One also 
must be sure that any mechanism adopted by which the manager- 
ial line will function effectively must not be so complicated, ex- 
pensive, or cumbersome as to absorb too great a percentage of 
management effort for its operation. 

In spite of the author’s assertion that the ‘“‘skepticism’”’ of the 
“uninitiated” is “without point,” it is found that some are still 
skeptical as to the possibility “of a few girls to direct the activi- 
ties of a large plant, by exceptional management.” One may 
feel as did a certain gentleman who said of another he had elo- 
quently presented an idea he wished to “sell,” that “his argu- 
ment is persuasive but not altogether convincing.”’ 

With the aid of “the professional manager” and with a better 
understanding of the “exception principle” reduced to terms 
outlined in the paper, amplified in future discussions, papers, 
and probably books on the subject, one should be prepared to 
meet every intricacy of management that modern business and 
industry will demand. 


Grorce G. Bercer.’? The author is undoubtedly prepared 
for a difference of opinion in the discussion of so highly a contro- 
versial subject as management. His paper would have been 
clearer if it included a case example to illustrate just what he 
means by the term “element,’’ what and how many elements 
are to be classified as variants, and how the zones for compelling 
various types of executive attention are set. These are points 
Which require illustration by example in order to determine the 
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practicability of his technique of management and determine 
the “standards” of discussion. 

As the writer understands this technique of management by 
exception, which is designed to relieve the executive and sub- 
executive of numerous details and functions of management 
and to call their attention to those situations which require 
higher degrees of judicious action, the various elements or fac- 
tors affecting the industrial organization, its operations, earnings, 
and growth are classified as constants and variants. It is taken 
for granted that the constants will be adequately controlled by 
standardized management. The variants are subdivided in 
turn into accidental and planned exceptions, and classifications 
or zones are established for these exceptions. These zones are 
intended to call for various kinds of clerical and executive ac- 
tion. If, by elements, the author means all the factors, func- 
tions, details, and phases affecting industrial operations, the 
making of an inventory of variants and constants will prove 
quite a task. Many exceptions cannot be forecast and are only 
known when they first confront the management personnel. 
Then to establish the limiting values for these voluminous ele- 
ments in order that they fall into classifications calling for vari- 
ous types of executive action gives the work of organization 
for action a fearful aspect. 

The author presents the idea that Taylor and Gantt were 
arbitrarily insistent upon the “use of a method of management 


that had no history.” 


The work of Taylor was to establish standards of the tool and 
of the worker in order to control the utilization of factors that 
had been previously neglected. This work following the period, 
which may be called standards of the product, is part of the 
evolution of management and the standardization trend for con- 
trol. The evolution extending back some thousands of years 
is ample history to back up a method which is part of the evolu- 
tion. 

In the efforts to develop the science of management, there 
have been used the deductive process in endeavoring to hit 
upon general principles and apply them to the specific case. In 
the author’s words, there is ‘an instinctive knowledge that there 
must be some natural method of management that directs when 
direction is sufficient and that compels when compulsion is 
called for, one that does not interfere with matters which are 
progressing in orderly compliance with a planned procedure, 
but which has positive methods of detecting and correcting 
variations from that procedure.” This instinctive, deductive 
process is an example of the mental attitude of the medieval 
ages, when the search was on for the magic formulas and the 
inductive process for developing science was neglected. Bacon's 
masterly “Organum” was designed to curb this attitude, and 
John Locke in his “Essay on Human Understanding” warned 
that future investigators of science at all times would tend to 
this method. 

There have been financial ratios, economic-lot formulas, and 
other general principles which completely conceal the fact that 
the science of management has for its object establishing the 
science for the specific organization which has its own set of 
standards (derived directly from its standards of the product, 
tool and worker, and which represent the particular set of facili- 
ties and attendant arrangements). Taylor assumed this same 
operating point of view when he decided to set standards of the 
worker by the time study, taking into account the conditions 
surrounding the specific situation, rather than set the standard 
by the average for that operation as shown by statistical data 
of output in his plant or other plants. 

The object of management (considering the term in its broadest 
sense) is control. That is the object of any science—control 
over the phenomenon or objects it seeks to understand by cata- 
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loged laws of cause and effect. To fix the laws of cause and 
effect in a science, there must be standards to fix the conditions 
surrounding both cause and effect. Management searching for 
control in all phases requires an increasing number of standards. 
Practice is now up to the standards of the management in the 
trend following Taylor’s work; their development is logically 
compelled by the present status of industrial operations. On 
the basis of standards of the management, one may secure by 
some twenty-five or thirty operating policies the measurement 
of management for the industrial unit. In this rating there is 
incorporated the exception principle, with the “exception’’ that 
the industrial manager chooses what requires his attention, 
whether it is a constant or a variant, whether an accidental or a 
planned exception, and can determine in terms of the rating 
(a numeric of the standard) the importance of the variation 
of result from standard. This is in accordance with present 
practice in industry. It is also in accordance with the principle 
that the human factor is the most important in the future of 
the organization and that the measurement should be directly 
placed over the human factor. By taking the operating point 
of view, setting the standards for these policies on the basis 
of standards of the product, tool, and worker, one may have 
outstanding standards which not only serve as a basis for evaluat- 
ing results, but as the basis of the practical measurement of man- 
agement. This attainment is an object of scientific management. 


AUTHOR’s CLOSURE 


It will require at least two, and probably three, more papers to 
describe exception management and the method of visualizing it. 
Management is divided into four distinct branches, each of which 
has a different denominator, and therefore a different technique. 
The denominators are time for repetitive and quantity for con- 
tract type of manufacture, value for accounting. and condition 
for those factors of general management that cannot be resolved 
by the other denominators. 

To describe the applications of these denominators and the 
different technique necessary in each case will require several 
more papers. 

It is hardly to be expected, therefore, that the discussors can 
pass judgment upon the whole, from reading an introductory 
portion. On the other hand, it is not to be expected that the 
author can give a clear view of the whole in the same portion. 
The technique applied and the results achieved are so radically 
different that a general statement covering the whole of industry 
would be classed as exaggeration if not romance, and in the light 
of our present technique would not be understandable. 

Most of the questions, other than those that are matters of 
personal opinion, will be answered in succeeding papers. There 
are some statements, however, that indicate that certain parts of 
the paper are vague. Mr. Tucker, for instance, states that 
“possibly some time a fundamental method will be discovered.” 
It has! 

The technique which is described in the paper constitutes 
management by condition. Condition is a universal state 
than which nothing can be more fundamental, except the factors 
that cause condition. Creation began with a nebulous condition; 


it will end with a chaotic condition, probably. Management 
must be based upon things as they affect our senses. Our im- 
agination creates conditions; our intellect reasons conditions; 
our taste, smell, and touch define and measure condition. Our 
whole life, then, is a series of conditions which we visualize and 
emphasize according to our interests. In management, the tell- 
tale chart visualizes any condition that can be defined. The 
reaction to a condition, of course, varies in different individuals, 
and it is the nature of the reaction that indicates the degree of 
efficiency. 

Mr. Gage thinks that an executive “will look askance at a 
mere system without brains as a substitute for a man or a de- 
partment that was able to help him with their thinking.” Mr. 
Gage has the wrong conception of the technique. The men and 
departments help the executive more, because the combined 
thinking results in a plan that is permanently and exactly re- 
corded and statically visualized. The plan and technique are 
self-corrective over a cycle of time, because being planned in 
terms of a common denominator, any difference between the 
plan and the actual practice is shown conspicuously by the 
dynamic indicators. If the variation is slight, it is brought to the 
attention of a subordinate. If important, it is brought to the 
attention of an executive. Management has long sought a 
method of functionalizing duties. It has not fully succeeded, 
because importance increases with the passage of time. A de- 
tail that is a routine matter today, a month hence may be a vital 
factor. Functionalizing, therefore, must be in terms of condition, 
not items. 

The medium of visualization that makes exception manage- 
ment possible is an automatic machine that takes the raw ma- 
terial of management and converts it into a finished uniform 
article by the law of transfer of skill, just the same as any other 
automatic machine. Alford, in the ‘Law of Transfer of Skill,” 
quotes Roland as follows: ‘Intelligence may be transferred from 
the brain of the machine maker to the machine itself, to such an 
extent and with such permanence that the machine which the 
toolmaker has thus imbued with a portion of his own wits can 
subsequently, so long as it is in working order, supplement with 
this endowment the small mechanical skill of its tender.’’ Any 
degree of skill in planning may be transferred into the mechanism 
of the chart, and the skill necessary to execute the plan “will 
be inversely as the skill transferred into its mechanism.’’ What 
greater help could an executive have? 

Finally, Mr. Beyer thinks that the paper would have been 
clearer if it had included a case application. It does. There is 
no base from which to theorize. Everything that has been said 
has been descriptive of the original installation in 1921. It is 
not necessarily the best technique, nor is it necessary to agree 
with it. The author is a practical shopman with 30 years’ 
mechanical and management experience. As is usual in such 
cases, practice preceded theory. The things that the author has 
described were found out after the installation, not theorized 
before. Primarily the chart is based on that of Gantt, with the 
addition of a common denominator, dynamic indication, and 
two-factor visualization. It is a mechanic’s idea of what Gantt 
would have eventually evolved from his line chart. 
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Training Apprentices and Foremen 


BY FRANCES PERKINS,' ALBANY, N. Y. 


The experience of the author in labor problems and in 
legislature affecting workers provides a background for 
recommendations as to the proper training of apprentices 
and the development of foremen. Foremen generally are 
ignorant of the labor law, the health requirements, or of 
safety. The personnel manager and the safety engineer of 
the plant should work in closer contact with the foremen. 
Under the Smith-Hughes Act, the University of the State 
of New York has a course for training trade, industrial, 
and technical teachers. The courses are offered in large 
centers. Should labor management be taught in addition 
to these other subjects, there would be provided a good 
course for foreman teaching. 


HE far-seeing employer is building 

today not only his physical proper- 

ties but his man power. At this 
moment, when we are in the slough of de- 
pression, none but the far-seeing does such 
things as these. Experience and insight 
tell him that the future holds expansion, 
as the present holds depression; he knows 
that now is the time to prepare for expan- 
sion. Industry is profoundly affected by 
the present surrounding gloom; for the 
manufacturer there isno tomorrow; there 
is nothing in the adage “In time of peace, prepare for war.” 
Some think that now is no time to train men in industry, because 
unemployment gives us the pick of the market. But the time 


! Industrial Commissioner, Department of Labor, State of New 
York. Frances Peikins was born in Boston, Mass., educated in pri- 
vate and publie schools in Massachusetts, graduated from Mount 
Holyoke College, studied. as a post-graduate student at the Uni- 
versity of Chicago, University of Pennsylvania, and Columbia Uni- 
versity, specializing in sociology and economics. In 1910 she became 
executive secretary of the Consumers’ League of New York City, 
conducting a successful campaign for the passage of the fifty-four 
hour bill, the law which limits the hours of labor of women to fifty- 
four hours a week or nine hours per day in the State of New York. 
She also urged successfully amendments to the labor law in regard to 
the protection of women and minors and regulations of tenement 
homework manufacture. In 1911 she conducted an investigation into 
cellar bakeries in the City of New York, in cooperation with the Com- 
missioner of Accounts, which led to a thorough-going regulation of 
the sanitary conditions in cellar bakeries by the city authorities. In 
1912 she became secretary of the Committee on Safety, an organiza- 
tion of private citizens formed after the Triangle fire, to promote vari- 
ous measures designed to prevent factory catastrophes, either from 
fire or other accidents. Representing the Committee on Safety, she 
cooperated with the Factory Investigating Commission in drafting 
the new provisions of the labor law, particularly those relating to the 
prevention of life hazards from fire and accidents. She is a member of 
the National Safety Council, of the Committee on Safety to Life of 
the National Fire Protection Association, and a director of the Con- 
sumers’ League. She was Commissioner of the State Industrial Com- 
mission from February 18, 1919, to April 15, 1921. She was ap- 
pointed a member of the Industrial Board in January, 1923. On 
Janu ‘ry 19, 1926, Miss Perkins was appointed chairman of the In- 
dustrial Board, and on January 9, 1929, was appointed Industrial 
Comznissioner. 

Contributed by the Committee on Education and Training and the 
Management Division and presented at the Hartford, Conn., Meet- 
June 1-3, 1931, of THe American Society oF MECHANICAL 

UNGIN LERS. 

Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. F 


59 


inevitably comes when the whole scene will change; factories 
will hum, sales will go up, and there will be the usual shortage of 
labor. 

At such a time something must be done; high profits can be 
secured if only production can be obtained, but the employer 
perhaps feels that labor is not doing its share, either through re- 
luctance or ignorance. The training of workmen is then con- 
sidered hastily, but it is too late; the ‘‘system”’ only gets in full 
swing just as the pendulum begins to swing the wrong way. 
Many of our industrial problems follow the same course. We are 
now concerned with the condition of unemployment; ameliora- 
tive agents that should have been at work two years ago are now 
only blossoming just when the unemployed, by the mere passing 
of events, are getting back to work. 

Let us consider industrial training from the broad point. It 
has not been too successful in the past. There is no integrated 
scheme which recognizes that most human beings are destined 
to work almost from the time school has been vacated till death 
takes them away. 

Theoretically, every child who leaves school is educated; prac- 
tically, it isnot so. There is an effort to make the pupil mentally 
and physcially fitefor his life’s work, but the effort is defeated not 
only by the desire of parents to get their children on ‘‘the pay- 
roll,’ but the desire of some employers to get youth into industry 
at too early an age. How many employers there are who com- 
plain about the inefficiency of clerical help, for instance; yet they 
hire workers whose term of school life has been shortened by the 
call to the office. 

It seems that the great limitation of industrial training, whether 
in apprenticeship or in shop, is due to the fact that it has been only 
haltingly, partially, and haphazardly applied by industrialists 
who are not teachers, to their employees from the production 
point of view. What would be thought of our teachers should 
they venture on any scheme to get out production; they would 
fail; they could only use a small part of their knowledge in the 
effort. 

It is sometimes held that, if you stop production to train men, 
production is thereby irrevocably lost. But is it not apparent 
that if you should render a worker unproductive for a month 
while you train him, and by training increase his producing ca- 
pacity by 10 per cent as long as he is in employment, you will have 
made a substantial gain? All this presupposes a certain stability 
of labor, but it is certain that if you train a man for your sole 
profit, turnover may be expected, and the whole scheme of train- 
ing will be for the benefit of your rivals. If training is to have 
any significance at all, it should mean more profit for the employer 
and more wages for the worker than he can obtain elsewhere. 
Thereby you will have stabilized him by the most secure bond. 

A Government document has been published recently; it gives 
the names of the trade associations of the country. Many 
famous and powerful organizations are listed among them. They 
are the leaders in their respective industries; they direct policy 
and are decisive factors in guiding their forces to success. I rec- 
ollect few of them together, or any one alone, going to the great 
teaching institutions of the country and asking for guidance in 
the problem of training the workers under them, except in the 
most limited manner. What is more serious is that never has 
the problem of the transference of the youth from the school to 
the industry been planned out in anything like a comprehensive 
way. The result is, of course, chaos. The boy, released from 
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the school, must wander objectless around until by chance he finds 
~ job.” 

An integral part of this work is vocational guidance, but that 
science is in its early infancy, and it will not be for many more 
years, unless some comprehensive studies are made, that we may 
expect any improvement. 

Many of the larger industries of the country have been forced 
rather than led into sporadic efforts to train their workers, but 
whether it may be considered an evidence of strength on their 
part or of weakness in our teaching system is not so very clear. 
Our large industries cover only a very small proportion of the 
workers of the country. There is a vast number of small plants 
to which the torch of light never penetrates. Evidence of com- 
petence is demanded of doctors, chiropractors, .and stationary 
engineers, but not of those who undertake manufacture; and 
there is no organization in the country to prevent fools from enter- 
ing where angels fear to tread. The industrial structure is thus 
weakened from the start. 

Now, when you have amateurs in industry shouldering the 
burden of manufacturing, what is to be expected from their ability 
to train the workers who have the misfortune to work in their 
shops? With very few exceptions men undertake to manufac- 
ture goods with only the most indifferent knowledge of the de- 
mand. They are perhaps setting out against insuperable compe- 
tition and are wholly unaware of the fact. 

The defects we find in the educational field in industry are not 
due to industry; they are principally due to the faulty structure 
of education itself. We, in America, are firmly of the belief that 
specialization is the secret of success. Foreign educators hold to 
exactly the same belief, but they attack the problem differently 
and with more success. We believe that the way to attain busi- 
ness, and even professional success, is to begin specialization 
at an early stage of our college careers. In Europe, it is believed 
that without a full general training it is not possible to begin 
specialization with any hope of success. 

Our colleges turn out some specialists; they are now getting 
on the band wagon of research in industry; and because of this 
radical defect in our educational viewpoint, it is feared that there 
will be a great slump in the present vogue of research in industry— 
not because research is undesirable, but because with our present 
ideas in training, our efforts in research may be unproductive. 
It is noted, too, that research is generally confined to manufac- 
turing and not to personnel problems. 

It would undoubtedly seem that, if economically impracticable 
by plants, it would certainly be practicable for industries to con- 
sider the matter of training workers, especially in repetitive work. 
No man who has any appreciation of the value of time can endure 
doing repetitive work without a study of “the one best way,” yet 
they nobly endure this in the workers under them. But training 
for such work involves careful selection. Certain types are 
fitted for such work and can make a_ success of it, while 
others would fail entirely. 

The great stumbling block against the introduction of any sort 
of training in industry is the question, ‘““How can the thing best 
be done, and what does it cost?’”’ Now, training is not like a 
pound of butter; its cost cannot be obtained without effort. 
One would fancy that industry, asking ‘what does it cost,” is 
really interested in the answer to the question, but that is not 
80; it is interested in putting off the issue by asking a question 
to which an answer is not available. The object of knowing costs 
is to determine whether training, on the dollar and cents basis, is 
worth while, because, whether one likes it or not, that is the cri- 
terion. 

There are very few cases on record, it is believed, where a cost 
comparison has been instituted between the ordinary method 
of getting out production and that after a period of training. 


It is quite generally held that every man who is put to work is, 
in fact, being trained, but for the sake of clarity, two classes of 
training are recognized in industry: training by absorption and 
training by intention. As regards manual workers, at any rate, 
“it is apparent that the vast majority of American industries give 
the training of their manual workers little definite attention; 
that is to say, they train by absorption, which is really no training 
at all. 

This brings us to a consideration of the foreman of whom we 
are told that “teaching ability is an essential qualification for 
the foreman,” and if it be so, then it is apparent he has not exer- 
cised the essential qualification to any extent. 

There is, in fact, an apparent difficulty here. If teaching ability 
be an essential, then how is it to be ascertained? That is an em- 
barrassing question because it raises the whole issue of training 
in industry, yet out of the millions of foremen who have been oper- 
ating in industry the past quarter of a century, no system of 
ascertaining teaching ability has been evolved. 

We have, within the last two decades, gone from one extreme 
to the other and back again with regards to the position of fore- 
men in industry. At first he was the supreme autocrat; he had 
the full power to hire and fire, and he exercised his prerogative 
to such effect that management then swung to the other extreme. 
The prerogative was pitchforked into the lap of the newly hired 
personnel manager. This plan, in theory conceived to be perfect, 
did not work out quite so happily in practice, but for a time it was 
endured, and in the meantime shop committees became the fash- 
ion, and with their introduction the foreman suffered a further 
eclipse. The main defect of shop-committee management was its 
failure to consider the foreman. In fact, it is now clear that, had 
the foreman been trained, many of the conditions that were re- 
sponsible for the introduction of shop committees would have been 
obviated. The shop committee was mainly engaged in settling 
questions that ought to have been settled by the foreman. 

The result of this situation was the movement toward fore- 
manship training, and, in the main, it has been productive of 
good. The foreman has been reestablished in much of his former 
glory. 

Training the foreman is a rather peculiar problem. There are 
colleges of pharmacy, schools for nurses, seminaries for clergy, 
police schools, dancing schools, mortician schools, hair-waving 
schools, and vocational schools and the apprenticeship system, 
but very few schools for foremen. All of the academic courses 
mentioned are for the youth who hope to become trained at their 
respective trades, but it is different with the foreman. The 
former have left school only recently; the foreman may never 
have graduated from high school, and even so, there will have 
been a long interval between the time he left school and the time 
when he has reached foremanship. His whole career will not 
have made him very receptive for any kind of formal training, 
although it is generally believed that foremen are willing to learn 
provided the teaching is interlarded with plenty of tact and di- 
plomacy. 

Since foremen are trained in industry and seldom in any kind 
of regular, full-time school, there is a difficulty in finding trained 
teachers to train foremen, if such a class has ever existed. Most 
teachers have, themselves, to get a diploma to teach whatever 
subject is to be taught, yet there is no regular school for foremen 
teachers, but of course there are many training courses throug!iout 
the country, unfortunately too limited in character. Nor, even 
if such a development were possible, would it be possible to bridge 
the gap between Mahomet and the mountain unless our present 
notions on the subject undergo a change. 

As has been intimated before, production is one thing and teach- 
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tives Series, No. 72, American Management Association, 192°. 


ae 
i 
“4 
+ 
ry 
ay 
? 
¢ 


ing is another, and unless there is a reconsideration of the whole 
teaching problem in industry, and some form of alliance ‘estab- 
lished between our academic system and our industrialists, no 
solution of the problem is very apparent. 

Looking at the problem from the viewpoint of the New York 
State Department of Labor, it is recognized that we have a long 
way to go before the training of foremen and apprentices is likely 
to materially assist in a solution of the many problems that con- 
front us. 

We have looked, from time to time, to the personnel manager 
for help without any very satisfactory results. The author has 
always felt that he, in the large plants of the State at least, should 
be the one person who should be acquainted with the legal aspects 
of our labor problems and that with him, as regards the adminis- 
tration of the Workmen’s Compensation Law, should be the safety 
engineer. Neither of these influences has made itself palpably 
felt, either to us or to those with whom they come in contact in 
industry. Some attempts are being made along this line, and 
such a development is highly desirable. 

We are still attempting to force on industry by means of the 
Labor Law established truths which aim to the betterment of the 
worker and, incidentally, the employer, whereas had the personnel 
manager and the safety man the right conception of their posi- 
tions, we should find them seeking our aid rather than occupying 
a neutral or indifferent position. Their situation often forces 
them to take a stand which they conceive to be acceptable to the 
employer, but the very opposite is the truth. They misinterpret 
the position of the employer, as often as not, and merely because 
they have only a misty knowledge of the situation. Take a case 
in point. The law requires that the workshop shall be free from 
dust, fumes, and gases when they exist in harmful quantities, yet 
we have seldom had a single enquiry from a personnel manager or 
medical department in industry as to whether the conditions were 
harmful for workers or not, and, what is worse, we have never had 
any enquiries from such functionaries when a building was in 
prospect as to the proper sort of ventilation. 

In view of these considerations it is not to be wondered at that 
the foreman is ignorant of the labor law, the health requirements, 
or safety. 

One feature of industrial training might be brought to the at- 
tention of industrialists in the State of New York, because with 
comparatively little extension of powers, the same system might 
be extended to include the training of foremen in industry. If, 
as has been established, the worker gets no regular training, and the 
foreman, who is supposed to teach him, gets little regular training, 
then the whole hierarchy of training in industry is faulty, and 
some scheme is necessary to establish a real system of value to 
industry. 

Under the Smith-Hughes Act the University of the State of 
New York, through the State Education Department, has a 
course for training trade, industrial, and technical teachers. The 
course requires 480 clock hours of work and 4 years of attendance 
at evening school in order to secure the certificate and license 
granted to graduates. 

These courses are offered in New York City, in Buffalo, and 
in Oswego during the summer session, and elsewhere by arrange- 
ment. 

Candidates should not be less than 21 or more than 35 years of 
age. They should have 5 years or more trade experience in the 
occupation in which they desire to train; they should at least have 
1 year of high school and the other ordinary qualifications. 

Should labor management be taught in addition to the other 
subjects, this would provide a good course for foreman teaching 
which might be accomplished through the Smith-Hughes Act. 

It would seem that with the development of some such plan 
the plane of industrial training would be greatly improved and 
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the employers would obtain incalculable benefits from this de- 
parture. 


Discussion 


Frep H. Cotvin.* Training should be general enough to give 
a general idea of the trade, but modern production demands con- 
siderable specialization. It seems best to teach the rudiments of 
machines in a school, either a public trade school or a shop school, 
and get the boy beyond the stage where he is a nuisance and a 
hindrance before inflicting him on the foreman. But the final 
training can best come in the plant itself, on regular work. 

One railroad shop superintendent reversed the usual process 
of his time. Instead of starting a boy on the bolt cutter and dis- 
gusting him with the whole shop idea, he put him in the erecting 
gang as a helper. In this way he learned the names of parts, 
where they went, and what they did. He learned what parts had 
to be carefully fitted and where a loose fit was permissible or de- 
sirable. He also learned to work with men. Then when he went 
on the bolt cutter or the lathe he knew just what parts he was 
making and had a greater interest in the job. 

Superficial training or too specialized training makes it difficult 
to shift men from one kind of work to another. They fear to 
tackle a new kind of job. 


A. E. Crockett.‘ About this training of apprentices and fore- 
men—the training of workers to do skilled jobs and of men to lead 
them—the Department of Education and Department of Labor 
should see if they themselves are not more at fault than is the 
industry. They forced laws upon the statute books to prevent 
the exploitation of young people by the unscrupulous. That was 
proper. They then went farther, and had laws extended to pre- 
vent employment and training in order to protect the adult from 
juvenile competition. 

The inevitable has happened. The Department of Education 
and the Department of Labor, disturbed over conditions which 
they helped bring about, are complaining that industry is not 
doing the training that it ought to do. In fact, they are so dis- 
turbed that they are offering to go down into the plant and do the 
training themselves. And they will continue to be disturbed, 
because as soon as business picks up, there will be a shortage of 
persons capable of doing skilled jobs, and at the same time, as 
in the hectic days of 1928 and 1929, there will be a milling mass of 
unemployed, most of them being between 20 and 25 years, inca- 
pable of employment. 

They will be incapable of employment largely because the State 
Department of Education and the State Department of Labor 
have helped put laws on the statute books that prevent the neces- 
sary training, and not only will do nothing about correcting the 
situation, but quietly or openly oppose any effort by any person 
else to correct it. The laws in New York State are such that 
boys and girls, instead of getting the practical education and train- 
ing in employment that they need when they are young, get jobs, 
when they get any at all, only as errand boys, clerks, ete. 

In New York State, up to 18 years, they cannot even sharpen 
the tools they work with. There is a long list of machinery at 
which they cannot be employed. There is the double compensa- 
tion feature, too. 

The result is that instead of the employer trying to get young 
people to exploit, he cannot be coaxed even to give them jobs 
at which they can acquire skill—in the precious years of their life, 
so far as acquisition of skill is concerned. 

No wonder these complaints about training. The Education 
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Department and the Labor Department do not seem to have 
realized the revolution that is going forward in industry; they 
seem to think of training in terms of 35 years ago. Preliminary 
schooling for college is not what the prospective skilled job worker 
needs either. It is not doing good to help make the young feel 
that if they are headed for work they are failures. 

Parents are in part to blame. So many of them hate to think 
of the son working like the father did and they feel the bottom 
drop out of the world if the son does not want to be a doctor, a 


lawyer, a clergyman, or at the worst a mechanical engineer. It 


is bad enough to have parents that way, without having the edu- 
cational system of the country operated on the same theory. 
We shall have to go back to where training of body (the touch, 


the hand, the eye in a productive way) will go hand in hand with 
the training of the mind. 

The writer believes we are approaching days when every youth 
will be taught some skilled job, even though we do not go as far 
as to give him the exact equivalent of our more or less obsolete 
trades. 

If the schools get busy with our youths in the interest of that 
great proportion of them that must go into industrial or other 
manual employment, and if our State Education and Labor De- 
partments will make it possible for them to get training on the 
job—on some part-time basis for those in their last public-school 
years, for instance—the better it will be for America and most 
everybody in it. 
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Value of the Safety Movement in the 


The paper outlines the various aspects of the industrial 
safety movement, its attractiveness, economies, and in- 
herent possibilities. The safety movement has been long 
ago divorced from altruistic conversation and put on a 
basis of cooperative helpfulness. Accordingly, the sub- 
ject has been treated from a ‘“‘cold’’ business standpoint 
in terms of dollars and cents; that is, in the approach to 
the problem the center of gravity has been shifted to the 
economic rather than humanitarian aspects. A _ brief 
historical review of the growth of the movement is first 
made, followed by some statistics of the losses in life and 
property caused by industrial accidents. The principal 
emphasis in what follows has been placed on the thesis, 
at present conclusively proved, that efficiency in production 
and safety are inseparably correlated. To afford a better 
perspective of the actual values involved, illustrative ex- 
amples taken from the experience of different industrial 
companies are introduced. The role of engineers in 
accident prevention is next considered, and the discussion 
is concluded with several recommendations. 


HE essence of this paper may be con- 

I densed in the following: 1 Because 

of the tremendous burden of eco- 
nomic and human waste, safety becomes 
a problem of supreme national importance, 
in view of the increase in the frequency 
and severity of accidents with an increas- 
ing intensity of industrial activity. 

2 It is possible to control industrial 
accidents under modern conditions of 
highly efficient productivity —“‘engineering 
revision”’ being the most effective means. 

3 Efforts to improve safety performance do not interfere 
with production; on the contrary, the experience of large groups 
of industries throughout the country indicates that material 
reductions in accident rates can be attained simultaneously with 
an increase in production rate. 

4 Apart from ethical, moral, or humanitarian motives or 
obligations, it is imperative that safety be made a major ex- 
ecutive objective and responsibility, because: 


(a) It is cheaper to prevent accidents than to allow them 
to take place 

(b) Maximum industrial efficiency can be secured only 
when the accident performance is brought down to an 
irreducible minimum. 


5 Engineers, thanks to their particular professional training, 
are singularly well suited to assume leadership in the safety 


' This paper received the Charles T. Main Award in 1930. 
_ ? Student, Polytechnic Institute of Brooklyn, at present graduating 
in Mechanical Engineering. Born in 1908, brought up and received 
both elementary- and high-school education in Moscow, Russia. 
Wanted to study engineering, but could not do so in Russia. Taught 
himself English, and arrived in the United States in September, 1927. 
Immediately upon arrival enrolled at the Polytechnic Institute of 
Brooklyn, where he was last year designated honor student. Inter- 
ested in Student Branch of A.S.M.E. 


Industries 


By JULES PODNOSSOFF,? BROOKLYN, N. Y. 


movement, and thus effectively to cope with industrial accident 
prevention—a vast field of activity with tremendous possibilities. 

The United States is rapidly forging ahead of other countries, 
mainly because of her industrial supremacy. In her industries 
the miraculous achievements and inventions of the scientific 
and engineering genius are reflected as in a magnifying glass. 
It is because of the large scales employed and because of the 
tremendous and ever-increasing intensity of production that 
American industry can afford to have a working class that 
commands higher wages and maintains a standard of living supe- 
rior to that of the workers in any other country, and at the same 
time carry on a successful competition in the world markets. 
This enormous increase in intense industrial productivity, how- 
ever, necessarily leads to the consideration of a problem of first 
magnitude—the problem of safety. 


THe PROBLEM OF SAFETY 


In spite of the remarkable achievements of American in- 
dustry—achievements which are the basis of unparalleled na- 
tional welfare and a source of national pride—a study of the 
performance of the most representative and even of the best 
plants throughout the country indicates that great improve- 
ments can still be brought about; and most important of all, 
that, at the present stage of development, highest efficiency in 
production and operation will be attained only when the amount 
of waste shall be brought down to a minimum. 

Of all industrial waste, human wastage is the most inexcusable 
from every point of view. The industrial and economic factors 
involved in human wastage, apart from the humanitarian as- 
pects, make the question of plant accident performance a problem 
of first-class national importance. But before proceeding to a 
discussion of the basic aspects of safety, it may not be out of 
place to make a brief review of the development of the safety 
movement. (1)° 


DEVELOPMENT OF THE SAFETY MOVEMENT 


The beginning of the safety movement as such may be said to 
date as far back as some nineteen years ago when the first work- 
men’s compensation laws were passed. However, the first 
organized effort in accident prevention was made much earlier, 
viz., in 1867 in Alsace-Lorraine, and the idea began to spread 
rapidly in the most progressive European countries. 

In this country the first effort to prevent accidents was under- 
taken on a large scale by the United States Steel Corporation in 
1907. In 1910 the railroad companies adopted the slogan of 
‘Safety the First Consideration” as their operating rule to reduce 
their appalling accident rate. On account of the great number 
of casualities in the iron and steel industries, a group of en- 
gineers connected with the latter arranged a conference in Mil- 
waukee in 1911, followed by a second meeting in 1912, at which 
many representatives from other industries were present. 

The organization of the National Safety Council was a result of 
these meetings. The National Safety Council is a rapidly grow- 
ing organization, non-sectarian and non-commercial, having at 


* Numbers in parentheses refer to the Bibliography at the end 
of the paper. 
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present a membership of 4000 industrial concerns—the flower 
of industrial and railroad service—and is doing magnificent work 
in carrying on safety service and propaganda throughout the 
United States. 


Wuat Price ACCIDENTS 


It is essential to a clearer realization of actual values involved 
in the material and human waste which accidents entail briefly 
to recount a few statistical data, although it must be mentioned 
that owing to the variability of the different factors it is im- 
possible accurately to estimate the enormous economic loss 
caused by industrial accidents. 

To take, for example, the year 1929, as a rather typical year, 
the mortality statistics of the United States Bureau of Census 
show that 23,000 men were killed during that year in industry. 
If each death be taken as representing a loss of only $5000, this 
source alone accounts for a loss of $115,000,000. (2) 

According to Mr. Beardsley, (3) on the basis of data obtained 
from the industrial centers of the country, 50 out of every 500 
men who are engaged in industrial work‘ are eventually hurt. 
Of these 50, 3 are seriously hurt, 1 dies, and some of the others are 
permanently injured. It has been estimated that, on the average, 
approximately 3,000,000 men are injured in industry every year, 
and that in terms of wages industrial accidents for but one year 
resulted in a loss of $827,000,000, (7) the burden falling not only 
on the workmen but on society in general. 

The foregoing survey does not tell one-half the story. The 
mind is fairly staggered when one begins to consider the losses 
due to the following: 


1 The disorganization resulting from additional labor 
turnover 

2 Increase in damaged machinery and spoiled material 
because of the replacement of the killed and injured by 
new men 

3 Loss of time connected with each accident 

4 The reaction of accidents on the morale and psychology 
of the workers, foremen, and company officials 

5 A yearly loss of half a billion dollars due to fires alone 

6 Occupational diseases resulting from unsanitary or 
otherwise improper working conditions. 


These facts become still more striking when it is realized 
that the major percentage of accidents are preventable. This 
has been established definitely beyond question and is proved by 
the vast amount of information now available. 

However, it would seem that as far as the employers of labor 
are concerned an emotional, ethical, or moral approach to the 
problem is inadequate; it does not suffice to picture the wrecked 
homes and lives, ruined hopes and ambitions, the suffering and 
the misery and the sorrow which grimly follow in the trail of 
accidents. That is, it is impracticable to set the “purely human” 
against the “money” values. From this standpoint the follow- 
ing thesis assumes a profoundly significant importance: The 
safe factory is the most productive and the most efficient factory. 


RELATION OF SAFETY AND EFFICIENCY 


At the request and with the financial aid of the National Bureau 
of Casualty and Surety Underwriters, the American Engineering 
Council undertook two years ago a study of the relation between 
industrial safety and efficiency of production. The results of 
this investigation are embodied in a most thoroughly exhaustive 
and singularly well-organized report. (4) Before stating the 
chief conclusion at which the authors arrived, it may be of interest 
briefly to outline the work accomplished, to give the reader an 


‘ Figures are specific for the electrical utility industries, 
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idea of the unique thoroughness with which the research had been 
conducted. 

The investigation was nation-wide in scope and covered the 
following industrial groups: Cement, coal, mining, coke, electric 
railways, mineral mining, quarries, steam railways, chemicals, 
electric light and power, gas, iron and steel, machine building 
and metal working, paper and pulp, telephone and telegraph, tex- 
tile, woodworking, and a large miscellaneous unclassified group. 

There is a wide range in the size of the companies included, 
varying from 8 to 82,000 employees. Through the field in- 
vestigation information was obtained from 1145 individual plants 
located in 40 different states. Investigation centers were es- 
tablished in 15 industrial cities, and definite territory was as- 
signed to each field engineer, with local committees composed of 
industrialists, engineers, and safety men in many localities. 

The vast wealth of detailed statistical information obtained, 
as well as the thorough analyses of the levels of plant performance, 
brought the authors of the report to the following outstanding 
conclusion: 

“There is a close relationship between safety and produc- 
tion—a relationship so pronounced and consistent throughout 
as to indicate a fundamental of management, which may be 
stated as follows: Maximum productivity is dependent upon the 
reduction of accidents to an irreducible minimum. The data 
for the 13,898 plants consistently show that those plants and 
industries which have the highest production performance also 
have the lowest accidents rates, which fact sustains the fun- 
damental stated. This fundamental clearly indicates that if the 
management desires maximum productivity it must initiate, direct, 
and control ways and means of keeping accident frequency and 
severity rates at an irreducible minimum.” 

In order to enable one to have a better appreciation of the 
possibilities of the safety movement and of its attractiveness 
and economies, particularly with reference to the foregoing 
fundamentals, it may be timely to introduce a few examples. 


ILLUSTRATIVE EXAMPLES 


1 The following experience of the Du Pont company is very 
instructive: 

During the war the Du Pont company built a smokeless- 
powder plant and a shell-loading plant for the United States 
Government. On the basis of their previous accident experience, 
accidents on the smokeless-powder plant job would have cost 
them at least $452,752. For economic as well as humanitarian 
reasons the Du Pont company decided to carry out a program of 
intensive safety work. The total cost of safety work plus com- 
pensation and medical expenses amounted only to $116,000—i.e., 
the company had a net saving of $336,652. The insurance rate 
on the shell-loading plant was $103,545. Thanks to efficient 
safety work, the safety and accident expenditures amounted 
oniy to $16,233—.e., on this job alone safety work resulted in a 
net saving of $87,312. (5) 

2 An interesting illustration of the psychological effect of 
safety work on the workmen’s efficiency is reported by the Cali- 
fornia Industrial Accident Commission: (4) 

“At the Moccasin power plant of the Hetch Hetchy project a 
surge chamber 40 ft. in diameter by 160 ft. deep was being con- 
structed of concrete. After the concrete had reached a height 
of 80 ft., it was decided to stretch a life-net between the walls 
of the chamber to serve the double purpose of saving the life of 
any workmen who might fall from the top and also to provide 
protection for the men below from falling timbers. While the 
net was installed solely with the idea of affording protection, it 
actually resulted in reducing the cost of the work, it is stated, 
due to the added sense of security afforded the workmen, which 
enabled them to speed up all operations in connection with the 
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concrete lining, with the result that the time required for com- 
pleting a 5-ft. lift was reduced from 56 hours to 48 hours, an 
actual saving in labor cost of nearly 20 per cent.’ 

3 In his recent book on industrial safety (6) Mr. L. A. De 
Blois says the following: 

“Safety and efficiency are unquestionably linked together by 
what is best described as ‘continuity of operation.’ For con- 
tinuity of machine operation—that is, useful operation—we must 
have continuity of feed and stock removal, as well as continuity 
of power supply. The joint effect on safety and production 
wrought by common sense changes in the methods of feed and 
stock removal is well illustrated in the operation of punch 
presses.” 

A case in the point is the Simmons company, related as follows: 

“In 1919 when there were 700 presses operating in one de- 
partment, 36 fingers were taken off in accidents. With a change 
in the methods of feed and stock removal the injuries decreased 
to 7 fingers during the first six months of 1920. In the four years 
following not a single finger was lost, and the production per 
press had increased on the average 60 to 65 per cent. Our 
experience has been that whenever we made a job safe we also 
increased the production from 15 to 150 per cent.” 

Here are two more illuminating examples cited by Mr. De 
Blois: 

4 At the Newburgh plant of the Du Pont company accidents 
at the presses used for embossing Fabricoid, a leather substitute, 
led to a development of guards, and later to additional safety 
installations. Through the elimination of accidents, produc- 
tion per press was increased 80 per cent. 

5 In the manufacture of dinitrobenzol by the dye works of 
the Du Pont company production has been increased 100 per 
cent in one year coincident with a reduction in the number of 
injuries (including poisoning gases) to 50 per cent. 

6 In concluding the presentation of the illustrative material 
it may be of interest to cite Mr. Albert W. Whitney, (4) as 
follows: 

“The question arises: ‘Can they (accidents) be controlled? 
Perhaps, after all, with an increasing intensity of industry, an 
increasing hazard is inevitable?’ 

“The answer is a simple one, and not only conclusive, but 
suggestive of the solution in general; the answer is, namely, 
that individual cases exist, characterized also by high industrial 
efficiency, in which this control has been secured. 

“The United States Steel Corporation in 13 years has decreased 
its accidents 86 per cent; the Union Pacific Railroad has a 
safety record for shop employees that is five times as favorable 
as the average of the other large railroad systems of the United 
States; the Clark Thread Company has a record of nearly 10,- 
000,000 man-hours without an accident; one of the plants of the 
Du Pont company with 65 employees has a record of 11 years 
with only one accident, and that a relatively minor one.”’ 

A close consideration of the cases presented in the preceding, 
as well as the inherent nature of the subject, would lead one to 
contemplate the relation between engineers and _ industrial 
safety. 


(ELATION BETWEEN ENGINEERS AND INDUSTRIAL SAFETY 


The foregoing examples indicate that the technique of safety 
Organization involves essentially: 

1 Planning and layout of plant, equipment, and operations 
With a view to maximum safety. 

2 Inclusion of the mechanical and automatic safeguarding 
equipment in the original machine design and coristruction. 

3 Location and elimination of hazards by superimposing 
and adjusting safeguards; i.e., fundamental changes in or re- 
design of operating practice, processes, and structures. 
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4 Substitution of industrial railways, conveyors, hoists, lifts, 
chutes, cranes, automatic feeds, and other machine devices for 
the human element. 

5 A psychological approach to the workingmen, such as: 


(a) Systematic education in safety 

(b) Consideration of physical and mental fitness of operator 
for the particular job 

(ce) Placing the right man in the right place. 


In the modern literature of the subject the first four points are 
referred to as “engineering revision,” although the latter is 
ordinarily employed in the sense of item 3. Item 5 has been 
generally termed “human engineering.” 

In the early stages of the development of the organized safety 
movement, “human engineering’ was particularly emphasized. 
But in the course of time experience has shown “engineering 
revision” to be of surpassing importance. Mr. Beardsley (3) 
is authority for the statement that, according to accident statis- 
tics,5 the more highly trained men are the more seriously in- 
jured. It can thus be stated without any fear of contradiction 
that, thanks to his practical and theoretical training, the engineer 
is the man best equipped to tackle the problem of safety organiza- 
tion—a large, new, and interesting field, full of great possibilities. 


CONCLUSIONS 


On the basis of the foregoing discussion of the various aspects 
and possibilities of the safety movement, it may be well worth 
while to emphasize the following practical recommendations: 

1 It is necessary that safety be made a primary executive 
interest and a managerial responsibility. 

2 The states should adopt uniform safety codes and es- 
tablish universal periodic health examinations. 

3 The safeguarding equipment should be made an integral 
part of machine design by the manufacturers. 

4 Engineering colleges should include safety as an important 
part of their curricula. 

When society is freed from the inexcusable burden which in- 
dustrial accidents impose upon it, the entire human life will be 
elevated to a higher level of comfort and happiness, and by an 
active leading participation in the industrial safety movement, 
engineers will add credit to the profession, and human life will 
be made still richer and deeper for the engineers’ predominant 
influence upon it. 
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Symposium on the Stability of Em- 
ployment in Industry 


L ING BEFORE unemployment became the problem of the hour, the Management Division of The American 
Society of Mechanical Engineers had planned to have a Round Table conference on the subject upon Dec. 3, 
1930, during the Annual Meeting, with the American Management Association cooperating. It was proposed to 
have brief outlines informally presented by numerous representatives of industry rather than a program entirely 
of formal papers. In order to secure the utmost freedom of discussion, it also was proposed to consider both 
these outlines and the impromptu discussions that might follow as confidential; that is, they were not to be 
printed without the consent of the speakers in every instance. 

Mr. Ralph E. Flanders, Vice-President of the Society, presided and opened the meeting by recalling the chal- 
lenge which Dr. Wesley C. Mitchell’ had given engineers to face economic problems. Mr. Flanders stated that 
this meeting, although arranged far in advance of Dr. Mitchell’s address, was nevertheless an acceptance of the 
challenge. He then called for the presentation of the three formal papers and the general discussion that should 
accompany them. 


Manufacturing in Advance of Orders in 
Seasonal Industries 


By EDWIN S. SMITH,? BOSTON, MASS. 


The methods used by American business concerns to — get orders further in advance of the season, or a more level pro- 
reduce seasonal slumps have formed the basis of study for duction curve, or all three. Numerous instances can be found in 
the opinions of the author. Efforts to reduce seasonality American business of these various types of procedure. 
may take the form of striving for a more uniform sales de- The author’s belief is that the solution of the problem of season- 
mand throughout the year, an attempt to get orders fur- _ ality by the first of these methods, which takes the form of filling 
ther in advance of the season, or a more level production __ in the valleys of a normal seasonal dip in sales, is the most difficult 
curve. The experience of a number of manufacturers is to achieve. Sometimes new uses can be developed for a product 
related in the effort to show preferred methods in many which will appeal in the off season. Again, by slight alteration a 
lines. seasonal product may be made into a year-round seller. But 

the cases when this can be accomplished appear relatively rare. 

HE data and opinions set forth in this paper are the result of — To stimulate sales in the off season by making a special advertis- 

a study by the author of methods used by American busi- _ jng and sales drive may or may not result in new business at a 

ness concerns to reduce seasonal slumps. The study was profit. If the effort keeps down overhead and keeps up the morale 

made under the auspices of a committee of New England business of salesmen, such drives for off-season sales are no doubt often 

men consisting of Henry 8. Dennison, President, Dennison justified. In general, reluctance of the consumer to buy certain 

Manufacturing Company, Framingham, Mass.; John H. Fahey, products at certain seasons represents a deep-rooted habit whose 
Publisher, Evening Post, Worcester, Mass.; A. Lincoln Filene, force the manufacturer is bound to respect. 

Chairman of the Board of Directors, Wm. Filene’s Sons Company, There are many cases where a manufacturer has helped to fill 

Boston, Mass.; Henry P. Kendall, President, Kendall Mills, the hollows of a seasonal sales curve by cultivating a foreign 

Boston, Mass.; and J. Franklin McElwain, President, J. F. market in the Southern Hemisphere, which has seasons opposite 

McElwain Company, Boston, Mass. ourown. Seeking a diversified domestic market, both geographi- 

Effort to reduce seasonality may take the form of striving fora cally and by trades, may afford opportunity for extending sales 
more uniform sales demand throughout the year, an attempt to through the dull season. 

_' Director of the National Bureau of Economic Research, New To introduce into the line s new item which enjoys a busy sea- 
York, N. Y.; address, “The Economist's View,” delivered on Presi- 9 in the dull season of the company’s regular product seems 
dent's Night, Dec. 2, 1930, at the Annual Meeting of Tae Amertcan to offer to many manufacturers an attractive avenue out of the 
— or MecuaNtcaL ENGINEERS. See Mechanical Engineering, slough of seasonality. Several have followed this plan with 

Seasonal Business Slumps. departure in sales or production technique, it may prove a risky 

Contributed by the Management Division and presented at the undertaking. Also it may grow at a faster rate than the regular 

Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Taz AmerI- _jine and so create a seasonal peak of its own. 


sgn Bg MECHANICAL ENGINEERS. A common method of trying to regularize seasonal production 
OTE: Statements and opinions advanced in papers are to be un- 

derstood as individual expressions of their authors, and not those of 18 to endeavor to get orders in earlier. The retailer’s marked 

the Society. present preference for buying close to the season makes this a 
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difficult policy to pursue. Even special discounts and datings 
many times will not tempt them. This is particularly true in 
industries where style plays an important part. Until the trend 
of fashion is known, the retailer prefers not to order. Chains, 
cooperative buying groups, and mail-order houses, which buy in 
large quantities, are obliged to indicate their requirements earlier 
in order to obtain prompt delivery. They are therefore a stabiliz- 
ing influence on the flow of orders. ° 

An inquiry among department stores revealed the fact that 
in almost every line the larger department store, at least, is 
placing orders with fewer manufacturers. Although up to the 
present this policy may not have resulted in more advance order- 
ing, it seems that this should be its ultimate result. The more 
closely individual manufacturers and retailers work together, the 
more aware they become of each other’s needs and the more con- 
fidence they acquire in each other’s judgments. If the retailer 
has been taught by experience to have faith in the salability of a 
certain manufacturer’s merchandise, he should be more willing 
to place orders with him before the direction of demand for the 
next season makes itself definitely felt. The simplification move- 
ment, by eliminating slow turning items, has for many kinds of 
merchandise made advance ordering by the retailer less risky. 

The brief summary just given of some of the topics covered in 
this study indicates their complexity. In a brief paper delivered 
to an audience familiar with the details of management practice, 
the author believes that to isolate one phase of his study and treat 
it more comprehensively would be the most satisfactory procedure. 

One phase of regularization can, in a short period of time, be 
discussed with much greater satisfaction than many. For purely 
selfish reasons also the author is anxious to get the reactions of a 
technical group on the particular subject picked for presentation, 
namely, manufacturing in advance of orders. Time does not per- 
mit treatment of the subject of budgeting production in a sea- 
sonal business, but budgeting quite properly precedes the manu- 
facturing to stock. 

The attempt to achieve level production despite a seasonal 
sales curve is perhaps more often made by manufacturing to 
stock than by any other method. Under present conditions of 
close-to-the-season ordering by wholesalers, manufacturing in 
advance of demand is virtually a necessity in most seasonal 
industries. Even though a concern may not deliberately set 
more level production as a goal desirable to achieve for its own 
sake, it must ordinarily do some manufacturing in advance of 
orders, so that it may have merchandise ready to deliver when 
active buying commences. 


INSTANCES OF ADVANCE MANUFACTURING 


The May Oil Burner Corporation, whose business is distinctly 
seasonal, feels it necessary to build up a certain amount of stock 
in dull seasons to meet later delivery demands. However, it 
attempts to achieve level production for about eight months only 
in the year, two months going extremely high and two months 
about 25 per cent higher than normal. Finished stock is not in 
excess of 90 days’ shipment in the dullest time of the year, or two 
weeks’ shipments in the busiest. Employment is much steadier 
than production because overtime is resorted to in the peak 
months. This policy serves to cut down lay-offs in the dull months. 

The Gruen Watchmakers Guild of Cincinnati sells as many 
watches in four months of the year as in the remaining eight, the 
peak seasons being at graduation and the Christmas holiday 
season. It employs about 2800 persons and states it has never 
let anyone go because of lack of work to do. During the eight 
months of lower sales it manufactures about twice the quantity 
of watches which it sells.* 


3 Radio talk by Dr. Francis H. Bird, University of Cincinnati. 
March 24, 1930. 


The Crompton Company, manufacturer of velvets, plushes, 
etc., has a selling season which is largely concentrated in August, 
September, and October. As it takes two to four months to 
prepare the fabrics, it is obliged to undertake manufacturing in 
advance of orders. If, then, the season turns out unsatisfactorily, 
production is curtailed. This sometimes necessitates a carry- 
over of finished goods until the next season. “Obviously,” the 
company states, ‘this requires large amounts of capital and con- 
siderable patience. So far we have found no better solution of the 
problem.” 

The Norton Company, Worcester, Mass., maker of grinding 
machines and wheels, manufactures to stock in accordance with 
sales forecasts balanced against variation in incoming orders. 
Stock is classified by items on the basis of turnover, and when 
stock is being accumulated, it is made up of items which are 
most active. This is of course the soundest method to pursue 
in any program of manufacturing to stock. 


KEEPING THE LABOR Suppty INTActT 


Keeping the labor supply intact is a reason which frequently 
determines a policy of advance production in months of dull sale. 
This may be a sufficient motive, even though to let manufacture 
fluctuate with demand would be in other respects cheaper. 

The refrigeration department of the General Electric Company 
has a sales curve which reaches a high peak in the warm weather. 
This company stated that it would be more economical to have 
its monthly production rate vary with sales, particularly as im- 
provements by competitors may affect the sale of models which 
are manufactured in advance of demand. However, the ma- 
chines used in the manufacture of refrigerators are built to very 
limited tolerances and require a high degree of precision. To 
make sure of keeping a properly trained working force, the 
company has felt it necessary to produce about the same quantity 
of refrigerators every month. 

In a small community the need for maintaining a low employee 
turnover may be particularly acute since the labor supply cannot 
be readily replenished. The American Optical Company, 
Southbridge, Mass., has this problem. It feels obliged to do 
much advance manufacturing, although it finds this more and 
more difficult, as style appeal plays an increasingly large part in 
the sale of its products. It avoids this difficulty in part by carry- 
ing advance manufacture only up to the point of actual finishing. 
Concerns which are able to take this form of insurance against 
style change are in a favored position when they undertake to 
manufacture in anticipation of orders. 


Facrors AssisTING ADVANCE MANUFACTURE 


It is often possible for a manufacture of products which are 
fairly standardized to make up parts in advance, even though the 
final assembling of the product has to wait until specific orders 
are received from the customer. The Barrett-Cravens Company, 
manufacturer of lift trucks, portable floor cranes, portable ele- 
vators, etc., makes up in dull times various parts of the lift trucks 
and other products such as crossheads, platform tops, wheels, 
handles, and even frames. The device of making repair parts 
for stock is employed by many concerns in an effort to gei more 
level production. 

The practice of standardization of parts and products and of 
simplification of lines is assisting many concerns to undertake 
advance manufacturing with less risk. The movement for limit- 
ing the variety of colors has assisted paint companies in knowilg 
the proportions of certain colors that it is safe to manufacture 2 
advance. The Sherwin-Williams Company finds that 30 per 


‘“Steadying Business: No. 2, The Metal Trades,” published by 
the Policyholders Service Bureau of the Metropolitan Life Insuran® 
Company. 
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cent of the demand for house paint is for white, with ivory, 
colonial yellow, and grays following. This enables that company 
to make up stock in advance and ship it to the warehouses. 

Many concerns which do not dare to take the risk of manufac- 
turing in advance of the season on their style lines are in a position 
to fall back on certain staples which can be made year in and 
year out, during dull buying seasons, feeling reasonably assured 
that those articles will prove salable. 

The Hickey-Freeman Company, men’s clothing manufacturers, 
states that it is able to offer workers year-round employment even 
though the men’s clothing business is notoriously seasonal. One 
means used to achieve this result is to manufacture for stock blue 
suits, tuxedos, and other staples. 

The Stehl Silks Corporation, broad silk manufacturer, is in a 
business which is drastically affected by styles and is highly sea- 
sonal. Also the process of manufacture takes three months from 
the time of shipment of raw silk to the throwing plant until pieces 
are received back from the dyers. Under these circumstances 
there is nothing to do but forecast styles as well as may be and to 
build up inventories in the slack season, in order to make prompt 
deliveries later. There are certain staples, such as georgettes 
and crepe de chines, which can be woven “in grey” before decision 
is made as to the design or colors which will later be applied. 
This removes some of the risk of advance production. 

An important part of a well-thought-out program for manu- 
facturing to stock is the continual effort by the sales division to 
get customers to order stock items instead of clinging to the often 
trivial variations which in many lines characterize special orders. 
The Eaton, Crane & Pike Company reports that it continually 
strives to interest customers in stock items because this gives a 
better chance to plan production ahead. This company carries 
a large stock which does not move for several months, but it 
believes this policy warranted by its results of steadier produc- 
tion and employment. 

The Dennison Manufacturing Company reports that by study- 
ing a number of special orders, stock items which meet the re- 
quirements of most of these orders can frequently be worked out. 
This not only permits manufacture in large lots at times which 
balance the production schedule, but helps to eliminate rush 
orders and makes immediate deliveries possible. 

The Link-Belt Company, of Chicago, states that it is always 
looking for items which can be grouped and carried in stock. 
This has been done successfully with crane parts such as loaders, 
vibrating screens, speed reducers, etc. 

The Carborundum Company, of Niagara Falls, N. Y., maker 
of abrasives and refractory materials, reports a larger percentage 
of finished products as manufactured to stock and that more and 
more special orders are from time to time changed over into stock 
items. The concern, which has only a few customers whose 
wants are well known, may even in an industry much affected by 
style, successfully anticipate future orders in its desire to produce 
on a more level basis. 

Because the Lumb Knitting Company, of Pawtucket, R. I., 
women’s rayon underwear manufacturer, has only four customers, 
and its connection with each of those customers is one of long 
standing, it has made it its business to understand its customer’s 
heeds with such thoroughness that it has often successfully an- 
ticipated what quantities of certain items will be ordered, before 
the customer himself has ventured to enjoy any such confidence. 


Te ” 
‘Iv-Stock” Departments Necessirats ApVANCE Manv- 
FACTURE 


Manufacturers who have changed their distribution from job- 
bing channels to dealing direct with retailers, necessarily carry a 
larger stock. Their goods, which in pre-war days would have 
been shipped out in large quantities at certain seasons of the year 
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in response to heavy ordering by wholesalers, are now more likely 
to be accumulated gradually with an eye not only to the cus- 
tomers’ needs, but to the economy of level operation. Under an 
intelligent policy of inventory control, many manufacturers have 
found that the warehousing and jobbing functions they have been 
obliged to assume have had a silver lining in their effect on their 
production program. 

Hand-to-mouth buying, with its emphasis on prompt delivery, 
has forced many manufacturers to develop elaborate “‘in-stock”’ 
departments. These are to be found today in almost every line 
of business. By means of these stock departments, the customer 
can re-order constantly during the season in small quantities. 
The need to maintain such departments has forced many manu- 
facturers into a program of manufacturing in advance of orders. 

E. T. Wright & Co., Inc., Rockland, Mass., maker of Arch- 
Preserver shoes, reports that it has increased the business done 
on stock shoes until this represents approximately 75 per cent of 
output. As it is necessary to anticipate busy stock-shipping 
months the company finds that its stock-manufacturing program 
“thas helped amazingly in ironing out the seasonal valleys.” 

An extreme instance of manufacturing to stock is furnished by 
the United States Cotton Company, of Fall River, Mass., makers 
of Cape Cod shirts. The men’s shirt business is highly seasonal. 
Thirty per cent of the year’s business of this company is done in 
the month of December. Seeking to attract the department- 
store trade, it aims to keep a stock of shirts at all times sufficient 
to cover the demand for immediate delivery. It has no orders in 
advance and does not seek to get them. Naturally it cannot 
achieve entirely level production, but by specializing in a standard 
broadcloth shirt in a limited range of colors, it is able to manu- 
facture in advance of demand with a minimum risk. 

Building up in-stock departments has of course necessitated 
enlarging warehouse facilities. The existence of these facilities 
has undoubtedly made it possible for many concerns to manu- 
facture for stock which they could not previously have done be- 
cause of lack of storage space. Bird & Son has steadily increased 
its warehouse space in the last ten years in more than direct 
proportion to increased business, for the purpose of maintaining 
more nearly level production. As a result of this policy this 
company reports that no production department faces a complete 
shutdown from a lack of orders or storage space. 


RESEARCH AN AID TO MANUFACTURING IN ADVANCE 


Many times when a manufacturer desires to spread his pro- 
duction more evenly, he has to undertake research to make it 
possible to store his product without danger of deterioration. 

The New England Confectionery Company manufactures 
some 500 varieties of candies, some of which can be stored and 
others not. At one extreme are fudges which deteriorate rapidly, 
but lozenges at the other extreme can be stored for years. In 
between are various lines with different keeping qualities under 
storage conditions. Chocolates can be stored in properly condi- 
tioned rooms from two to six months. As a matter of fact cer- 
tain candies are improved by storage. 

The Procter & Gamble Company, soap manufacturer, ac- 
quired some cotton-seed mills which at the time were running 
only four months a year. This part-time operation was charac- 
teristic of the industry. The company promptly proceeded 
to equip every one of the 15 mills which were taken over with 
large storage tanks to store seed, and through research found a 
way to keep the seed from molding or heating. It now runs three 
of the mills 11 months of the year and could run the others also 
if there were enough seed in the locality.® 


§ From ‘article in Printers’ Ink, Apr. 17, 1930, “Steady Work— 
Management’s Job,”” by R. R. Deupree, vice-president, Procter & 
Gamble Co. 
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SpecraL ARRANGEMENTS WITH SUPPLIERS TO FACILITATE 
ADVANCE MANUFACTURING 

Carrying high-priced products in stock is expensive, and this 
cost deters manufacturers in many lines from advanced manu- 
facturing. Sometimes the cost of manufacturing relatively ex- 
pensive products for stock can be reduced by favorable arrange- 
ments with parts manufacturers. The Silent Automatic Cor- 
poration, maker of oil heaters, manufactures on an almost equal 
monthly schedule throughout the year despite the fact that 60 
per cent of its business is obtained during August, September, and 
October. In order to produce in such large volume in excess of 
sales, this company took advantage of the fact that the motor 
manufacturers and control manufacturers from whom it bought 
had dull seasons at the same time as the Silent Automatic Cor- 
poration. Arrangements were made with these suppliers to 
furnish equipment on a basis of equal monthly shipments, the 
material not to be paid for until sales had been made by the 
Silent Automatic Corporation to its dealers or branches. 

The Meyercord Company, maker of decalcomania transfers, 
has made an interesting arrangement with certain veneer manu- 
facturers which permits the Meyercord Company to get into 
production early and to advance its delivery date at very little 
expense to itself. During October and November it permits the 
veneer manufacturers to ship anywhere from 40 to 70 carloads 
of veneers that are standing in their warehouses, arranging to 
settle for these veneers as they are used, the veneer companies 
paying the insurance; in other words, the Meyercord Company 
offers the veneer companies free warehouse space at certain sea- 
sons, but as their own warehouses are fairly depleted of finished 
products at such times, this arrangement can be made at no 
economic sacrifice. The veneer manufacturer is also able to 
clear his warehouses and start production earlier, an arrange- 
ment for which he is quite willing to receive deferred payment on 
the veneers which he has shipped out. 

There are probably many instances of seasonal business in 
which the maker of the finished goods could use his warehouses 
for the storage of raw materials on which he might draw as needed 
to the mutual advantage of himself and his raw-material supplier. 
This type of arrangement offers a method by which production 
in advance of demand can be undertaken at considerably less 
expense than when raw materials are bought and paid for in ad- 
vance of use. 


How Foop Propucers Have ExtTENDED PRODUCTION 


Industries which prepare fresh food products for immediate 
sale, or which can and preserve these commodities, are governed 
in their productions by current supplies, and these supplies vary 
with the season. 

Concerns in these industries frequently try to meet the problem 
of achieving more level production by attempts to spread the 
growing season of crops or the season in which animals are ready 
for slaughter. With canners manufacture for stock is automati- 
cally resorted to because the selling season does not correspond 
with the production season. 

In addition to spreading the season in which supplies are 
received, meat packers are hoping to achieve more even sales by 
introduction of frosted meats which can be held in stock. 

Canners in general are obliged to manufacture their products 
at a time when the quality of the main ingredients is at the best. 
The Campbell Soup Company was regularly faced with a large 
production load in the early part of the tomato season. How- 
ever, through its research department it was able in this instance 
to harmonize the operations of nature with its own needs. It 
selected varieties of tomatoes which ripened at a latet date and 
persuaded farmers to grow them, thus extending its tomato-pack- 
ing season. 
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Through the activities of its laboratory, field-production de- 
partment, and seed department, the California Packing Corpora- 
tion (Del Monte products) is constantly endeavoring to secure 
new strains to extend the packing season. The California canners 
have interested the Federal Government in trying to develop 
new varieties of fruit to fill in the intervals when present fruit 
crops are scarce. 


DIFFICULTIES IN THE WAY OF MANUFACTURING IN ADVANCE oF 
ORDERS 


Despite the most intelligent efforts of management, through 
standardization, simplification, anticipation of styles, ete., there 
are bound to be many cases in which a policy of manufacturing 
for stock, at least on an extensive basis, will be too risky and too 
costly to undertake. 

Lack of certainty of demand for standardized product is a 


_ difficulty in the way of advance manufacture which confronts 


even manufacturers of producers’ goods into which style, in the 
sense ordinarily conceived, does not enter. Due to improved 
design, the products of the industry which they serve may be 
changing constantly. Naturally their own products must keep 
pace. 

The Black & Decker Manufacturing Company, maker of port- 
able tools which are used in the automotive and aviation indus- 
tries, is obliged to alter its product in accordance with mechanical 
and -design changes in various makes of automobiles and air- 
planes. This situation would make it very risky for it to attempt 
a great degree of manufacturing in advance of orders. Moreover, 
style enters even into the tool industry. This company has found 
it necessary constantly to improve the design and accuracy 
of its tools in order to hold the interest of garage mechanics 
who are accustomed to changes in the products on which they 
work and the implements which are used. 

The competitive situation is constantly engaged in making 
everyone impatient with products to which he might otherwise 
become accustomed. As long as this force is at work, few 
manufacturers without much justified trepidation can count on 
sufficient stability of demand to undertake manufacture in 
advance of orders. 

The Edgemoor Iron Company attempted to manufacture in 
advance the principal parts of a number of different sized boilers. 
Changes in the design and construction of boilers made it im- 
possible to find ready sales for this product, much of which had 
to be carried so long that any saving in manufacturing costs was 
offset in interest charges. 

Even when the risk of a change in demand is not a factor 
which need cause the manufacturer particular concern, the 
expenses connected with holding stock in anticipation of orders 
may be greater than he feels it wise to meet. 

The Edward G. Budd Manufacturing Company, of Phila- 
delphia, is a large manufacturer of automobile bodies. Even 
if it could anticipate with safety, which it cannot, the type of 
bodies which the automobile companies are likely to demand in 
any season, it would not manufacture in advance because of the 
heavy storage expense. This same consideration is distinctly 
operative in the policy of unwillingness of automobile companies 
to manufacture for stock. 

The value represented in stored goods is a burden whic!) most 
manufacturers will avoid unless there are powerful considera- 
tions impelling them to undertake manufacture in advance of 
sale. Even though a manufacturer of heavy products concludes 
that he can save storage space by manufacturing parts and a 
sembling them later, he has to bear a considerable cost in putting 
the material into storage and getting it out again, a cost which 
must be weighed in considering the desirability of manufacturing 
to stock. 
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SryLE FLucruatTion HINDERS ADVANCE MANUFACTURING 


In a vast range of consumers’ goods, the probability of change 
in style or mechanical improvement has become so great that 
many manufacturers refuse to accept the responsibility of ad- 
vance production, preferring the expense of expanding their 
plant and working forces to a point sufficient to handle peak 
orders. 

The women’s garment industry, both outer wear and inner 
wear, goes through decided shifts in color, material, and design 
from one season to the other, and often during the season, so 
that with the exception of some reasonably staple items few 
manufacturers in this industry can afford to take the risk of ad- 
vance production. 

Manufacturers of women’s hosiery, like shoe manufacturers 
and underwear manufacturers, are obliged to carry large stocks 
for immediate shipment, which is risky because of changes in 
the demand for colors. The stocking manufacturers have, how- 
ever, an advantage which the dress manufacturer does not possess 
in that they can manufacture stockings in the undyed state, 
dyeing them as the season advances and the trend of demand is 
disclosed. Also stockings dyed the wrong color can be redyed, 
but naturally this is an expense to be avoided if possible. 

The jewelry business is definitely seasonal, with a high peak in 
December. It has always been a business which depended 
very much on the introduction of novelties, and with the coming 
of costume jewelry this tendency has increased. The R. F. 
Simmons Company, in Attleboro, Mass., has as a chief product 
men’s watch chains, which are probably as near a staple article 
as is being produced by the jewelry industry. Nevertheless, 
operating schedules in this company are cut from one-fourth to 
one-third from March 1 to September 1, since the risk of advance 
manufacture is held to be altogether too great. 

The radio industry is at present passing through a stage where 
advance manufacturing is definitely dangerous. At least this 
is the opinion of many prominent radio manufacturers. The 
selling season is very definitely concentrated in the winter months, 
and the manufacturer who attempts to build up stock out of 
season is likely to find that mechanical improvements in the sets 
of his competitors will very probably make his own stock unsal- 
able at profitable prices. 

The Hoover Company, maker of vacuum cleaners, points out 
as a difficulty of advance manufacturing that when new models 
are brought out the accumulation of old models held in stock has 
to be worked off on unfavorable terms. The automobile and 
radio companies, which are frequently forced into bringing out 
new models because of competitive offerings, are loath to ac- 
cumulate large stocks for similar reasons. 

The possibility of price decline is another factor which mili- 
tates against holding of inventories. This may be true in cer- 
tain lines even when stock is held for only a couple of months. 


FEAR OF DETERIORATION AS A DETERRENT 


Manufacturers of food products, with the exception of canners, 
often prefer not to manufacture for stock because of fear of 
deterioration. Candy manufacturers, through refrigeration and 
other devices, have overcome this handicap for certain of their 
products, but other types of candy cannot be successfully stored. 
The Coca Cola Company does not manufacture greatly in ad- 
vance oi demand, feeling that freshly bottled syrup is essential 
to the right flavor for its beverage. It encourages dealers to 
keep on hand only a 30 to 60 days’ supply of Coca Cola. Canada 
Dry Ginger Ale, Inc., has experimented with keeping production 
on an even plane, but found it unsatisfactory because of the 
difficulties of handling heavy cases in large quantities for storage, 
= the fact that the product goes out again with great variance in 
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DANGERS OF OVERPRODUCTION 


Advance manufacturing always carries with it the danger of 
overproduction. This may be true even when the merchandise 
is entirely in line with consumer demand. When a seasonal 
business finds itself as the season progresses with heavier stocks 
than it can hope easily to dispose of, it feels forced to unload 
these goods at unfavorable terms rather than to undergo the 
risk and expense of holding them until the next season. That is 
why the Stehli Silks Corporation, for instance, which is obliged 
to manufacture in advance of demand, believes that the ideal 
situation under present conditions of hand-to-mouth buying is 
to carry sufficient stock to make prompt deliveries, but never to 
have out-of-demand merchandise on the shelves or to build up 
inventories in the dull period to a point where dumping and price 
cutting are necessitated in the busy season. Experience has 
demonstrated to this company that maximum inventory should 
never be more than two and a half times the average month’s 
sales. 

The most serious result to be apprehended from manufacturing 
to stock is that the building up of inventories by a sufficient 
number of concerns may reach a point which constitutes over- 
production for the entire industry. This inevitably hastens the 
coming of a serious depression. Such a state of affairs is particu- 
larly likely to happen if piling up inventories in anticipation of 
seasonal business corresponds with a situation of general over- 
production throughout the country whose presence has not yet 
made itself distinctly felt. That is what occurred in the radio 
industry, which in the fall and winter of 1929 and 1930 definitely 
overproduced and was obliged to go through a period of selling 
merchandise at distress prices. Such an unwise building up of 
inventories is of course reflected back into the business of the 
suppliers of the manufacturers who are overproducing. It is 
for this reason that the R.C.A.-Victor Corporation insists that 
all its suppliers accept R.C.A. orders for material with the dis- 
tinct understanding that it cannot build up inventories. 

In any seasonal industry an inventory policy that is directed 
toward the anticipated sales of a normal season might well prove 
a boomerang if the whole business world abruptly enters on a 
period of declining volume before this season arrives. To say 
this is not to say that a policy of building up inventories out 
of season is unsound. It becomes unsound only if the concern 
pursuing this course fails to check its inventory expansion con- 
stantly in reference to the present and probable future trend of 
sales in its own and other industries. 

In its effect on stability of production and employment, lack of 
control of inventories by prospect of profitable sales is in the long 
run disastrous. Temporary employment. and fuller use of 
productive facilities are obtained at the price of long periods of 
idleness for both capital and workers when business failures or 
prolonged shutdowns take their inevitable toll. Situations of 
this sort, occurring either in a highly seasonal industry or one 
with a more stable sales curve, are of course completely removed 
from the legitimate production in advance of demand, which is 
based on careful calculation of profitable orders to be expected 
when the buying season is under way. 


FiaguriNnG THE Costs oF ADVANCE MANUFACTURE 


A decision to manufacture for stock may come from any of the 
motives listed, such as the necessity for prompt delivery when the 
busy season opens and the desire to keep the labor force intact. 
Probably not many companies work out an exact comparison 
of what would be the difference in cost between a policy of manu- 
facturing for stock and holding inventories, including interest 
and insurance, and a policy of resorting to overtime at peak pe- 
riods or expanding plant space and adding to equipment in order 
to take care of the seasonal load. 


| 
‘a 
re 
TS 
: 
lit 
= 
rh 
re 
ng 
a Bt 
ts 
he 
ad 
be 
‘t- 
al 
r- 3 
pt 
T, 
id 
Cs 
ig 
se 
mn 
8. 
d 
a- 
D 
of 
y 
of 
g { 
g 
Wy 


72 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Unforeseeable changes in price, money rates, or wage rates 
might well affect the validity of judgments as to the cost of 
manufacturing to stock or not manufacturing to stock. Never- 
theless an attempt to figure these costs is warranted in view of 
the fact that stock is ordinarily held for a short time only, and 
therefore changes in price, etc., can often be anticipated. 

In certain companies reporting in the study which the author 
has been conducting a policy of manufacturing to stock has been 
adopted only after careful consideration of its effect on costs. 

The Ritter Dental Manufacturing Company made a study 
which indicated the definite seasonal character of its business. 
It then determined the additional value in inventory required to 
manufacture on a level basis. The result of the calculations 
showed that the cost of carrying additional inventory, both in 
storage expense and interest on investment, was more than offset 
by the cost of the additional investment which would be required 
in machinery and buildings to manufacture according to seasonal 
trend. 

The Gorham Manufacturing Company of Providence, R. I., 
maker of silverware, have definite sales peaks in April, May, 
and June and in October and November. These are the popular 
months for weddings, and 70 per cent of the business of this com- 
pany is in wedding silver. Its merchandise is fairly staple; 
it is meant to last for generations and therefore changes in style 
are made conservatively. This policy is also dictated by the 
fact that reorders for silver in patterns originally bought are an 
important part of its business. Before a change in management 
in this company took place some years ago production was carried 
on very much in accord with the sales curve. The new manage- 
ment found upon investigation that interest on merchandise held 
in stock was less than the overtime paid in old days when manu- 
facturing was according to orders, to say nothing of the factor 
of impaired efficiency of workers who were subject to overtime 
schedules. The Gorham Company therefore deliberately divided 
planned annual production by 50 weeks, and has proceeded to 
manufacture on practically a level basis since then. 

The experience of the Gorham Manufacturing Company at the 
beginning of the recent depression is an interesting illustration 
of the fact that a soundly financed company which has adopted a 
level production program need not necessarily fear that an ac- 
cumulation of inventory will prove seriously embarrassing. The 
company, at the end of its fiscal year, Jan. 31, 1930, found itself 
with a larger inventory on hand than was desirable in view of the 
business depression. It proceeded to scale down anticipated 
sales for the year. As the product is not subject to rapid style 
obsolescence, the only embarrassment in connection with the 
inventory was the amount of capital invested. In laying out 
schedules for 1930, it took into consideration the inventory over- 
age and computed the schedule of weekly production, having in 
mind both the additional inventory and the anticipated sales. 


ReEsULtTs OF MANUFACTURING TO STOCK 


A policy of manufacturing for stock does not necessarily imply 
that level production is thereby achieved. The results of manu- 
facturing to stock may range all the way from practically uni- 
form production month after month to merely a small degree 
of anticipation of peak-season orders as a result of getting into 
production a few weeks or a few days earlier. However, there 
are probably numerous companies besides the Gorham Company 
which attempt, if they do not achieve, actual division of the pro- 
duction year into equal monthly or weekly quotas. The Procter 
& Gamble Company estimates the business it is going to do over 
a 12 months’ period and divides it by 49 weeks. This company 
guarantees employment of 48 weeks to any worker who has been 
employed six months or more. The production schedule gives 
one week’s leeway. The soap end of the business is not highly 


seasonal; the product is reasonably standard and can be stored 
without deterioration. Naturally these factors help to make a 
level production policy practical. 

The White Sewing Machine Corporation points to the favorable 
result on employment of its manufacturing to stock policy as 
seen in the year 1929, when the month of smallest sales was 56 
per cent of the peak, the month of smallest production 83 per cent 
of the largest, and the number of employees in the minimum 
month 92 per cent of the maximum month. 

Even more significant testimony as to the spreading of pro- 
duction by means of manufacture for stock comes from the 
Wickwire-Spencer Steel Company. It attempted to manufacture 


window screens and poultry-yard screens in nearly equal monthly 
quantities, with the result that in this line of the business the ratio 
of production in the smallest month to the largest would be ap- 
proximately 80 to 100, whereas in sales it would be only 18 to 100. 


SuMMARY 


Some production in advance of the seasonal rush has become al- 
most necessary in the present era of close to the season buying; 
otherwise deliveries cannot be made on time, or business will be 
lost because the capacity of the plant is not equal to the extreme 
demand that is made on it. 

A reason frequently given for advance manufacturing is the 
desire to prevent skilled workers drifting away when the work is 
slack. Ina seasonal industry a plant must either be large enough 
to take care of a heavy peak load or the load must be reduced by 
advance manufacture, thus making possible a fuller utilization 
of the capacities of a plant that is also smaller. These are two 
powerful arguments in favor of the economy of manufacturing 
in advance of orders. 

There are many considerations that operate against manu- 
facturing in advance of the season. When the product is bulky 
and costly, the carrying charges of holding inventories may be 
greater than the losses due to irregularity of production. A 
risk to be greatly feared is that a change in style or a mechanical 
improvement introduced by a competitor may render one’s own 
product obsolete and salable only at a loss of profit. 

Many products cannot be held in stock because they deterio- 
rate. Certain kinds of food product are an example. 

A concern in a staple industry runs the least danger when it 
undertakes advance manufacture. Sometimes a company mak- 
ing a style product is in a position to carry advance manufacture to 
a certain stage, leaving the finishing touches to be added when the 
season’s style trend has made itself known. In most lines there 
are some items of staple merchandise which can be made up 
in advance of the season. Simplifying the line so as to eliminate 
slow selling items reduces the risk of advance manufacturing. 
Converting special orders into stock items is one device frequently 
employed that makes manufacturing to stock more practical. 

Many concerns now maintain in-stock departments so that 
they may promptly fill customers’ reorders. The additional 
storage space afforded by these in-stock departments makes pos 
sible advance manufacturing. Furthermore, the need to have 
an ample supply of goods to meet the retailers’ current demands, 
even in the dull season, makes necessary a program of building 
up of stock inventories. 

In a seasonal business inventories cannot be carried over until 
the next year without incurring heavy expense. Inventories 
which have been piled up in excess of the seasonal demand which 
finally makes itself felt frequently have to be “dumped” at a !os8 
when the season is ending. When many concerns in the industry 
pile up inventories in a dull season, and general business ‘takes 4 
turn for the worse, the whole industry can easily find itself in 
state of serious overproduction. On the other hand, if a factory 
produces a commodity that is not subject to deterioration or 


ug 
a 
2 
4 
4 
he 


red 
8 


MANAGEMENT MAN-53-7 73 


style obsolescence and that enjoys a unique reputation by which 
it is virtually insured of ultimate demand, it stands in little danger 
from overproducing beyond current demand. The only penalty 
it must pay if there is a serious business slump is the expense of 
holding inventories unduly long. 


In evaluating the policy of manufacturing in advance of orders 
as a means of regularizing seasonal production, it must never be 
forgotten that the term is entirely relative. In the instance given 
a little piling up of inventory may be a highly desirable move, but 
an excessive piling up of inventory may be disastrous. 


Unemployment—Causes, Palliatives, and 


Preventives 


By DR. ROYAL MEEKER,’ NEW HAVEN, CONN. 


The causes of unemployment are manifold, but come 
under the single head of maladjustment between pro- 
duction and consumption. The chief contributing 
causes are: Lack of planning of production to meet 
and not to exceed consumption requirements. Faulty 
distribution and utilization of the national income, 
causing alternating periods of over-saving and over- 
investment in production or intermediate goods, ac- 
companied by under-spending and under-consumption 
of immediate or final consumption goods, followed by 
over-spending and under-saving. Wide variations in the 
general price level, which mean changes in the purchasing 
power of money. Unforeseen calamities, including 
marked overproduction of some commodities, as well as 
destruction of lives and goods by earthquakes, floods, 
storms, droughts, famines, etc. Technological improve- 
ments due to new machines, methods, management, and 
organization. 

Until recently little was known about the underlying 
causes of unemployment, and that little was known by 
very few. Hence the methods of treating this social- 
industrial disease, or accident, are for the most part 
merely palliatives, not cures or preventives. The pallia- 
tives which are most invoked to help us out of depression 
are: Soup and bread lines; odd jobs; ‘‘buy it now” 
slogan; wage maintenance; public works; regulariza- 
tion of individual plants; unemployment reserves in 
individual plants. The only cure for unemployment is 
employment. There are, however, three major policies 
which may be inaugurated at once for the amelioration 
and prevention of unemployment: Planning a consump- 
tion-production program in all industries for several 
years in the future. Stabilizing the general price level, 
through credit and monetary control. Providing care- 
fully planned, all-inclusive unemployment insurance. 
To make a start on any of the measures proposed requires 


* Associate in Economic Research of Prof. Irving Fisher. Dr. 
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International Labor Office. In 1923 he headed the Department of 
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a degree of knowledge, of cooperative spirit, and of au- 
thority which are at present largely lacking. But the 
evil of continually recurring unemployment demands 
bold and drastic action. 


T IS true that but little progress has been made in the direction 

I of creating systematic means for either preventing unem- 

ployment or caring for the unemployed. Our backwardness 

in this, the most important aspect of present-day life, comes 

from our overemphasized individualism and our failure to under- 
stand the nature and the causes of most unemployment. 

Unemployment, seasonal, cyclical, or continuing, is the most 
serious defect in the present-day economic organization. The 
job comes first. Before the intricate and innumerable problems 
of wage rates, hours, division of labor, rate of production, condi- 
tions of labor, ete., can come into existence, there must be jobs 
and workers doing these jobs. 

Unemployment means involuntary idleness from whatever 
cause, and includes besides the jobless all those who for any reason 
are employed less than full time. The unemployed includes, 
then, all jobless workers, all part-time and irregular workers, 
and all workers who for any reason are not fully employed while 
actually on the job—those unemployed on the job, so to speak. 
Unemployment concerns only those able and willing to work. 
It has nothing to do with the chronically unemployable and those 
who do not or will not work. 


Causes OF UNEMPLOYMENT 


A large number of names have been used to explain unemploy- 
ment, the most hackneyed being, “overproduction,’’ “under- 
consumption,” “‘underproduction,” ‘changes in the price level,” 
and “technological improvements.”” All these causes can be 
included under one head—namely, a lack of balance between 
production and consumption. Five causes contribute to this 
condition: 


1 Lack of planning of production to meet and not to exceed 
consumption requirements 

2 Faulty distribution and utilization of the national income, 
causing alternating periods of over-saving and over- 
investment in production or intermediate goods, ac- 
companied by under-spending and under-consumption 
of immediate or final consumption goods, followed by 
over-spending and under-saving 

3 Wide variations in the general price level, which means 
changes in the purchasing power of money 

4 Unforeseen calamities, including marked overproduction 
of some commodities, as well as destruction of lives and 
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goods by earthquakes, floods, storms, droughts, famines, 
etc. 

5 Technological improvements due to new machines, 
methods, management, and organization. 


Until recently very little was known about the underlying 
causes of unemployment, and that little was known by very few. 
Hence the methods of treating this social-industrial disease, or 
accident, are for the most part merely palliatives, not cures or 


preventives. 
PALLIATIVES FOR UNEMPLOYMENT 


The first and favorite palliative is the time-honored and dis- 
honorable institution of the soup kitchen and the bread line. 
Every thoughtful American must feel angry and ashamed that, 
after passing through ten major business crises and some two 
dozen less severe business slumps during the past century and a 
half, we have no effective plan to deal with these emergencies, 
but still rely mainly upon voluntary haphazard doles to keep the 
victims of calamity from starving and freezing. The one un- 
answerable argument in favor of these doles is the fact that even 
the hard bitter bread and thin soup of charity do keep men from 
dying of starvation. The Roman emperors did as much. They 
dispensed free bread and circuses to the jobless proletariat of 
ancient Rome; we dispense free bread and soup. Whether or 
not we have improved upon the Roman method seems to depend 
chiefly upon the relative merits of the free Roman circus and free 
American soup! 

So long as present conditions prevail in America, both the un- 
employed employee and the unemploying employer will continue 
to be the unwilling or the unwitting recipients of our doles of 
bread and soup. The employer whose discharged workers are 
kept by public or private charity during depressions receives alms 
indirectly but just as truly as do those who eat free bread, drink 
free soup, and sleep in free “flop houses.”” The great American 
dole is a very poor palliative, indeed, and it is our shame that it 
still remains our main reliance in every industrial depression. 

Next, there is the odd-job palliative. This has less demerit 
than free bread and soup, but it has not very much merit. Re- 
conditioning and rebuilding plants are not odd jobs. The odd 
job is merely one means of keeping workers from starvation or 
complete pauperization during an industrial depression. Again, 
so long as industrial and political leaders do not tackle the causes 
of unemployment, the odd job with all its inadequacies will con- 
tinue as a method of dealing with unemployment. 

Within the past few months the “buy it now” palliative has 
emerged. Merchants have discovered the power of “buying 
power” and are urging consumers to buy now whether or not they 
really need things or can pay for them. This palliative at least 
recognizes the need for buyers to absorb surplus goods, but its 
merit is slight indeed. The great danger is that large numbers 
of people may be persuaded to acquire things more or less useless 
by promising payments which they can never meet. 

Wage maintenance is another palliative. This palliative has 
decidedly limited applicability. The employer cannot pay wages 
unless he has money with which to pay. Employers who main- 
tain rates and employment out of surpluses accumulated during 
prosperous years are really practicing a form of unemployment 
insurance. This form of spreading industrial earnings in fat 
years over the lean years may be good or bad according to the plan 
used and the conditions. Most employers have no surpluses left 
when the lean years come and can maintain wage rates in the 
face of dwindling income only by cutting down labor costs through 
substituting machines and methods for men and by discharging, 
laying off, or giving partial employment to workers. An em- 
ployer may maintain the rates, but he cannot maintain the earn- 
ings of his employees. Buying power of workers is cut down as 
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much or more than it would be by allowing wage rates to decline 
along with other prices. The sole merit of this practice, if it be 
a merit, is in keeping a high wage standard against the time of 
business revival. 

The palliative of public works has certain merits, but its fune- 
tion has been greatly exaggerated, not to say misrepresented, 
Its applicability is very limited. Money or credit taken by 
taxation or by loans from the people for public works leaves just 
that much less for private industry. It is not asserted that 
public works are no good. It is possible to work out a program 
of public construction extending over 10 or 20 years, although 
no such program has ever been planned anywhere. Such a 
program might be speeded up to tide over a severe emergency 
situation, but at best such work can be helpful for only a very 
short time. Private initiative and enterprise has in times past 
been less tardy and more effective than public efforts to aid re- 
covery. However, hearty support should be given to the 
present public-works program as an emergency measure. 


REGULARIZATION OF INDUSTRY 


The regularization plans of private corporations and plants 
deserve hearty commendation and their extension to other plants 
and industries should be encouraged. They are most interesting 
and valuable, but they are as yet too limited in scope to help much 
toward the solution of the major problems of unemployment 
No single employer, or group of employers in one industry, or 
even in several related industries, can effectively regularize pro- 
duction and employment in the one plant or the group of plants 
included under the plan. To be effective regularization must 
include all industries in the country and eventually in the world. 
Encouraging beginnings have been made on a national scale in 
this country by employer associations similar to the Citrus Fruit 
Growers Association. International cooperation has been at- 
tempted by the several international cartels like the Steel Cartel, 
the Copper Syndicate, and the proposed Sugar Agreement. The 
limitations and weaknesses of the existing employer agreements 
and associations, international as well as national, are too patent 
to require comment. Before any considerable progress can be 
made in this country toward extending and making effective an 
industrial regularization plan, the anti-trust laws must be 
drastically reconstructed. 

The limitations which apply to the individual plant and to 
groups of plants apply to cities and communities. All these plans 
by individual employers, by employer groups, by industries, and 
by communities to regularize production are all to the good. 
They show that public-spirited employers and public officials 
are on the right track in tackling the chief cause of unemploy- 
ment. These plans call for hearty commendation and support 
from all who desire to attack the causes of unemployment. 
These efforts are classed at present among the palliatives because 
of their limited scope and extent. 

Unemployment funds set up by individual employers and 
groups of employers to tide over periods of depressions are de 
scribed in the report of the Industrial Relations Counselors. 
But these unemployment funds are quite inadequate to solve 
unemployment. They are likely to go on the rocks during 
serious depression because the regularizing of employment is too 
big for a few individual employers or even groups of employers 
to accomplish. The plan deserves the heartiest commendation, 
however, as a first application on a limited scale of the insurance 
principle to the care, cure, and prevention of unemployment. 


PREVENTIVES OF UNEMPLOYMENT 


The only cure for unemployment is employment. This 
sounds like saying the cure for illness is health; the way to be 
good is to avoid doing wrong. 
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There are, however, three major policies which may be in- 
augurated at once for the amelioration and prevention of un- 
employment: 

1 Planning a consumption-production program in all 
industries for several years in the future so as to mini- 
mize or eliminate overproduction or underconsumption. 
This should include a more equitable distribution of the 
products of industry; that is, the national money in- 
come 

2 Stabilizing the general price level; that is, the buying 
power of money 

3 Providing carefully planned, all-inclusive unemployment 
insurance to prevent unemployment, as well as to care 
for the unemployed. 


To make a start on any of the measures proposed requires a 
degree of knowledge, of cooperative spirit, and of authority which 
are at present largely lacking. If the main framework of the 
existing economic order is to be preserved, these deficiences must 
be supplied. If it is difficult to make a beginning, it is even 
more difficult to carry through to a successful finish. But the 
evil of continually recurring unemployment demands bold and 
drastic action. Nothing worth doing is easy. 


A PLANNED CONSUMPTION-PRODUCTION PROGRAM 


The measure of first importance is naturally the most difficult 
of all. All that can be attempted here is to emphasize the 
necessity of directing and controlling our work toward the end of 
gratifying our wants most effectively. The working out of the 
complete program will require years of careful research and 
experimentation. 

A beginning, however small, has been made in the planning 
of production for consumption, These small beginnings should 
be supported and expanded as rapidly as possible to include all 
industries throughout the nation, and eventually the nations 
trading with us. This program is of tremendous difficulty and 
magnitude, but it is indispensable to the realization of regulariza- 
tion in business and employment. It calls for all the genius of 
organization and statesmanship among our industrial, financial, 
and political leaders. It demands the fullest understanding 
between employers’ and employees’ organizations, the public, 
and their representatives. The very difficulties in the way should 
stimulate our leaders to overcome them. 


STABILIZATION OF MONEY 


The reasonable stabilization of the price level is indispensable 
to the reasonable stabilization of business. Here again there 
must be clear understanding and complete cooperation between 
private financial organizations and the public agencies. More 
progress has been made in theory and in practical application 
in this field than in either of the others. Numerous books and 
numberless articles have been written on the subject of stabilizing 
the price level. While it cannot be proved statistically that 
price fluctuations precede and cause business fluctuations, never- 
theless price changes do affect business profoundly. A con- 
Sumption-production program would be very difficult or impos- 
sible to carry into effect without reasonably stable prices. A 
good beginning in monetary control has been made by the Federal 
Reserve System, but it is only a beginning, and there is serious 
danger that the feeble efforts already made may be repudiated 
by Congress unless business men act vigorously to support and 
Strengthen the system. The completion of the task will be diffi- 
cult, but it can and must be done, if socialistic and communistic 
experiments are to be avoided. 


UNEMPLOYMENT INSURANCE, PREVENTIVE AND CURE 
Unemployment insurance should be enacted primarily to 
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prevent unemployment and to take care of the unemployed. 
To avoid confusion fundamental terms must be made clear. 

First, unemployment insurance is a means of distributing the 
losses due to business crises and depressions among all buyers of 
commodities, instead of letting them fall with smashing force 
upon unlucky individual employers and employees as at present. 

Second, the fundamental principle of insurance is the distribu- 
tion of losses among a large body of risk takers. Losses so dis- 
tributed would cost the employers and insurance carriers nothing, 
and the consumers who ultimately would pay the bill could detect 
no difference in prices, so slight would be the portion of expense 
falling on any one commodity. 

Third, the notion that the whole cost of unemployment insur- 
ance will be an added cost upon production is absurd. This 
theory, which seems to be accepted by most employers without 
question, assumes that unemployment now costs nothing because 
no system exists to care for the unemployed. A national em- 
ployers’ organization has published a statement declaring that 
unemployment insurance would cost each year from $195,000,- 
000 to $334,000,000. Possibly the costs would total those sums 
if unemployment were not reduced. The total cost of insurance 
is of no importance. The difference between the cost of un- 
employment under the insurance plan and under no plan at all 
is of vital importance. We must quit deluding ourselves with 
the foolish fancy that unemployment does not cost us anything 
so long as we do not recognize it. Make no mistake! We are 
paying for unemployment and paying through the nose—in taxes 
for maintaining our extravagant poorhouses, our ever-present 
street beggars, our sporadic and prodigal outbursts of charity to 
keep the unemployed from starving and freezing, the colossal 
costs of inefficiency and ca’canny directly ascribable to unemploy- 
ment and the fear of losing the job. Even if unemployment in- 
surance should add $500,000,000 to the price of all commodities, 
the whole nation, including employers, would be the gainers. 
The total drain upon the national income would be substantially 
less than at present, but the greatest gain would be in the im- 
proved morale of workers freed from the fear of being thrown out 
of a job. 

Fourth, the unemployed eligible for insurance would consist 
of those alone who lose their jobs through business hazards and 
not through the workers’ own fault. Unemployment is really 
an industrial accident or disease. In fact, it is the only truly in- 
dustrial disability. One can fall ill or fall and break a leg at home 
as easily as at work. One is more likely to get killed or maimed 
by an auto on the highway than by an operation on the job. But 
the only way one can become unemployed is to lose his job. Un- 
employment is just as insurable as illness or traumatic disability. 

Unemployment insurance is not intended to pay workers for 
not working. Its most important effect is prevention. Unem- 
ployment insurance will unquestionably act like workmen’s 
accident compensation insurance to prevent the disability insured 
against. 


THe CoMPLETE PROGRAM OF PREVENTION 


It is no cause for regret that this country has not thus far re- 
sorted to unemployment insurance as a cure-all for unemploy- 
ment. Insurance should be utilized only as one part of a com- 
pletely rounded program to combat booms accompanied by hectic 
over-employment followed by depressions with under-employ- 
ment and unemployment. 

Employment assurance is being advocated by many American 
employers as an alternative superior to unemployment insurance 
which has been so widely adopted in Europe. It may be said 
that job assurance is but another name for job insurance. There 
is much truth in this statement, but regularization of employ- 
ment may be practiced without unemployment insurance, and 
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unemployment insurance may be applied so as to have little or 
no effect in smoothing out booms and depressions. 

Employment assurance and unemployment insurance are the 
two halves of a complete employment program. Either one 
alone will fail to take care of fluctuations in business and employ- 
ment. Both together will achieve a much desired stabilization— 
economic, social, and political. 

When consumption-production is equalized, the value of 
money stabilized, and unemployment minimized by putting the 
costs where they belong, we may reasonably expect unemploy- 
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ment to be so reduced that the actual payments by insurance 
carriers to the unemployed will be much less than the lowest esti- 
mate of costs made by the National Association of Manufacturers, 

When employers and the rest of the public realize fully that 
unemployment is what President Hoover has described it to be, 
the greatest waste in industry, and that every partly or wholly 
unemployed person must be supported out of the national in- 
come produced by those employed in industry, they will take 
the necessary preventive measures against this greatest evil in 
the modern economic system. 


The history of one company in stabilizing employment 
is detailed. Having but three presidents over a period 
of 93 years, a definite family policy has been carried out, 
resulting in a plan that virtually guarantees an employee 
that he shall have work for 48 weeks during the year; 
that he shall have a share in the profits; that in case of 
sickness he shall receive two-thirds of his pay for a year 
and a pension in case of disability; that he may partici- 
pate in a home-buying plan. 


cussed, and there have been thousands of pages. written 

about it. Methods and systems without number have 
been studied and tried out. It has received the sincere and de- 
tailed thought of educated men. Plans, most of which are quite 
complicated, have been worked out by the score. The method 
used by us, we believe, is complete and yet very simple. This 
is all it is: “We guarantee you full pay for full-time work for not 
less than 48 weeks.” 

This guarantee of regular employment reads as follows: 


STABILIZATION is a subject much dis- 


To employees located at Ivorydale, Ohio, factory, and participating 
in the Procter & Gamble profit sharing plan, the company hereby 
guarantees full pay for full-time work for not less than 48 weeks in 
each calendar year, less only time lost by reason of the customary 
holiday closings, or through fire, flood, strike, or other extreme emer- 
gency, and subject to the following provisions: 

(a) When an employee enters the profit sharing plan after January 
1 of any calendar year, the company guarantees to him under the 
terms and provisions outlined herein, full pay for such of the 48 
weeks as may remain in that calendar year. 

(b) The company reserves the right under this guarantee to trans- 
fer any employee to work other than that at which he is regularly em- 
ployed, and to compensate him for same in accordance with the fol- 
lowing terms and provisions: 

(1) If the transfer is the result of a full or partial shutdown, or a 
temporary cessation of work in the department in which he is regu- 
larly employed, or as emergency in the department to which he is 
transferred, it shall be regarded as temporary, and the employee shall 
receive, during such period of transfer, his regular wage rate per hour. 

(2) If the cause of the transfer is the permanent termination of 
the particular department or the particular job where he has been 
employed, or where the transfer is in the nature of a demotion for any 
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Employment Stabilization in the Procter & 
Gamble Company 
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cause, it shall be officially recorded as a permanent transfer, and the 
employee shall receive the wage rate which prevails for the work to 
which he has been transferred. 

(c) The company reserves the right to discharge any employee 
at any time and for any cause, and further reserves the right to ter- 
minate or modify this guarantee in whole or in part at any time after 
serving six months’ notice to that effect. 

By this guarantee the employee is assured of regular work and 
regular pay, and he will also receive quarterly profit sharing dividends 
on his wages. In addition, he is accumulating with but little effort 
on his part an investment from which he will receive the regular 
dividends paid on the Procter & Gamble Company’s common stock 


The whole plan of the Procter & Gamble Company has a 
background covering a couple of generations. From 1837 to 
1930 the company has had only three presidents—grandfather, 
father, and son in 93 years. 

Mr. William Cooper Procter four years out of college, when 
he was 25, went to his father with the thought that it was right 
for the factory workers to gain some part of the company’s 
earnings. Such a plan was put into effect, and in 1887 Procter & 
Gamble employees drew profit-sharing dividends, paid in cash. 
As near as can be told today, the ideas and ideals forming in 
the young Mr. Procter’s mind at that time were something like 
this: 

You have a better and stronger company; you have better 
citizens in your factory if ways and means are worked out to make 
it possible for your employees to become part of the company and 
to become independent and free from worry. There is no thought 
of dealing in the home affairs; there is no thought of charity; 
there is, though, a way to meet the conditions feared by labor. 

Someone has summed up the needs of the working man 28 
follows: 

He must be taken care of when an accident happens. 

He must be taken care of when sick from any reason. 

He must have a way of purchasing a home—a way of being 
sure to be able to pay for that home. 

He must have a method to build up an independence so that 
there is no fear of old age. 

Mr. Procter has worked out plans in the last forty-odd years 
that take care of all of these points. These points can be covered 
as follows: 

Accidents. This has been recognized by the states and is well 
taken care of. ’ 

Sickness. Our present plan takes care of a man who is sick 
from other than industrial accidents, by paying him 66*/s pe 
cent of his salary over 12 months, and then providing 4 dis- 
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ability pension in case of continued sickness. The fund for this 
plan is built up by the employee contributing $10 per $1000 of 
payroll, and the Procter & Gamble Company contributing $20 
per $1000 of payroll. This plan has been in effect long enough 
now so that several actuary studies have been made and we feel 
it is quite sound. 

Home Buying. The company has a home-building plan by 
which money is advanced on homes selected by employees. 
The assurance of paying for the home comes through good wages 
and steady work, together with profit sharing. Our profit-shar- 
ing plan is as follows: 

An employee must be in the service of the company for six 
months before being eligible for profit sharing. There are numer- 
ous reasons for this. First, there are a certain number who are 
always moving from one job to another. Second, we want the 
employee to be sure that he likes us, and we want to be sure that 
welike him. After this six-month period, and upon recommenda- 
tion of his foreman, a number of shares of the Procter & Gamble 
Company stock is bought in the open market, the value of which 
comes closest to the employee’s yearly salary. We guarantee 
this price against decline on the first block of stock. The em- 
ployee must pay in 5 per cent toward the redemption of the stock, 
and the company pays in 12'/, per cent. Interest of 4 per cent 
is charged on the unpaid balance, and dividends are credited. 
This means that the employee will get his stock in about six 
years. If he leaves prior to a five-year period he gets back the 
money he paid in, plus 6 per cent interest. Under this plan 
there are several men who today have over $100,000 worth of 
Procter & Gamble stock and who have never earned over $35 per 
week. Asa part of profit sharing, the employee comes under the 
guarantee of employment plan. 

It is our belief that what people want is to become independent 
through their own efforts and not have to rely on charity in old 


age. Under the plan a man may retire from 50 years of age on, 
with an income somewhat larger than his wages. He builds his 
own security. 

The method used in establishing the guarantee of a full-time 
job for 48 weeks was worked out about as follows: 

Shortly after the war, Mr. Procter said: “Are we not missing 
the biggest point in our manufacturing program when produc- 


tion is not controlled to flow evenly? The consumer uses our 
products at an even rate; the grocery store sells to them at an 
even rate; why should not our business be operated at an even 
rate?” The first work was for the sales department to estimate 
the business of the next five years. 

Each salesman covers a population of approximately 200,- 
000, or 50,000 families. He knows what he has sold in that sec- 
tion, and he estimates what he can do in the way of bettering his 
condition in the future. We have then a real estimate made up 
by the men who sell the goods. This five-year estimate was then 
gone over with the manufacturing department. The salesman 
takes the first responsibility, and before the schedule is put into 
effect every person in the company takes his responsibility in 
seeing ‘hat this guarantee of employment is carried out. The 
plant went into effect August, 1923. As a matter of interest, 
the 1926 production schedule was within 0.12 per cent of that 
schedule made out in 1922 for 1926, and the only variation was in 
slightly larger sales than estimated. 

Our present method is about the same. Each fall of the year 
the sales department estimates the coming year. If our equip- 
ment is close on certain brands, we will ask them for a three- or 
five-year estimate, but the year schedule stands for the next 
calendar year. We guarantee 48 weeks; we divide the schedule 
by 49 weeks, and our experience has been that we give about 
50 weeks. There are seven recognized holidays throughout the 
year, so that a little over a week is lost that way. The month 
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is worked out by dividing the week by 5'/, and multiplying by the 
number of working days in the month. When this yearly 
schedule has been agreed to by the sales manager and the manu- 
facturing department, it is approved by the administrative 
committee of the company and becomes fixed. 

It is agreed that on major brands the sales department will 
hold their monthly schedule within 10 per cent; this is only by 
brands, and the total of the factory must remain the same. Here 
are a few figures on how this has worked out: 

On one brand of goods the schedule was 1,463,000; the goods 
produced was 1,447,000. On another brand the schedule was 
389,000; we produced 399,000. On another brand the schedule 
was 349,000; we produced 343,000. On a whole group of prod- 
ucts there was a schedule of 12,096,000 for the year, and we 
produced 12,173,000, or six-tenths of 1 per cent over the schedule. 
Now this is not at all easy todo. It means that every one in the 
organization must accept his responsibility. 

When conditions such as for the last twelve months have called 
for increases in some particular brands and decreases in others, 
the matter is talked over between the sales and the manufactur- 
ing departments, carrying it right down to the distribution of 
labor. 

This guarantee of employment has cost us a little money at 
times. Due to the lack of buying last spring, it was necessary 
to stock quite a lot of soap. On the other hand, it has had many 
fine sides in addition to providing steady employment. For 
instance, when we built our Baltimore plant, which started 
operations in July, and when we planned the Long Beach, Calif., 
plant, which will start next July, we not only have a well-thought- 
out schedule for these plants, but we plan our manufacturing on 
the basis of the plants producing 50 weeks a year, and the equip- 
ment is not much more than that. Prior to starting up the Balti- 
more plant, for a period of three years it is doubtful if we had a 
capacity of 10 per cent in excess of our average production. It 
has meant that all the equipment is going and all building space 
is used; both are naturally maintained because of the necessity 
of keeping them in operation, and everyone knows that the way 
to have good equipment is to run it. 

We have not yet applied guarantee employment to the cotton- 
seed mills, but we have been able to double the time of operation 
of the mills and make it perfectly possible to run the year around, 
if the seed could be bought. Mr. Procter took active charge of 
the mills four years ago, and it was not very long before tanks had 
been erected for storage and ways and means for preserving cot- 
ton seed had been perfected. : 

We do not know how this guarantee would apply to other busi- 
nesses, but we do know that there are many ends of our business 
that ten years ago we would have said were impossible to stabilize. 
Today it seems quite logical. There are many instances where 
certain by-products are seasonable, and we have trouble disposing 
of them evenly, but we have made arrangements to fill in with 
another product during that time. 

The number of people affected by the profit-sharing plan will 
be of interest. To be eligible one must have been with the 
company six months and be either an hourly worker or a weekly 
one getting $2000 a year or less. Of those eligible over 95 per cent 
are profit sharers and come under the guarantee. 

The main thought is this: Ten years ago our business was quite 
seasonable. There were periods when we would do almost twice 
as much business as other periods. Every one naturally fell 
into his or her responsibility and has helped work out a definite 
plan. 

If we have not obtained the best type of plan, we have at 
least found out that when one has set a goal ahead that is right 
and is determined and willing to put in the time and effort, it 
just becomes natural to find a solution. 
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Discussion on Stabilization of Employment 


Reportep By CHARLES W. LYTLE,’ NEW YORK, N. Y. 


N inaugurating the discussion, Chairman Ralph E. Flanders 
presented Dr. Lillian M. Gilbreth,? who spoke from her 
experience as the women’s representative on Mr. Hoover's 

Unemployment Committee. Mrs. Gilbreth first told something 
of the personnel of the committee. She then pointed out that 
those present represented types who still held positions and that 
there was much they could do to support the work of the regular 
committee. While she praised the measures for long-run stabili- 
zation, she also stressed the importance of immediate relief 
measures. One of Col. Arthur M. Woods’ first slogans, she 
said, was “Spruce up your home.” Finally, she stressed the 
importance of maintaining American standards of living and 
present wage rates, saying: “I think, from the President all the 
way down to the committee, we all feel that reduction in wages 
and in living standards would be absolutely fatal.’ 

The general discussion centered largely around Mr. Knowles’ 
paper and continued at a high pitch of interest. The Chairman 
commented on the great responsibility of a management which 
undertook such a program and asked Mr. Knowles if the sales- 
men did not feel like quitting when they received their quotas. 
Mr. Knowles answered that, on the contrary, every one knew 
just what he was expected to do and that there was a clearer 
understanding of responsibility all the way through. In answer- 
ing questions regarding the security of markets for the soap busi- 
ness, Mr. Knowles pointed out that the general run of soap con- 
stituted only half of the business and that the making of fats such 
as Crisco constituted the other half. The first half had recently 
fallen off 10 to 15 per cent, but as a whole the business for the 
present year would be a little larger than for the last year. A 
factor which had facilitated sales was replacement of a certain 
amount of the jobbing business by chain stores. 

To illustrate that the soap business has not always been as 
stable as at present, Mr. Knowles cited the cotton-seed end of the 
business. Ten years ago 90 per cent of the cotton seed used was 
crushed by the middle of January. Mills then shut down for the 
rest of the year. The reason for this was that they did not know 
how to carry cotton seed over without its deterioration. At 
present Procter & Gamble has three cotton-seed mills operating 
all the year round, crushing a total of 157,000 tons per year, 
their other mills operating up to April 15. Even here it is ex- 
pected to bring about greater stabilization. Referring to the fact 
that some money had been lost in order to work out the ideal, 
Mr. Knowles asked, “Is it not logical and necessary to lose money 
in advertising and experimenting when you have faith that your 
plans are right?” M. F. Simmons” pointed out that there 
was naturally a seasonal factor in the marketing of the electric 
lamp globes, but that his company had already announced a 
guaranteed employment plan in all lamp divisions and hoped to 
do the same in the turbine divisions. 

The Chairman called attention to the fact that the Procter & 
Gamble Company and the General Electric Company represent 
two radically different types of management and yet they seemed 
to be in substantial agreement. ‘‘This ought to give some of the 
rest of us a little more courage.”’ 

Mr. Knowles continued by saying that their sales department 
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was bound not to increase the yearly schedule until such schedule 
could be maintained. This puts a premium on making the sales 
continuous and does not allow coverage of poor sales by a tempo- 
rary excess. Some one asking if Procter & Gamble made their 
purchases of equipment steadily, the answer was that purchases 
were reasonably steady. In fact, this is facilitated by the knowl- 
edge of how much volume is to be produced in advance. 

Another machine-shop man recalled that years ago F. W. Taylor 
demonstrated certain principles in the machine industry which 
were reluctantly received by other industries on the grounds that 
they were not applicable. He.then raised the question if such 
other industries were not now demonstrating new principles which 
in turn were being reluctantly received by the machine industries 
for identically the same reason. 

The Chairman then called upon L. W. Wallace.'! The latter 
expressed the opinion that Dr. Meeker had painted a picture 
which was entirely too pessimistic. “I think that individual 
industries and leaders of industry must begin to educate them- 
selves and try out various methods in their own plants.” He 
quoted the motto applied to the engineer at the 50th Anniversary 
of the A.S.M.E., “‘What is not yet, may be.” “What leaders of 
industry need today is to carry that sentiment in their minds 
constantly.”” To the machine-tool people, he said, “May I 
suggest that you go back to your respective plants and keep 
engraved upon your hearts that statement. If you will start to 
work with that as a foundation, I believe you will be much 
surprised to find how quickly you can do something equivalent 
to what has been done by Procter & Gamble, Dennison Manu- 
facturing Company, and others. Until we adopt that kind of a 
program we will confront crises similar to this 10, 15, and even 
30 years hence. The encouraging thing is that people are 
beginning to think and act in a new direction. They are building 
a program which will eventually even out the peaks and valleys 
of the business cycle.” 

Referring to what the engineering profession could do in the 
present crisis, Mr. Wallace continued: “I realize that there is no 
group in the United States that can be more depended upon in the 
call to solve national emergency problems than the engineering 
profession.””’ Here he explained the plan of Colonel Woods to 
make a canvass throughout local sections for the purpose of 
ascertaining what industry has done to stabilize employment. 

Again taking issue with Dr. Meeker, he objected to the in- 
clusion of public works as a panacea. He said: “Intermittently 
since 1882, the engineering profession, in cooperation with other 
organizations, has advocated a Federal Department of Public 
Works. Such a step would bring about great economy of 
operation.” In the several bills before Congress, a planning 
board is proposed, the function of which would be to lay out 
long-time plans for public-works activities for the Federal 
Government. These plans would be projected forward from 
10 to 15 years and comprise designs and estimates making 
possible scientifically accurate appropriations. 

“It is proposed to set aside reserves so that funds will be avail- 
able and plans ready when needed for execution. Had there been 
such a set-up in the Federal Government, it would have been 
unnecessary for the President to form a Cabinet committee or for 
Colonel Woods to organize the public-works section of his com- 
mittee.” 
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ton, D.C. Mem. A.S.M.E. 


4 

ar 


MANAGEMENT 


In conclusion he expressed the belief that the findings of Colonel 
Wood’s committee would inspire many activities which would 
tend to lessen the frequency and severity of depressions. 

The Chairman then asked R. E. W. Harrison"? to describe the 
activities which Cincinnati has had under way for several years. 
Mr. Harrison paid tribute to the public-spirited employers in 
that city and to the City Manager, and also gave credit to Fred K. 
Hoehler, Director of Public Welfare. Mr. Harrison pointed out 
that the Cincinnati movement was started at a time of maximum 
prosperity, purely on the grounds of preparedness for recessions 
which were fully expected. He said that although Cincinnati 
was best known for its machine-tool industry, there was a wide 
diversity of industry. He agreed that it was good business for 
the employer to retain the skilled working force and to keep labor 
turnover at a minimum. Mr. Harrison then read a discussion 
by Mr. Fred K. Hoehler.'* 

The Chairman then introduced William J. Pedrick,'* represent- 
ing former Governor Alfred Smith, of the Committee on Employ- 
ment Relief for New York City. Mr. Pedrick assured of the 
committee’s cooperation. 

The Chairman brought up the subject of maintaining wage 
rates. He had no hesitancy in saying that he was one of a large 
number of manufacturers who felt that it was advisable to main- 
tain rates simply from the standpoint of maintaining the rate 
of consumption. He then asked Dr. Meeker to lead the dis- 
cussion. Dr. Meeker outlined the economist’s point of view on 
this question somewhat as follows: 

In particular establishments, reserves may have been ac- 
cumulated which can be used to contributed toward wage-rate 
maintenance, regardless of bad times. Throughout industry as a 
whole, he did not think such maintenance desirable. According 


to him it would mean that those employers who lacked sufficient 
reserves would, when faced with price reduction, be obliged to 


cut the labor cost of production. An attempt to maintain wage 
rates would intensify the substitution of machines for men and 
perhaps necessitate shutting down of the plant part or all of the 
time. In fact, he gave the opinion that the purchasing power of 
workers throughout the country is lower today than if wage 
rates had taken the older course downward. He believed that 
if this had happened there would now be much more employment 
and that the purchasing power of employees would be higher. 

W. W. Nichols® dissented from this point of view and told 
about the findings of Whiting Williams,'* who had repeatedly 
worked as an unskilled laborer in order to ascertain just what 
was on the worker’s mind and had now completed another of 
these adventures at the request of Mr. Hoover. One of Mr. 
Williams’ observations was that he could not at first understand 
the apparent serenity that prevailed throughout the country 
and that the laboring class suffered so much unemployment 
calmly. For instance, there were not the crowds at factory gates 
as in former depressions. In answer to this he found that there 
was an appreciation on the part of the employee of the necessity 
of the lavoff and a belief that it would be only temporary. The 
employee seemed to retain his interest in his former job, with 
full expectation of getting it back shortly. He had, as Mr. 
Williams expressed it, ‘‘a vested interest in his job” that he had 
never felt before. Mr. Nichols said that it is this state of mind 
that has prevented for the first time the appearance of strikes 
and great unrest. In other words, there is an acceptance by 
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the laboring element of the conditions that prevail and a feeling 
that both employer and employee are in the same boat. ‘‘When 
the change does come, both will benefit thereby.” 

Referring to Dr. Meeker’s interpretation, Mr. Nichols said: 
“T want to refute the remarks that Dr. Meeker makes about 
reduction of wage rates. Recently I attended a meeting of a 
most representative group of industrial en:ployers, at which this 
subject was thrashed out. While there was some difference of 
opinion at the beginning of the discussion, at the close there was 
no question as to the concensus of opinion in favor of maintaining 
wage rates. These men had all had long experience in dealing 
with such difficulties. They felt generally that they must recog- 
nize the psychological attitude of labor which interprets a re- 
duction in rates as a thing to be resented. This naturally in- 
volves a loss of confidence. The worker today is willing to 
accept a reduction of hours, but the moment that a reduction of 
rates is proposed the opposition is strong.”’ 

Dr. Meeker insisted that economically the destination was the 
same. He maintained that it mattered little to the employee 
what the rate was if the total earning per week was less. In 
fact, it was his experience that workers were quite willing to 
accept cuts in rates on the ground that ‘‘a half loaf is better than 
no loaf.” 

Walter F. Dixon, General Manager of the Singer Manufacturing 
Company, said that his company had a 75-year record for keeping 
a reasonably steady gait in good times and bad. ‘We had reason 
to realize early that the backbone of the company, the manu- 
facturing plants, was made up of the skilled, loyal, faithful em- 
ployees. Our product is one requiring a high grade of material, 
but even more than that, extremely accurate, minutely measured 
work. One could get some idea of what the work amounts to in 
our product if it is told that the cost of material in one of our 
sewing machines is about 13 per cent of the entire cost; that is 
to say, between 13 per cent and 100 per cent is laid out for 
labor and overhead charges. As to the plan of the Procter & 
Gamble Co., with the legal promise they have made to all of their 
employees within the last two years guaranteeing them constant 
employment for fifty weeks of the year, we have never considered 
any legal agreement, probably because we thought the time might 
come and possibly would come when we would be unable to fulfil 
our legal promise to the employees; but we have had a feeling 
which has grown up in the course of years that a man who wants 
to work with us and has been an employee for any length of time 
is guaranteed employment, although full or part time we do not 
say. During the last year of depression we felt the effect of it a 
little later than every one else, and similarly we pick up a little 
after every one else. Fortunately for us, whether things are 
good or not, people have to wear clothing and most of them shirts 
and things of that sort, so that commencing a little sooner, when 
we began to feel the full effects of depression, we put our shop, 
instead of on a five-day nine-hour per day basis, on a four-day 
eight-hour basis; that is to say, we started working thirty-two 
hours a week instead of forty-five hours. We did not, however, 
decrease the piecework rates or the time rates paid to those that 
are not on piecework. We believe the psychical effect of not 
reducing rates but reducing time is a very important one; that 
the employee will look forward to the time when things will be 
better with no occasion of having to fight the rates back to what 
they were. They know that when things improve and the factory 
goes on longer hours their incomes will be greater because their 
daily rates have not been decreased. Of course every office man- 
ager having several thousand people under his jurisdiction hears 
all sorts of reports as to how things are being taken in the shops. 
We do not have detectives to report on what the men are saying, 
but many of the men voluntarily report either to me or the super- 
intendent what the general feeling about business is. I can say 
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that the feeling is distinctly good at this time. We employ about 
14 per cent of our total employees in mills, and the company is 
probably doing the best it can for them. 

‘“‘We make all forms of machines. We make the ordinary family 
machine and we manufacture the so-called factory machine, 
which is very much more complicated and costs a great deal more 
to build. Wecall our simplest type of family machine, ‘Unity.’ 
One complicated machine may be equal to six of the Unity ma- 
chines, so in watching our stock very closely, if we find that 
the Unity machines are piling up a little too fast, we switch 
the men over to the complicated machines. Of the various 
terms to represent this present condition, I do not know whether 
it is overproduction or underconsumption, but I do think that 
those of us who have done export business agree that in the condi- 
tions in China and the conditions in Russia, it has been under- 
consumption in the one case, due to chaotic conditions existing 
in the country, and in the other case conditions of a distinctly 
different kind. Of course it is a question which each manu- 
facturer must settle for himself as to what extent we are justified 
in sending over American engineers and American experts of 
every description, including our agriculturists, in order to assist 
them in bringing about ultimate competition with ourselves and 
every other civilized country.” 

The Chairman introduced John A. Garvey,'* who outlined the 
policy of Dennison Manufacturing Company on employment. 

At this point the Chairman called on Harrington Emerson?’ to 
express his views. Mr. Emerson told something of his ex- 
periences abroad during the last four years, in which he visited 
many foreign countries, including Austria, Russia, China, and 
Japan. 

John M. Carmody™® pointed out that industry as a whole 
possessed too much obsolete machinery. “In some cases our 
inventories were heavier last June than they were a year ago in 
February or October. During the past two years I have visited 
perhaps 800 plants. I have said to them that we ought to take 
up this question of obsolescence. I think that question affects 
not only the great machine industry, but every great industrial 
manufacturer in this country, and there ought to be a concerted 
drive toward the elimination of obsolete plants.” 

Dr. Max Toltz asked Dr. Meeker to explain how the various 
groups, such as economists, engineers, and politicians, could 
cooperate toward the relief of unemployment. Dr. Meeker re- 
plied that we are all politicians, and furthermore we are all either 
employees or employers. ‘It is up to us to solve that extremely 
difficult problem of keeping a balance between production and 
consumption. It is not confined to national wants. Unem- 
ployment is an industrial accident or disease. In fact, it is the 
only industrial accident or disease. You can fall and be in- 
jured; that is an individual affair. You can have any kind of 
disease or you can suffer any kind of accident at home as well 
as at work, but you cannot be unemployed without losing your 
job; that is an industrial affair. It is the only true industrial 
accident there is, and it is the only form of industrial accident 
that we do not insure.” 

James Winston™ expressed the opinion that there were as 
many cures for unemployment as speakers and that the cures 
conflicted in many respects. He said that an unemployed person 
is primarily interested in money to supply his needs, and secon- 
darily ina job. He believes that this more fundamental concept 
might throw light on the varying points of view. He said: 
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“Some time ago it was reported in the press that the governor 
of a state ordered certain road work to be done with pick and 
shovel to the exclusion of machinery. It was claimed that by 
doing the job by hand 50 men would be employed 60 days as 
against 15 days if the job should be done with the aid of ma- 
chinery, making a payroll of $15,000 as against $3750 otherwise, 

“If the state wanted to spend $15,000 for that job, why did it 
not use its road machinery, complete the work in 15 days, and 
pay the 50 men $300 apiece and let these men do whatever 
they wished (or do nothing if they preferred) for the remaining 
45 days? I cannot see that either the state, the men, or any one 
else benefited by keeping 50 men 60 days on a 15-day job. 
On the other hand, I do see some very harmful results from this 
practice. 

“My reasoning is in a mathematical or technical line. On the 
other hand, I have heard prominent business men, bankers, and 
statesmen, using the common method of reasoning, prescribe for 
the same ill a high tariff, a low tariff, high wages, low wages, 
spending, saving, recognition of Russia, non-recognition of 
Russia, mergers, non-mergers, etc.” 

Mason A. Stone*! raised the question of what makes business 
grow better eventually. He said that there is a belief that the 
stock market anticipates the condition of industry, but that he 
had not found it so. ‘Last winter I canvassed the town to see 
what was being done in the building industry and was met with 
the single reply, ‘We can’t get any money.’ That brings up the 
subject of credit. The reason that they could not get money was 
that the bankers did not think it time to build. I think that with 
the price of materials now decreasing we will probably see the 
bankers loosen up and construction increase. Thus we will 
find a demand for raw materials, and without exactly knowing 
how it all happens, we will find ourselves looking for the swing 
upward. The stock market will then take note of the situation, 
and we will be ready for another crash in about seven years.” 


Joun A. Garvey.”? The contribution of the Dennison Manu- 
facturing Company to the subject under discussion will be 4 
description of a practical experiment in unemployment prevention 
and relief. It is more than 20 years since the company began 
work on a program to reduce unemployment to its lowest possible 
terms. Preventing unemployment, even in one small company, 
is a man-sized job. It meant breaking down buyers’ habits and 
selling prejudices. It meant instilling factory management with 
a new point of view as to the responsibility for keeping employees 
busy. Above all things we have found that it is not a job that 
stays done. 

Sometimes in discussion of our unemployment plan we have 
been greeted with a remark: ‘Oh, Dennison business is different. 
You ean do things with your line that we cannot do with ours.” 
This is to some extent true, but the reason that Dennison business 
is different is because it has been made so. Although the product 
is a varied one, some of the main lines were highly seasonal in 
character, and in the early 1900’s there were few businesses 
that had more seasonal unemployment than the Dennison box 
business. Most of the boxes and paper cases were supplied to 
the jewelry trade to be used with Christmas gifts. It was the 
custom for salesmen to go out in the early summer and sell the 
box lines for delivery in November and December. As a result 
the box shop was extremely busy from July until Decemler, and 
then business fell off sharply. 

When the plan of selling the box line in January rather thao 
in June was first proposed, it was met by a stubborn opposition. 
Nevertheless, the experiment was tried out in one of the salés 
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districts, and much to the surprise of most of our box salesmen 
it succeeded very well. 

Within a few years our selling had been swung ahead from 
June until the early months of the year. The advantage to the 
factory in regularizing employment is obvious, for schedules could 
be laid out at the beginning of the year to produce with a sta- 
bilized force ten out of twelve months of the year. During the 
other two months stock could be manufactured to fill in the valley. 

To cite an example from one of our other lines, consider our 
Christmas novelty merchandise. This line of seals, cards, tags, 
ete., requires expensive machinery and high-class workmen. 
We found it impossible to keep men and machines busy during 
the year on Christmas goods, and therefore evolved the plan of 
popularizing goods of the same type for other holidays in the year. 
This has been done for St. Patrick’s Day, Easter, Hallowe’en, 
etc. And so to a far greater extent than before we have been 
able to regularize our production on this type of merchandise. 

Our business is not vitally different from any other, and it 
requires long-range planning as well as considerable energy to 
get away from seasonal depressions. The program instituted for 
keeping cyclical unemployment at a minimum differs but little 
from what now seems to be more or less standard practice. 

We guard against. overexpansion of facilities and building 
during peak times. We do not launch new items when business 
is at the top, but we wait until it begins to fall off, and then use 
these items as a stimulus for additional business. We keep our 
advertising expenditure low during rush periods, and increase 
expenditures when the depression seems to be coming on. We 
try to keep inventories small during the expansion and build 
them up during depressions. We centralize the control of hiring 
to be sure that extra people are not taken on at a time when 
business is about to fall off. We try to train our employees to 
be versatile so that they may be shifted from one job to another. 
All these principles have been worked out little by little over a 
course of years and have been accepted by our management as 
being sound. 

So much for prevention. But our directors went one step 
further. They knew that in spite of all these provisions some 
unemployment would probably come at intervals, and therefore 
they put aside a fund which would be used for the relief of un- 
employment. This fund of $150,000 was accumulated during the 
boom days of 1916-1920, and it was in 1920, after more than 
ten years of experience in building up a prevention program, 
that the relief plan was started. 

In conference with the employee representatives a plan was 
devised which provides that all employees of more than six 
months’ service who are temporarily laid off for lack of work will 
receive 50 per cent of their wages if they have no dependents 
and 70 per cent if they have dependents. The plan provides 
that, as soon as there is lack of work, employees who are below 
the standard requirements will be dropped first, unless there is 
special reason for keeping them on the payroll; that employees 
with less than six months’ service shall go next; and then as far 
48 possil,le transfers shal! be made from those departments where 


layofis are necessary to departments where business may be 


better. The difference between what employees are actually 
worth in the department to which they are transferred and the 
wages which they have been receiving is made up out of the fund. 
a words, layoffs are the last step to take after all other steps 

Our first test of this plan came in 1921, and we were able to 
keep pract ically the entire force at work, and the total expenditure 
from the fund was only slightly over $20,000. We had a number 
of new items to throw on the market, and these happened to take 
very well, backed up by an advertising expenditure which was 
very much greater than we had used in previous years. 
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It would be well if it could be said that the same situation 
exists this year, but unfortunately it is not so. The reasons for 
this are varied. During the period since 1925 we have had, in 
common with other manufacturers, a hard fight to retain our 
markets. During this five-year period, which has been decidedly 
a buyers’ market, we have not been in a position to hold back 
any new items for the day of severe depression; we have had to 
launch them as soon as they were ready in order to keep up our 
usual sales. We were unable to set aside large amounts from our 
advertising budget. On the contrary we have had to increase 
our advertising considerably year after year to give our sales 
folk the backing which they needed. Although inventories 
have been kept down, this year is no time to increase then., 
because the style element, even in our varied merchandise, 
has become important, and paper boxes and novelties of all 
sorts change styles much more rapidly than was the case 10 or 15 
years ago. To be left with a large amount of novelties or boxes 
on our hands that are out of style would mean a very large loss. 
Moreover, continual pressure for cost reduction has meant 
continual work on better methods in order to reduce direct labor 
and overhead. Installation of machines and facilities for getting 
out production without the necessity of hand labor has been, as 
the world well knows, an added force which makes the recent 
depression a more difficult one than perhaps any other in this 
generation. The Dennison company has been no different from 
other companies in feeling the force of this development. 

Yet in spite of these factors our experience has not been 
unsatisfactory taken all in all. 

The total number dropped from our employee group since last 
January is less than 15 per cent of our total force, and this in- 
cludes the six-month en:ployees who do not fall under our unem- 
ployment benefit fund. We have kept most of our factory work- 
ing on the 44-hour week, although certain departments have been 
shut down Saturday mornings occasionally. 

Expenditures from the unemployment fund for layoffs and 
transfers have been very much higher than in any other year and 
will total before the first of 1931 more than $50,000. While this 
sum is a fairly large one taken by itself, considered in the light 
of our total yearly payroll it amounts to only 2 per cent, which 
is much less than many companies spend for projects far less 
worth while, both to the company and to their employees, than 
our unemployment fund could possibly be considered to be. 

That point should be emphasized to business management— 
that while an unemployment fund may be a benefit to the em- 
ployees, it is often of more benefit to management. This state- 
ment may not be taken seriously by many managers, and yet our 
experience of ten years with the fund has taught us that it is 
true. 

It may be thought that the importance of relief rather than 
of prevention is being unduly stressed, particularly on a program 
which is devoted to the matter of prevention. Yet the relief 
side bears the same relation to the prevention of unemployment 
as the expenditure for fire-insurance premiums has to fire pre- 
vention. Years ago business men looked upon accidents as being 
very sad, and they extended their sympathy to cases where em- 
ployees were injured or to the families where employees were 
killed. Yet they did very little about it until accident in- 
surance was made necessary and they were obliged to pay 
either prevention expense or increased insurance premiums. 

So it may be said that the spending of real money for unemploy- 
ment relief has made the Dennison Manufacturing Company less 
theoretical about unemployment and more practical. There 
have been unquestionably fewer platitudes and more action 
since our fund began to operate. It is a spur to greater effort 
on the part of our salesmen, and we hear much less of that old 
story that the factory exists to produce what the sales organiza- 
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tion sells and not to give the sales organization orders as to what it 
shall sell. 

At the same time the factory management is forced to take 
its share of responsibility, and the expenditures from the un- 
employment fund of each department are given plenty of pub- 
licity. Asa result the factory management has become more far- 
sighted; they are careful in regard to additions to their force in 
peak times; they are more apt to spend time training employees 
to become versatile on various jobs; they are more alive to 
changing conditions rather than keeping their nose well down to 
the grindstone and letting the rest of the world go by. 

No longer does the sales management say about unemploy- 
ment, “That is too bad, but really it is not our lookout.’’ No 
longer does the factory management say, “Well, we are real 
sorry, but we cannot help it if there are no sales.” Today both 
factory and the sales organization are drawn into close coopera- 
tion to prevent layoffs which can be humanly avoided. 

And what about our employee group? It is safe to say that 
they have been more interested in our unemployment scheme 
in its various developments than in any other project that has 
been undertaken in our personnel program. In fact, one of our 
older employees who for many years served as chairman of our 
Employee Representative Committee said one day: “We can 
give up our lunch room and the clinic and the suggestion system 
and even the profit-sharing plan; all of them together are not 
as important as the unemployment plan. For if a man has a 
steady income, he can get along without all the other things, but 
if he has not a steady income, all the other things together cannot 
help him very much.” 

Our employees generally recognize the fact that our manage- 
ment is actively interested in this program of unemployment relief 
and prevention. They recognize the fact that here is one im- 
portant subject where cooperation of employees and manage- 
ment is something more than a mere catchword. Through their 
Employees Committee we have brought them into active contact 
with the problem we have been facing to meet competition to pro- 
vide steady work. Just as our management has learned a great 
deal from its experience with this subject, so the employees are 
receiving an education that it would be hard to give them in any 
other way. It would be too much to expect that they should 
forget their personal interests to safeguard our unemployment 
fund, and yet during the past year they have agreed to, and often 
have initiated, changes in the plan which we hardly would have 
expected only a few years ago. And so we face the continuance 
of our unemployment experiment with confidence that as the 


years go on we shall’ work out continually better practices. 
Although the difficult conditions of 1930 have made it impossible 
for us to achieve the same results that we were able to achieve 
in 1921, we have done better, we know, than we could otherwise 
have done if our plan for prevention and relief of unemployment 
was not in operation; and we feel even more certain as the result 
of our experiences this year that fundamentally the program 
that we have undertaken is both sound and worth while. The 
details of it will have to be changed, developments will have to be 
made, but the fundamentals, we are sure, are sound and workable. 


E. F. DuBrvt.** The machine-tool industry, through the 
National Machine Tool Builders’ Association, is continually 
taking stock of various conditions. In doing so we at times 
discover some things that may be of benefit to all other groups 
of machinery and equipment builders. Some of the latest 
investigations fail to confirm ideas that were widely prevalent 
during the last “new era” of stock booming, and also disprove 
other ideas concerning the widespread prevalence of “technologi- 
cal’”’ unemployment, which is worrying so many people right now. 

All can remember how the boomers used to say that last year’s 
stock prices reflected the increasing prosperity of the country 
due to things such as these: 

“Alacrity with which American business management adopted 
countless new improvements in existing implements of produc- 
tion.” 

“Strides in building new and more efficient machinery, de- 
mands for perfected types of productive instruments, a scientifi- 
cally controlled industrial and commercial régime brought in- 
creasing profits to industry.” 

They explained the high prices of stocks as being a propor- 
tionate reflection of the widespread adoption of the newer pro- 
ductive instruments and methods. There is reason to think 

‘this to be a greatly exaggerated picture and one which gave 
stockholders, bankers, and directors a false sense of security. 

That glowing picture seems greatly overpainted as concerns 
the metal-working industries as a whole. 

The curve of stock values, as calculated by the Standard Statis- 
tics Company, tended upward enormously from early 1924 to 
the peak of August or September, 1929. The rise in values was 
out of all proportion to the increase in earnings of the companies. 
A glance at the curve of machine-tool orders shows it to have 
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fluctuated at a low level for seven years from 1921 through 
1927, and to begin its ballooning only in 1928. 

Certainly this curve shows no great “‘alacrity” to adopt the 
new and more productive machines which had been designed 
during that time. Quite in line with these statistical facts were 
the complaints of the sales forces concerning the difficulty of 
getting users even to investigate the profit-making possibilities 
of these machines. So one may wonder why, during those seven 
years, management displayed so little “alacrity to adopt new 
methods.” 

The curve of machine-tool orders seems to indicate such alacrity 
only in 1928 and 1929. With the drop in the curve of orders to 
levels below 1927, we wonder where all this “‘alacrity’”’ has now 
been stowed away, and how long it will remain under cover. 
Then, too, some other things make us doubt this “alacrity 
theory.” 

In 1926 the American Machinist made a survey of the ages 
of machine tools in service on January 1 of that year. This 
survey showed about 44 per cent to be over ten years of age. 

This year the same paper made a similar survey which in- 
dicates that about 48 per cent or more of the machine tools in 
service on January 1 of 1930 are over ten years old. Apparently 
the “alacrity to adopt new methods” had been running so much 
“in reverse” in 1926 and 1927 that our boom orders of 1928 
and 1929 were not enough to keep equipment as youthful as it 
was in 1926. 

While some concerns did make a considerable advance over 
the manufacturing technique prevalent before the Great War 
it seems probable that the total advance was not as much as the 
enthusiastic stock-market boomers led the public to believe in 
the machine-shop field. 

It is hard to believe that the managers of the 15,000 important 
machine-tool-using plants are greatly different, as a class, from 
the managers of plants that use other kinds of machinery. 

So we suspect that there is not much basis for worry about the 
effects of ‘technological’ unemployment. We suspect that 
large numbers of manufacturers do not realize how much their 
plants need modernizing to maintain and advance our present 
American standard of living. 

We suspect that this condition may be due to lack of under- 
standing of the problem of productivity on the part of bankers 
and financial men who control the expenditures of corporations 
of all kinds. 

These surmises seem clear enough in the case of machine tools, 
but we have no similar surveys of other machine industries with 
which to compare our surmises. If these surmises are correct, 
it appears that there is a job ahead for the whole machinery in- 
dustry in educating financial America still more concerning the 
financial benefits to be gained by installing more modern machin- 
ery of all kinds. 

If the financial clamps were taken off, the machinery industries 
could do much to give more employment to a well-paid class of 
workmen, and thereby greatly increase purchasing power for 


consumers’ goods. 


Grorce G. Bercer.** Much improvement can be effected 
and the severity of a depression considerably lessened by the 
application of the fundamental principles of scientific manage- 
ment. One of these principles is the principle of evaluating 
results accomplished and using the rating as a basis for wage 
payment for the purpose of stimulating improvement in these 
results. The principle of evaluation in terms of adequate stand- 
ards has many proofs of its force as a stimulating agent. The 
scientific notation of physical properties of a product may be 
considered an evaluation on the basis of a standard. By its 


* Consulting Industrial Engineer, New York, N. Y. Jun. A.S.M.E. 


MANAGEMENT 


MAN-53-7 83 


clarity, the evaluation stimulates the proper design of means to 
effect the end, the product produced. These evaluations in turn 
become the standards by which conditions are set for the worker’s 
task. Payment on the basis of the worker’s task stimulates 
productivity. Here we make important discoveries which have 
been proved by considerable time-study technique since Taylor’s 
time. They are: 

1 The human being is capable of doing much more work 
than he thinks he can do, and which becomes apparent only on 
stimulation. 

2 There are fairly defined limits to the higher production 
rates which tend to make well-trained workers equal. 

3 Wage payment based on productivity is the most effective 
means of stimulating improvement in productivity. 

Now what I have really in mind is the evaluation of the 
results of the industrial administration, an evaluation in terms 
not of predicted standards with broad tolerances, but of natural 
standards set with the idea of maximum turnover of capital 
in mind. Such standards with one exception are to be secured 
only when the results to be evaluated are in. This idea of 
evaluating managerial results has come up before this society 
under the familiar heading of “the measurement of management.” 
Consider what an effective evaluation or rating of the results of 
management leads to. First, it can be used to stimulate the 
personnel to secure improvement in results—that is, to increase 
competitive power, and work for the survival of the fittest in our 
economic structure. Second, as a basis for bonus payment, it 
serves to stimulate the administration executive to produce 
results which he may not think possible today. For although 
responsibility accompanies authority, responsibility is psy- 
chologically effected by stimulation, by gains accruing to the 
individual. Third, the balance sheet may be adjusted by 
the managerial constant to be derived from the ratings to give 
a conservative statement of what a concern is really worth, 
making for stability of investment values. These are all im- 
portant factors in industrial and employment stability. 


Frep K. Hoexnier.* During the depression of the early 
months of 1930, there were signs of an awakened public interest 
beyond anything experienced in former years, in the regulariza- 
tion of employment and the causes of unemployment. This 
same interest was created in Cincinnati as early as January, 1929, 
when that city, like many others, was enjoying a considerable 
amount of prosperity. The Permanent Committee on the Sta- 
bilization of Employment, consisting of twenty members, was 
appointed by the City Manager. The committee elected the 
City Manager, C. O. Sherrill, as its first chairman and his Director 
of Public Welfare was elected secretary, thus giving it official 
standing. The committee membership, representing banking, 
industry, education, social service, labor, and government, 
determined the purposes of the committee to be as follows: 

(a) To study the problems of stabilizing employment 

(b) To create machinery to handle an unemployment emer- 
gency should one arise. 

The permanent committee began working through ten sub- 
committees, as follows: (1) State City Employment Service, 
(2) Continuous Employment, (3) Temporary Employment, 
(4) Public Works, (5) Cooperation With Private Social Agencies, 
(6) Budget and Finance, (7) State and National Cooperation, 
(8) Transients, (9) Fact Finding, (10) Publicity and Education. 

The one great fact facing the committee was the absolute 
lack of reliable information on employment and unemployment. 
The, very first step, therefore, was to secure and publish accurate 
and adequate information. There was in existence no one source 
from which such information could be obtained. 
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The Subcommittee on Fact Finding utilized the best fact- 
finding agencies in the community and began work at once. In 
May, 1929, Cincinnati had its first complete census of unem- 
ployment. This was accomplished by using the machinery 
created by the Board of Education. This body is required by 
state law to secure an annual school attendance census by means 
of a house-to-house canvas. The board willingly gave its co- 
operation to the Fact Finding Committee, and enumerators were 
requested to ask a few extra questions. The results were later 
tabulated in the office of the Department of Public Welfare. 
The Fact Finding Committee then, with a fairly reliable census 
as a basis, developed current monthly figures on employment. 
It was this committee which saw the tendency toward an increase 
in unemployment in the summer of 1929, and so informed other 
subcommittees, which began to plan intelligently to meet a situa- 
tion which was imminent. 

One of the first tasks of the Committee on Stabilization of 
Employment was to strengthen the State City Employment 
Bureau. A subcommittee made a series of recommendations 
for improving records and methods of functioning. This com- 
mittee inaugurated the monthly bulletin in Cincinnati and has 
encouraged employers to use the bureau continuously in supplying 
their labor needs. Regular and constant visits to industry by 
members of the staff were urged and insisted upon. The com- 
mittee plans in more normal times to develop the bureau as a 
center for employment clearance and employment information. 

The need for a strong Federal employment service, cooperat- 
ing with state and local governments, similar to the Federal 
Provincial System of Canada, was stressed in the finding of the 
committee early in April of 1929. 

The Subcommittee on Continuous Employment, which -was 
headed by an economist and a former president of the University 
of Cincinnati, made a study of the concerns in Cincinnati to 
determine how many of the industries in that city made a con- 
scious effort to stabilize employment. This committee realized 
that it must have available an adequate statistical and informa- 
tion service and a well-organized and efficient employment ex- 
change to serve industry in its various employment problems. 
The work had barely begun when unemployment began to grow. 
The first essential, then, for this committee in dealing with an 
unemployment emergency was to spread whatever work might be 
available to as many employees as possible. The committee 
encouraged the introduction of methods such as the staggering 
of employment and using employees on a short-hour basis when 
production had to be decreased. Cooperation of the employers 
was very heartening and indicates the type of interest which will 
be given to this committee and its work as it continues through- 
out the years. Over 50 per cent of the employers reduced hours 
in order to provide work for the largest possible number of their 
men. 

Largely through the activities of the permanent committee, 
the city, county, and state governmental units were active in 
speeding up public works. Public improvements which nor- 
mally would have been deferred to another time were started during 
the last winter while labor was plentiful. Plans were formulated 
to start other improvements early in the spring. The city of 
Cincinnati and the various city, village, and county units sur- 
rounding that city have furnished more work for the unemployed 
during the past winter and spring than they have ever furnished 
before under similar conditions. This expenditure of public 
funds was not only well timed, but was according to a program 
well thought out in advance. Cincinnati and Hamilton County, 
Ohio, have for the last few years operated all public improve- 
ments on a five-year public-improvement program. Bonds are 
authorized after the Improvement Program Committee studies 
the projects, and the same committee then recommends and 
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authorizes the expenditures of such bonds. This has virtually 
created a public-works reserve. 

The Committee on Temporary Employment made a survey 
of possible jobs should an emergency arise, and set up a large 
committee of over 100 members geographically distributed. This 
committee functioned in locating jobs of a temporary nature. 
These jobs were sought in and about homes or in factories or 
business houses. In addition to the temporary jobs actually 
secured by the committee, its efforts helped to create a desire 
on the part of the public to be helpful, and many temporary jobs, 
not cleared through the committee, were given out direct to the 
unemployed. 

After the various committees had secured all the work possible 
the residue of the unemployed were cared for through relief- 
giving methods. The Subcommittee on the Cooperation of 
Social Agencies was in charge of this phase of the work. Even 
here the policy of furnishing work, rather than relief, was fol- 
lowed out so far as possible. 

A joint committee sponsored by the Public Welfare Department 
of the city and the Community Chest operated an industrial 
relief program, in conjunction with the State City Employment 
Service, more to furnish work than to provide straight relief. 

The reason for securing this work at public and semi-public 
institutions was that the money which was used to pay for the 
work came out of tax funds and Community Chest funds. In the 
city and county we had work only in such institutions as the 
Hospital, County Home, and in the parks. Other public works 
were considered a legitimate charge on the regular funds and 
not as relief work. 

The types of work provided by these institutions were cleaning, 
odd jobs of repair work, digging weeds, repairing camp projects, 
etc. The committee endeavored always to avoid conflict with 
regular labor organizations and skilled workers. 

The wage paid for work supplied in the industrial plan program 
is only 40 cents an hour. This is considerably under the mini- 
mum wage paid by the city, which is 47 cents an hour, and by the 
Association of General Contractors, which is 50 cents an hour. 

It is important, in this regard, to have the weight of the in- 
fluence of the best. employers of Cincinnati behind our effort so 
as to prevent a reduction of the hourly wage. 

In referring the men to the jobs, preference was given to heads 
of families who are residents of this community. 

In the early days of this experience, 44 hours a week were 
allowed each man. Because of the number of calls for this kind 
of assistance and the limited funds available, this was arbitrarily 
reduced to 24 hours a week as a minimum, with some cases 
allowed additional time because of special need. Where a man 
was on a 24-hour schedule, he worked for three consecutive days; 
i.e., Monday, Tuesday, and Wednesday, with Thursday, Friday, 
and Saturday free, during which time he could seek odd jobs 
to augment his earnings. There were two crews of men working; 
the first crew was paid off Thursday morning, and the second 
crew was paid off Saturday evening or Monday morning. 

A card was used at the industrial relief headquarters for in- 
troducing a man for work to his employer. This card was later 
signed by the employer, who recorded the number of hours for 
which the man should be paid. At the end of a regular period 
the supervisor or the superintendent of the institution reports 
in letter form on the character of the work done and gives his 
opinion of each individual. 

Men must not be allowed to use this as a solution of their u2- 
employment problem. A great deal of vigilance is necessary 
in order to be assured that the man is not content with this work 
and will try to secure a permanent place. Where a man re 
fused to take a regular job offered him, he was perhaps penalized 
by not being allowed industrial relief for a certain period 
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The personnel required for this program is two capable social 
workers and one employment man or a man with employment 
experience who can follow up these workers and act as paymaster. 
The two social workers are used for interviewing the men and 
contacting social agencies. 

This method was found to be not only more effective than 
relief-giving, but more economical. Over 3000 families were 
taken care of during the last winter by this committee. 

The transient problem was handled directly by the Department 
of Public Welfare. Some of these men were found temporary 
employment in odd jobs; most of them were not looking for 
steady employment. 

During the past winter nearly 10,000 homeless and transient 
men were provided with lodging, and nearly 200,000 meals were 
served. Each man who applied for assistance was given a 
work card, and by putting in a certain number of hours in the 
woodyard he could secure for himself lodging, meals, and some 
odd pieces of clothing. Through this work program the de- 
partment was able to provide 40,000 bundles of wood to be 
distributed to families of the unemployed through social agencies. 
The deficit for the Transient Service Restaurant was carried on 
by a young woman in Cincinnati who has been working during 
the past winter with all activities of the Stabilization Committee. 

Where it was necessary to give relief to families when the 
breadwinners were out of work, it was done largely through the 
regular family welfare agencies, with scarcely any increase in 
their personnel. The Community Chest appropriated extra 
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funds to be used by the private agencies on unemployment 
cases. Due to the fact that the case workers of the relief societies 
knew absolutely that relief funds would be furnished, they were 
able to handle the problem of relief intelligently. The condition 
of panic and uncertainty that so often exists among relief workers 
and their clients in an unemployment crisis was almost entirely 
lacking in the Cincinnati area during the last winter. 

Over 8000 families in which unemployment was the major 
cause of distress, in addition to those given industrial relief, 
were taken care of by private agencies during the winter. 

The total cost for relief in Cincinnati, as carried by private 
and public agencies from June 1, 1930, to June 1, 1931, is 
slightly in excess of $650,000. This is a comparatively small 
sum for a city the size of Cincinnati. Planning and effective 
organization has made possible a very good job with relatively 
low cost. 

The question of legislation as a relief for unemployment, such 
as the matter of unemployment insurance and old-age pensions, 
has not been discussed by the Permanent Committee on Stabiliz- 
ing Employment, but our program includes a thorough study of 
such types of legislation, with the hope that the committee might 
find something which it can unitedly support before the com- 
munity. 

In brief, the Cincinnati committee has accomplished coopera- 
tion between government, the social agencies, and Chamber of 
Commerce, the university, labor, and industry, for the study of 
the problems of unemployment. 
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Progress in Materials Handling 


Contributed by the Materials Handling Division 


Executive Committee: G. E. Hagemann, Chairman, M. W. Potts, Secretary, F. D. Campbell, 
C. D. Bray, E. D. Smith, and F. L. Eidmann 


LTHOUGH the year has been marked by no spectacular 
A developments in the field of materials handling, it has 

been one of growth and progress. The quiet business 
conditions of 1930 have had at least one beneficial effect—stress- 
ing upon manufacturing plants the need for making increased 
use of facilities to lower the cost of production. As soon as 
business conditions again offer the opportunity to make further 
investments in plant equipment, materials-handling manu- 
facturers are certain to profit from the situation. Materials- 
handling equipment offers one of the most definite means for 
obtaining continuously lower production costs, not only through 
the substitu- 


Of signal importance is the application of the overhead travel- 
ing crane to special service requirements. In this effort all manu- 
facturers have contributed generously, until today there is 
scarcely an industry which has not adopted the overhead travel- 
ing crane as a means toward the economical handling of material. 
A few interesting applications of the traveling crane are pre- 
sented herewith. 

The handling of carload shipments in containers has con- 
tributed to economy and efficiency in freight yards. The Har- 
nischfeger Corporation recently has applied this principle in an 
interesting manner for the handling of carloads of welded pipes 

in units, as 


tion of me- 
chanical opera- 
tion for man- 
ual labor, but 
also. through 
the elimination 
of useless steps 


shown in Fig. 
1. The pipe 
is stored in 
unit frames 
and, when 


shipped, the 


entire frame is 


inthemanufac- 
turing cycle. 

In the fol- 
lowing para- 
graphs are 
listed com- 
ments on such 
of the impor- 
tant new de- 
velopments in 
equipment and 
methods of 
application as 
could be col- 
lected from 
manufacturers 
for publication 
in this Report. 
The work of 
compilation 
was divided 
among fifteen 


lowered into 
the car. 

Many new 
applications of 
the overhead 
traveling crane 
are found in 
handling 
per, the Har- 
nischfeger Cor- 
poration re- 
cently having 
developed an 
automatic 
grapple, shown 
in Fig. 2 for 
handling rolls 
of paper used 
in the manu- 
facture of con- 
tainers. 

The rayon 


men, and, in 
each section 
of the Report 
eredit is given, by means of a footnote, to the individual who 
prepared the material in that particular field. 
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OVERHEAD TRAVELING CRANES! 


Engineers have collaborated with industry in designing cranes 
that provide a maximum of service under the hook, high speed, 
and low maintenance cost. Anti-friction bearings, improved 
lubrication, precision in manufacture, and flexibility of design 
have all contributed to this end. 


Renton prepared by Henry W. Standart, President, Northern 
ngineering Works, Detroit, Mich. 


HANDLING WELDED Pipe Storep 1n Unit Frames OverRHEAD TRAVELING CRANE 


and dyeing in- 
dustries, fields 
recently devel- 
oped for the traveling crane, have brought about many new and 
novel applications. The Box Crane and Hoist Corporation has in- 
troduced the container principle into this development. Cranes 
are employed for handling containers, or racks, for dipping 
material into dyeing vats, as shown in Fig. 3. 

Still another interesting use of the traveling crane is found 
in the field of sports. The Northern Engineering Works has 
applied the standard overhead traveling crane to the handling 
of speed boats in a motor-boat garage, as illustrated in Fig. 
4. This crane is of the low-headroom drop-truck type, permit- 
ting applications within limited clearances. An adjustable head 
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beam is used for handling boats of various lengths. The boats, 
when out of service, are removed from the water and placed in 
storage cradles. 


Execrric Hoists AND MACHINES? 


Electric Hoists. Several new electric hoists, mainly in the small 
capacities, have been rather recently placed on the market. 
They are designed to supply the higher speeds now currently 
demanded. The single-speed reversing switch, which was ade- 
quate to handle the slower speeds previously prevalent, is no 
longer suitable to control these higher speeds, on account of the 
more severe resultant strains on the hoist mechanism. These 
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higher speeds also require more rugged brakes and greater braking 
area. 

There is now a general use of heat-treated steel gears, of 
special-steel shafts, and higher-speed motors of special design for 
hoisting service only. The lack of lubrication being the greatest 
cause of trouble, there is a constant endeavor to cut down the 
number of places to be oiled or greased, so that no place will be 
overlooked. 

A novel use has been developed for single-I-beam hoists made 
by the Northern Engineering Works. These hoists are now used 
for handling motor boats from the water into storage in a “‘boat 
garage” and then back into the water. Boats varying in lengths 


2 Section prepared by Robert T. Turner, Vice-Pres., Shepard Niles 
Crane & Hoist Corp., Montour Falls, N. Y. Assoc-Mem. A.S.M.E. 


of from 17 to 28 ft., and in weight from 1500 to 4500 lb., are 
hauled out of the water, repaired, and launched again. Cranes 
are likewise used for this purpose as explained previously in 
the text and illustrated in Fig. 4. 

Cage-Controlled Monorail Hoists. New cage-controlled mono- 
rail hoists, in small capacities have been developed to meet the 


Light CaGe-ConTROLLED Monoratt Horst 
A SHort-Rapius Curve 


Fie. 5 


overhead-transportation problem. These hoists can transport 
small loads at higher rates of speed around curves of small radius 
through narrow-throw switches, and operate on a system of 
transfer cranes. An installation view of such a light, cas® 
controlled monorail hoist, made by the Louden Machinery 
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Company, is shown in Fig. 5 rounding a short-radius curve, 
and in connection with a transfer switch. 

Heavy, rugged, cage-controlled monorail hoists have also been 
designed to perform work hitherto delegated to 5- or 10-ton- 
capacity overhead electric traveling cranes. These cage-con- 
trolled hoists are now designed to furnish the extremely long 
lifts that are required for grab-bucket and magnet service. The 
hoists are built to meet more restricted clearances than formerly, 
and are provided with larger cabs to contain the more complicated 
control apparatus required for handling grab buckets and magnets 
and for the three travel motions. 

The cage-controlled hoist shown in Fig. 6, and made by the 
Shepard Niles Crane & Hoist Corporation, handles a 1!/,cu. 
yd. bucket. It has a 50-ft. lift and goes through a door that 
is 71 in. in height to the power house. The hoist unloads coal 
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from cars to hoppers located on the third floor of the power house, 
takes the coal from cars to storage piles under a portion of the 
runway, and also reclaims the coal from storage piles to the 
hoppers. 

Hoists and Cranes for Cupola Charging. Cage-controlled 
monorail hoists for cupola charging have been developed to 
handle the larger charges now required. They are designed to 
carry these larger charges in buckets either of the bottom-dump 
type or of the cone type and either to lower these buckets into 
the cupola or discharge them directly inside the cupola opening. 
These cupola-charging hoists are also used for grab-bucket and 
Magnet service, and often in connection with transfer cranes. 
The transfer crane can be latched on to spur tracks leading into 
the cupolas, and the cupola-charging hoist run off on the spur 
track to deposit the charge in the cupola. 

A simple manner in which a cage-controlled cupola-charging 
hoist of Shepard Niles Crane & Hoist Corporation design can be 
installed in a foundry having a very small melt is shown in Fig. 
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7. There is no covered portion either to the charging floor or 
crane runway. This charging floor was built over the roof of the 
foundry when the location of the cupola was changed. The 
materials are brought to a convenient location at the scale in 
the foundry yard by means of industrial cars, and from there 
put into a bucket by hand. This operation requires only one 
man. The charger is cage-operated, and thus two men are re- 
quired to complete the cycle of charging. The man operating 
the charger takes care of hand charging the coke into the cupola, 
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the coke being delivered by means of the charging bucket. This 
arrangement provides an inexpensive installation which operates 
at low cost. 

Double-rail hoists for cupola charging have been developed by 
the Whiting Corporation. This horseshoe type of charger is 
useful for serving a single cupola. It is applicable especially 
to buildings where the headroom is low, because it can operate 
between the roof trusses. 

A Whiting Corporation crane-type charging machine is shown 
in Fig. 8. This machine will serve a battery of six cupolas operat- 
ing three one day and three the next, in long heats of from 9 to 
18 hours. It can be installed on narrow charging floors with 
limited headroom. 
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Conveyors’ 

Coal-Handling Equipment. Coal-handling equipment of the 
full-automatic, trolley bucket-conveyor type has been designed 
and developed for the retail coal yard by the Gifford-Wood Co., 
designers and builders of complete coal-handling plants and ice- 
handling plants, so that coal can now be handled entirely auto- 
matically and with a minimum of breakage. The equipment is 
built in two sizes, one having a bucket of 65 cu. ft. capacity, 
and the other one of 100 cu. ft. capacity. It consists essentially 
of a hoisting unit for raising and lowering the bucket, and a 
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traversing unit that controls the horizontal motion of the bucket 
over the various bins. It is necessary only to push the “start” 
button and the large bucket (see Fig. 9) lowers into the track pit, 
tripping the loading gate, which permits the bucket to fill with 
coal. The bucket remains in the pit for an interval of from seven 


*Section prepared by Frank D. Campbell, Chief Engineer, 
Eastern Corporation, New York, N. Y. Mem. A.S.M.E. 


to fifteen seconds, the length of this interval being adjustable and 
of a duration sufficient to enable the bucket to obtain a full 
load of coal. It then immediately ascends to the trolley (see 
Fig. 10), where it stops automatically; the trolley starts up and 
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carries the bucket to a predetermined bin, where it automatically 
stops. The hoisting unit starts up in the reverse direction, 
lowering the bucket until the latch pads on the under side of the 
bucket touch the pile of coal in the bin, thus tripping the bucket 
and depositing the load of coal. At this point a specially de- 
signed bucket-return sheave, Fig. 11, immediately reverses the 
hoisting unit and carries the bucket up to the trolley, where it 
stops and is carried back by the trolley to a point over the track 
pit, where the bucket descends for another load. This full cycle 
of operations is entirely automatic, each separate operation 
being controlled by an electric control panel. 

The equipment throughout is designed for ease of operation. 
Limit switches on both the hoisting and traversing units are 
readily adjustable, and it requires only a few seconds to set the 
equipment so that the coal will be delivered to any one of the 
various bins. 

The trolley which conveys the bucket over the bin is provided 
with a spring buffer and stabilizer (see Fig. 10) which prevents 
the bucket from swinging while the trolley is in motion. 

The bucket-return and cable-overload sheave (see Fig. 11) 
reverses the direction of the bucket after it has deposited its 
load of coal in the bin. It can be adjusted so finely for quick 
reverse that the weight of the bucket never rests on the coal 
already in the bin. This eliminates the crushing effect of the 
bucket coming in contact with the coal pile and, naturally, saves 
considerable breakage. This sheave also has another function 
in that it acts as a safety device. Should the progress of the 
bucket be impeded for some unforeseen reason, this sheave auto- 
matically shuts off the power, and consequently the equipment, 
long before sufficient strain is put on the cable to break it. 

When the trolley returns to a point over the bucket guides 
which lead down to the track pit, an arrangement of limit switches 
slows it down gradually to a dead stop. If, for any reason, such 
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as cable stretch, the trolley should go beyond the determined 
point over the pit guides, it immediately reverses and comes back 
to the right position. This provision always insures that the 
bucket will be exactly central over the guides. 

Fig. 12 shows a typi- 
cal installation of the 
coal-handling equip- 
ment, utilized for stor- 
ing and unloading coke. 

Ice-Handling Equip- 
ment. Gifford - Wood 
Co. has recently put 
on the market several 
forms of ice-handling 
equipment to lower the 
cost of handling ice in 
manufactured-ice 
plants, by eliminating 
hand labor. Among 
these items are the 
multiple cake convey- 
ors, spiral lowering 
chutes, and power 
transfer conveyors de- 
scribed in the follow- 
ing paragraphs. 

Multiple Cake Con- 
veyors. In a modern 
manufactured-ice 
plant, the practice of 
multiple cake pulls 
necessitated the de- 
velopment of equip- 
ment for handling these 
cakes from the dump 
to the storage room. 
The number of cakes 
pulled from the freez- 
ing tank at one time 
varies in different 
plants. There are a 
number of cases where 
as many as twenty- 
two cakes are pulled 
simultaneously. It 
was necessary to have a conveyor which would handle this full 
line of cakes at one time and discharge them to the storage room. 

The tank-room conveyor, as developed by Gifford-Wood Co., 
is of the double-chain type, having a pusher attachment on each 
chain, which pushes the entire line of cakes as received from the 
dump. Although the two chains on the conveyor are always 
horizontal, the conveyor bed or ice slides are sloped, as will be 
noted in Fig. 13. This conveyor pushes the line of cakes at a 
speed of from 5 to 10 ft. per min., depending upon the conditions 
obtaining in the individual plant. A small doorway is cut 
through the wall to the storage room, and, as the line of cakes 
moves along, when each cake reaches this doorway, due to the 
incline of the conveyor bed, it slides off through the doorway 
tothe storage room. The standard drive for this conveyor is 
from an electric motor direct connected to an enclosed spur- 
gear reducer which drives to the headshaft by means of a chain. 
This type of conveyor has eliminated all manual handling from 
the dump to the storage room. In cases where the tank room 
is located on the floor above the storage room, this conveyor 
delivers the ice to a spiral lowering chute. 

Spiral Lowering Chutes. Chutes for lowering ice from one 


Fic. 11 AND CABLE- 


OvERLOAD SHEAVE 


MH-53-1 5 


floor to the floor below were developed during the past year by 
Gifford-Wood Co. These chutes will handle the ice as fast as 
it can be fed tothem. They also lower the ice without breakage, 
which is an important factor in the manufactured-ice plant. 

The runway of these chutes is supported on a section of ladder- 
like steel frames distributed through a square steel chute, rigidly 
braced. The runway itself consists of an oak-slat bottom 
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Fie. 13 Cake Conveyor In MANUFACTURED-Ice PLANT 


bolted to cross-pieces of the ladder-like frame. The sides of the 
runway are of steel plate with a 6-in.-wide rubber belt bolted 
to the plate. 


Power Transfer Conveyors. A modern ice plant, in many 
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cases, requires numerous conveyors. Heretofore it has been 
necessary to transfer the ice by hand from one conveyor to the 
other, unless one conveyor was set higher than the other, in 
which case a gravity run was used. Gifford-Wood Co. has 
just developed a power transfer conveyor; Fig. 14, a unit 
for the mechanical transfer of the ice that can be installed 
between two conveyors, no matter at what angle the conveyors 
are set with respect to each other. 

The power transfer makes it possible to synchronize two con- 
veyors at angles to each other and eliminates the danger of ice 
jams and breakage at the transfer point which are liable to 
occur when the gravity run is depended upon to transfer the ice. 
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In using the power transfer, it is possible to convey the ice by 
means of a system of conveyors from any part of the plant to 
any other part without any labor beyond that of placing the ice 
on the first conveyor. The unit is very flexible in application, 
and it can be installed in any plant regardless of conditions. 

The power transfer conveyor consists of a steel framework 
which supports a roller chain running in a horizontal plane, to- 
gether with the necessary sprockets, driving mechanism, and ice 
guides. The chain is supported above the ice with pusher attach- 
ments extending downward, and is guided through a radial 
path by curved tracks. This unit is very compact and is driven 
from the other conveyors that comprise the installation. It is 
simple and inexpensive to install because it is placed entirely 
above the floor level. 

Ship-Loading Conveyor. A recent installation of Lamson 
Company conveyors has been made to load bagged material 
into ships at a rate of over 100 tons per hour into each of two 
hatches, delivering the bags to any desired level in the hold and 
distributing them automatically over a sufficient area to enable 
the stevedores to stow them at this rate of speed. 

The equipment is adjustable to varying sizes of ships, tidal 
conditions, hatch sizes, and spacings, and is also designed to con 


vey bulk material. It consists of two automatic crane towers 
which receive the cargo from long belt conveyors at any point 
along the dock and deliver it through stainless-steel spiral chutes 
into the holds. The chutes are suspended from the tower booms. 
The equipment has effected great savings in labor and reduced 
the loading time of ships by approximately 50 per cent. 

Developments made by the Logan Company in the conveyor 
field during the past year were described in a recent paper by 
H. R. Gotthardt,‘ from which the following items have been 
extracted. 

Adjustable Lead for Roller Curves. To reduce the high cost 
of making roller curves and to make adjustments possible in the 
field, the Logan Company has designed a curve with longitudi- 
nally slotted holes in the outside rail for supporting the outside 
end of the roller shaft. Fitted on the outside of this rail is a 
secondary steel strip with holes to fit the shaft and hold it sta- 
tionary. This secondary strip is bolted to the angle rail in 
such a way that it can be adjusted for loads in either direc- 
tion (see Fig. 15). 

Intermediate Delivering Device for Elevators. To elevate 
packages from the lower floor to several upper floors of a building, 
a recently developed intermediate discharge is used in connection 
with the regular simple-type pusher-bar elevator. This device, 
Fig. 16, consists of two endless chains connected at intervals 
with pushers for propelling the package over the bed and up the 
incline. 

At each intermediate floor where a delivery is desired, a portion 
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of the bed of the elevator is removable, that is, a panel of suffi- 
cient length to allow the largest package to pass through the bed 
is arranged to slide out through the side, leaving an opening 
in the bed. Attached to this opening is a secondary conveyor 
for carrying the packages away from the elevator to any point 
on this floor. When any panel is slid back into place, that floor 
becomes inoperative and the packages pass on until they come 
to an open gate, or until they are discharged over the top of the 
elevator. 
Live-Roller Curve. A live-roller curve has been designed using 
the same principle as used on the live-roller conveyor; that 18, 
a belt running underneath the load-carrying rolls and held 


4 Consulting Engineer, Logan Co., Louisville, Ky. Original paper 
contributed by the Materials Handling Division and presented at the 
French Lick Meeting of the A.S.M.E., French Lick, Ind., October 
13 to 15, 1930. 
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in place by tension rolls. Through the use of ball-bearing idler 
rollers the belt is given sufficient twist at intervals around the 
curve to allow it to follow the circumference of the curve. The 
return belt, however, is brought back in a straight line across 
the chord of the circle formed by the curve. This is done by 
giving the belt a quarter-twist at both turning points. A take-up 
is arranged in the center of the return belt. 

Alligator Switch. In the use of gravity conveyors, it is some- 
times necessary to switch packages from a single line to two 
or more lines, or to receive them from two or more lines on to a 
single line. The usual method followed has been to place a 
pivoted section about 10 ft. long in the single line, this section 
being movable horizontally to connect to any of the multiple 
lines. However, when small packages were being handled, this 
switch section left too great an opening. A further objection 
was the abrupt change in direction of the rolls, which caused 
the packages to turn crosswise to the rolls and become jammed 
against the guard rail. 

An “alligator” switch was therefore designed with a number of 
rolls at the pivot point, individually supported on steel brackets 
(see Fig. 17). These in turn are pivoted in the center, being 
tied together with a flexible lattice arrangement. When the 
switch section is swung at an angle to the single line of the con- 
veyor, these individually supported rolls form a flexible portion of 
the switch section. They automatically arrange themselves in a 
radial position as regards the curve connecting the single straight 
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line of the conveyor and the switch section. This device holds 
the distance between the rolls to a minimum and eliminates 
the abrupt change in direction of the rolls, making an ideal turn 
for the package. 

Selective Deflecting Switch. An alligator-switch section, oper- 
ated electrically by means of a motor and a screw drive, has 
been developed to deflect packages or boxes from a main conveyor 
to any of several branch lines (see Fig. 18). The main conveyor 
here is equipped with two “floating” rolls just preceding the 
alligator switch and two others just following it. The branch 
line is also equipped with two of these floating rolls just following 
the alligator switch. Tote pans are handled on this conveyor. 
A key placed in one of the sockets on a tote pan completes an 
electric circuit when the pan passes over the floating rolls im- 
mediately preceding the switch section. This circuit connects 
With the motor on the switch section, moving the switch section 
to Serve the branch line. As the package then passes off the 
Switch section and over the floating rolls in the branch line, it sets 


MATERIALS HANDLING 


MH-53-1 


the switch in the circuit for either of the two following results: 
If the next package is not keyed it passes over the first floating 
rolls and the motor for the alligator switch reverses, throwing 
the switch in a straight line with the main line of the conveyor 
Or, if the succeeding box is also keyed, it passes over the first 
floating rolls without effect on the motor or the alligator switch. 

It is necessary, of course, to have the packages spaced at 
least 2 ft. or 3 ft. apart. Where this cannot be done manually, 
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Fig. 19 Etecrric Device 


it is done electrically by plac’ng in the main line, directly pre- 
ceding the switch section, a power spacer. This device auto- 
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matically spaces packages, speeding up the first one enough to 
place it the proper distance ahead of the package following. 

To keep the alligator switch from moving before a package 
is off it, or before it is ready to be moved for the next package, 
the circuit connecting the motor which operates it includes two 
recording switches. These switches are so arranged in connec- 
tion with the floating rolls that a package is counted in to the de- 
flecting zone and again counted out as it leaves it, the switch 
being inoperative until any package which has been counted in, 
is counted out. 


Fie. 20 AvtTomatic SELECTIVE VERTICAL ELEVATOR 


Remote Control for Alligator Switch. It is sometimes advisable 
to operate the alligator switch by means of remote control. 
An electric circuit, push buttons, and a series of signal lights on a 
control board are used. To move the switch to any other posi- 
tion it is necessary only to push a button for that particular 


station. The motor that operates the alligator switch is equipped 
with a solenoid brake, and suitable limit switches are placed in 
the path of the switch section to stop it at the proper points. 

Electric Multiple-Switching Device. There has been designed 
and built an actual full-size working model of a selective, multiple- 
switching device, Fig. 19, by means of which it is possible to 
use as many as 300 or 400 selective stations. This device is 
operated electrically by means of a given setting of keys on some 
part of the package being conveyed. It is arranged with dis- 
appearing rolls placed in the main conveyor line at the deflecting 
point and is operated electrically. A package traveling along 
the main line and keyed for any certain station, raises a roller 
stop in its own path. This brings the package to a standstill 
directly over the disappearing rolls. As soon as the package 
comes in contact with the roller stop it closes a circuit, which 
elevates the disappearing rolls and the package with them. The 
disappearing rolls rise on an incline at right angles to the path 


of the package on the main conveyor, and therefore the package 
rolls off onto the branch line. 

As soon as the package is off the main line and on the branch 
line, the roller stop and the disappearing rolls sink below the 
carrying surface of the main conveyor. Virtually any number 
of these selective stations may be inserted in the main roller- 
conveyor line. A package not keyed for intermediate stations 
will pass over these stations without effect, until it reaches the 
station for which it is keyed. 

Automatic Selective Vertical Elevator. The automatic selective 
vertical elevator, as shown in Fig. 20, is equipped with a dial 
at each loading station on each floor. These dials are so ar- 
ranged that they can be set for a discharge station on any floor. 
The operation is electrical throughout. The elevator proper con- 
sists of two endless chains connected at intervals by swinging tray 
carriages traveling upward on the loading side. 

Some products handled, such as grinding wheels, are stacked up 
in piles on a flat pallet, presenting a package that must be moved 
very carefully to avoid spillage of the wheels. A roller conveyor 
leading into the loading station of the elevator on any given floor 
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holds a pallet loaded with wheels ready for the elevator. The 
operator on the floor where this pallet is waiting to be picked up, 
sets his dial to correspond to the floor where the package is to be 
delivered. The remainder of the operation is automatic. Before 
reaching the loading station the empty carriage, moving upward, 
makes an electrical connection. This action automatically starts 
a motor by means of which the waiting package is automatically 
and positively moved into the pick-up station. If an ascending 
carriage is not empty, that is, if it carries a package from a lower 
floor, the particular station which is waiting to be loaded is in- 
active and the package does not move into the elevator. 

The setting of the dial automatically sets the key on the car- 
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riage that is carrying the load. Therefore, when it reaches the 
proper discharge station on its downward travel, it automatically 
throws that station in and deposits the package there. The 
discharge is positive by means of a power conveyor. As soon as 
a package has been picked up from a loading station, or has been 
delivered at an unloading station, these stations immediately 
return to an inoperative position out of the path of the next 
carriage. 

Automatic Reciprocating Elevator. The automatic reciprocat- 
ing elevator, Fig. 21, as now developed, usually serves two floors, 
an upper and lower. Its purpose is lowering packages. When 
there are no packages to be lowered the elevator is inactive. 
However, as soon as a package reaches the loading station at 
the top it automatically starts the carrier down to the first floor. 
At the first floor the package is discharged automatically, and, 
when the load is cleared, the elevator automatically reverses 
and travels back up to the top position ready for another package. 
This operation continues as long as there are packages to be 
lowered. The same automatic type of reciprocating elevator 


Fic. 22 Leaxproor Apron Conveyor WiTH Equauizine SAppLe 
CoNnsTRUCTION 


Fic. 23. Twinveyor Usine Sprinc-Suspenpep Rack AND PALLET 
FOR HANDLING MISCELLANEOUS COMMODITIES 


has been worked out for elevating as well as lowering, and for 
taking care of two stations as well as one. 

Apron Conveyors. Another important development in the 
conveying industry has been the introduction, by the Chain 
Belt Company, of “Rex Leakproof” apron conveyors with 
equalizing saddle construction. Generally speaking, apron con- 
veyors have always been made up with double strands of either 
malleable-iron or steel chains, the apron pans being attached 
to the inside sidebars of the chain, and the carrying rollers being 
Placed at the articulation points of the chain between the side- 
bars. With this standard type of apron-conveyor construction, 
eccentric loads were set up on the inside sidebars of both strands 
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of chain. It was also exceedingly difficult to construct the pans 
so that they would not leak. Moreover, in making repairs 
it was necessary to disassemble the complete apron, thereby 
losing valuable production of time. 

For the Rex conveyor equalizing saddle construction, Fig. 22, 
the apron pans, instead of being attached to only one side of the 
chain, are fastened to an equalizing saddle. This saddle rests di- 
rectly on the chain, being held in place either by through rods or 
pins extending through the chain and saddles. The load is 
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therefore carried directly along the center line of the chain, and 
hence is distributed equally to both sidebars. 

The chain draws straight and true, and its life is practically 
doubled. The saddle and through rods, together with the large- 
diameter outboard rollers, are entirely independent of the chain 
joint, and therefore the chain is called on to take tension loads 
only. As the dead load is practically divorced from the pulling 
medium, the natural wear occurs on the tread and bore of the 
hard white-iron outboard rollers and the hardened steel bushing 
sleeves which are locked to the ends of the rod. These parts can 
be readily and quickly replaced without disturbing the chain or 
apron assembly in any way, thereby cutting hours off the usual 
time required for apron-conveyor repairs. 

Twinveyors. The Clark Tructractor Company has placed on 
the market a conveyor, escalator, or tiering machine (Figs. 23 
and 24) of unique design for a variety of handling operations. 
The operating mechanism consists of two sets of tubular external 
screws driven toward each other by a power head. The direc- 
tion of travel is reversible. The conveyor is sectional, portable, 
can be set up or taken down rapidly, and functions in any normal 
position. A change in the angle of deflection is possible at each 
intersection, the maximum angle being 15 deg. at any horizontal 
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or ascending joint and 19 d2g. at any descending joint. Pack- 
ages can be carried up grades as steep as 30 p2r cent. 
Tubular screws come in lengths of 8 ft. each. The total 


length of the standard unit is 50 ft., consisting of five 8-ft. dual 
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COMBINED FEEDER AND CRUSHER 


sections, two 4-ft. single sections, and a power head. If more 
than one unit is employed, a hurdle section carries packages 
across the intermediate power heads. Center distances between 
tubes are adjustable within a range of 6 in. minimum, for use 
with bags, up to 12 in. maximum, for large packages and bales. 

Weights up to 100 lb. can be handled, and the traveling speed 
of the package is 90 ft. per min. Pallets, as shown in Fig. 23, 


pivoted to run between the tubes, are provided to handle boxes, 
crates, and bales which otherwise would be difficult to transport 
and would tend to leave the conveyor. 

Right- or left-hand intersections are made possible by the use 
of spiral gravity chutes composed of bars curved in the direction 
of travel. The chutes are designed to set over power heads or 
tubes at any desired point. 

A special hand truck, or wheel carrier, can be provided in 
which to move the power head. The power head is mounted on a 


wood base and can be kept on the truck set on the floor or set 
on top of a pile of bags or boxes, for stacking or unloading. 


“AVALANCHE” CHUTES FOR LOWERING FRIABLE Mate- 
RIALS INTO BINs 
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Equipment for the Foundry Industry. The Eastern Corpora- 
tion has made numerous improvements in materials-handling 
equipment for foundries. The foundry industry has offered 
the opportunity for an outstanding development in the use of 
ball-bearing roller conveyors. Although this type of conveyor 
equipment has been employed in foundries for several years in & 
comparatively minor way, a wider range of use is now evident 
because of the availability of vastly improved types, quality 
suited to the individual application, and a more comprehensive 
knowledge of foundry requirements in process and arrangement 

Foundrymen have long claimed that such equipment could not 
be employed for the transportation of green-sand molds of intri- 
cate pattern design and core assemblies. The development of the 
sand-sealed ball bearing, however, which can be operated for 
years without relubrication, great precision in construction to 
provide vibrationless transit, and the ability to withstand the 
continual spillage of molten metal, have furnished in roller con- 
veyors a simple and easy method of movement and a flexible 
mobile storage system for molds being accumulated for heats. 

Other accessories to this equipment have been developed, such 
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as roller-conveyor discharge mechanisms adaptable to existing 
hand-discharge roll-over molding machines and adjustable to the 
pattern draw, various fixed and movable lateral-transfer mecha- 
nisms, and vibrationless turntables, as close-coupled direction 
changers, all constructed with sand and molten-metal protection 
features. 

Standardization of widths and parts has been worked out 
for equipment to handle a wide range of sizes, types, and weights 
of molds, so that a single fixed width of conveyor can be utilized 
throughout an entire plant that may be engaged in making a 
great variety of work. This feature provides for periodic changes 
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in arrangement, as dictated by changes in character or process 
of work, with practically no obsolescence. 

These methods of mold transit provide the means for grouping 
and concentrating the work, to restrict pouring of metal to certain 
areas or zones in which safe and speedy overhead ladles travel 
over only short distances. The danger of accidents is thereby 
reduced. 

The great flexibility of process and movement thus provided 
by these newly developed transit methods in the foundry has 
made it possible to produce a large miscellany of types and sizes of 
castings, in small quantities and requiring frequent pattern 
changes, by methods similar to those of straight-line production, 
and controllable by conventional planning methods. Applica- 
tions of the roller-conveyor equipment have already been made to 
direct pouring into molds from the furnaces. 

In the cleaning and finishing of castings, similar equipment 
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and a like character of arrangement have provided the same order 
lines, sequence of process, and speedy manufacturing cycle as has 
been brought about in molding operations, with substantial re- 
duction in semi-processed inventory, and coordination in pace for 
all foundry departments. These general systems, in many cases, 
have more than doubled the output per square foot of floor area. 

Such systems have been made highly adaptable to simple and 
effective wage-incentive, piece-rate, and bonus plans. They have 
also brought about an easily maintained cleanliness, never before 
quite possible in the general run of the foundry industry. 

Power conveyors have been developed, of higher quality, 
greater capacity, and wider utility for the handling of molding 
sands. Molding sands are now quickly removed from the 
foundry molding sections, screened, cleaned of metal and dust, 
automatically tempered, mixed, bonded, and carried to desired 
points in quantities and qualities to suit the various products— 
entirely by mechanical means that require the attention of but 
few individuals, and with much lower horsepower requirements. 

To meet higher-capacity requirements without proportionately 
higher initial costs, higher speeds in conveyors and elevators 
have been attained without increasing the wear and tear or reduc- 
ing the life of the equipment. Basic materials of higher dura- 
bility to resist abrasion, and of greater strength, have been incor- 
porated, with corresponding changes in design. 

Fabrication by electric arc welding has been further developed, 
with the use of machined jigs for accuracy, uniformity, and 
symmetry of outline in assembling. A universal employment 
of interchangeable, self-adjustable, protected, anti-friction bear- 
ings has likewise come about. 

Among the newer features are: integrally mounted, completely 
enclosed drives, motors, and controls; reduction of noise in 
operation; and lowering of breakdown hazards. 

Improved sand-processing and conditioning accessories of 
the continuous type are now incorporated in the continuous 
stream of movement and coordinated with the general conveyor 
system. Better lubrication and adequate exhaust systems for 
dust abatement further improve the equipment. 

Simplified methods of operation have resulted from the greater 
employment of high-class electrical controls, with methods of 
push-button operation by interlocking and grouping of units, 
to obtain complete functioning from central points, and from 
the trend toward complete enclosure of equipment, with oil 
immersion of moving parts. 

A consistent, general standardization in design of parts and 
assemblies, with universal punching and uniform bolt sizes in 
attachments, connection plates, and flanges, and uniform widths, 
diameters, and sizes of frame members, has increased the general 
utility and reduced the time and cost of installation of the equip- 
ment. 

Materials-handling applications in foundries, installed in the 
manner above described, have been generally effective to the 
point where the total labor percentage of the net dollar value of 
product has been reduced from an average of 48 per cent to 
approximately 25 per cent. 


Bett Conveyors® 


A number of useful developments have occurred in the belt- 
conveyor field during the past year. 

Rubber Brush. The rubber brush for cleaning conveyor belts, 
shown in Fig. 25, is mounted on a pipe core carried on a rapidly 
revolving shaft. The brush proper is made of tough rubber and 
resembles a spiral gear of very wide face. The periphery of the 
brush is brought in contact with the belt surface to be cleaned. 


5 Section prepared by M. J. Andrada, Chief Engineer, and E. R. 
Morgan, of the Robins Conveying Belt Company, New York, N. Y. 


The rubber brush has demonstrated itself to be a decided im- 
provement because of its ability to resist abrasion. 

Holdback Rig. A new type of self-contained holdback rig 
has been developed to prevent a belt conveyor from running 
backward under load when the power is shut off. This rig 
consists of a ratchet wheel, on the hubs of which is mounted a 
yoke carrying a pawl. By means of springs rubbing on the faces 
of the ratchet wheel, the pawl is held free when the conveyor belt 
is moving forward and is forced into the ratchet when the con- 
veyor belt starts running backward. This rig is a very inex- 
pensive and effective device. 

Rubber-Cushioned Idler. A rubber-cushioned idler is used 
under the loading points of conveyor belts carrying large pieces 
of heavy material which are delivered to the belt with impact. 
The rubber cushions on the idler pulleys act as resilient bumpers 
protecting the belt against being bruised or punctured by the 
lumps of material. The effectiveness of this unit is demonstrated 
by a pile-driver test, using a pointed 50-lb. weight. The weight, 
when dropped 18 in., will puncture an eight-ply belt supported 
on a plain cast-iron idler pulley, but the weight can be dropped 
6 ft. without puncturing the belt when the latter is supported by 
a rubber-cushioned idler pulley. 

Five-Pulley Idler. There is a tendency on the part of some 
users to abandon the type of belt-conveyor troughing idler having 
one horizontal and two inclined pulleys, which has been very 
popular during the past six or seven years, in favor of an improved 
design of idler having one horizontal pulley, two pulleys inclined 
11'/, deg. and two pulleys inclined 22'/, deg. This new design 
includes such features as malleable-iron brackets, pulleys of 
equal length, angle bases, and improved bearing mountings. 

Screens. An accessory which is of prime importance in con- 
nection with conveying equipment is a screen for sizing the prod- 
uct conveyed, especially in the case of coke, stone, sand, and 
gravel. A very popular form of screen is one having inclined 
screening surfaces which are given a very rapid gyrating motion 
of small radius. A_ screen of this type is shown in Fig. 26. 
This type of screen has been in use for a number of years, but 
the past year has covered a period of development of details 
resulting in the elimination of trouble from the great stresses 
set up by increasingly high speed. The improvements are 
principally in the design of the screen frame and the mount- 
ings on the shaft producing the gyrating motion. 

Feeder-Crusher. Feeders and crushers are very important 
accessories to conveying machinery. Fig. 27 shows a com- 
bination of these two units, as developed for service in a plant 
where coal is received at times in a frozen condition. A large 
drum, or roll, which has a smooth face, except for widely sepa- 
rated small projections, turning at slow speed, serves as a feeder 
roll and also as a backing plate for the second roll, which is 
toothed and revolves at high speed. Thus coal is drawn in 
over the large roll and crushed between the large roll and the small 
roll. 

Two-Motor Drives. In the past, the practice in connection 
with tandem drives on belt conveyors (where two pulleys are used 
to drive the belt) has been to gear the two pulleys together 
with gears which are somewhat larger in diameter than the 
pulleys, and to drive one of these gears, which, in turn, drives the 
other. There is a creep in the belt as it passes around these 
pulleys which is not the same on both pulleys. With the advent 
of extremely heavy duty came the problem of relieving the belt 
of the stresses set up by this belt creep. For this purpose, in 
place of gearing the two pulleys together, separate motors for each 
shafts are used. Under certain conditions it is advantageous 
to use motors of the same power, but under other conditions the 
motors may be of different sizes. Both of these arrangements are 
now in successful operation. 
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Adams Chutes. Conveyor accessories which have come into 
prominence recently are shown in Figs. 28 and 29. These are 
known as “avalanche” and “withdrawal” chutes, respectively, 
and are used in lowering friable material from conveyors into 
bins, and withdrawing the material from the bins. The photo- 
graphs are those of models because, obviously, it is impossible 
to get such pictures of actual installations. 

Fig. 28 needs very little explanation. Material delivered 
by the conveyor builds up on angle baffle plates so as to cover 
the bottom plates of the chute, and sloping avalanche plates 
still further baffle the material, until so much has accumulated 
in the chute that an avalanche takes place, permitting a large 
flow of material instead of the usual continuous flow. The 
actual savings in degradation due to this action have been 
compiled by several users and are quite remarkable. 

No less noteworthy are the savings in degradation effected 
by the use of the “withdrawal” chute, shown in Fig. 29. In 
this photograph, two bins with bottom openings are shown in 
miniature, the one on the right being equipped with a withdrawal 
chute. The near side of the bins is a glass plate, and the photo- 
graph was taken with the gates open, so that the flow of material 
is shown. A large turbulent movement of material is seen on 
the left, which causes attrition of the material as it crowds down 
tothe small opening. With the “withdrawal” chute, shown on the 
right, a vertical column of material moves down through the 
chute, being constantly fed from surface material only, which 
rolls in from the top and never below the top. 


Cuain Conveyors® 


Progress in the chain-conveyor field has in general been con- 
fined to improvement of design detail and to the more extended 
use of existing types of equipment. There is appearing also a 
tendency to make the conveyor a definite part of the production 
process, as has already been done in the automotive field (see 
Fig. 30). The idea contained in the continuous molding con- 
veyor, now so generally used in all large production foundries, 
is being applied to other processes, and it would appear that this 
development should have further and more intensive study. 

Of the different types of chain conveyors available, the power- 
driven overhead trolley conveyor has undoubtedly found the 
greatest extension in application. This is probably due, in part, 
to its relatively recent development, but of even greater im- 
portance is its extreme flexibility, making it applicable to all sorts 
of handling problems—transportation, processing, and assembly. 

Following the lead of the overhead trolley conveyor is the 
single-strand dolly, or truck, pusher conveyor of the “on edge” 
type, i.e., the chain operating with the pins vertical. This de- 
sign, an application of which is shown in Fig. 31, uses a chain 
flexible in both directions, similar to the trolley conveyor. Being 
confined in its track by suitable attachments, and guided around 
horizontal turns by rollers, it can be curved or turned in either 
plane, run from floor to floor, and, if desired, can be made a 
continuous loop. Due to this flexibility of path, this type of 
construction may replace one or more of the conventional 
straight-line conveyors, thereby avoiding transfer points and 
allowing greater variety in layout. Its use has been largely 
in the automobile-body plants for assembly, paint, and trim, 
but installations have also been made in radio-cabinet, office- 
furniture, and refrigerator assembly, and in stock rooms, etc. A 
modification, with the load resting on and carried directly by 
the chain, is beginning to replace the gravity roller conveyor in 
some instances, notably in the dairy industry. 

Section prepared by N. H. Preble, Consulting Materials-Handling 
Engineer, Detroit, Mich. Mem. A.S.M.E. Illustrations for Figs. 
30 to 32, inclusive, were furnished by Mechanical Handling Systems, 
Inc., Detroit, Mich. 
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Progressive assembly on chain conveyors, universally employed 
in automobile plants, is now being applied to a greater extent 
in other plants, particularly in the newer industries, such as 
radio, electric refrigeration, and the like. Its further use in 
other and older fields will probably be noted in the near fu- 
ture. 

Another field for the chain conveyor which has had consider- 
able extension during the year is in connection with high tempera- 
ture in such processes as heat treatment, porcelain enameling, 
core baking, billet heating, etc. Various alloy chains are now 
available that will operate in high temperatures. Other de- 
signs, especially of the trolley type, provide for the protection of 
the conveyor from excessive heat. 

In the various equipment parts available there have again 
been no radically new developments. No new chains of im- 
portance have been offered, and it would appear that progress 
might well be in the other direction: in the standardization on a 
fewer number of types and sizes, with detail improvement in 
those few. Greater use is being made of all-steel forged chain, 
not only for trolley conveyors but also for other chain conveyors, 
and, within proper limits, it appears that this tendency will 
become more notable in the future. 

Greater attention is being given to the details of design which 
affect maintenance, especially with regard to lubrication. Cen- 
tralized pressure greasing is largely employed on oven conveyors, 
and its use is extending to other constructions. There is some 
tendency toward the use of anti-friction bearings, not on account 
of decreased friction so much as because of the less frequent 
greasing required. Trolley wheels have also been improved, 
and can now be obtained to operate in high temperature, acid 
fumes, dust, etc., and can be equipped for automatic lubrica- 
tion. 

The chain conveyor naturally includes a power or driving unit, 
of either constant or variable speed, and, ordinarily, with a con- 
siderable gear-reduction ratio between the motor and the con- 
veyor headshaft. The open gear train to obtain this reduction 
has become obsolete, except for extremely light-duty work, all 
drives now being fitted with some form of fully enclosed speed 
reducer. In this connection, the more frequent use of the 
herringbone gear reducer is noteworthy. These reducers are 
now available from stock in a large range of sizes and with 
standard ratios as high as 300 to 1. Variable speed is ordinarily 
required in all chain conveyors except those used purely for 
transportation, and, even there, speed variation may be desired 
in order to synchronize with other equipment. This variable 
speed in almost universally obtained by the use of the V-belt 
type of transmission, with infinitely adjustable cone pulleys. 
During the past year a modification of this transmission has 
been introduced by Mechanical Handling Systems, Inc., in 
which the V-block rubber belt is replaced by a steel belt with 
slidable, laminated steel plates which engage with raised sec- 
tions on the cones (see Fig. 32). This design gives a trans- 
mission with positive drive and one which is fully enclosed, 
operating in a bath of oil. 

Mention should also be made of the greater use of electric arc 
welding in the fabrication of chain-conveyor framework, giving 
marked economy and some decreased weight when compared 
with riveted construction. It is believed that this develop- 
ment will grow, and that the near future will see practically all 
conveyor structures welded. 


Drive VARIABLE-SPEED GEARS, AND Skip Hosts’ 


Drive Chain. Bucket elevators and conveyors, slat and apron 
conveyors, foundry conveyors, skip hoists, and related equipment 


7 Section prepared by W. W. Sayers, Chief Engineer, Link-Belt 
Company, Chicago, Ill. Mem. A.S.M.E. 
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have not recently undergone any radical changes. Their field of 
application has been considerably broadened, however, by im- 
provements and refinements in their construction. The chain, 
which is the principal medium used by these types of equipment 
for transferring, elevating, and conveying materials, has been 
greatly improved in its two major requirements—strength and 
durability. 

Until recently, chain manufacturers were dependent upon 
mild or medium steels with no heat treatment. Medium steel 
was preferable to mild steel because it had slightly higher physical 
properties. The fact that low-carbon steel could be surface 
hardened by soaking in a carbon atmosphere has been known 
for years, this operation being called case-hardening. It did 
not contribute to strength, however, but only to durability 
against wear. By heat treatment the strength of medium steel 


Fic. 33. Posirive-DriIve VARIABLE-SPEED GEAR 


is now raised from 75,000 to 95,000 lb. per sq. in. 
mild steel is not increased by treatment. 
Medium-carbon steel bars having an analysis of: 


The strength of 


0.35 to 0.45 
0.50 to 0.80 
0.04 
0.04 


Carbon..... 
Manganese. . 
Phosphorus, less than. 
Sulphur, less than 


give a desirable leeway in design of steel-chain sidebar links, 
whether heat treated or untreated. The pins, or bushings, 
should be of either mild steel, case-hardened, or of medium steel, 
heat treated. 

Recognizing that cumbersomeness and weight in chains are un- 
desirable, and frequently prohibitive, for use with materials- 
handling equipment, manufacturers now use steels containing 
alloying elements, which, with suitable heat treatment, provide 
equivalent strength with considerably reduced size and weight. 

Standard carbon steel (S.A.E. 1015-1020-1045), nickel alloy 
steels (S.A.E. 2320-2345), and chromium alloy steel (S.A.E. 
3135-3245), chromium alloy steel (S.A.E. 5140), and molybde- 
num alloy steel (S.A.E. 4615), all react uniformly well to the heat- 
treatment control used in production methods, and are readily 
obtainable. 

The actual example, shown in Table 1, of the development of 
a single size, or pitch, of drive chain used by the oil industry 
with rotary-type well drills, serves to illustrate the increase 
in strength, accompanied by a relative decrease in weight, of 
chains applicable to chain conveyors and drives. 


INCREASE IN STRENGTH OF DRIVE CHAIN FOR 
OIL-WELL DRILLS 


Weight, Ib. 
per ft. 


TABLE 1 


Strength 


Strength, 
Ib. 


Chain No. 
103 

4103 

SS-40 

SS-40 Plus 
Hyper SS-40 
124 

4124 

SS-124 
SS-124 Plus 
Hyper SS-124 
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Another steel chain of the drive type has recently been de- 
veloped having a strength of over 11,000 lb. per pound of weight 
per foot of length, or almost five times as great as that of malle- 
able iron, with corresponding increase in uniformity and relia- 
bility. 

Cast chains of malleable iron are extensively used with ele- 
vators and conveyors because they are inexpensive and readily 
provided with special attachments, cast as a part of the link. 

Cast chains having a hitherto unattainable combination of 
high tensile strength and great wear resistance, have been re- 
cently developed, and are now available. These chains are 
admirably suited for drives, elevators, conveyors, etc. A high- 
grade malleable iron is processed in such a way that it becomes 
practically a different metal, with vastly improved qualities. 


Terese 
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This new method of processing produces a metal with a per- 
fectly balanced combination of the three qualities desirable in 
a sprocket chain—great toughness to resist tension and shock 
without permanent stretch; great strength in proportion to 
weight and bulk; and characteristics to resist abrasive wear. 

Tests of this new metal, furnished in Table 2, afford an in- 
teresting comparison of its characteristics with those of other 
cast-chain materials. 

Due to the structure of this new metal it resists abrasive 
wear far better than the usual cast chain. Worthy of mention !s 
its exceptionally high yield point (25 per cent higher than that of 


per lb. 
4 9,600 2400 
5 22,000 3800 
6 28,000 4250 
; 6 40,000 6100 
75,000 9200 
6 15,000 2200 
s 33,000 3880 
12 58,000 4570 
12 85,000 6700 
18 150,000 8100 
9 
3 
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TABLE 2 PHYSICAL CHARACTERISTICS OF MALLEABLE-IRON 
CHA 


a 


Processed Average 
Item malleable malleable iron 
Average yield point, Ib. per sq. in........ 45,000 36,000 
Average ultimate strength, lb. per sq. in. 65,000 54,000 


average malleable iron), which engineers recognize as of greater 
importance in chains than ultimate strength. In addition to 
having this high yield point, the metal is tough and ductile, 
and therefore better withstands shock and fatigue loads. 

Cast steel of higher carbon content, and manganese steel 
having higher yield point, strength, and hardness, are available, 
but these are more expensive and require special patterns, whereas 
the new processed chains can be made at any malleable foundry 
having processing equipment, from standard patterns, at a cost 
slightly more than that of good regular malleable chain. 

The improvements in wrought-steel and cast chains men- 
tioned above greatly enlarge their field of application by making 
available chains of reduced weight having much greater strength 
and reliability. Weight and strength are exceedingly important 
factors with long or high conveyors and elevators. 

Variable-Speed Gears. Conveyor and elevator driving ma- 
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chinery and terminals have been greatly improved by substitut- 
ing speed reducers and anti-friction-type bearings in place of 
open gearing, and by shafts provided with plain pillow blocks 
distributed on separate supports. The constant attention 
required for lubrication is practically eliminated, and much more 
dependable operation and service are provided. 

A positive, infinitely variable-speed gear, shown in Fig. 33, 
requiring only a minimum of space, has been recently intro- 
duced by the Link-Belt Company. This speed gear can be 
readily and advantageously used for driving any elevating and 
conveying equipment whose speed of travel must be occasionally 
or frequently varied to obtain the best operating and production 
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results. The positive-drive gear consists of a specially con- 
structed chain and pair of sprockets, by means of which infinite 
variations in speeds may be obtained continuously (without 
steps) while running, and in ratios up to 6 to 1. The entire 


mechanism operates in an oil bath, within a fully enclosed hous- 
ing. Due to its small size and other features, it is also used 
for driving machine tools and equipment of all kinds where the 
speeds must be positively and infinitely varied from time to 
time. 

Skip Hoists. The winding machine for skip hoists has recently 


Fie. 36 View SHow1ne CompLeTe INSTALLATION OF AUTOMATIC 


TROLLEY Bucket System 


been improved by providing it with a welded steel housing, of great 
shock-resisting properties, in which cut herringbone gears operate 
noiselessly in an oil bath. The shafts for gears and drum are 
carried in anti-friction bearings. The rope sheaves, which usu- 
ally are located in rather difficult or inaccessible positions, are also 
provided with anti-friction bearings. The steel housing of the 
machine is built integral with a large substantial steel subbase, 
on which the motor and traveling cam limit switch are mounted, 
thus insuring and maintaining correct alignment of all parts. 

A unique, clever, and simple loader which automatically con- 
trols the filling and operation of the skip bucket was developed 
during the past year. With this device, which requires no weigh- 
ing mechanism, the bucket is hoisted only when it is fully loaded. 
It remains in loading position until filled, when it is immediately 
hoisted and continues to be hoisted, dumped, lowered, filled, and 
hoisted, as long as sufficient material is available to load the 
bucket. This automatic loader insures maximum hoisting capac- 
ity, and no attention from the operator is needed to start and 
stop the equipment. (See Fig. 34.) 

A modified form of skip hoist, known to the trade as the 
trolley bucket, which has been generally used by wholesale and re- 
tail coal and material yards, has recently been improved by mak- 
ing all its operations entirely automatically controlled. The 
bucket is automatically filled, hoisted, trolleyed, lowered, and 
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emptied at the desired point; then rehoisted, trolleyed back, and 
lowered for loading at the track hopper. The attendant has 
only to adjust the selector dial and push the start button to 
accomplish the automatic rep°tition of the complete cycle until 
the stop button is pressed. 

The equipment consists of separate motors and drums, elec- 
tric control apparatus, a selector governing the points at which 
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the bucket is lowered and emptied, and a loader for filling the 
bucket automatically. The trolley mechanism is shown in Fig. 
35, and a complete view of an installation in Fig. 36. 
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Pneumatic TuBEs?® 


After many years of experimenting, the Lamson Company has 
recently introduced what is called the ‘“Pneu-Art terminals” 
for pneumatic tubes. Former types of terminals were con- 
structed of heavy metal. The new types are made to harmonize 
with the decorative surroundings in stores, offices, banks, and 
other business and manufacturing establishments. 
made to correspond with the office trim. 

The terminals (Fig. 37) are constructed of a light metal, 
are rectangular in shape, and both receive and dispatch the 
pneumatic-tube carriers. They can be placed in fixture panels 
and therefore are practically hidden. Doors are spring-closed 
and fitted with felt gaskets to operate silently. Sizes correspond 
to those used for former types of installations, with which the 
new equipment is interchangeable. 


Colors are 


Hanp Lirr Trucks AND PorTABLE ELEVATORS? 


Hand Lift Trucks. The outstanding development in the hand- 
lift-truck field during the past year has been its greatly increased 


Fie. 39 +6000-Ls. Hieu-Lirr Truck 


use in connection with the shipment of goods on skid platforms 
The growth of skid shipping has continued in the paper industry 
until nearly all customers specify skid packing, due to the saving 
in cost and greater ease in handling. In the larger cities, most 
trucking contractors have equipped themselves with hand lift 
trucks to handle skidded shipments consigned to printers and 
jobbers. An increasing variety of automotive assemblies are now 
shipped to assembly plants on skids. Skidded shipments 


8 Section prepared by C. S. Jennings, Chief Engineer, The Lamson 
Company, Inc., Syracuse, New York. Mem. A.S.M.E. 
* Section prepared by F. J. Shepard, Jr., Treasurer, Lewis-Shepard 


Company, Watertown, Mass. 
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of slate, firebrick, canned goods, and other similar commodi- 
ties are now being transported both by rail and water at a sub- 
stantial saving in packing, handling costs, and damage to goods. 

The use of hand lift trucks and skids in railroad stores de- 
partments has continued to expand during the year, and prac- 
tically all the larger railroad systems have made initial instal- 
lations or are increasing present equipment, with gratifying 
economies. Several intercoastal steamship lines are actively 
soliciting skidded freight, because economies in handling make 
this an attractive cargo. 

Hand lift trucks of standard and special design are being widely 
used for handling desks, refrigerators, stoves, safes, machine tools, 


Fic. 40 Truck Tractor But 32 IN. OVERALL WipTH AND WITH 
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Fig. 41 


SHoveL Truck FoR TUNNEL WorK Wir 6 Ft. 6 IN. 
OvERHEAD CLEARANCE 


and other commodities that are provided with legs allowing en- 
trance of the truck. Open-end lift trucks are also found satis- 
factory for handling reels of wire, crates, boxes, tote pans, etc., 
Where platforms are not required. Many manufacturers are 
giving thought to redesigning their product to allow of handling 
in this way, as a marked saving is gained both throughout pro- 
duction processes and in warehousing. 

A new type of truck, known as the Footlift, has been brought 
out by the Lewis-Shepard Company during the past year, which, 
as its name implies, is elevated by the operator’s foot, using the 
leg and thigh muscles instead of the arm and back muscles to 
elevate the load. Among other advantages claimed for it are 
ease, quickness of operation, safety, and less strain on the opera- 
tor. All manufacturers of hand lift trucks are giving more atten- 
tion to refinement in design and safety features. It is now gener- 
ally recognized that the jack-type, or multi-stroke, trucks should 


MH-53-1 17 


be used for handling heavier loads, and all hand-truck manu- 
facturers are prepared to furnish this type of equipment. 
Portable Elevators. In the portable-elevator field a large 
increase is noticeable in the number of special machines designed 
to perform operations that previously had been considered as 
requiring brute strength. Among the many types which are 
coming more into general use may be mentioned: warp-beam 


Fic. 43. Macuine ror HANDLING BALES OF 
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carriers, barrel- and drum-lifting machines, oil-switch-tank 
lifters, refrigerator cranes, die lifters, and special-purpose ma- 
chines for handling large work in process. 

Many machines are handling loads not exceeding 200 to 300 
Ib., and, to make the machine as light and portable as possible, 
special section members are often used, constructed by arc 
welding. 
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loaded skids. 
six high, with a corresponding saving in floor space. 


Fie. 44 ARRANGEMENT FOR RapiIpLy ATTACHING 
SHOVEL, PLATFORM, AND ForK oR RaM TO A TRUCK Bopy 


L. C. L. ConTaINnERS 
(13/4-ton truck resting on platform.) 


Fic. 46 GALVANIZED TRAILER FoR USE IN PackinG PLANT 


Four-post or double-end machines, supporting the carrying 
platform at two sides, are being used in increasing numbers for 
adjustable loading docks. Capacities of from 4000 to 8000 lb. 
are not uncommon in this type of equipment. 

A sharp increase in the percentage of power-operated ma- 
chines has been noticeable, because it is far more economical 
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Many installations of portable elevators are used, in con- 
nection with skid and lift-truck systems, to pile or rack the 
It is not uncommon to pile 2000-lb. loaded skids 
Machines of 
heavier capacity have been placed on the market during the past 
year, and installations of 6000 to 10,000 lb. capacity are not un- 


Execrric Truck Wirn 12-Fr. PLatrorm ror HANDLING 


to elevate commodities by electricity than by hand-power. 
Hand-power machines are now rarely specified for other than ex- 
tremely intermittent use. 


A gasoline-operated power machine has been developed for 


Fie. 47 400-Ls. Hicu-Lirr Truck 
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use on docks, or in warehouses not wired for power. This ma- 
chine is equipped with a small self-contained air-cooled motor 
operating through a clutch to the hoisting mechanism. Lowering 
is controlled by a centrifugal-type governor acting through a 
band brake. This type of machine is especially useful in load- 
ing automobile trucks and handling material on construction 
jobs and other out-of-the-way places. 


E.ectric INDUSTRIAL 


Progress in the design and use of electric industrial trucks 
during 1930 has followed the general course witnessed during the 
past few years. The new developments have been, in general, 
in the shape of refinements, although one or two striking improve- 
ments have been seen. 

Increased Capacities. During the past year, electric crane 
trucks have been developed with a rated capacity of 42,000 
ft-lb. overturning moment. Another machine has been placed 
in service at the Jones & Laughlin plant which has a bifurcated 
platform and handles 20,000-lb. bosh tanks in the tinplate mill. 
Ram trucks, in general, have been limited in capacity to 3000 


10 Section prepared by C. B. Crockett, Secretary, Industrial Truck 
Association, New York, N. Y. Assoc-Mem. A.S.M.E. 
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and 4000 lb. By using an articulated front axle, the truck shown 
in Fig. 38 now handles 8000 lb. These machines have also been 
developed with a twin ram instead of the single one as shown. 
By the use of counterweights the capacity of the fork-type 
truck has been increased to over 10,000 lb. This year has also 
witnessed the increase of drawbar pull in tractors, the maximum 
available now being 7500 lb. 


Fie. 50 Inpusrriat Tractor Turnine Rapivs oF 156 In. 
DEVELOPING DRAWBAR PULL oF 26 Hp. 


Not only has the weight capacity of these machines been 
made greater, but the hoisting speed of cranes and the lifting 
heights have been increased as evidenced by the high-lift truck 
of 6000 lb. capacity and 160 in. overall height, shown in Fig. 
39. 

Increased Maneuverability. Along with the introduction of 
newer and larger machines have come many developments to in- 
crease the maneuverability of the equipment. The leading manu- 
facturers of storage batteries have developed a new type of cell 
providing a larger amount of power per square inch of area 
occupied by the cell. This development has resulted in the in- 
troduction of a new heavy-duty-type tractor which has the 
Same clearance and turning radius as the standard machine, 
but with approximately 30 to 40 per cent more power. There 
has also been developed a tractor with the standard drawbar 
pull but only 32 in. in overall width, and with a correspondingly 
short turning radius. (See Fig. 40.) 

Fig. 41 shows a shovel truck used to carry coal through a 
tunnel with 6 ft. 6 in. overhead clearance, and at the same 
time deposit its load in hoppers 8 ft. above the ground. This 
same principle of handling at an elevation, and yet maintain- 
ing low headroom, has been developed in the telescoping type 
of high-lift truck. One machine of this type can pass through 
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the ordinary factory door, but can raise its load to a height of 
10 or 12 ft. if necessary. 

Safety features have been improved by means of switch inter- 
locks, and trucks are now in use where motors, controllers, and 
limit switches are equipped with air-tight, gasketed covers so 
that the machine may safely be operated in a highly inflammatory 
atmosphere. 

New Attachments and Machines. New and novel atachments 
and machines include the following: 


1 A self-operated clamp for handling tinplate. 
2 A fork-type truck in which the tilting mechanism operates 
automatically from the lift. 


Fie. 51 Tractor oF SHort-TuRNING Rapivus 


Fie. 52 6000-Ls. Lirr Truck 


3 A truck for handling cable reels (see Fig. 42) with a limit 
switch on the winch, operated by the reel on the platform of the 
truck. 

4 A mechanism for reeling in and out a predetermined dis- 
tance. 

5 A special tilting fork-type machine for handling bales of 
waste paper (see Fig. 43). 


A new 6000-Ib. high-lift truck has appeared during the year 
with the following features: hydraulic lift, flat springs, under- 


| 
er. 
Fie. 49 InpustrRIAL Tractor DeveLorpinc DrawBarR PULL oF 
\ 
| 
‘ j 
4 
. 


20 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


driving wheels, internal brakes, and ball bearings in steering 
knuckles. A new method has been evolved for attaching tires 
to trailer wheels by which the wheels are sent to the tire manu- 
facturers and the rubber tires are molded directly on the wheels. 

There has been a marked development of attachments that 
may be used with standard equipment. Fig. 44 shows a dove- 
tail arrangement by which a shovel, platform, and fork or ram 
may be attached to a truck body in less than a minute. A 
truck with beveled forks is now being used for handling paper 
rolls from the floors of freight cars. 


Fic. 54 ApsustTaBLe-He1cHt Boom CRANE BuILT ON CHASSIS OF 
40-He. TRACTOR 


New Uses for Electric Trucks. New uses for electric indus- 
trial trucks include: the use of a tractor for regular car spotting 
at the repair shops of the Chicago Rapid Transit Company: 
the delivery of oil and grease by the means of a pump and tank 
mounted on a skid platform; the handling of concrete in plant 
construction; the use of equipment for plowing off snow; 
and, most important, the extensive handling of l.c.l. containers. 
Machines for handling these containers have platforms 12 ft. 
in length by 40 in. wide. Fig. 45 shows one of these machines 
with a 1%/,ton machine resting on the platform. 

Fig. 46 shows an interesting combination of materials-han- 
dling and production equipment. These galvanized trailers are 
used in a packing plant to receive beef bones. When filled, the 
trailers are moved by tractor to another location where they are 
filled with hot water, and a steam line is connected to a manifold 


which runs through the water at the bottom of the trailer. A 
cooking process is thus carried on and the meat juices extracted. 
The fluid is then drained off and the bones are transferred in the 
same container for utilization in other departments. 

During the past year railroads and large industrial plants have 
made considerable progress in eliminating the rehandling of waste 
products. At several locations, installations have been made 
in which unit containers, either mounted on skids or trailers, 
have been spotted at various points throughout the plant. These 
containers, when filled, are moved by lift truck or tractor and 
dumped in gondola cars or a pit. In addition to the saving of 
labor, the rehandling, or sorting, of scrap or waste material 
is thus eliminated by providing a sufficient number of con- 
tainers. 

Coordination of Handling Equipment With Other Types of 
Equipment. The Great Lakes Transit Company has coordi- 
nated the use of tractors and trailers with conveyors for un- 
loading, sorting, and transporting flour from ships to ware- 
house and freight car. The conveyor is used to bring the bags 
from the hold, and becomes an automatic sorting table, the 
bags being lifted off the conveyor and placed upon the proper 
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trailer according to the various brands and consignees. In 
Chicago, |.c.l. freight is loaded directly from the tailboard of 
the truck to trailers at various freight depots throughout the 
city. These trailers are run directly into freight cars and moved 
without rehandling to the transfer house 16 miles outside the 
city. Because material for only one destination is placed on 
each trailer, these trailers are moved at the transfer house di- 
rectly to the proper car, o that only two handlings have to be 
made, one at the unloading of the truck, and the other at the 
loading of the freight cars that carry the material to its final 
destination. 

In coordinating the use of power lift trucks and hand lift 
trucks, the machine shown in Fig. 47 has been developed during 
the past year. This is a 400-lb. high-lift truck with a platform 
6'/. in. high, in lowered position, for use with hand-lift-truck 
skids, but with a four-wheel compensating front axle for two- 
ton loads. 

The stores department of the Chicago, Milwaukee, St. Paul and 
Pacific Railroad has successfully coordinated the tractor-trailer 
and skid-lift-truck systems. The Milwaukee shops, which 
cover some three square miles, are served by 11 receiving sta- 
tions. Each of these stations is served by two trailer trains, each 
train starting at Station No. 1 and making the complete circle, 
traveling in a direction opposite to the other. The trains oper- 
ate on regular schedules and provide pick-up and delivery service 
for each station at approximately 45-min. intervals. In this 
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way the long-haul transportation is accomplished by means of 
the tractor-trailer system, while the goods are handled by lift 
truck in and about the shops and storerooms. The trailers are 
designed for two 6000-lb. skids, although average loads are not so 
great as this amount. The average train consists of approxi- 
mately eight loaded trailers and four empties for picking up 
loaded skids at intermediate points along the route. 

A new type of narrow-gage flange-wheel tractor, or electric 
“locomotive,” has wheels and axles so made that the gage can be 
adjusted within the limits of 18 in. minimum and 30 in. maxi- 
mum. This truck is shown in Fig. 48. Another new four-wheel 
tractor is equipped with an extra large battery consisting of 24 
cells of the 23-plate type. 


GASOLINE TRUCKS AND TRACTORS!! 


Considerable activity has been manifest among the manu- 
facturers of gas-powered industrial haulage vehicles during the 
year 1930. Twelve new gas-powered tractors and lift trucks 
have been introduced by seven manufacturers. Three large 
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manufacturers of agricultural tractors have entered the in- 
dustrial field in a substantial way, and the introduction of a new 
light passenger car by one of the large automobile manufacturers 
has led to the introduction of several light gas tractors powered 
by this automobile engine. 

The Allis-Chalmers Manufacturing Company introduced this 
year its model “U” industrial tractor, Fig. 49, developing a maxi- 
mum drawbar pull of 24.64 hp. The weight of the standard 
tractor is 4125 lb., and it comes equipped with a power take-off 
pulley and a number of special attachments, such as crawler 
treads, sweepers, side fillers, scrapers, air compressors, and other 
useful industrial equipment. 

A new industrial tractor was placed on the marked this year 
by the J. I. Case Company. It is especially designed for use 
With industrial attachments, such as street sweepers and snow 
brushes, bucket loaders, cranes, and lift platforms. Model 
“C-I” has a drawbar pull of 17 hp. and a turning radius of 120 in. 
The larger model “L-I,” Fig. 50, has a drawbar pull of 26 hp. 
and a turning radius of 156 in. This company also announces 
& special narrow-tread model of its ““C-I” tractor, with a turning 
radius of 109 in., overall width of 48 in., as compared to the 
Standard model having an overall width of 61 in. All models 
may be equipped with steel wheels for industrial use, and also 
with winter cabs and electric lights, when required. 

The Charlier Manufacturing Company has developed three 
types of gasoline-motor-powered vehicles. A new “Brownie” 
three-wheel tractor, Fig. 51, has an exceptionally short turning 


" Section prepared by Ezra W. Clark, Vice-President, Clark Truc- 
tractor Co., Battle Creek, Mich. 


radius of 72 in., a drawbar pull of 1200 to 2500 lb., weighs 1950 
Ib. and can be ballasted to suit the job. The spring-suspended 
third wheel allows the tractor to travel over uneven and rough 
roadways with the ease of the four-wheel type. It is powered 
by a Ford Model AA engine and has speeds of from 1 to 30 
miles per hour (four forward speeds and one reverse). A heavy 
3/,-in. steel bumper plate is attached to the front. 

A new four-wheel tractor made by the same company is similar 
to the three-wheel type, except that it steers on two wheels in- 
stead of one. 


Fie. 57 60-Hpe. Crawier-Tyrpe Tracror Equippep Witn 6- 
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A new “Brownie” lift truck, Model LT-3, made by the Charlier 
Manufacturing Company, and illustrated in Fig. 52, has a capac- 
ity of 6000 lb., a platform height of 11 in. or 17 in., a safety 
tread platform 56 X 24 in., a lifting speed of 4 seconds up and 
3 seconds down, a turning radius of 120 in., is powered by a 
Ford Model AA engine, travels two to eight miles per hour, and 
weighs 2575 lb. 

The Clark Tructractor Company, in May, 1930, introduced 
a new 40-hp. industrial tractor known as the “Clarktor.” It 
is equipped with either solid or pneumatic tires and carries 
generator, battery, self-starter, and lights. The turning radius is 
108 in. With this tractor as a chassis, the same company is 
putting out a high and low power shovel, Fig. 53, known as the 
“Clarktor,” diggers, and also an adjustable boom crane, Fig. 54, 
with capacity from 1600 to 4000 lb. and with a maximum hook 
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height of 13 ft., for use on docks, piers, and railroad yards. 

What is said to be one of the smallest straight industrial trac- 
tors has also been put out by the same company. It is known 
as the 4-wheel “‘Clarkat,” has a turning radius of 92 in., a draw- 
bar pull of 2000 lb., and a towing capacity, on the level, of 25 
tons on trailers. It is designed primarily for factory, mill, 
and railroad work. 

An improved model of the same company’s 3-wheel “Clarkat”’ 
has been introduced. It has a turning radius of 51 in., and is 
equipped with a steel box platform 33'/, in. wide by 29'/2 in. 
long, of 500 lb. load capacity, at the rear (see Fig. 55). This 
platform adapts the tractor as a stock chaser for the prompt 
delivery of heavy castings and tools in and about machine shops, 
foundries, and manufacturing plants. The platform can be 
removed in two minutes, making the standard trailer coupler 


Tue “Iron Mute,” a 2-Ton Dump Truck BuItt on 
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Fie. 60 Crane 
available so that the machine can be used as a regular factory 
tractor. The same company has also introduced to the brick and 
clay block plants a gas-powered “Brick Hacker,” Fig. 56, with a 
capacity for handling a pile of 500 bricks. This machine is 
designed for the handling of bricks from kiln to storage, storage 
to shipping platform, to car, and also for barge movement. 
The Cleveland Tractor Company, manufacturer of crawler 
tractors, introduced this year one new model, known as the 80-60 
“Cletrac,” shown in Fig. 57. It is rated at 60 hp., but is said 
to be capable of developing 80 hp. It is powered with a six- 
cylinder four-cycle engine governed to 1050 r.p.m., is equipped 


with Delco-Remy starting, lighting, and ignition, and, when 
specified, is furnished with power pulley and take-off. 

The “Shop Mule,” which for years was powered with the 
Model T Ford engine and parts, has been put out this year by 
W. F. Hebard & Company in new form, and is now equipped 
with the Model A Ford engine and necessary parts. It is four- 
wheeled, is built with a spring seat for service as a tractor, and has 


36-Hp. INDUSTRIAL TRACTOR 
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4-WHEEL INDUSTRIAL TRACTOR— 
THE “INDUSTRIAL TU@”’ 


Fia. 62 


a capacity of 15 to 20 tons on trailers. With a longer platform, 
the model K will carry a load and also two trailers, and as model 
L shown in Fig. 58, it is a load-carrying tractor-type “Shop 


Mule.” The Hebard machine is the oldest of the Ford-powered 
industrial tractors, and the three new models put out this year 
embody all of the former features, with certain refinements and 
improvements that make this an economical small tractor for 
general use. 

Using the Allis-Chalmers industrial ““U’’ tractor as a base, 
the Hughes Keenan Company builds what is known as the 
“Tron Mule.” Equipped with a 2-yd. body, as in Fig. 59, 
it finds a wide usefulness in the road-building field. 

A swinging-type, general-utility crane known as the “Roust- 
about Crane” is also a new product this year of this company, 
being built both to the Allis-Chalmers model “U” and to the 
McCormick-Deering industrial tractor. It is a swinging-boom 
crane, Fig. 60, with overhead counter-balancing weight, with 
a rated capacity of 2000 lb. It will pass through a door 5 ft. 6m. 
wide by 7 ft. 6 in. high with ample clearance. Control levers are 
within easy reach of the operator. It is believed that it will have 
a large field of usefulness among the railroads. 
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The International Harvester Company has placed on the 
market a new model, No. 30, of its McCormick-Deering indus- 
trial tractor, which provides a flexible and conveniently con- 
trolled tractor for heavy industrial jobs (see Fig. 61). It is 
built to the general design and construction of the previous 
model, No. 20, but is of larger capacity, and therefore avail- 
able for heavier duty. Among its important improvements 
are heavy-duty, internal, self-energizing brakes. The driver 
rides at the rear of the machine and is always in control of the 
tractor. Rear rims and tires are quickly removable. The four- 
cylinder, heavy-duty tractor engine develops 36 hp. on the level. 


Fie. 63 New Gas TRACTOR 


Removable cylinders permit of convenient, quick servicing. 
Special equipment provides for lighting, power take-off, and 
either solid or dual pneumatic tires. The turning radius is 
198 in. 

The Whitehead & Kales Company is a new entrant into the 
field of gas-powered industrial tractors, and is putting out a 
small four-wheel tractor, Fig. 62, known as the “Industrial 
‘Tug.’”’ It has a drawbar pull of approximately 1500 lb. and 
is powered with a Ford engine and parts. It is equipped with 
a tool box beside the driver’s seat, and a heavy front bumper. 

Using this tractor as a chassis, the same company has in- 
troduced the Whitehead & Kales golf-course tractor, equipped 
with steel wheels fitted with sod-puncture pins. The wheels are 
drilled to take extension rims. With a maximum of 1500 lb. 
on the rear wheels, this golf tractor has ample traction without 
excessive weight to pack the turf. 

A new industrial-type gas tractor, Fig. 63, has been developed 
by the Mercury Manufacturing Company. This new tractor 
can be furnished equipped with dual solid tires on the rear wheels, 
and extra wide tires on the front wheels, with single solid tires, 
or with pneumatic tires on the rear wheels. It has a standard 
Model A Ford motor with electric starter, including an 80-ampere- 
hour battery, Ford radiator, and 6-gal. gravity-feed gasoline 
tank mounted on the dash. The normal drawbar pull is 1000 
lb., with a maximum of 3000 lb. The machine has a turning 
radius of 104 in. and weighs 3600 lb. 

The tractor was developed for outside work, mainly in yards 
and places where large wheels are desirable. It can be equipped 
with a power take-off to operate various attachments, such as 
brooms for sweeping snow, and other devices commonly used 
in handling materials in industrial plants. 


INDUSTRIAL ELEvaTors”” 


Much publicity has lately been given to the really marvelous 
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developments in automatic passenger-elevator equipment, but 
very little has been said about the increasing efficiency of freight 
elevators and the rapidly increasing standards of performance 
now demanded for this type of elevator in all classes of buildings. 
Even up to a few years ago, office buildings generally attempted 
to move freight, such as furniture, stationery, etc., in one of 
the regular passenger-elevator cars which was temporarily as- 
signed for certain periods in the day for freight purposes only. 

The tendency now, however, in these larger and monumental 
office buildings which are going up all over the country, is to 
install regular freight elevators for that purpose only. These 
elevators in the higher buildings are of the gearless-traction 
type, with car-switch control, running at speeds up to 600 and 
700 ft. per min. Thus they are practically the same as the 
passenger elevators in the older office buildings. For instance, 
the Empire State Building, in New York City, now under con- 
struction, will have five distinct freight elevators. 

The progress in freight-elevator equipment during the past 
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year has been more one of increasing standards of performance 
rather than the development of any particular new type of ap- 
paratus. The micro-leveling feature on freight elevators is 
rapidly coming into general use, owing to the increased efficiency 
of such elevators. Micro-leveling eliminates “inching’’ at the 
landings, thus obviating the possibility of damage to trucks or 
merchandise when the trucks are run on or off freight elevators 
(see Fig. 64). This operation also, by eliminating the false 
stops, reduces current consumption, cuts down wear and tear 
on the apparatus, and prolongs its life. 

Another development of the smaller freight elevator, in lo- 
cations where the service does not require an operator constantly 
on duty, is the use of the double-button type, which is rapidly 
superseding the old-style hand-rope control. The hand-rope ele- 
vator had its use where it was desired to have the elevator oper- 
ated by those who were using it, rather than by an operator on 
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the car. The hand rope could be pulled from any floor, bringing 
the car to that point. This necessitated safety devices, such as a 
rope lock, to prevent the car being taken away from any one who 
was using it. It was also necessary, of course, to have self-closing 
gates or doors, which would be held open while the car was stand- 
ing at the floor, and would close automatically when the car 
left, so as to prevent the possibility of any one falling down the 
hatchway under the impression that the car was at the land- 
ing. 


Fic. 67 Bunk Burtt Back or Driver’s Seat 1n Moror-Truck 
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This new double-button type is operated from each floor by 
the pressure of the button, which calls the elevator to that floor 
if it is not already in use. “Up” and “down” buttons in the 
car then operate the elevator in the desired direction, constant 
pressure being exerted on the button employed until the desti- 
nation is reached. These elevators are also equipped with gates 
or doors at each floor for protection. 


Not so many years ago the freight elevator was not considered 
of very great importance in manufacturing plants warehouses, 
or, in fact, in any type of building. Many owners felt that any 
elevator which would get the freight up and down was good 
enough. This feeling has been gradually changing, however, 
and the last year has seen a material alteration of viewpoint, 
looking toward the installation of more efficient and time-saving 
apparatus. 

Another factor of prime importance is the capacity and size 
of elevator as compared to the electric and hand lift trucks used 
in industrial service. Many a plant could save considerable 
money by installing freight elevators of sufficient size and lifting 
power to carry the largest electric trucks, with maximum load, 
that the plant could eTectively operate. 

It is now realized that freight elevators are as important in 
their place as passenger elevators. The machines manufactured 
by leading concerns in the elevator industry are now of the same 
high class in every respect as the passenger machines. They 
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are equipped with practically all of the same types of safety 
devices—so as to prevent accident either to the materials carried, 
or to the elevator apparatus itself—and also with devices to pre- 
vent interruption of service. This development is resulting in 
much more efficient operation, reduced operating expense, and 4 
saving of considerable time in the transfer of freight, with con- 
sequent speeding up of production in the factories. 


Moror Trucks AND TRAILERS'* 


So numerous and so complex have been the year’s develop- 
ments in the motor-truck industry, that any attempted report 
must be confined to a few generalities in order to conform to 
prescribed space limitations. 

Most significant is the increasing tendency of industry to 
appreciate the flexibility with which trucks can be adjusted to the 
individual traffic and materials-handling problems of manu- 
facturers. As an outgrowth of this realization, motor trucks 

13 Section prepared by Edward F. Loomis, Secretary, Motor Truck 
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are coming more and more to be regarded as highly specialized 
units of machinery, each designed to perform a specific type of 
operation with the utmost efficiency. 

Developments Resulting From Research. Research under- 
taken cooperatively by truck, chassis, equipment, and parts 
manufacturers has been productive of uncounted contributions 
to the more efficient and economical use of motor trucks in 
materials handling. To cite but a few instances: 

1 The perfection of lighter and stronger metals in body 
construction, permitting a substantial increase in the truck’s 
pay-load capacity. Aluminum and alloy metals in some cases 
have subtracted from 1500 to 2000 lb. from the truck’s dead 
weight (see Fig. 65). 

2 Devices for the chemical or mechanical heating and re- 
frigerating of trucks, permitting the transportation of materials 
and produce under regulated temperature conditions. 

3 Bodies and appliances for the safer movement of com- 
bustibles and explosives. 


Fie. 70 MAINTENANCE CRANE 


4 Improvements in appliances for the preparation and 
mixing of concrete and other plastic building materials in 
transit. 

5 Bodies and equipment to expedite and to simplify loading 
and unloading of vehicles. In this division should be included 
auxiliary appliances, conveyors, improved side- and rear-dump- 
truck hoists, cranes for handling container-car units—the list is 
almost endless. 

6 Mechanical improvements (see Fig. 66) in truck, trac- 
tor, trailer, and dolly equipment which have contributed ma- 
terially to the economy of truck operation, or have made the 
truck capable of transporting bulky or unwieldy machinery 
and materials, One instance is the development of the double- 
deck trailer for transporting au‘omobiles. 

; An index of the trend toward the use of balloon and pneumatic 
tires is provided by records showing that s>lid tires are supplied 
48 standard equipment on less than twenty per cent of the models, 
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and less than four per cent of the trucks, produced during the- 
year. 

Widening Field of Use. More than passing emphasis is merited 
by the increase in the use of truck-and-trailer. and tractor- 
semi-trailer-and-trailer articulated units, due to improvements 
in coupling and braking devices, and a better general under- 
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Fie. 73 at Presque Dock, ToLepo, 


standing of the economic advantages of pneumatic- and balloon- 
tire equipment. This single development contributes to the 
greater efficiency of the power unit by permitting its operation 
while extra trailers are being loaded and unloaded, to say nothing 
of the increased pay load that can be transported at one time with 
such equipment. 

Use of trucks by railroads in developing their shipper-to- 
consignee service has made spectacular advances, the number of 
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trucks operated by railroads exceeding 6000 vehicles, exclusive 
of the Railway Express Agency’s 10,000-truck fleet. 

Extension of operating radii is predicted by two additional 
developments—sleeping compartments in truck cabs for relief 
drivers, and radio receiving sets for trucks. While the last- 
named development has not yet been so used, traffic experts are 
seriously considering the possibilities of short-wave radio equip- 
ment in the dispatching and routing of trucks. This device has 
already been proved satisfactory by the police departments of 
several large cities. The relief driver’s sleeping compartment 
is now manufactured by several companies. In most cases it 
consists of a bunk built into the cab, as shown in Fig. 67, directly 
over or back of the driver’s seat. 

Both of these developments, it is believed, will contribute 
particularly to the expansion of common-carrier, inter-city truck 
operation. 


Locomotive Cranes! 
For the purpose of this Report, “locomotive cranes” will in- 
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therefore the best gasoline or Diesel machines are those specially 
designed for these prime movers. Steam continues in demand 
with many users and under many conditions. Where other 
conditions warrant it, a steam-driven crane will probably out- 
live a gasoline or Diesel machine. 

There is a noticeable demand for increase in speed, all-steel 
construction, alloy-steel parts, frictionless bearings, splined 
shafts, interchangeability of parts, and, to some extent—with 
gasoline and Diesel drives—variable-speed transmission. 

Wrecking Crane. A new 200-ton capacity Bucyrus Erie 
wrecking crane, Fig. 68, has been introduced, having holding-down 
rear rollers and equalized twin main-hoist lines. Its operating 
weight is approximately 370,000 lb., with low center of gravity 
for high speed in transit. Boom hoist and slewing are operated 
by spur gears, the former having an automatic self-locking pawl. 

Steel Erecting Crane. In conjunction with one of the large 
steel-erecting companies, two sizes of a new type of heavy lo- 
comotive crane have been built by the Industrial Brownhoist 
Corporation, suitable for use with extraordinarily long booms 
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clude railroad wrecking cranes, although the two classes of 
equipment are distinct. This plan is followed because of develop- 
ments that have been made in the past year in the wrecker type. 
The designation will also include crawler-mounted machines, 
although originally the term “locomotive crane” was applied 
only to 4- or 8-wheel cranes for standard-gage track. 

Recent Trends. One of the chief trends of recent years has 
been the increased use of crawler mountings, enabling cranes of 
small capacity to work close to their loads, instead of using heavier 
cranes, with long booms, operating on remote tracks. Crawlers 
have also given mobile crane service to users with no trackage. 
On the other hand, where tracks are already laid, the railroad 
type has many advantages: faster operation, easier propelling, 
ability to switch cars, and less wear and tear on machinery 
from traveling on uneven ground. Each type will continue in 
demand, meeting efficiently particular combinations of needs. 

Another trend is toward internal-combustion drives, due to 
their greater economy for intermittent work, and freedom from 
the limitation of small boiler capacity. Diesel drives are growing 
in popularity, and their high first cost is justified by operating 
economies where a high load factor can be maintained. In- 
ternal-combustion drive, however, imposes an entirely different 
demand on clutches and other elements than does steam, and 
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up to 200 ft. in length, and designed to handle very heavy loads 
with shorter booms. The smaller crane, shown in Fig. 69, 
handles 75 tons at 13 ft. 6 in. radius, and the larger crane handles 
150 tons at 17 ft. radius. Both are adapted to form the power 
plant for heavy bridge-builders’ derrick cars of larger capacity 
than anything heretofore used as regular equipment. Each 
crane includes a separately driven high-speed, low-power hoisting 
drum which is a great steam saver, speeds work, and saves the 
main machinery. 

Gas-Electric Wrecking Crane. Two modern double-ended gas, 
electric, storage-battery wrecking cranes are being built to meet 
peculiar conditions in electrified zones of the Cleveland Union 
passenger and New York Central Riverside freight terminals. 
Each crane weighs 436,000 Ib.; is 67 ft. long; is carried on four 
4-wheel trucks equalized in pairs; and will handle 105 tons 
through a 180-deg. arc at either end of the crane. The motive 
power consists of two 220-hp. gasoline engines direct-connected 
to electric generators, plus a 208-cell storage battery of large 
capacity. The propelling equipment is comparable to that of 
electric locomotives. 

Railway Ditcher. A heavy-duty, high-speed railway ditcher 
and maintenance crane has been developed by the Industrial 
Brownhoist Corporation for traveling up to 18 miles per hour 
and handling a spreader, in addition to working between 30-yd. 
air-dump cars, and cleaning out ditches with a 1!/,-yd. shovel, 


” “65 60 55 50 45 40 35 30 25 20 15 10 5 ie) 


MATERIALS HANDLING 


which reaches to the far end of the dump car. It handles its 
own train of tender, dump cars, and spreader, from work to 
dump and back. The shovel and crane boom are readily inter- 
changeable. The machine weighs about 200,000 lb. and, as a 
crane, will lift up to 60 tons. The engines are 10-in. X 12-in., 
and steam is supplied by a 75-in.-diam. 200-lb. fire-tube boiler. 

Railway Maintenance Crane. A number of railway mainte- 
nance cranes of a new type, Fig. 70, have been delivered by the 
same company to one of the eastern roads, whose object was to 
obtain the largest possible lifting capacity without outriggers 
and without fouling passing traffic by a long rear overhang. 
The crane carries a machinery unit and boom, operator’s stand, 
and counterweight, all of which revolve through about 110 deg. 
either side of the track center line, without projecting the rear 
end beyond clearance. The boiler, tanks, and auxiliary equip- 
ment are on the other end of an unusually long and heavy car, 
mounted on trucks made specially heavy to carry the crane 
loading, which is concentrated at one end. The maximum 
free capacity is 12 tons at 15 ft. radius. The crane weighs about 
200,000 Ib. when equipped with an 80-ft. boom. 

Heavy-Duty Pile Driver. To meet the needs of railroads in re- 
placing wooden trestles with concrete structures of economical 
design, a special, heavy-duty pile driver has been developed to 
drive large concrete piles and set large concrete-slab decks upon 
the piles after driving. This machine, shown in Fig. 71, is 
manufactured by the Industrial Brownhoist Corporation. 

The machine is a compact, heavily built, full-revolving, rail- 
way pile driver with detachable truss and leaders, which may be 
replaced by a heavy, curved crane boom, when the machine 
will handle loads about equivalent to a 120-ton wrecking crane 
with boom swung over the end of the car. The crane boom is 
used for setting the concrete-slab decks. 

All the desirable features of the most modern railway pile 
drivers are present in this machine, including a locomotive-type 
boiler and a two-speed travel mechanism. The leaders fold up 
and down quickly, and the driver handles itself alone on the main 
line. Inclined piles may be driven, not only in a plane at right 
angles to the track, but in a plane parallel with the track. The 
maximum leader capacity is 22,000 lb. at 31 ft. 11 in. radius. 

Crawler-Mounted Shovel Crane. An impressive 2-yd. heavy- 
duty crawler-mounted shovel crane, or dragline trench hoe, has 
been introduced by the Link-Belt Company. Its maximum 
lifting capacity is 40 tons at 12 ft. radius, and the machine 
weight 125,000 lb. as a crane. The maximum dragline pull 
is 40,000 Ib. The crane is illustrated in Fig. 72. 


Brinces, Car Dumpers, Towers, AND Systems 
FoR Butk 


Greater attention has been given recently to the economic 
phases of installations for bulk handling, where formerly the 
technical features received the closest investigation. This de- 
mand for high economy has resulted in mechanical refinements, 
such as pressure lubrication, roller bearings, heavier construction, 
special selection of metals, etc., to reduce maintenance charges. 
Likewise a more general use of generator-voltage control—the 
advantages of which afford simpler control apparatus, greater 
accuracy of speed control, regenerative retardation, low maxi- 
mum kya. demand and kw-hr. consumption per ton of material 
handled—reflects a reduction in operating costs. 

Car Dumpers. The car dumper built for the New York 
Central Railroad at Toledo, in 1929, by Heyl & Patterson, Inc., 
represents a distinct advance over previous machines for loading 
coal into Great Lakes freighters. Novel features are the car 
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retarder on the cradle and the new arrangement of ropes and 
sheaves. 

The car retarder is made up of nine units (six having individual 
control), so that the desired braking pressure can be exerted 
against all wheels of the incoming loaded car without gripping 
the wheels of the empty car as it is leaving the cradle. The 
loaded car can be stopped from a speed of 8 ft. per second in a 
distance of about 22 ft. 

Instead of the usual gravity “hump” yard requiring a crew of 
car riders, this dumper is fed from a flat yard by electric pusher 
locomotives. Standard railway retarders and electrically oper- 
ated switches on the run-off track control the passage of empty 
cars to their yard. This arrangement of yard with the efficient 
retarder on the dumper gives higher speed of operation at reduced 
cost. 

The rope system designed for this dumper, using 1!/,in. 
rope on 75-in. sheaves with forged high-carbon-steel grooved 
slip rings, together with a new arrangement or location of sheaves, 
for the first time in the history of the Great Lakes coal trade has 
permitted the dumping of over 5,000,000 tons of coal with one 
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set of ropes (which from present indications will handle 7,000,000 
tons). The best average for previous dumpers has been slightly 
over 2,000,000 tons. 

The maximum rate of dumping is one car per minute (cars 
up to 120 tons capacity), and the average over cargo, including 
time for shifting the boat, etc., is 40 cars per hour. 

The dumper is electrically driven with a Ward Leonard system 
of control for the cradle and Barney haulage engines, each of 
which has two 500-hp. motors. Forced ventilation of filtered 
air to the motors and motor-generator sets prevents accumulation 
of coal dust in the windings. 

Unloaders. A noteworthy development by the Wellman En- 
gineering Company, in 1929-1930, is incorporated in the new 
Hulett unloaders recently installed by them at the Presque 
Isle Dock of the Hocking Valley Railway Company (now C. & O.) 
at Toledo, Ohio, and shown in Fig. 73. 

The general type of these machines is the same as past in- 
stallations, the machine traveling on runways having a span 
of 72 ft. 6 in., and having the trolley with walking beam and 
stiff bucket leg with 17-ton ore shells. All machines of this 
type in the past have been operated by direct current, but in 
this case a radical departure is made and all the functions of the 
machine, including bridge travel, larry travel, hopper disks, 
larry gates, and bucket-leg rotation, are operated at 440 volts 
by 3-phase 60-cycle 6600-volt alternating current which is 
stepped down from the incoming line at the substation. 

The remaining functions, including beam hoist and trolley travel, 
are operated by direct current at 275 volts, with variable voltage 
control, this current being supplied by a 3-unit motor-generator 
set located on the walking beam. This set includes a 500-volt 
synchronous motor, operating on a primary voltage of 440 volts, 
3-phase, 60-cycle, flexibly connected to a 200-kw. d.c. generator 
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for the hoist, and a 125-kw. d.c. generator for the trolley travel. 

The advantage of variable voltage control is fully realized 
in this installation, and the use of alternating-current motors 
for the functions described seems to produce an operation which is 
entirely satisfactory. 

Bridges. Among the outstanding developments in the past 
year is one connected with a large gantry bridge designed and 
built by the Mead-Morrison Manufacturing Company for the 
Consolidation Coal Company (North Western Fuel Company) 
for their Milwaukee, Wisconsin, coal dock. This bridge handles 
a 10-ton coal grab and has been developed to operate on 440-volt, 
3-phase, 60-cycle alternating current. Most of the man-trolley 
bridges developed in recent years have been for use on direct 
current, in order to obtain the advantages recognized as in- 
herent in direct-current service. 

This alternating-current bridge, however, has more than met 
expectations, in that the combination of regenerative braking 
with graduated air braking gives full control of all movements 
of the man trolley itself, as well as of the grab bucket. This 
system has worked out very successfully, as is indicated on the 
recording graphic chart, shown in Fig. 74, which shows clearly the 
amount of power turned back into the line when lowering re- 
generatively. The power consumption itself, per ton handled, 
is as low, if not lower, than on any existing direct-current bridge. 
The man trolley is fully equipped with Timken roller bear- 
ings. 

Fig. 75 shows the general outline of the bridge, and Fig. 76 
the 7-ton clean-up grab, which has a spread of 24 ft. and a cutting 
edge of 10 ft. 

Shiploader. A loading tower of novel design has been placed 
in operation by the Robins Conveying Belt Company, New York, 
at the plant of the Alabama State Docks Commission in Mobile. 
The outstanding feature is its flexibility and range of operation, 
which are such that, in addition to cargo loading, it is applicable 
to bunkering operations, reaching all hatches irrespective of 
location, a feature which most loading towers are lacking. 

The tower, which is movable along the dock face, is arranged 
to receive material from a trunk-line conveyor and deliver it to 
ship or to storage inshore over the loading belt. The loading 
conveyor is mounted in a shuttle frame, which, in turn, is sup- 
ported in a pivoted cradle, which swings through an arc 20 deg. 
above and 20 deg. below the horizontal. 

In operation, the tower is moved to the proper spot, the cradle 
swung to the desired angle, and the shuttle is then run out be- 
tween the shrouds, over the ship’s rail or life boats, and the 
end of loading belt is registered over the hatch. Further flexi- 
bility is provided by a hinged telescopic chute. For delivering 
to storage, the shuttle is run inshore and the conveyor direction is 
reversed. 


INDUSTRIAL-RAILWAY EQuUIPMENT'® 


In quarries, a growing use is being made of industrial cars 
for hauling stone from the quarry face to the crusher. Bodies 
of similar sturdiness have also been mounted on trucks used 
for the same purpose. The opportunity is opening up to apply 
bodies of these special types to contractors’ trucks used for 
handling stone dug from excavations for buildings in large cities, 
and in other types of construction work. Rough bricks and 
heavy stones likewise can be handled by the same equipment. 

In the handling of transformers in large electric power plants 
there is used what is known as a transformer transfer car. This 
is a special car built for a special purpose and ranging in capacity 
from 20 to 150 tons. 
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Practically all the newspaper plants erected in recent years 
use industrial cars and track for handling newsprint into storage, 
and out of storage to the reels on the presses. A notable in- 
stallation of such equipment is in the new building of the Daily 
News in New York. 

In the erection of most tall buildings, the concrete for the 
floors has been handled by a kind of a two-wheel scoop body, 
but for handling this material in the new Empire State Building 
in New York City, dump cars, industrial track, and turntables 
have been used. 

Large-capacity structural turntables find many applications 
for industrial purposes. These turntables vary in capacity 
from 25 to 150 tons, range from 8 to 15 ft. in diameter, and 
are sometimes equipped with standard-gage track of heavy rail. 
The General Electric Company and John A. Roebling’s Sons 
Company use such turntables for handling heavy reels of wire 
at points where it is desired to change the direction of rolling of 
such reels. 


DEVELOPMENT IN AERIAL WIRE-RopE TRAMWAY 
CONSTRUCTION” 


Double Reversible Tramway. An instance of the adaptability 
of aerial wire-rope transportation is found at the sand and gravel 
plant of J. F. Fitzpatrick, Auburn, Massachusetts. A double re- 
versible type of tramway, having a capacity of 75 tons hourly, was 
installed by the American Steel & Wire Company. It carries raw 
material from the pits to the screening and washing plant on top 
of the storage bins. About a year ago a single reversible tram- 
way was installed to take excess sand and gravel from the bins, 
at a point just above the truck-loading chutes, and form storage 
piles for contract shipments and winter use. 

Recently, a ready-mixed concrete plant has been installed. 
The aggregate bins were located under the track cable of the 
single reversible tramway. The operator who loads the bucket 
is provided with a set of push buttons by which he throws the 
tripper into place over the proper bin. The tramway bucket 
automatically dumps its load, and the operator returns the 
bucket to the loading terminal by means of the drum control of 
a slip-ring-type induction motor. Whenever there is an excess 
accumulation of either sand or gravel that is not required in 
the concrete mixing plant, the bucket is run out over the storage 
piles and dumped automatically. 

Automatic Tripping Carriage. An automatic tripping car- 
riage has been developed by the American Steel & Wire Company 
which has resulted in direct economies in the operation of re- 
versible tramways. Merely by reversing the direction of the 
tramway carrier, the carriage operates levers on the bucket, which 
discharges the load before the carriage has traveled 30 in. in the 
reverse direction. The operation is simple. As the loaded 
carrier runs out toward the dump pile, a revolving ratchet passes 
by a beveled pawl at each revolution of the carriage wheel. 
When motion is reversed, the ratchet and pawl engage. The 
pawl is mounted in a chain wheel which is made to revolve with 
the carriage wheel, gradually winding up a short length of chain 
connected to the bucket latch system. The motion thus obtained 
is utilized to trip the load. While the chain wheel has slowly 
revolved, the pawl mounting has engaged a stationary cam, 
which gradually raises the pawl out of engagement with the 
ratchet. 

The outstanding advantage of this device is that the dumping 
point on a reversible tramway is not dependent on any attach- 
ments on the track cable. In the case of a single reversible, or 
one-bucket, tramway the operator may change the dumping 
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point at will, making it possible to increase the hourly tonnage 
during rush periods by making short hauls, and filling up the 
more distant end of the pile during slack periods. Since it is no 
longer necessary to send a man out in a bucket, or on the cables, 
to change the position of a tripper, the safety of operation 
is greatly increased. When the dumping point of a double rever- 
sible, or two-bucket, tramway is changed, it is necessary to 
release the traction-rope clamp on one bucket and run the other 
to the new dumping point. 

Banana-Plantation Tramway. A tramway has been installed 
at a banana plantation in an 8300-ft. circuit, capable of being ex- 
tended to a 25,000-ft. circuit. Single stems of fruit weighing 
about 70 lb. each are loaded at supports about 300 ft. apart while 
the rope is in continuous motion. The rope may be run in either 
direction, to accommodate the harvesting operations, the direc- 
tion being determined by the shortest haul to the discharge point. 
Motive power is supplied by a 30-hp. Diesel engine geared to an 
8-ft. plain-groove sheave. Constant tension is maintained by 
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passing the rope around a sheave which is mounted in a light 
steel structure, in turn supported on standard-gage railroad 
trucks, and the whole attached to a suitable floating counter- 
weight. Here we have an out-of-doors counterpart of the over- 
head conveyor chain, capable of being loaded and unloaded while 
in motion. The field of application of such a system has yet 
to be fully explored. For instance, bags of coffee or light 
mechanical parts can be carried long distances. 

Colliery Waste-Disposal Tramway. A waste-disposal tramway 
of the continuous type was designed by the American Steel & 
Wire Company and installed late last year by the Houston 
Collieries Company, near Kimball, West Virginia. It is illus- 
trated in Fig. 77. A special feature is that loads weighing about 
4600 lb., gross, are raised vertically 443 ft. in 879 ft. horizontally. 
Taking the cable slope into account, the maximum slope is 78 
per cent. The friction grip is required to develop a minimum 
resistance to slippage of 2830 lb. This is probably the most 
severe duty required of any similar system in the United States. 

After the buckets ascend to the top of a ridge, they pass over 
an almost level 1600-ft. span, at the end of which is a structure 
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from the loading terminal by an electrically operated bucket 
spacer and dispatcher, which eliminates much manual labor and 
insures uniform spacing. 

Grip Sheave for High-Speed Transmission of Power by Wire 
Rope. A notable improvement has been made in the design of a 
grip sheave for the high-speed transmission of power by wire 
rope under high tension. The Hallidie design of grip sheave 
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containing track-cable counterweights and a 16-ft.-diameter 
sheave. The buckets pass around this sheave automatically 
at a speed of 500 ft. per min. and return to the loading terminal. 
A 36-in. feeder conveyor with push-button control loads the 
buckets instead of the usual bin gate. Buckets are sent out 


has generally been used in this country where a half-lap drive 
was necessary, and where the power to be transmitted could not 
safely be entrusted to a plain grooved or wood-filled sheave. 
At rope speeds over 700 ft. per min. the wear on the toggle jaws, 
pins, and segments increases rapidly. 
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When confronted with the problem of transmitting 250 hp. at 
1800 ft. per min., the American Steel & Wire Company designed a 
grip sheave in which the jaw pins are eliminated. Each jaw is 
machined all over. Two pairs of jaws are placed in each of 48 
machined pockets. The side-clearance tolerance is 0.007 in., 
maximum. Adjustment for rope size is secured by shimming 
back of the jaw retainers. The jaws are chrome-nickel-steel 
castings, heat treated to give a Brinell hardness of about 450. 
The sheave runs in a vertical plane, completely enclosed, and 
is splash lubricated. In operation, it is practically noiseless, 
and the rope shows less than normal wear after several months’ 
use. There is no apparent wear on the sheave. 


APPLICATION OF ELECTRICAL EQUIPMENT TO MATERIALS-HAN- 
DLING MACHINERY® 


From the standpoint of electrical apparatus, materials-handling 
equipment may be divided into two classes: first, that which 
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is driven by simple stock equipment, such as a single-speed 
motor and starter; and, second, that which requires special 
equipment which must be applied to meet a specific duty. 

There is little chance for progress in the first class, so far as 
the application of electrical equipment is concerned. In the 
second class, opportunities frequently arise, and some accomplish- 
ments have been made in the last year. 

Electronic Tubes. Perhaps the most interesting and novel de- 
velopment has been the use and proposed use of electronic tubes 
for controlling materials-handling machinery. In one case, 
where the amount of material fed by one conveyor on to a second 
conveyor must be kept proportional to the amount of a different 
kind of material already being conveyed by the second, this 
result is accomplished by a thyratron control, Fig. 78, which 
varies the speed of the first conveyor motor in proportion to the 
weight of material conveyed by the second. The second con- 
veyor crosses a weigh pan located ahead of the discharge of the 
first conveyor, and the slight up and down movement of this pan 
due to the varying weight of material controls the grid circuit 
of the thyratron, which in turn controls the speed of the d.c. 
motor on the second conveyor by varying its field. Thus the 
proportion of the two materials mixed together on the second 
conveyor is kept very close to constant. 

A photoelectric tube is used to provide interlocking between 
two machines on a grain-car unloader so that the second move- 
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ment cannot start until the first is completed. It gives greater 
accuracy than a limit switch will give for this duty, avoids 
mechanical and electrical wear and tear, avoids the use of gearing 
or chain drive, and a failure of the tube or light source intro- 
duces a safety feature, because it prevents operation of the 
second motion, thus notifying the operator that it needs atten- 
tion. 

Other applications of electronic tubes have been proposed for 
controlling materials-handling machinery. Some of these, no 
doubt, will go into operation. All electronic-tube applications 
of this kind should be scrutinized carefully, however, because the 
tubes are a relatively new development and a few more years 
of experience in the industrial field are necessary to demonstrate 
their specific fields of greatest usefulness. 

Remote Control. An interesting application of remote contro! 
has gone into successful operation on the cableway at the Owyhee 
Dam in Oregon. A 400-hp. induction motor, driving the hoist 
and trolley motions of the cableway, and a 75-hp. motor, driving 
the tower, are accurately controlled, including the operation 
of the air brakes and clutches, from a point 1300 ft. distant from 
the motors. Full-magnetic reversing control is used, and the 
air brakes and clutches are handled through electrically operated 
valves. This is believed to be the longest distance through which 
the control of a complicated, heavy reversing duty has ever been 
accurately handled by any means. 

Another interesting remote-control application is found on a 
riderless transfer-car system for handling stone out of the quarry 
of the Trinity Portland Cement Company. There are four cars, 
each propelled by a.c. motors with solenoid brakes, operating 
on a track about a mile long between the shovel and the crusher. 
This track is divided electrically into about 20 sections and has 
a turn-out about the middle for passing other cars. The cars 
are controlled entirely by men in two towers, and by the shovel 
operator who has control of the track sections adjacent to the 
shovel. He can thus prevent collisions while loading, dispatch 
loaded cars, and bring empties to the shovel for filling. The 
two towers control all other operations, including switching, and 
the cars are kept correctly spaced by the inherent speed charac- 
teristics of the a.c. motors. 

Generator Field Control. The use of generator field control 
(often known as Ward Leonard) continues to expand on materials- 
handling equipment and has been successfully used on coal and 
ore bridges during the year. In one place it replaced straight a.c. 
drive on a bridge, and an increase in capacity was obtained, with 
greatly reduced maintenance work, and a decrease in power con- 
sumption. A car dumper equipped with generator field control 
broke all records for dumping coal on the Great Lakes in August, 
1930. Two hundred and forty-three cars (12,763 tons of coal) 
were dumped into a boat in 4 hours and 12'/, minutes, including 
all time for shifting the boat. This is an average of 57°/, cars 
per hour. The cost per ton was considerably less than with steam 
operation. 

Most blast-furnace skip hoists installed within the year have 
used generator field control, and it has been ordered for use on & 
Hulett ore unloader for the first time. High-speed, high-capacity 
coal towers have been using it successfully for several years, 
and on a repeat order placed during the year, generator field con- 
trol was again selected, due mainly to its freedom from delays, 
low maintenance cost, low power consumption, and flexibility of 
operation. 

Ballast Cleaner. A rather unusual type of materials-han lling 
equipment using electric drive is a railroad ballast cleaner whieh 
has operated long enough to prove its worth. This machine digs 
the rock ballast from between the tracks with grab buckets, 
which dump it on a conveyor, from which it goes through 4 
screening and cleaning process. It is then deposited between 
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the tracks again. The entire machine is pulled by a locomotive 
to the place where ballast is to be cleaned. The locomotive 
then runs ahead and sets its brakes. A steel cable is attached 
to the locomotive and goes to an electric winch on the front 
end of the ballast cleaner. The entire cleaner is pulled slowly 
along by operating this winch, while electric motors operate 
all other motions of the cleaner. Electric power is supplied from 
a gasoline-engine-driven d.c. generator. 

Safety Emergency Brake. A novel use is made of a small elec- 
trically driven hydraulic device, shown in Fig. 79, for operating 
a safety emergency brake on contractors’ hoists in New York. 
The setting of an emergency brake must not occur too abruptly, 
because this action may break the rope or overturn the derrick. 
When power is cut off from the hydraulic-device motor, the 
stored energy of the revolving armature and centrifugal pump 
causes the rotation to continue, but at a diminishing rate, thus 
applying the braking torque at a rate slow enough to prevent 
damage to the equipment, but fast enough to meet the safety 
requirements. This equipment has passed severe tests success- 
fully. 


VARIABLE-SPEED TRANSMISSION SYSTEMS AS APPLIED TO MATE- 
RIALS HANDLING” 


New Designs. In the development of the variable-speed trans- 
mission, mention should be made of several new designs which 
have increased its utility, making it adaptable for many special re- 
quirements. These new designs include: an electrical remote 
control, through which the speeds may be regulated from one or 
more push-button stations; an electrical automatic control, which 
provides entirely automatic speed regulation for certain re- 
quirements; an enclosed design, in which the operating parts 
are encased for protection against steam, acid fumes, dust, grit, 
and dirt in severe-service installations; a vertical unit, designed 
to occupy minimum floor space, and which may be enclosed and 
equipped with motor base; and a special unit with frame designed 
to receive motor and speed reducer, this forming a variable-speed 
power-driving unit. 

The electrical remote-control variable-speed transmission 
makes it possible to locate several push-button stations at con- 
venient points throughout the length of a conveyor, thus elimi- 
nating the necessity for the foreman to go to the driving end 
each time a speed change is necessitated. For other require- 
ments the control stations for several conveyors, or sections, 
may be centrally located on one master control board, on which 
electrical tachometers may be mounted, indicating the speeds 
of each separate conveyor unit. 

In general, the need for speed regulation is determined by: 
changes in operations; number of workmen on the “line;” change 
in size, shape, or construction of product; fluctuations in tem- 
perature; variation in quality of material in process; skill 
of workmen; exact synchronizing of two conveyor sections; 
change in composition of material; and changes in complete 
production schedules. 

New Installations. The following descriptions of typical re- 
cent installations will serve to illustrate several special require- 
ments, the results obtained, and the savings effected. 

Sign Enameling. In a sheet-metal works manufacturing 
enameled metal signs, these signs are delivered from the stamping 
and enameling machine on to a small belt conveyor. From 
this conveyor the signs pass to a second conveyor that carries 
them through a continuous oven to bake the enamel. This 
second conveyor is on a lower plane than the first belt conveyor, 
and is equipped with vertical pins, spaced at regular intervals, 

“Section prepared by D. W. Clem, Vice-President and Manager 


aon Reeves Pulley Company of New York, Inc. Assoc-Mem. 


MH-53-1 31 


between which the signs stand on edge while being carried through 
the oven. A Reeves variable-speed transmission is used not 
only to vary the speeds of the conveyors for different sizes and 
kinds of signs, but also to synchronize the two conveyors so 
that the signs will always drop between the pins in proper posi- 
tion. 

Previous to the installation of the variable-speed transmissions 
it was necessary to use a workman at the intersection of the two 
conveyors, in order to guide the signs into position on the second 
conveyor. The variable-speed units timed the conveyors so 
accurately that the signs dropped into position perfectly, and 
this workman was found unnecessary. 

Veneer Cutiing. An interesting application of the variable- 
speed transmission is in connection with the conveyor which is 
used to carry the veneer away from a rotary veneer lathe as it is 
cut. Ordinarily, the lathe is so speeded that the log turns about 
40 r.p.m. constantly. At this speed, on a log 24 in. in diameter, 
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the lathe cuts 250 ft. of veneer per minute. As the log decreases 
in diameter, the production of veneer declines in exact proportion, 
until, at a 6-in.-diameter core, it is only 62.5 ft. per min. 

In order to utilize a conveyor for taking the veneer away from 
the lathe, the conveyor speed must be synchronized with the 
veneer production and automatically reduced in exact proportion 
to the output of veneer. This is accomplished through a some- 
what special type of variable-speed transmission just recently 
developed. Instead of the standard speed-shifting screw and 
handwheel control, a wedge-shaped cam is mounted between 
the ends of the shifting levers which govern the position of the 
disks and regulate the speeds. This cam is actuated by means of 
a connection to the knife carriage of the lathe, so that, as the 
knife moves into the log to cut veneer, the cam acts on the 
variable-speed transmission unit to slow down the conveyor 
automatically in exact proportion to the decline in production 
of veneer. As the knife carriage moves backward, the cam moves 
with it, thus increasing the conveyor speed in proportion to 
the diameter of the next log to be cut. 

Bacon Slicing. At the plant of Oscar Mayer & Company, 
Chicago, short packing conveyors are used in conjunction with 
bacon slicers, both driven with separate Reeves variable-speed 
transmissions, which, however, are shifted simultaneously. 
Through this exact timing of the conveyor with the slicing ma- 
chine it is possible to lay the bacon strips automatically on the 
conveyor in such precise manner that the packers, girls, who sit 
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along the edge of the conveyor, can pick up the correct amount 
of bacon of all sizes and thicknesses, to fill the box, and the weight 
will be uniform. The synchronization of speeds is responsi- 
ble for this exact “lay,” as it is called. 

Poidometers. The variable-speed transmission has come into 
general use for regulating the feeding conveyor on automatic 
weighing machines or poidometers, such as built by the Schaffer 
Poidometer Company. These poidometers, of various sizes, 
are used in handling cement, lime, heavy chemicals, stone, etc., 
the material being fed accurately by weight instead of by volume. 
Fig. 80 shows a poidometer installed at the Municipal water- 
purifying plant Minneapolis, Minnesota. 

The material, deposited through a hopper, trips an automatic 
scale beam when the predetermined weight has been deposited 
on the conveyor. By reason of the varying specific gravity 
of the materials, it is necessary to be able to regulate the speed 
of the conveyor in order properly to remove the materials being 
fed. Each poidometer is equipped with a recording device which 
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enables the operator to determine just what amount of material 
has been handled in any given unit of time. 

Automobile Washing. A recent development in automobile 
washing, or laundry, conveyors is represented in the circular type 
called the ‘‘Merry-Go-Round,”’ installed by the Sinclair Refining 
Corporation, in Cleveland. While conveyor systems for auto- 
mobile washing, equipped with variable-speed transmission, have 
been in use for approximately three years, this is the first circular 
type, where the cars are discharged through the same door at 
which they enter. 

Automobile Assembly. A recent development in the auto- 
motive industry has been the introduction of the American Austin 
“Bantam” car. Materials-handling systems are extensively 
used in the manufacture of this small automobile, and Reeves 
variable-speed transmissions are used on motor assembly, 
chassis assembly, and body ‘‘lines,” timing the production 
accurately to the desired production schedule, and eliminating 
overproduction in any one department. 

Foundries. The use of conveyor systems in foundries is ex- 
panding rapidly, and there is a possibility that foundry mold 
conveyors may ultimately revolutionize this industry. Variable- 
speed control on mold conveyors is essential because of changes 
in size of castings and consequent variation in length of time 
required for the mold to ‘‘set.”’ 

Paint Drier for Steel Drums. The drying operation is of 
major importance in the painting of steel drums. After being 
tested, the drums must pass through a predrier for drying off 
surface moisture before going to the painting machine. The 
drums are received at the painting machine, where they are 
spray painted as they revolve on their chimes. The ideal paint- 


ing machine will handle all types and sizes of drums, rolling them 
on their chimes only. 

After painting, the drums go through another drying oven, 
where they are dried uniformly and hard. The conveyors that 
carry the drums through the ovens must be capable of traveling 
at various speeds, depending on the oven temperature, method 
of heating oven, and kind of paint used. By means of the va- 
riable-speed transmission the conveyor also keeps in step with the 
other operations in drum handling. The speed through the pre- 
drier is controlled so that the drums do not pile up in front of 
the painting-machine operator before he is ready forthem. Also, 
the drying rate of the drums after painting may be varied to 
suit delivery conditions at the discharge end of the oven. 

In Fig. 81 are shown some units of Bartlett & Snow drum- 
handling equipment equipped with Reeves variable-speed trans- 
missions. The tested drums are entering the predrier, through 
which they travel to the painting machine. The freshly painted 
drums of all sizes are then conveyed through the drying oven, 
located immediately above the drier. 

Vanishing-Cream Conveyor. The conveyor installation at the 
Ponds Extract Company, Clinton, Connecticut, holds interest 
not only in the slow speed used and the nature of the product 
handled, but also in the amount of material handled, the total 
weight of the fully loaded conveyor amounting to 10,000 Ib. of 
vanishing cream in jars while cooling after filling, this whole 
load being handled by a */,-hp. motor. 

The jars for filling are placed on a short cross-conveyor, 
whence they feed into the filling machine. They are placed on 
the main conveyor, from the filling machine, by hand, closely 
arranged on the belt, which moves from 10 in. to 30 in. per 
minute for a total distance of approximately 175 ft. This belt, 
30 in. wide, is closely packed its entire length with these jars. 

At the tail end of this belt the jars are pushed by their move- 
ment across a short plate, with its farther edge slanted to effect a 
staggered arrangement, on to a very short length of 30-in. belt 
conveyor, moving at just twice the speed of the main conveyor. 
This short conveyor, together with the preceding plate, acts as a 
feeder on to the cross belt at the right end, from which the 
product is finally removed for packing. 

Metal-Stamping Conveyor. Another interesting installation is 
that of a 4-in. I-beam caterpillar-type monorail conveyor for 
handling stampings, installed at the Kelsey-Hayes Wheel Com- 
pany, Detroit, Michigan, by the Whitehead & Kales Company. 

The conveyor carriers are spaced on 32-in. centers and consist 
of suspended steel hangers with four shelves. The three upper 
shelves hold six stampings in their various stages and the lower 
shelf holds six blanks. The driving mechanism consists of two 
individual caterpillar units. Each drive has a Reeve variable- 
speed transmission with separate motor, the motors being wired 
to the same starter. This installation furnishes an example of the 
very accurate timing which can be secured by means of the va- 
riable-speed transmission, keeping the drives in step and giving 
production control. 

Paint Drier for Automobile-Wheel Rims. A corner-sprocket- 
drive conveyor installation, shown in Fig. 82, has been made 
at the Studebaker plant at South Bend, Indiana. It is equipped 
with a typical Reeves variable-speed transmission. The conveyor 
is 450 ft. long, with a mean speed of 12 ft. per min., and it handles 
hand-painted rims through the drying ovens. The variable- 
speed feature is necessary for production and proper drying, 
according to the characteristics of the plant, oven temperature, 
and atmospheric conditions. 


ACTIVITIES OF THE MATERIALS HANDLING DIvISION 


The Materials Handling Division has carried on a number of 
important activities during the past year, among which those 
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outlined below are considered to be of particular significance. 

Labor-Saving-Equipment Formula! The study and develop- 
ment of the labor-saving-equipment formula, also known as 
the materials-handling formula, has been furthered this year 
through the action of the subcommittee consisting of 8. H. Libby, 
Chairman, Harold V. Coes, William F. Hunt, James A. Shepard, 
and Fairfield E. Raymond. By action of this committee the 
detailed study of the formula has been assigned to the Depart- 
ment of Economics of the Massachusetts Institute of Tech- 
nology, where the work will be under the direct personal super- 
vision of Professor Raymond. Professor Raymond is likewise a 
member of the Management Division Subcommittee on For- 
mulas, and in this way the research activities on the labor- 
saving formula will be coordinated with similar studies to be 
carried out under the auspices of the Management Division 
committee. For the financing of the work on the materials- 
handling formula the project is being submitted to the Research 
Division of the Society for action. 

Manufacturers’ Committee of the Materials Handling Division. 
Undoubtedly the most important move made by the Division 
during the year has been the organization of the Manufacturers’ 
Committee of the Materials Handling Division. The chairman 
of the Division, after considerable discussion and correspondence 
regarding the need and opportunity for cooperation among 
manufacturers in the field of materials handling, to further the 
science and its application throughout industry, laid a proposal 
before the Executive Committee of the Division early in 1929, 
and was authorized to proceed with its development. A dinner 


meeting was held at the National Management Meeting in 
Detroit in May, 1929, and the manufacturers present cordially 
endorsed the suggestion and indicated a willingness to cooper- 
ate with the Materials Handling Division in some practical 


plan to attain the objective. Individual units of the materials- 
handling field, among which are the electric-crane manufacturers, 
the hoist manufacturers, and the electric-truck manufacturers, 
already had trade associations. For this reason, and also because 
the interests of the entire industry were too widespread for united 
action along commercial lines, it was decided to carry out the 
development of cooperation along professional, engineering, and 
educational lines, under the auspices of the Materials Handling 
Division, rather than to attempt to form a large trade associa- 
tion for the industry. Moreover, the Division could not ethically 
participate in the advertising and sales-promotion activities that 
naturally are performed by a trade association. 

A meeting to organize the Manufacturers’ Committee of the 
Materials Handling Division was called on Friday, June 27, 
1930, in New York. To this meeting representatives were 
invited from various representative manufacturing concerns 
and from trade associations in the materials-handling field. An 
attempt was made to give representation at this initial meeting 
to every important division of materials-handling equipment. 
Seventeen men attended the meeting, which was presided over 
by R.H. McLain, of the General Electric Company, organizing 
chairman, and a former chairman of the Materials Handling 
Division. The following program was observed at the meeting: 


1 Call to order by the chairman 

2 Presentation of the Society’s viewpoint. R.H. McLain 

3 Place of the Materials Handling Division in the Society. P. 
T. Wetter, Assistant Secretary, A.S.M.E. 

4 Plan of coordination between the Manufacturers’ Committee 
and the Materials Handling Division. G. E. Hagemann, 
chairman of the Division 

5 Presentation and discussion of tentative program of activities: 


a Nomenclature 

6 Standardization projects 

e Simplification (reduction in number of types and sizes of 
parts) 
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d Research 

e General classification of equipment 

f Collection and publication of engineering data 

g Development of the economic phases of materials handling 

h Development of cost-accounting methods for materials 
handling 

i Securing papers for materials-handling meetings 

j Collecting leads from which magazine articles could be 
prepared 

k Arranging for lectures in colleges 

l Ethics concerning engineering services to prospect users 

m The field of the consulting materials-handling engineer 
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n Classification of materials that are handled in industry 

o Compilation of an engineering library on materials 
handling 

p Assistance to the Division in preparing the Annual Prog- 
ress Report 


6 Plan of organizing the committee on a permanent basis 
7 Election of officers of committee 
8 Fixing of dates and places for future meetings 
9 Planning for a special session for manufacturers at the Annual 
Meeting in December 
10 Other business 
11 Adjournment. 


It was decided that the committee should stand as at present 
constituted, until the representation could be more fully studied 
so that other groups not now included could be provided with 
representatives. Each definite field of materials-handling 
equipment eventually is to be represented by at least one man, 
and plans will be developed for the election, or appointment, 
of these representatives impartially from among the various 
handling-equipment manufacturing plants, with terms of office 
to run for regularly set periods. In other words, it is the aim of 
the committee to reach, interest, and secure the cooperation 
of every manufacturer of materials-handling equipment, so 
that the coverage may be complete. 

Because the full committee of sixteen regular members seemed 
rather large for the holding of frequent meetings, it was decided 
to elect an executive committee of five to function in behalf 
of the whole committee. This executive committee consists 
of five members to serve at present for one year each the first 
term of office expiring in December, 1931. It was further de- 
cided that three officers should be elected—a chairman, vice- 
chairman, and secretary-treasurer—these to be three of the 
five members of the executive committee. The officers and 
members of the executive committee elected to serve until 
December, 1931, are: 
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Chairman, R. H. McLain, General Electric Company 
Vice-Chairman, W. E. Farrewt, President, Easton Car & Con- 
struction Co. 

Secretary-Treasurer, C. B. Crockett, Secretary, Industrial Truck 
Association 

Additional members of executive committee: 

Georce L. Moreneap, Vice-President, Link-Belt Company 
F. J. SHeparp, Treasurer, Lewis-Shepard Company. 

After an extensive discussion, at both morning and afternoon 
sessions, of the various subjects that might properly come within 
the jurisdiction of the committee, and deciding to hold an open 
meeting for manufacturers at the Annual Meeting in December, 
the committee voted to adjourn to meet again in December. 

Subcommittees of the Manufacturers’ Committee. At an execu- 
tive committee meeting held on September 9, the chairman of 
the Manufacturers’ Committee, R. H. McLain, was authorized 
to appoint the following subcommittees to get the work of the 
group under way. 

Subcommittee on Nomenclature and Classification of Materials- 

Handling Equipment: 

Georce L. Moreueap, Vice-President, Link-Belt Company 

L..J. Kuing, General Manager, Mercury Manufacturing Co. 

S. Buckuey, Shepard Niles Crane and Hoist Company. 
Subcommittee on Performance Standards of Locomotive and Crawler- 

Type Cranes and Shovels: 

H. H. Perry, Vice-President, Industrial Brownhoist Company 
F. A. Smytue, President, Thew Shovel Company 
A. J. Fries, District Superintendent of Motive Power, New 
York Central Lines, Buffalo, New York. 
Subcommittee on Formulas for Figuring the Capacity of Containers: 
W. E. Farr 1, President, Easton Car & Construction Company 
H. J. Brenpuin, The Haywood Bucket Company 
M. J. ANprRApDA, Chief Engineer, The Robins Conveying Belt 
Company. 
Subcommittee on Research: 
Brinton WE seER, Vice-President, Chain Belt Company. 
Subcommittee on Materials Handled and Types of Equipment Used 
in Each Case: 
M. W. Ports, Engineer, Alvey-Ferguson Company. 
Subcommittee on Leads for Papers and Magazine Articles on Mate- 
rials Handling: 
C. B. Crockett, Secretary, Industrial Truck Association. 

It is anticipated that from this beginning the Manufacturers’ 
Committee of the Materials Handling Division will develop 
into a most effective medium to advance the professional, en- 
gineering, operating, and economic phases of materials handling 
in industry through constant and active cooperation with the 
Division. It is especially desired to stress the fact that the com- 
mittee is absolutely impartial, and earnestly solicits the support 
and cooperation of every individual manufacturer of materials- 
handling equipment. Although actual individual representation 
on the committee by every manufacturing concern would make 
the committee far too large for effective operation, nevertheless 
each manufacturer is asked to consider himself and his company 
field members of the committee, with full liberty at any time to 
submit suggestions and otherwise participate in each of its 
activities in which he may be particularly interested. 

National Meetings. The National Meeting, held annually 
in the spring at various important centers (Philadelphia in 1928, 
Detroit in 1929, Chicago in 1930, and Cleveland in 1931) con- 
tinues to grow in interest. Commencing with the Detroit 
Meeting, the National Meetings have been combined with those 
of the Management Division because the fields of the two divi- 
sions are closely associated. Attendance at these meetings 
in the respective years was 300, 500, and 880, for those held 
thus far. The success of previous meetings; the care with which 
the 1931 National Meeting program is being arranged; the 
active cooperation of the Cleveland Local Section, the Cleve- 
land Engineering Society, and a large local committee of manu- 
facturers’ representatives; and the opportunity for a number 
of most instructive inspection trips—all should serve to attract 
a still larger group to the 1931 meeting. 
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Materials-Handling Exposition. The first independent ex- 
position of materials-handling equipment was held in Chicago 
in April, 1930, in connection with the combined National Man- 
agement and Materials Handling Meeting. The show was 
arranged under the auspices of the Mid-West Exposition As- 
sociation, because it was of a commercial nature and hence 
could not be sponsored by a division of the Society. It was 
endorsed and actively supported by the Materials Handling 
Division, however, and, in addition to its highly educational 
advantages, was satisfactory from an advertising and sales aspect 
to those who subscribed for space and exhibited. 

The results in bringing manufacturer and user together to 
their mutual advantage were sufficiently definite to cause the 
management to plan a second exposition for the forthcoming 
National Management and Materials Handling Meeting to be 
held in Cleveland, April 13 to 17, 1931. At the time this prog- 
ress report was prepared, 55 manufacturers had negotiated 
for exhibition space. The 1931 exposition should be unusually 
effective from the standpoint of the potential economies from 
efficient materials handling in the production cycle, which it 
will cause to stand out with particular emphasis. This feature 
is of special significance when dull business periods necessi- 
tate unusually careful measures to conserve the resources and 
energies of a company and to lower unit manufacturing costs 
to the minimum. 


Discussion 


C. M. Wiixrnson.?° The Executive Committee of the Ma- 
terials Handling Division deserves much credit for the ably 
prepared Progress Report, for it represents an unusual amount 
of time and effort. It is especially noted that, in this report, 
the materials handling industry has been divided into several 
classes or groups. The Executive Committee for the Materials 
Handling Convention and Exposition in Cleveland has com- 
pleted a classification which, it is believed, should be made the 
permanent basis or designating these classes or groups in the 
materials handling industry and which is as follows: 

1 Electric hoists; 2, chain hoists; 3, overhead cranes; 4, 
electric trucks and tractors, 5, overhead monorail; 6, pneumatic 
conveyors; 7, package elevating and conveying; 8, overhead 
chain conveyors; 9, bulk elevating and conveying; 10, portable 
conveyors; 11, industrial railways; 12, gasoline tractors; 13, hand 
lift trucks and skids; 14, hand trucks and trailers; 15, locomotive 
cranes; 16, air hoists; 17, accessories. 

Apparently only recently has the importance and size of the 
materials-handling industry as a whole or in part been under- 
stood or realized. 

Attention was called recently to the fact that class 15, loco- 
motive cranes, was doing a business of nearly $100,000,000 
annually. With other classes, such as class 9, bulk elevating 
and conveying, doing a business of more than $15,000,000; 
with class 7, package elevating and conveying, having upward 
of $10,000,000 annually; with class 5, overhead monorail, doing 
upward of $5,000,000 in annual business, and the other classes 
doing business in much the same extensive way, one may obtain 
a comprehensive idea of the importance of the materials han- 
dling industry in the business of the country as a whole. 

The materials-handling industry could well be called a basic 
industry, as there could be no buildings, steel plants, electric 
lights, etc., without first having some part of the materials-han- 
dling industry move the raw materials from locations where nature 
has left them, and then handle these raw products from clay 
banks, iron mines, coal mines, etc., to points of manufacture 
and thence to the ultimate consumer. 


20 C, M. Wilkinson Company, Akron, Ohio. 
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Materials Handling in the Shoe Industry 


By K. D. HAMILTON,' BROCKTON, MASS. 


The growth of the shoe industry is described from its 
earliest establishment, from the point of view of mechani- 
cal handling of products. It describes the typical factory- 
production problem and the development of the mechani- 
cal conveyor in shoe factories. Mechanical drying and 
tempering of leather, as well as the adaptation of the indi- 
vidual motor to shoe machinery, are described, and also 
the installation of standard equipment for power house, 
dust collecting, packing, and shipping, to show that the 
shoe industry is searching for all methods to reduce pro- 
duction costs. 


4 NHE manufacture of shoes is one of 
the oldest in the country. During 
the pioneer days shoemakers went 

from town to town making shoes for the 

families in those early settlements. It was 

a hand-sewed shoe and simply designed, 

but substantially made. 

Enterprising shoemakers in some of the 
larger towns opened small workshops near 
their homes. As the business increased, 
neighbors were called in to assist. These 
shoes were usually sold in a local market 

until the development of transportation made it possible to 
branch out for wider markets. 


The machinery was elementary, although a few mechanical 


devices gradually had been developed. It was not until after 
the Civil War that the shoe industry really got its start and 
mechanical devices were invented to speed up production and 
to reduce cost, as well as to produce a shoe which would be 
better and more uniform in design and appearance. 

Whenever an ingenious shoemaker developed a machine for 
performing an operation on a shoe he might form a company 
for manufacturing and marketing it. In a few years, therefore, 
there were several companies manufacturing shoe machinery 
of different types. Most of these have been absorbed into one 
company which manufactures the larger machines used in the 
industry today, although there are several independent manu- 
facturers making machines for specific operations. 

The trend in shoe machinery will be the development of equip- 
ment to speed up schedules and to simplify operations, eliminat- 
ing as much as possible all hand work, in order to meet changes 
in style. New methods are being developed to eliminate opera- 
tions, and thus there is a constant change in the design of shoe 
machinery. One instance is the development of the so-called 
stuck-on shoe, whereby the sole is cemented to the upper in- 
steac: of being stitched on, as in a welt shoe. 


' Mechanical Engineer, George E. Keith Co.. Mem. A.S.M.E. 
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Shoe manufacturers as well as machinery-equipment companies 
are beginning to find the need of economy through the introduc- 
tion of new-process machinery and a speeding up of schedules 
in order to meet customer demand and style changes. 

It was common practice 10 to 15 years ago to take from 20 
to 24 days to make a pair of shoes. Today it is possible to re- 
duce the schedule to 5 or 6 days in cheaper grades and to 11 to 
15 days in the higher grades. 

The method of moving shoes about the factory always has 
been by using a shoe rack. Shoes were made in lots of 24, 36, 
and 48 pairs. It was felt necessary to keep the shoes on the 
last a certain number of days to maintain fit and workmanship. 
Mechanical drying was considered injurious to the leather. 
Temperature and humidity control were unknown. The manu- 
facturer realized that his shoes did not dry well in the damp, 
humid summer weather, while in the winter the factories were 
too warm, resulting in cracky sole leather and other difficulties. 

The shoe manufacturer finally realized that it was necessary 
to reduce cost, to speed up the turnover of equipment and lasts, 
to reduce the amount of money tied up in goods in process, and to 
make better deliveries. Conditions were changing rapidly, 
and he could not continue on the 20- to 24-day schedule. 

Conveying apparatus had been perfected for the automobile 
industry, and some of the more enterprising medium-grade 
shoe manufacturers looked into the possibility of mechanical 
conveyors. There were a few who made a start, these factories 
making in most cases a uniform grade of shoes of few styles and 
patterns. 

It was found that in order to develop mechanical conveying 
it was impossible to introduce production schedules on a 24- or 
48-pair basis as the racks were too large to be handled con- 
veniently. A 6-pair rack was developed, and in some cases 
even a l-pair rack system was anticipated. Other manufacturers 
reduced the manufacturing unit with a 12-pair rack system to 
obtain speed and a quicker turnover of goods in process. Re- 
ducing the factory unit was a radical step, but in actual prac- 
tice a material saving in the time schedule resulted. Shoe 
production was kept flowing at a more constant rate with a 
smaller unit, and a greater output per operator was realized. 

Another radical change was in the drying of the shoes. The 
time that the shoe was on the last was one of the retarding fac- 
tors in increasing the production schedule. This resulted in 
the design and adoption by most of the progressive shoe manu- 
facturers of drying and tempering equipment, as more uniform 
results were obtained with temperature-control apparatus. 
These radical ideas in the routing of shoes through the factory 
upset all accepted theories on the drying and conditioning of 
shoes on the last. 

The problem of shoe-factory design and construction was one 
of the least troubles of the early shoe manufacturer. A building 
was put up or one was leased regardless of its practicability for 
the process, and the machines were located in the building with- 
out regard to light or power transmission. 

Factory construction today, however, is thoroughly analyzed 
to conform with process requirements and machinery detail. 
Route charts for the material are made to conform to straight- 
line motion and efficient handling of product. The old-time 
factory was from 30 to 40 ft. wide, with headroom seldom over 
10 ft., and the lighting conditions were poor and the windows 
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small. The factories of recent design are -standardized, from 
40 to 60 ft. wide, with headroom from 10 to 13 ft., insuring good 
light and ventilation. 

The modern type of factory lends itself to the installation of 
conveying equipment because there is sufficient headroom for 
overhead ducts, driers, and conveying apparatus. It is wide 
enough to obtain three, four, or even six rows of machines, where 
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the older factories could have only two rows of equipment, lo- 
cated near the windows of the outside walls. 

The type of conveyor which was adapted for the major opera- 
tions in the making room was of the roller design, and several 
installations were made in the larger factories. Some of these 
have since been discontinued because of change in manufacturing 
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conditions, while others are being used with good results. Gray- 
ity rolls were used for flat sections, and the racks were sometimes 
moved by the operators, while in some other installations the 
rolls were power driven. 

It was soon found that it was impractical to build mechanical 
conveying equipment for large units and that it was more prac- 
tical to build smaller sections and to duplicate these units for 
the required capacity of the factory. Here again the question 
of shoe-factory design and construction developed as an impor- 
tant feature, in order to adapt this new idea to the present 
equipment and process. 

The first installations of conveyor equipment were in New 
England and were operated for several years. There have been 
several installations through the Middle West which proved 
satisfactory for the type of shoe for which they were designed, 
and it is believed that several of these conveyorized shoe fac- 

stories are still in operation. Considerable publicity has been 
given to a conveyorized factory in Europe, which has been 
operating steadily for several years at large capacity. 

These installations have shown the trend of pioneer thought to 
adapt mass production to the shoe industry. Factory problems 


Fig. 3 Bett Conveyor FoR RETURNING PATTERNS TO A CENTRAL 
Stock Room 


of style and capacity have retarded the adoption of this idea 
by the majority of shoe manufacturers, and although practical 
applications have been made and are now in operation, there 
are many problems to be solved in view of the satisfactory re- 
sults recently realized with the 12-pair rack system. 

Only assumptions can be made for the future, but no doubt 
some additional adaptations of this idea will be made where 
specific shoes of standard design are anticipated. 

The foregoing applies entirely to the leather shoe industry. 
Conveyors for the manufacture of rubber boots, canvas shoes, and 
allied products are common practice because of the standardized 
nature of the product. Belt and roller conveyors are indispensa- 
ble with present-day mass-production methods in the large 
rubber-shoe organizations. 

The illustrations herewith of shoe-manufacturing conveyor 
machinery show that there are two rows of rollers, one section 
of rollers being used for a through-way transmission path and the 
other for intermediate positions for the various operations. 
This system required the development of stops at different opera 
tions so that the shoes could be moved from the main path of 
travel to the operator at the machine. The operators were 
timed, depending upon the capacity of the equipment, and the 
shoes were kept in constant travel through the room. 

Whenever it was necessary to dry shoes they were elevated to 
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especially designed driers. It is impossible to dry leather in a 
so-called dry atmosphere, because leather must be dried from 
the inside out rather than to seal the surface with a high tempera- 
ture. If leather can be dried in a slightly humid atmosphere, 
this will eliminate the cracking of the grain. 

For this reason it was necessary to install humidity-control 
apparatus, placing the shoes in a moist atmosphere at a moderate 
temperature, and subsequently carrying the shoe into a rela- 
tively higher temperature of 100 to 110 deg. for a definite period. 
The shoe was then cooled to room temperature before allowing 
it to proceed to the next operation. This system is still being 
employed in many factories. 

The introduction of drying and mulling equipment, however, 


Fie. 4 Factory Equippep WitTH SHOE CONVEYORS 


hasbeen made in a great many factories where the rack method 
is still employed for routing material throughout the factory. 
Conveying equipment is employed as a part of the drying appa- 
ratus, as will be shown later. 

Belt conveyors have been employed for carrying small parts 
to and from their locations in the room. In one large cutting 
room all patterns are brought from the individual cutters to a 
central stockroom for patterns. Here they can be sorted and 
reassembled for other jobs in the room. This idea can also be 
employed for transporting dies to and from the stockroom. 
Overhead wire-basket conveyors on trolleys are sometimes used 
for distributing parts in the cutting and stitching rooms from a 
central point such as an upper-leather storeroom, a findings 
department, or a pattern department. Each application must be 
studied so as to adapt standard equipment to the individual 
Problem, and so that the relative speed traveled and the design 
of the installation with relation to other apparatus will fit into the 
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scheme of production without interfering with the flow of material 
through the factory. 

The subject of drying has been mentioned several times, 
and as the drying equipment of larger size could not conveniently 
be installed without the application of conveyors, and as the 
conveying apparatus could not be installed without the appli- 
cation of driers, it seems fit to give attention to this apparatus. 
In some of the illustrations there is shown a chain conveyor 
used to transport the machines and the racks through the tem- 
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pering room. This conveyor can be either of the drag-link or 
of the chain type. The reason for this equipment is to speed 
production in drying and not be dependent on natural atmos- 
pheric conditions. The results have been gratifying, and the 
time schedule has in some cases been reduced two to three days. 
The shoes are more uniform in texture, defective shoes are re- 
duced in number, and there is a saving in goods in process be- 
cause of a quicker turnover of lasts and racks. The decrease 
in production time per unit meets the customer demand for 
quicker delivery and reduces the amount of money tied up in 
merchandise in manufacture. It also results in a saving in 
floor area. The conveyor, of course, must be designed for each 
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specific job in order to meet capacity requirements for present 
output as well as for future requirements. 

All conveyors should be installed so that they can be loaded and 
unloaded with the least amount of labor, and the maintenance 
cost must be reduced to a minimum. The speed of operation 
will depend upon the amount of moisture to be removed from 
the shoe and the varying temperature and humidity conditions 
which exist at different times of the year in the factory. The 
usual speed will run approximately 1 ft. per min., and the tem- 
peratures will range from 70 deg., with a slight amount of hu- 
midity, to 100 to 110 deg. 

There are other departments of the larger organizations where 
conveyors of all types are employed. Such equipment as spiral 
chutes, elevators, lifts, and portable conveyors are used in the 
packing and shipping room for distributing materials to and 
from different floor levels and to freight cars. These installa- 
tions of course are more or less standard in factories of today, 
each equipment being adapted from standard parts to meet 
specific building problems. Those concerns which are large 
enough to make boxes and cartons use conveyors of smaller types 
to transport materials. 

The larger shoe companies maintain power plants of consider- 
able size which employ coal conveyors of familiar types. Ash- 
handling apparatus is also employed. 

The dust-collecting problem is a very important one in shoe- 
factory operation, and it is being given much thought by plant 
engineers in charge of equipment. 

The author has designed several large dust-collecting units for 
shoe-factory installation and has found that a detailed design 
must be made for all piping, layout for fan equipment, and a 
design of the hoods which are attached to the individual machines. 
Sizes of suction pipes to each machine must be specified and the 
equipment so designed that a suction of at least 2 to 3 in. of 
water is obtained at the hood. Branch machine connections 
will vary in size from 2 to6in. State regulations will also affect 
such a design. 

The location and the installation of fans and dust-collecting 
equipment are of paramount importance. Engineers who 
anticipate power-factor conditions frequently find it possible 
to employ synchronous motors to drive these fans, as they are in 
operation throughout the working day and furnish an ideal 
opportunity because of the steady power load. The installation 
of slow-speed, low-powered fans is advisable on account of the 
power saving, and where practical the size of the fan should 
be reduced to the minimum, even to the extent of separating 
the system into small units. It frequently occurs that various 


rooms operate at different intervals, when it might be advisable 
to shut down the fans for one of the other departments. 

Conveyors are also used in some of the larger offices in shoe- 
factory organizations, even employing pneumatic tubes, basket 
conveyors, and lifts to assist in distributing office material about 
the building. The transportation department frequently em- 
ploys belts, lifts, spiral chutes, and other ideas for expediting 
shoe cases from the shipping room and stock department. 

Another item which affects the material-handling problem 
is the change in the distribution of power. The first shoe fac- 
tories, as with all industries in this country, started to develop 
power from the engine drive and belt transmission. Large 
belts transmitted power through shafting to all corners of the 
factory, and it was necessary to place the machines so that they 
would be operated from the line shafting. In many of these 
old-type shoe factories the friction load has sometimes been 
as high as 70 per cent of the total load. With the adoption of 
the induction motor and the adaptation of the group drive to shoe- 
factory planning, it was found that the shafting problem could be 
partially eliminated and the machinery be grouped in smaller 
units to obtain flexibility. It was possible to drive stitchers, 
welters, trimmers, or other groups of one classification with a 
separate motor, and that unit could be independent of all others. 

There are many benefits from individual motors in the shoe 
trade which are peculiar and perhaps would not occur in other 
industries. First, the small size of motor required lends flexi- 
bility to the machine. The changes in style in shoe design 
and manufacture require the frequent moving of this equipment 
from one location to another. Machines can be placed at the 
proper angle with the windows to obtain perfect light. 

There are specific conditions where it may be possible to intro- 
duce mechanical means to transmit shoe products through the 
factory when applied to large units of standardized grade. 
The rubber-shoe factories have already adopted the conveyor 
as standard practice. To thoroughly develop this method an 
extensive study must be made of all problems of manufacture 
in each individual organization. A whole-hearted cooperation 
must be used in the operation of driers and tempering rooms. 
Engineering skill must be employed to cooperate with all phases 
of management to overcome the customs which are so strong 
in this industry. The economic trends are forcing themselves 
upon this industry and the necessity of reducing production 
schedules and operating costs will form an incentive to enter- 
prising manufacturers to work out new methods to create the 
most practical work unit, whether it be transported about the 
factory on a conveyor or by the simple shoe rack. 
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Materials-Handling Methods in the Fisk 


The paper discusses the part that handling equipment 
has played in a program of cost reduction and quality im- 
provement in the Fisk Tire Company Plant. In recent 
years there has been a tendency for the plant to become 
more “‘conveyorized,’’ coordinating groups of operations. 
The Trucking and Mechanical Departments are mainly 
responsible for the materials-handling equipment. The 
Engineering Department, a subdivision of the Mechanical 
Department, is expected to develop improvements. The 
cost of improvements has to be justified by a reduction 
in operating cost or an improvement in quality. There are 
no limitations on the cost of materials-handling equip- 
ment providing a saving can be made within a reasonable 
length of time. Comparing trucking costs of 1925 with the 
present, a 50 per cent reduction is noted. In spite of the 
tremendous savings that were made in materials-handling 
methods during the last four or five years, the possibilities 
of further improvement are far from being exhausted. 


| ARGE reductions in manufacturing- 

labor costs have been made at the 

Fisk Rubber Company in the last 
few years. Part of this reduction has been 
due to improved handling methods. This 
paper will attempt to show what improve- 
ments in materials-handling methods have 
contributed to a lower operating cost and an 
improved quality of the product. During 
the last few years materials-handling meth- 
ods have received much more attention 
in the tire industry than formerly. Tire 
plants in the past were more “departmentalized.” Production 
men and engineers looked upon the tire-manufacturing process 
a8 a group of departments, each one more or less separate, but 
contributing to the finished tire. The straight-line idea of 
production began to appear in the tire industry but a few years 
ago, as it did in other manufacturing endeavors. With the 
straight-line idea in mind, the production engineers, uncon- 
sciously perhaps, began to look upon tire manufacturing as a 
single continuous process rather than as a group of processes. 
The first effect of this change in point of view was to tie de- 
partments more closely together by improved materials-han- 
dling met hods. Development along these lines has been going on 
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continuously for the last few years, and the savings have been 
extensive. In many cases, improved handling methods have 
obliterated some departmental lines completely, whole groups 
of operations being so coordinated that it was no longer logical 
to maintain certain departments as separate units. 

The Fisk Rubber Company has been a pioneer in these develop- 
ments. The production buildings of the Fisk plant are modern; 
consequently it has been possible, in spite of many improvements 
in the methods and layouts, to work out a satisfactory handling 
system. 


ConTROL OF MATERIAL-HANDLING EQuIPMENT 


At the present time two departments are mainly responsible 
for the care and maintenance of the materials-handling system— 
the Trucking Department and the Mechanical Department. 

The Trucking Department has been assigned the general 
responsibility of operating all elevators, all interdepartmental 
trucking, where the use of electric trucks or tractors is involved, 
the laying out of all trucking aisles, the determination of the 
amount of trucks and trailers to be used in the various depart- 
ments, and, finally, a primary responsibility for the maintenance 
cost of the aforementioned equipment. The supervisor of the 
Trucking Department reports directly to the factory superin- 
tendent. 

The Trucking Department supervisor has two types of workers 
under him—elevator operators and electric-truck drivers. It 
is his responsibility to see that the elevators are operated with 
an optimum load, and also it is his responsibility to determine 
the fixed routes and the size of loads that the truck drivers shall 
handle. As production varies it is customary for the supervisor 
to send into equipment storage the excess trucking equipment, 
such as trailers, live and dead platforms, and special depart- 
mental trucks. 

Other materials-handling systems, which are mainly conveyors 
of various types, are under the supervision of the mechanical 
superintendent, who in turn reports to the factory superin- 
tendent. He is responsible for the upkeep of the conveyors 
and is held accountable for any losses in production which 
occur because of their breakdown. 

The Engineering Department, which comes under the Me- 
chanical Department superintendent, is expected to develop im- 
provements in the materials-handling system, whether it be 
conveyors or special trucking equipment. They, of course, 
do this with the cooperation and assistance of the Production 
Department supervisors. In many instances the ideas in- 
volving improvement of the materials-handling system actually 
come from the Production Department rather than from the 
Engineering or Trucking Departments. 

The cost of every improvement in the materials-handling 
methods has to be justified by a reduction in operating cost 
or an improvement in the quality of the product. In some 
instances it is also a matter of saving valuable floor space. In- 
cidentally, there never has been any limitation placed on the 

cost of materials-handling equipment to be used, providing 
the saving to be made could be paid for within a reasonable 
length of time. 


. 
: 
» 
L 
> 
t 
r 
1 
8 
5 


GENERAL Layout OF THE MAIN PropuctTion BUILDING 


It might be advisable to turn for a moment to the general 
layout in the main production building of the plant. Most 
of the crude materials come into the building on the second floor, 
this being the track level. From there they drop one floor 
to the Mixing and Milling Department. Adjacent to the Milling 
Department is located the Calender Department. It has been 


found advisable to place these two departments on the first floor on 
account of the weight of the machinery used. Rubberized fabric 
from the Calender Department is carried to the top, or fifth, floor of 
the building, where some of it is cut to the various dimensions 
required for tire assembly. 
maintained there also. 


The storage for this material is 
Some of this fabric is brought to the 


Fic. 1 Hopper System IN THE COMPOUND DEPARTMENT 


fourth floor, where cutting machines and band-building units 
are located. The cut materials from the fourth and fifth floors 
are then conveyed to the third floor, where the Tire Building 
or Assembly Department is located. From the third floor the 
raw tires are conveyed to another section of the first floor, where 
they are cured or vulcanized. On account of the curing equip- 
ment being heavy, it is necessary to locate it also on the first 
floor. 

From the Curing Department the tires are conveyed to the 
Tire Finishing and Inspection Department, located on the 
fourth floor, which is the most convenient level from which to 
convey the tires to the storage building. 


CoursE oF PropuctTion, ComMPOUND DEPARTMENT 


There can now be followed in detail the tire-manufacturing 
processes throughout the plant, noting as far as possible the 
materials-handling methods used. 

The first department in the tire-making process is called 
the Compound Department. The storage place is located on 
the car level and very near the unloading point. The pigments, 
which come in bags or barrels, are generally emptied into sifters 
directly over the hopper system. These hoppers are large enough 
to hold from one day’s to one week’s supply of pigments. The 
outlets of the hoppers, which are on the floor below, are brought 
within the smallest possible area so as to reduce the walking 
time of the operator who weighs the materials. A roller con- 
veyor circles the outlets of the hopper system and carries the 
batch boxes into which are loaded the various weighed pigments 
and rubber. The boxes of materials are checked for weight while 


on the conveyor, after which they are hauled to the Milling 
Department on live platforms. 


The Milling Department is 
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on the same floor level and adjacent to the outlets of the hoppers. 

The rubber for the compound batches is unloaded in two lo- 
cations, some of it coming from the cars in the basement of the 
building near the washing lines and the remainder being taken 
off the cars on the second floor of the building near the rub- 
ber cutters and drying room, these being the operations that 
ordinarily follow the unloading of certain types of rubbers. The 
rubber taken off at the latter point is used for feeding the Ban- 
bury mixers, the loading openings of which are on the second 
floor. When it is necessary to move the rubber, it is handled 
in either large box-like trucks or in large batch boxes placed 
on live platforms. 

Electric trucks are important pieces of equipment in the 
Compound and Milling Departments. They are used for 
moving the platforms loaded with batch boxes full of rubber 
and pigments and for hauling large box trucks filled with crude 
rubber to the various operations, such as the cutting, drying, 
and washing. 


MILLING AND CALENDERING DEPARTMENT 


As previously mentioned, the Compound Department. is 
located on the same floor level and adjacent to the Milling De- 
partment, where the pigments and the rubber are mixed pre- 
vious to their use on the calenders or extruders. This step 
in the course of handling the material has not been worked out 
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to complete satisfaction. At present the pigments and rubbers 
in batch boxes are hauled to the mixing mills by means of elec- 
tric trucks. After the mixing operation has been completed, 
the compounded rubber batch, which is then in slab form, is 
placed upon live platforms and hauled to the warming mills 
adjacent to the calenders or extruders. 

Until recently it was common practice to store mixed stock 
in a storage department before transferring it to the various 
calender or extruding operations. This break in production 
tended to prevent delays encountered in the milling operations 
being transmitted to the calenders, and at the same time the 
calenders could quickly swing from one stock to another with 
an assured supply available. It also was claimed that the stock 
had to cool and age in storage to give standard processing ¢oM- 
ditions. This scheme, however, resulted in large inventories of 
stock and in comparatively high handling costs. It was found 
that this was not necessary; consequently, the stock now g0¢s 
in most cases directly to the calendering or extruding operations 
without any delay. This of course reduced the inventory of 
material and also the handling costs. 

In one section of the Milling Department the mixing oper 
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tion is tied by means of conveyors directly to the warming mills 
of the calenders, which reduces the handling cost of the material 
between the mixing operation and the calendering to a minimum. 
It may be possible some time to follow this same idea through- 
out the Milling Department. 

Although the warming mills were always near the calenders 
to which they supply stock, until recent years it has been custom- 
ary to feed the latter by hand. Now it is common practice 
on calenders coating tire fabric to use a conveyor to carry a 
strip of stock from the warming mill to the feed bank of the 
calender. Because this continuous strip yields a more uni- 
form feed, greater accuracy in weight of the coated fabric can 
be obtained than with the old hand method. The coated fabric 
as it emerges from the calender is wound into rolls containing 
as much as 500 yards. It is wound up in a fabric liner to pre- 
vent it from sticking together. The total weight of one of the 
rolls is about 1800 Ib. A live platform with a steel superstruc- 
ture which will hold two rolls in a horizontal position is used to 
transport them to the Stock Preparation Department. 


TREAD DEPARTMENT 


In addition to coating fabric the Calender Department has 
as one of its main duties the production of treads. The tread is, 


Fig. 3 ONE SEcTION OF THE TiRE Room 


(On the left, the conveyor carrying the cut materials to the tire machines 
and on the right, the uncured, finished tires being taken away to be cured.) 


as the name implies, the tread section of the tire and is formed 
by a calender in a continuous strip. Until a comparatively 
few years ago no attempt was made to link the tread-calender- 
ing process to any of the operations that directly preceded it, 
such as the mixing of the stock, or to any of the operations that 
followed it, such as the weighing of the treads and cutting them 
to an exact length. In other words, in order to produce the 
tread, from the mixing of the stock to the finishing of the tread 
to length and weight, three separate groups of operators or 
departments were required. Improved materials-handling meth- 
ods were installed a few years ago which tied these three groups 
together, so that now the process is continuous and considered as 
& single departmental function. 

The whole first floor in one of the main buildings was laid 
out so that it was possible to compound the stock, mix it, feed 
it directly to the calenders, cool the treads, weigh them, and 
cut them to a finished length. To do this four Banbury mixers 
were installed in such a way that the batches of pigment and 
rubber could be assembled on a conveyor and then fed directly 
to the mixers without any intermediate trucking. This con- 
veyor is a combination of two types—pallet and roller gravity. 


MATERIALS HANDLING 
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It forms a rectangle about the Banbury mixers. The pigments 
and rubber are weighed out in batches and placed in boxes on 
one side of this rectangular conveyor system. This side of the 
system is at floor level and is a gravity conveyor. Boxes are 
carried by a pallet conveyor up an incline to a roller gravity 
section which runs parallel to the loading section at floor level and 
along the feed openings of the Banbury mixers. By using a 
roller gravity section here a small bank of batches can be kept 
ahead of the operator who unloads the boxes into the mixers. 
This section being on a higher level on account of the height 
of the mixer’s feed openings makes it possible for the operator 
to easily return the empty boxes to the loading conveyor by 


Fig. 4 Conveyor SysteM IN THE CURING DEPARTMENT 


merely shoving them down a sloping gravity conveyor section. 
In other words, the boxes make a complete circle of the Banbury 
mixers on the conveyor, being loaded on one side and emptied 
on the other without necessitating their removal from the con- 
veyor system. 

After the stock is mixed, it is conveyed directly from the out- 
lets of the Banbury mixers to a series of blending and feed mills 
by means of belt conveyors, and from there carried to the feed 
of the calenders. 

The calenders form the treads, which are then conveyed in 
continuous strips through the cooling tanks to shrink the stock. 
The strips, after leaving the cooling tanks, pass over continuous 
weighing scales in order to be certain that they are within the 
proper weight tolerances, and are then conveyed through auto- 
matic cutters, which cut them on a bevel to the proper length. 
The treads are then taken from the belt conveyor and piled on 
what is called a book truck. This is a live platform about 
10 ft. by 3'/; ft., on one side of which is a steel frame 4'/; ft. high. 
This frame supports rods upon which cloth leaves slide, as they 
do in a loose-leaf binder. This truck is provided with 100 leaves, 
which give it a capacity for 200 or more treads. The leaves 
are used to keep the treads from sticking together. This truck 
thus serves as a means for storage as well as transportation. 
These trucks are hauled to the storage place adjacent to the 
feed conveyor of the tire-building units. 

Due to the fact that the rate of productions of the tread 
calenders and the tire machines respectively are not the same, 
it is necessary to maintain a few hours’ bank of material. Here 
a mobile bank, such as these trucks afford, proves very satis- 
factory. 

This improved method of handling treads, together with the 
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mechanical improvements, practically wiped out a Tread Cutting 
and Weighing Department. At the same time it reduced the 
inventory of stock to a fraction of what was previously main- 
tained and reduced the unit cost of calendering the tread about 
38 per cent. 

The foregoing description gives one who is not familiar with 
the tire plant very little idea of what has actually been accom- 
plished in the improvement of handling conditions in the Milling 
and Calendering Departments. When the plant was handling 
as high as six or seven million pounds of mixed stock per month, 
it was not uncommon to have more than 800,000 lb. of mixed stock 
either in the Stock Storage Department or in transit. Under 
present conditions, even though the production tonnage is at 
times higher than in the past, about 300,000 Ib. is considered nor- 
mal. With compounded stock costing on an average over a 
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period of years around 30 cents per pound, it is quite evident that 
the interest charges on this first-mentioned inventory would 
amount to a considerable figure. The handling costs were tre- 
mendous in comparison with the present conditions. 


Strock-PREPARATION DEPARTMENT 


As previously mentioned, the coated fabric after it. leaves 
the calender is transported in rolls to the fifth floor, where some 
of it is cut and some stored, to be cut later on the fourth floor. 
This department is generally termed the Stock-Preparation 
Department, and is the department where the stock is cut to 
various lengths and widths for final assembly in the tire. It 
contains cutting machines of various types and also equipment 
for making bands containing two plies of tire fabric, one ply 
being laid diagonal to the other. A considerable amount of 
handling of rolls is required in this department to and from the 
cutting machines and also to and from the band-building ma- 
chines. In order to facilitate this handling there has been 
developed an electric truck? with a large scoop which is capa- 
ble of picking up and unloading these heavy rolls very easily. 
The scoop has an elevating attachment so that it makes it pos- 
sible to deposit rolls in the supports of the machines regardless 
of their height or, if necessary, to place the rolls upon the floor 
or pick them up either in a vertical or a horizontal position. 


*A product of Elwell-Parker Company, Cleveland, Ohio. 
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DEPARTMENT 


Most of the material from the Stock-Preparation Department 
is carried in spools on conveyors directly to the tire builders. 
There are four conveyors, each about 300 ft. long, running between 
the Stock-Preparation Department and the Tire-Assembly De- 
partment. These conveyors run parallel to the tire machines 
on the floor below. They are provided with hooks that carry 
the treads and also the spools containing the tire bands, chafing 
strips, and padding and breaker combinations. There are a 
sufficient number of these hooks on the conveyors to provide 
for a bank of material so that delays will not arise from an in- 
sufficient supply or from the normal irregularities in production 
which exist between the two departments. 

The installation of a conveyor at this stage of the process— 
namely, between the Stock-Preparation Department and the 
Tire-Assembly Department—not only reduced the materials- 
handling costs but also tended to insure a fresh supply of stock 
for the tire builders. This is a condition of considerable impor- 
tance in a tire plant. Uncured rubber tends to bloom and lose its 
adhesive characteristic if allowed to age too long before vulcani- 
zation. Dry stock, as it is called in the industry, is liable to 
result either in higher building costs or in a poor product. 

In the tire room there is practically no trucking of materials. 
As previously mentioned, the materials for assembly of the 
tire are conveyed to the tire builders on conveyors running 
parallel to the various lines of machines. Along the rows of 
these machines, running parallel to the feed conveyors, is lo- 
cated another chain conveyor for carrying the uncured finished 
tires away from the builders directly to the Curing Department, 
which is located on the first floor. This conveyor is 2800 ft. 
in length. It is a standard chain type, capable of moving in 
two planes, thus allowing it to pass by the various tire-building 
units and also by the inspection point before it drops to the 
heater room, where the tires are unloaded at two different points. 

In years past it was common practice to transport the various 
materials from the Stock-Preparation Department to the Tire 
Department on,dead platforms and also to transport by means 
of platforms and electric trucks a big portion of the tire pro- 
duction from the building machines to the Curing Department. 
The installation of these conveyors eliminated this trucking 
cost. 

Curtna DEPARTMENT 


The Curing Department, as just indicated, is the next step 
in the tire process. The tires, after they are taken from the 
conveyor, are dusted and shaped, providing they are not al- 
ready built to shape, and airbags are inserted. An airbag is 
like a heavy inner tube, in which pressure is applied during the 
vulcanization of the tire, the tire being forced against the mold 
by this pressure, thus forming the tread design and the letter- 
ing which normally appear on the finished tire. When the air- 
bag is inserted, the tire is ready for the mold. 

In order to handle the molds, which weigh on an average 
600 to 700 lb., to and from the vulcanizers where the tires are 
cured, a rather elaborate conveyor system has been installed. 
It might be mentioned here that a vulcanizer or heater is a deep 
cylindrical tank on the bottom of which is a ram used for load- 
ing purposes and also for pressing the molds together during 
the vulcanization period. When these heaters are loaded with 
molds and the cover is on, steam pressure is applied, which, 
together with the internal air pressure on the airbags, brings 
about the vulcanization of the tires. These heaters are ar- 
ranged in rows containing from 18 to 24 units, parallel to which 
runs one side of a rectangular conveyor system. There are four 
complete systems in this department. Each conveyor system |8 
really a set of pallet conveyors of heavy steel construction. 
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MATERIALS HANDLING 


As just mentioned, the heaters lie along one side of the rec- 
tangular conveyor system, and on the side opposite are located 
the various workmen who open the molds, strip the cured tires 
from them, and reload them with raw tires. The upper halves 
of the molds, for part of the distance along the loading section 
of the conveyor, are carried overhead after having been broken 
free. They are finally brought down into their proper posi- 
tion over the lower halves after the tires have been inserted. 
The loaded molds are then carried by the pallet conveyor to 
whichever heater is being filled. On this pallet conveyor are 
located presses for closing the molds tightly previous to their 
being deposited in the heaters. There are also spraying devices 
which spray a coat of lubricant on the inner surface of the mold 
in order to make it possible to easily remove the tire at the end 
of the curing process. The conveyor thus serves not only to 
convey the tire to and from the heaters, but it also becomes an 
integral part of the process of curing the tire. After the tires 
have been cured they are carried on a chute to the bag-pulling 
machines, and from there are conveyed to the Inspection Depart- 
ment on vertical lift chain conveyors. 

This description is necessarily brief, but it suffices to show that 
the problem of materials-handling in curing a tire is of tre- 
mendous importance. The installation of these conveyors 
reduced the cost of curing a tire about 30 per cent, and at the 
same time considerable saving in space was made. 

This conveyor installation is so important to the process that 
any breakdown in equipment disrupts production in this de- 
partment completely. In order to avoid this possibility a weekly 
inspection of every part of the conveyor is made, and periodi- 
cally, about on an average of every four or five years, the chain 
is completely replaced. Systematic check and replacement 
of worn parts have made breakdowns extremely infrequent 
in spite of the fact that these conveyors have been in operation 
for over 12 years. 

The conveyors are not the only material-handling units in 
the Curing Department. When the raw tires are taken off 
the conveyor from the tire room, they have to be sorted ac- 
cording to size for the various groups of molds that are in the 
heaters. This necessitates a bank. It has been found through 
experience that it is advisable to maintain here a movable bank. 
In order to do this, a truck was developed upon which about 
80 tires can be stored. At the same time it can be readily pushed 
from the raw-tire conveyor to the storage point and to and from 
the tire-shaping machines. This truck might be termed a 
“tree” truck in that it has a steel structure supporting a number 
of arms upon which the tires are hung. 


INSPECTION AND TIRE-FINISHING DEPARTMENT 


The Inspection and Tire-Finishing Department follows the 
curing of the tire. The tire is carried from the heater room on 
vertical lift conveyors. Although there are several outlets to 
the main curing units, they all converge at one place in the 
Inspection and Tire-Finishing Department, which is located 
on the fourth floor of the building, and which is the floor most 
advantageous for conveying the finished tires to the storage 
building. 

Until a few years ago the Inspection Department contained 
mainly dead platforms loaded with tires and tables upon which 
‘o trim and inspect them. There were no conveyors used 
except one to carry the tires to the storage building. It is 
necessary in this department to trim from the tire the mold 
overflow, balance it, inspect it, paint the tire completely, and 
also paint the trade mark upon thetire. In order to carry the tire 
through the various operations and not encounter delays, a 
Series of belt conveyors and live-roller conveyors were set up 
Parallel to each other. Between these conveyors are placed 
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various groups of workers required to perform the aforemen- 
tioned operations. Two of these conveyors are double-decked 
in order to save space, the lower conveyor being used for in- 
coming tires and the upper conveyor being used for conveying 
away tires upon which the operations have been completed. 
The live-roller conveyors, which are always the feed conveyors 
to the operators, allow the tires to bank up, so that at all times 
the workers have tires available. At the completion of the last 
operation, which happens to be the trade-mark painting job, 
the tires are then carried on a chain conveyor to the operators 
who sort the tires for the wrappers. The sorters place these 
upon small steel round-top platforms. About 16 tires can be 
piled on one of these platforms. Due to the fact that they 
have four casters, they can be readily pushed about. The actual 
dimensions of one of these platforms are 6°/s in. high and 40 in. 
diameter at top. These platforms can be stacked in a very 
small space when not in use. This is another case where the 
material storage is also movable, a condition which is generally 
found to be desirable in a tire plant. The tires are taken from 
these platforms and wrapped, and from there are carried on a 
belt conveyor to the storage building. 

Aside from a considerable saving in space which was made 
by the installation of this material-handling system, about 10 
per cent labor saving was made in this department at the time 
by the installation of this system. The cycle of operation is 
reduced considerably, so that now a tire comes out of the mold 
and is wrapped within an hour. 


INNER-TUBE DEPARTMENT 


The preceding description was confined to the manufacture of 
tires. The Fisk plant also manufactures a large number of 
inner tubes. Here again it has been found possible to make a 
saving by improvement in the materials-handling methods 
through the installation of conveyors and the development of 
movable storage trucks. 

The standard method of making raw tubes in the Fisk plant 
is by means of extruding or tubing machines. As in the case of 
the tread job, formerly it was the practice to extrude tubes 
on to a short conveyor and transport them to a unit where they 
were weighed and cut to length and where the valve pads were 
applied. They were then transported to a splicing unit, where 
the ends were united, and from there were trucked-to molding 
machines. 

A new layout was evolved which tied the warming mills by 
means of a belt conveyor direct to a tubing machine, feeding 
the latter a continuous strip of rubber. A conveyor system 
was then built from the extruding end of the tubing machine 
which earried the tube over an automatic weighing scale and 
through a cooling tank, where the tube was shrunk, and then 
through a drier, and then to a device for marking the tube to 
length, and, finally, through a machine for pressing the valve 
pad into position. The tube is then cut to length and the valve 
hole punched. In other words, by the development and installa- 
tion of special mechanism on this conveyor system a series of 
operations were tied together, eliminating the trucking and 
considerable manual handling that previously existed. The 
inventory of the tubes was reduced, and a considerable labor 
saving amounting to about 15 per cent on the afore mentioned op- 
erations was made. 

In the past the means of storing tubes after leaving the tubing- 
machine line were unsatisfactory in that the ordinary types of 
trucks lacked adequate capacity. Recently, however, a truck* 
has been developed which is somewhat like the tread truck, 
but it has metal leaves or shelves instead of fabric leaves. As 
many as 200 tubes can be stored on such a truck, and on ac- 
~ 7A product of Economic Steel Rack Company, Everett, Mass. 
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count of the fact that each shelf is self-supporting and does 
not rest on the tubes underneath it, there is no danger that the 
tubes will be deformed or their walls pressed together. These 
trucks are also movable and can be easily hauled from the tubing 
machine lines to the splicing-machine units. 

Handling the tubes between the raw splicing units and the 
tube molds has not been worked out to complete satisfaction. 
At present, however, tubes are transported between these two 
units on light steel trucks which look somewhat like book racks, 
the spliced tubes being placed upon the shelves. 

After the tubes are cured they are placed by the operator 
directly on a chain conveyor which runs to the floor above, where 
the tubes are tested for leaks and finally inspected. This con- 
veyor also passes by a group of operators who apply the washer 
and nut to the valve stem and tighten it down. On account 
of the fact that it is necessary to make this conveyor pass by 
three lines of tube molds and also the line of valving operations, 
just mentioned, it is a conveyor of considerable length, amount- 
ing to about 900 ft. 

The finished tubes are taken from this conveyor and are carried 
through a water tank to be tested for leaks. From there they are 
put on a chain conveyor which carries them through a drying oven, 
and then by a group of operators who deflate the tubes and inspect 
them. The tubes that pass this inspection are placed upon a belt 
conveyor which carries them to the boxing operators. A break in 
the system is made here in order to sort the tubes according to 
style and size for the boxers. The boxing is done alongside 
a belt conveyor where can be located trucks of tubes and boxes. 
This conveyor carries the boxed tubes directly to a point where 
they can be placed in carbons and sealed. In other words, all 
trucking between the tube curers and the assembly of the tubes 
in cartons is eliminated except for a brief sorting period at the 
end of the tube-inspection conveyor. The saving made by the 
installation of these conveyors has amounted to a fairly large 
portion of the manufacturing cost of the tube. Previous to 
their installation several operators were required to transport 
the tubes on trucks between the various operations. By the 
use of conveyors the efficiency of the various producing units 
was improved. This was especially noticeable in the case of 
the tube inspectors. Approximately 14 per cent reduction in 
labor cost was effected on this operation. In addition to these 
savings there was a considerable reduction in punctured tubes, 
which ran high under the old method, where a great deal of 
handling was required. At the same time the inventory of tubes 
in process was reduced. 

The preceding description covers briefly the main course of 
production of tires and tubes in the Fisk plant. There are 
other articles manufactured, such as flaps, sectional airbags, 
and rubber articles associated with tires. Improvements in 
their handling methods will not be discussed in this paper. 


GENERAL OBSERVATIONS 


One might judge from the preceding descriptions of handling 
methods that practically all the improvement in this direction 
was made by the installation of various types of conveyors. 
It is true that conveyors were responsible for most of the im- 
provement in the handling methods, but there were many in- 
stances in the last few years where improved types of trucking 
equipment have accounted for a reduction in cost. 

In spite of the fact that every effort is made to carry the 


product through the plant without interruption, there are many 
occasions where it is necessary to remove it from the regular 
producing lines either for some operation or for inspection. 
Then again there are places in the tire processes where it is 
necessary to maintain banks of materials in order to eliminate 
delays between operations. In such cases it has been necessary 
to develop trucks to store these materials and at the same time 
to transport them. As was mentioned in the case of the Tube 
Department and the Tread Department, there are many other 
instances where a mobile storage truck was invariably found to 
be better than stationary storage equipment. 

Records show that there are 115 various types of trucks used 
in the plant. A great many of these trucks are built upon a 
standard type of platform. Standardization, in so far as parts 
and casters are concerned, is carried as far as possible. Main- 
tenance alone on these trucks is an item to which it has been 
found necessary to give considerable attention. The same 
maintenance men are always assigned to work on repairing 
them; consequently, their increasing skill and knowledge of the 
equipment results in decreasingly lower costs. 

The manager of the Trucking Department makes a wr 
point of constantly calling the attention of the production super- 
visors to the damage that is being done to trucking equipment 
by their operators. Obvious abuse is traced down, if possible, 
to its source. Efforts along these lines have resulted in a re- 
duction of 33 per cent in trucking-maintenance cost since 
1925. 

It was rather difficult to obtain figures in regard to the amount 
of money that actually was saved by improvements in materials- 
handling methods in the last few years. In many instances 
improved materials-handling methods not only made a reduction 
in trucking costs, but also reduced the direct labor cost of build- 
ing the tire and improved its quality. 

In some instances certain conveyors acted as pacemakers 
for the operators who were fed by them. A constant regular 
flow of material apparently tended to iron out the previous 
tendency to produce at an irregular rate of speed. Higher 
production figures resulted. Then again it was found possible, 
as in the case of the Tread Department and the Tube-Extrusion 
Department, to make the conveyor an integral part of the 
process, thus contributing to a lower labor cost over and above 
that which would normally be made by merely eliminating 
the trucking. 

There are some figures, however, that can be used for com- 
parison, such as the trucking cost for the years 1924-25 with the 
present cost. It was found that the present trucking cost per 
1000 Ib. of mill-room production is one-half of what it was during 
the years of 1924-25. This is a fact of considerable importance 
because during the period of 1924-25 the trucking cost, including 
the labor cost of operating elevators, amounted to approximately 
$200,000 per year. It is probably safe to estimate that this 
saving of approximately $100,000 per year would actually be 
doubled if all the other items of saving that were brought about 
by improved handling methods could be segregated. 

In spite of the tremendous savings that were made in the 
Fisk plant in materials-handling methods during the last four 
or five years, the possibilities of further improvement are fat 
from being exhausted. Tremendous strides have been made, 
but it is safe to assume that in the next five years improve 
ments quite comparable to the last five years will be accomplished. 
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Handling Materials at the Postum Company 


By P. P. PRATT,' BATTLE CREEK, MICH. 


This paper offers a discussion of various types of con- 
veyors in general use, together with descriptions of a few 
specialized conveyors. Practically every phase of manu- 
facturing at the Postum plant embraces operations per- 
formed on the material in course of handling—especially 
is this true of modern automatic packaging machinery, 
referred to in this article. An enlarged section treats 
with the operation and mechanical details of the “‘inter- 
communicating pilot-car package-conveying system,” 
used as a connecting link between shipping points. 
This system automatically handles a wide variety of cased 
products and offers selective loading at each of four ship- 
ping points. It has effected quite considerable economies 
and has made it possible to utilize widely separated storage 
spaces, more or less as a unit. 


HE production of food was man’s 

earliest occupation, but the handling 

of materials in quantity was not a 
very serious problem. Today it is a prob- 
lem of major importance in practically 
every industry. The food industry is no 
exception. 

To meet the demands of the consuming 
public, a food must be clean and made 
under conditions of scrupulous cleanliness 
—even more so than exist in the average 
home. It must have an appeal, both to 
the taste and to the eye; it must be uniform in quality and 
packaged in an attractive container, with every safeguard taken 
to prevent deterioration either by absorption of moisture or 
contamination with insect pests; and, last of all, it must be 
sold at a popular price. 

The development and growth of the cereal-food industry 
would not have been possible without automatic packaging 
machinery of various kinds, which made possible the rapid 
handling and packaging of the manufactured product, with a 
minimum of labor and handling of the food itself. 

Similarly, the development of special machinery, made neces- 
sary by the growth of the business, has insured the rapid han- 
dling of materials and manufactured product under increasingly 
clean and uniform conditions, resulting in the high-quality 
product that exists today. 

Proper handling of materials governs three very necessary 
factors of food manufacturing: 

(2) Quality, which is accomplished by mechanical handling 
that regulates the flow of materials to produce the uniformity 
necessary for rigid quality standards. 


‘Engineer, The Postum Co., Inc. Mr. Pratt is a graduate of 
Massachusetts Institute of Technology, 1923. Basic experience 
Was gained in a two-year factory apprenticeship working through the 
departments of the Postum Company plant. For the last five 
years he has had charge of experimental work, especially with 
reference to changes and improvements in manufacturing processes 
and equipment. 

Contributed by the Materials Handling Division and presented 
at the Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, of 
Tae American Soctery oF MECHANICAL ENGINEERS. 


Nors: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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(b) Cleanliness, which means the absence of human handling, 
that is replaced by mechanical handling, with special alloy 
equipment wherever food in process is contacted. 

(c) Continuity of production, which insures that the manu- 
facturer can produce a maximum quantity of the product with 
a minimum of material in process. 

Before considering the details of equipment for materials 
handling, the five products made at the Battle Creek plant of 
the Postum Company, Inc., should be enumerated. They are: 
(1) Postum Cereal and Instant Postum; (2) Grape-Nuts; 
(3) Post Toasties; (4) Post’s Bran Flakes; (5) Post’s Whole 
Bran. 

There are seven distinct classes of materials to be handled 
in the processes. These are: 

(1) Grains—corn, wheat, and malted barley in bulk. 

(2) Sacked materials—wheat, bran and dairy feed ingredients 
such as oil meal, cottonseed meal, and gluten meal. 

(3) Flavoring materials—sugar and salt in bags, and syrups 
in barrels and tank cars. 


Fig. 1 Oriatnat Propuctrion Unit, THe LitrrLe Ware Barn, 
Wits No ConveyinG PROBLEMS 


(4) Products in process of manufacture and packaging. 

(5) Products packed in fiber and wood cases for domestic 
and foreign shipment. 

(6) Paper and boxboard materials for the manufacture of 
cartons and cases, together with handling to packing depart- 
ments. 

(7) Paper and wax stocks for manufacturing the protective 
wrappings characteristic of Post products packages. 


MATERIALS HANDLING 


The handling of grain is the foremost consideration in main- 
taining a proper standard of quality. To the uninitiated, corn 
is either white or yellow, and all wheat is either red or white. 
It is a fact, however, that there are several varieties of corn, 
together with some 60 varieties of wheat—only certain varieties 
and grades of these are suitable for the manufacture of Post 
products. By means of a number of storage tanks for grain, 
it is possible to segregate the various grains and blend these 
properly. Postum’s grain-handling and storage equipment, 
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Fie. 2 


Stream Cookers FoR Post 


(Hominy is loaded to the cookers by gravity, the cooked product being 
removed by belt conveyors.) 


Fie. 4 Rorary 


about a million-bushel capacity, is sufficient to provide raw 
material for 30 days’ production. Sometimes grains contain 
relatively high moisture and develop “hot spots.”” The tanks 
are equipped with electrical temperature recorders that indi- 
cate the temperature every 5 ft. for the full 90 or 100 ft. depth 
of the tanks. To save heated grain, it is necessary to draw 
out the hot portion of the grain, aerate, and rehandle to a cool 
tank. Equipment is available to perform this operation with 
elevators and screw or belt conveyor at a rate of 6000 bu. per 
hour, in addition to unloading many cars of grain each day. 

Sacked materials such as wheat bran present a very simple 
handling problem. For this raw material Postum depends upon 
controlling the supply to maintain a small but adequate storage 
and insure that it is fresh and sweet from the milling processes. 


PRESENT PLANT OF THE Postum Company, WiTtH MILes oF CONVEYING SYSTEM 


Sacked material is stocked either on portable skids or in low 
piles and arranged to be used in stock rotation, i.e., oldest stock 
first. Since blending is performed at the flour mill, there is 
little necessity for blending at the plant. Dairy-feed materials 
are purchased in 100-lb. bags, combined with by-products of 
the food processes to govern the proteins, fats, and carbohy- 
drates, and serve as an outlet for waste foods. 


Fie. 5 WHEAT AND MALTED BARLEY FoR GRAPE-NUTS 
(The material flows by gravity to and from the mill.) 


Flavoring materials are a very important adjunct to the 
cereal-food industry. Sugar and salt are bagged products, of 
course; these are handled from the car by lift trucks and stored 
in the buildings on skids. Malt syrup is received in barrels 
and stored in cool areas, thence handled into process by barrel 
trucks. (See Fig. 3.) Sugar-cane molasses is received in tank 
cars, piped to specially constructed concrete tanks, thence 
pumped to process mixers for flavoring wheat bran before roast- 
ing for Postum Cereal. 

Practically every step of the several processes involves the 
handling of materials. The essential operations of cooking 
(see Fig. 4), cooling, drying, flaking, toasting, and packing are 
performed on the materials in transit; in fact, only a few hours 
elapse between the time when corn hominy or bran enters the 
process and when it is passing into freight cars, as flakes. In 
milling corn to produce flaking hominy, it is continually moving 
through degerminators, reels, driers, coolers, rolls, aspirators, 
oil expellers, attrition mills, and sifters until all grades of flaking 


hominy, table hominy, cones, cornmeal, flour, corn oil, and 
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MATERIALS HANDLING 


hominy feed have been derived from the original kernel of corn. 

The processes of producing Grape-Nuts, including milling 
of flours (see Fig. 5), mixing, baking, drying, grinding, sifting, 
and packing, are operations performed upon the material in 
transit. Probably the most complete system of mechanical 
handling is evidenced at the Grape-Nuts bakery. Blended 
flour is conveyed from storage bins, weighed in hopper scales, 
and dropped into mixers; similarly, salt, yeast, and water are 
added in measured quantities. After mixing (see Fig. 6) for a 
predetermined period, the mixer is automatically stopped, 


Fie. 6 Mixers, PREPARING GraPE-NUTS FOR THE BAKING 
PROCESS 


(The material is fed to the mixers by gravity; the finished dough is con 


veyed from the mixers in tubs on a monorail track.) 


Fie. 7 AuromMaTIcaALLy Feepinc Loaves or Grape-Nuts Doves 
INTO THE OVEN 


(Pans are sprayed automatically with grease while in transit, are turned 
over, and then filled with dough by an automatic feeder, and conveyed to 
the oven.) 


electrically operated doors open from the raising room, and a 
dough tub traveling on a monorail track is placed in position 
to receive the dough. (See Fig. 6.) Pressing a button tips the 
mixer and discharges nearly a ton of dough into the tub, which 
Is then guided to a position in the rising room to remain for a 
definite period of time under regulated conditions of temperature 
and humidity. After a proper interval for yeast action, the 
batch is positioned over a hopper, and dough is dropped into 
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molding machines. Here it is automatically divided into loaves 
and dropped into baking pans at a rate of eight loaves per minute 
for each of three baking units. (See Fig. 7.) 


Fie. 8 Enp oF Conveyor-Type Ovens BakKInG GRAPE- 
Nuts Loaves 


Fic. 9 Grapre-Nuts Loaves on Drop-SHetr Conveyor, TRANS- 
FERRING TO ELEVATOR 
(Note the pan-conveyor timing and detecting devices.) 


Fic. 10 Continvovus Conveyor SEconpARY OvgENns, PrRopuctne 
Grapse-Nvuts To BE GrounD AND PACKED 
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Baking pans are conveyed from the discharge end of the oven 
by a drag conveyor, to be passed through a spray greaser that 
covers the inside of the pan with a thin film of vegetable oil. 
Pans are timed to receive a loaf of dough from the divider, then 
pass to the oven inlet, where they are automatically arranged 
and fed into the oven in rows 17 pans wide. These ovens are of 
a conveyor type of traveling hearth with temperature and 


Fie. 11 Prrco.ators, CLARIFIERS, AND EvAPORATORS PREPARING 
Instant PostuM 


Vacuum-Type Drum Driers Propuctne Instant Postum 
To Be GROUND AND PACKED 


(Liquid is supplied to the driers through pipe lines. The finished product 
is transferred from the driers to a department on monorail 
tracks.) 


Fia. 12 


humidity automatically controlled to produce uniformly baked, 
golden-brown loaves. 

Grape-Nuts, in the freshly baked state, are quite soft; hence 
it is necessary to handle the product manually and to inspect 
each loaf—overbaked portions, of which there is a very small 


amount, must be set aside to be trimmed. (See Fig. 8.) A 
loaf is removed from the pan and inspected, then placed on a 
drop-shelf type of conveyor, passed through a counter and 
transferred to a specially designed bucket elevator, where it is 
conveyed to the sixth floor for breaking and secondary baking. 
(See Fig. 9.) The shelf loaf conveyor is arranged to signal the 
inspector should a pan happen to lodge on the loaf conveyor— 
this is a protection to prevent a metal pan getting into the loaf 
breakers. Baking pans are inverted and placed in a magazine- 
type conveyor that automatically synchronizes these pans to be 


conveyed to the inlet end of the oven for receiving the unbaked 
loaves. An electrical device signals the inspector if two pans 
are together or if a pan is missing from the conveyor. 

Returning to the loaf elevator, an automatic trip is ar- 
ranged to distribute loaves alternately between two breakers 
that spread the broken particles of bread over a wide belt and 
deliver into a conveyor secondary oven. Food passes over eight 
conveyor flights designed to handle relatively soft, moist particles 
within the first half and smaller dry particles within the other 
half. The last conveyor section moves the food before an in- 
spector, who is charged with responsibility of color and quality; 
this inspector can control the flow of food to reject all or a por- 
tion, if not up to standard. (See Fig. 10.) 


Fie. 13. anp INspecTING Cans or INSTANT Postum 


(Food is supplied to scales and then to cans by gravity. The cans are 
filled in transit, the caps are applied automatically, and then the cans are 
transferred to packing tables.) 


Fie. 14 Carton-LintnG MAcHINE FoR Post TOASTIES 
(All materials are assembled and the cartons are formed in transit.) 


A troughed belt conveyor gathers finished baked cereal from 
three ovens and distributes this to reserve bins for grinding, 
sifting, and packaging. 

Postum and Instant Postum are handled by machinery at all 
points of the roasting, blending, percolating, clarifying, evapo 
rating, grinding, sifting, and packing operations; at no point 
in the process is it necessary to handle the food manually. (See 
Figs. 11, 12, and 13.) 

In handling a vast number of identical units for 24 hours 


. 


= 


MATERIALS HANDLING 


each day, there are wonderful opportunities to develop special 
handling equipment. Post Toasties involves a production of 
more than five hundred thousand packages per day. Pre- 
viously, it was necessary to place the carton on a block, glue 
the bottom, place paper sacks within the box, and hold these 
sacks beneath the filler spouts. Modern lining machines cut 
the proper size of sack paper from a large roll, form and glue 
this sheet into a sack on a moving block conveyor, remove one 
unglued flat carton blank from a magazine, convey this to the 
proper location, synchronized to meet the block carrying the 
made-up sack, then form this carton around the sack-covered 
block, glue the side seam and bottom of the box, as well as the 
liner to the inside of box. (See Fig. 14.) The finished box 
ready to receive food is dropped to a short conveyor, filled 
with flakes, tested for full measure, the sack is folded, closed, and 
top sealed. (See Fig. 15.) At this point it leaves the machine 
to be conveyed to an automatic wax wrapper, where a protective 
covering of wax paper, characteristic of Post Products, is placed 
around the package and sealed moisture-tight. This operation 
is an interesting example of handling, for a proper sized sheet 
of waxed paper is cut off a roll and conveyed to a position over 
the package “‘well.”” Paper is timed to arrive just as a package 


Fic. 15 anp INspecTING PackaGes oF Post ToastTIEs 
Wuite CARRIED ON BELT CONVEYOR 


Fic. 16 Seatine, Wax-WrappinG, AND PackinG Post Toasties 
WHILE on Bett Conveyors 


is being elevated through this “well,” and it is literally enveloped 
by wax paper. While the package and wrapper are in motion, 
the trailing edge of paper is tucked beneath the leading edge 
at the side of the well, the ends are folded by a mechanical thumb 
and finger, and the paper is sealed by passing first over electri- 
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cally heated hot plates to melt the wax contained on the paper, 
then over cold plates to set the seal. (See Fig. 16.) 

The finished wrapped package is conveyed to packers who 
place the required number in cases and push them on a con- 
veyor to be sealed and conveyed to the shipping floor. (See 
Fig. 17.) Within one of the departments automatic packing 
has been used successfully; a girl places the case in the packing 


Fie. 17 Cases or Post Toasties CoNveYeD From PAcKING 
Lines To Fioor By AND GRAVITY 


Fie. 18 Furry Automatic HANDLING oF CARTONS TO Pack 
Grape-NvutTs 


machine, the packages are automatically inserted, and the case 
is transferred to the sealing conveyor. 

Other types of packaging that do not require sack liners em- 
ploy a small and compact machine to produce these units. 
Folded cartons are fed from a magazine by a mechanical finger 
and held by vacuum cups to a turret-type cam conveyor that 
transfers the folded cartons to a second turret conveyor, where 
cam-operated fingers grasp the cartons, force them open, and 
place them upon moving forms. The cartons pass beneath 
glue rolls and pressure belts to form boxes ready to receive food. 
Arriving at a point directly beneath a chute, a jet of air sweeps 
the box in an are to the other side of the machine, where it 
iands open end upward to be conveyed beneath scales and 
receive the correct amount of cereal. Each box is checked for 
quantity and automatically rejected if not properly filled. 
Tested packages are conveyed beneath the glue rolls and pres- 
sure belts once more, where tops are sealed, then conveyed to 
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wax wrappers and packers. Each one of these machines will uct must be handled under exact conditions of heating and 
handle nearly one hundred thousand packages in 24 hours. cooling; in fact, this situation is generally confronted in all 
(See Fig. 18.) departments of the plant. Reliance is placed almost entirely 

Products packed in fiber shipping cases involve a specialized 
system of handling equipment that is elaborated upon at the 
end of this paper. 

Paper and boxboard material for cartons and cases are re- 
ceived at the west end of the plant; this moves steadily east- 


CUTTING AND STRIPPING CARTONS, MANUAL HANDLING 
To PoRTABLE PLATFORMS 


Fie. 19 Hanpuine Rout Paper Reavy To BE Mape Into Stock 
FOR SHIPPING CASES 


Cartons, ARE HANDLED ON BELT 
CONVEYORS 


. 


Fie. 22 


Fic. 20 Presses PrRintiInG CARTONS AND DISCHARGING TO 
PorTABLE HANDLING TRUCKS 


ward during the processes of board making, printing, cutting, 
and stitching or gluing; thence to receive finished products 
in the packing departments. In addition to packing materials 
for Post Products, this department furnishes cartons and cases 
for many other divisions of General Foods. There are many 
interesting examples of materials handling in this department, 
including traveling cranes to handle heavy roll stock (see 
Fig. 19); machines that print two colors, (see Fig. 20) as well 
as cut and crease shipping containers (see Fig. 21); a machine 
that glues the side seams of Jell-O cartons at a rate of one mil- Fic. 23 Lirr Tarucxs ror Hanpiine Cartons aN Cases 
lion per day (see Fig. 22); and cutting machines that cut and 
crease as many as twenty million cartons with one set of dies upon automatic control of temperature and humidity to govern 
(see Fig. 21). manufacturing conditions. (See Fig. 24.) 

Handling materials for waxed wrapping paper involves the 
movement of heavy loads by special trucks and traveling chain- 
hoist cranes; similarly these materials and the finished prod- When Mr. Post started to make Postum in the little white 


HANDLING Casep Propvucts 


AP 


MATERIALS HANDLING 


barn on the site of the present plant, he little realized the ex- ie 
tent to which the business would develop. As business grew, a a) 
buildings were constructed, generally hurriedly, to take care 

of the phenomenal demand. Thus the plant expanded along 

the hillside orchard, and its location became quite firmly es- 

tablished. Although the site was far from ideal and the general 

contour of the land made it practically impossible to develop 

a plant with several distinct operating units grouped about a 

central warehouse, it is fortunate in that two large railroads 

are adjacent to company property and good railroad facilities 

are provided. Moreover, the products are generally bulky 


Fic. 26 Cases Leavina Grapr-Nuts at SAME 
AS A Loap oF Post Toasties Is Bretna REcEIVED 


Fic. 24 Manuracturtnc Wax PaPrer For WrRapPING CARTONS, 
THE oF ParpeR Bering HANDLED ON MonoralIL TRACK 


Fic. 27 Surpment or Grape-Nuts Passing East JuncrTion 
Into Post Toastiges Prrot Wits Loap or BRAN FLAKES 
Reapy To 
(Note cases changing direction at 180-deg. turn.) 


Fie. 25 Recervinc Casep Propucts at To BE 
Loapep Into Cars 


and produced in tremendous quantities—over a million packages 
of all products are produced daily. 
The next best arrangement was to provide warehouse space 
for each product within the producing unit and to provide 
each unit with ample trackage; thus the loading of complete 
cars of a single product is not complicated. (See Fig. 25.) 
It is the aim of the Postum Company to have its products 
delivered to the consumer as fresh as possible. For this reason yg, 28 Casep Propucrs Loapep Into Cars py OveRHEAD 
it does not depend on maintaining a stock of all products in Bett CONVEYORS AND PorTABLE SECTIONS 
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various warehouses to supply local markets, but in practically 
all cases ships direct from the factory to the distributor. This 
means that each car leaving the Postum Company generally 
contains some of all of the products, and frequently these are 
in small lots to several customers who have combined their 
orders for carload shipping rates. 

To assemble the various products at one or more points for 
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Fie. 29, Loaprne Conveyors Connecting 
Propuction Units 


loading into cars has been a perplexing problem. Numerous 
conveying-system studies were made and installations investi- 
gated with the result that the present intercommunicating 
pilot-car package-loading conveyor system was installed. 
These products are produced in four different sections of 
the plant, and although there are four group loading points, 
it is necessary to convey a portion of each carload from one or 
more of the three remaining sections. For example, a car may 
contain 60 per cent Post Toasties, 20 per cent Post’s Bran Flakes, 
5 per cent Post’s Whole Bran, 10 per cent Grape-Nuts, and 
5 per cent Postum. Naturally, of the four loading points, the 
one most convenient to Post Toasties would be selected, and 
the remaining products conveyed to the loading point. Before 
the conveyor was installed these miscellaneous cases were han- 
dled by auto truck or freight cars switched between the different 
buildings. Not only was this costly, but “stock” cars occupied 


valuable loading space and double handling was necessary. 
At present it is possible to dispatch the necessary number of 
cases to a designated car, and the so-called pilot car traveling 
ahead of the cases will automatically operate the system of 
conveyors leading into the proper car. Providing that cer- 
tain portions of the system are in use, the train of cases will 
automatically stop until the system is clear, then proceed to 
the designated car. 

A brief description of “pilots” and “cabooses,” as used with 
this system, would serve to explain the almost human perform- 
ance that one is able to obtain by electrical and mechanical 
means. Pilots and cabooses are identically the same and fully 
interchangeable. A pilot is so termed when it is leading a 
train of cases and preparing the various interferences and de- 
flectors to “lock out’’ other trains of cases. A caboose is so 
termed when it is used to follow a consignment of cases. Both 
consist of a heavy base with vertical guide rolls at the four cor- 
ners; these enable the car to move around curves easily. An 
upright section, mounted transversely in the center of the base, 
is arranged with 16 pinholes. 

Each dispatching point is supplied with long and short pins 
to be placed in the pinholes of the pilot or caboose. A dis- 
patcher at any point, wishing to send a consignment of cases 
to any car or building, consults a chart for proper pin settings, 
and places his pins; for example, short No. 2, long No. 6, short 
No. 7. This pilot, passing through the system with cases 
following, will contact all electrical lock-out interferences with 
the high pin and prevent other trains on branch conveyors 
from entering the system and colliding with the cases that 
follow. (See Fig. 26.) If the train-load is about to approach 
another section of the conveyor that is already conveying cases, 
the belt conveying the train stops at the instant the high pin 
contacts the interference switch; the passing of the caboose 
of that train instantly starts the waiting train. (See Fig. 27.) 
At a certain point in the system, short pin No. 2 contacts a 
tab that no other pin setting could operate, and electrically 
moves the proper deflector to divert the train to the proper 
route. Short pin No. 7 may operate to throw another de- 
flector and further direct the train properly. Arriving at the 
destined building, long pin No. 6 contacts a tab and throws a 
deflector between the pilot and the cases following to divert 
these into the proper car. Meanwhile the pilot continues 
straight ahead and automatically comes to rest on a reserve 
section of conveyor, ready to be used on another mission. (See 
Fig. 28.) The caboose, with a long pin at No. 16, follows the 
train of cases and operates tabs to replace all interferences and 
deflectors at neutral; it operates the car-loading deflector before 
arriving at the deflector and after the last case had passed to 
the car, so that the caboose may pass to the reserve conveyor. 

Simultaneous loading can be carried on at the four main 
units of the plant, where a total of 29 cars may receive cases via 
conveyor, during half of the 24-hour day, then to be hauled 
away and replaced with a similar number of cars for the last 
half of the day. When 58 conveyor-loaded cars cannot handle 
the day’s shipping requirements, there are additional car-loading 
points that can be made available to meet the emergency. 

The loading procedure by conveyor (see Fig. 29) is as follows: 

Cars are cleaned and lined with paper. 

Heavier products, Grape-Nuts and Postum, are always loaded 
at the bottom or ends of the cars; lighter foods, Post Toasties 
and Bran Flakes, are loaded on top of the heavier products. 
For example, a typical car may contain 500 cases Post Toasties, 
50 cases Post’s Whole Bran, 100 cases Post’s Bran Flakes, 
200 cases Grape-Nuts, 150 cases Instant Postum. 

It is readily seen that this car will be placed for loading at 
the Post Toasties department. The loading foreman tele 
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MATERIALS HANDLING 


phones his orders to the respective departments for delivery 
to car at No. 59 door. Grape-Nuts are given the right of way 
for they must be placed in the bottom of the car. These are 
loaded to the conveyor at the Grape-Nuts department and 
dispatched to No. 29 building (Post Toasties department), 
The load of cases may be temporarily held to await a consign- 
ment of Bran Flakes that is finishing a car at No. 58 door. 
Cases are handled at rates as high as 2000 per hour; hence the 
delay is comparatively brief. As the “caboose” of the Bran 
Flakes cases passes the junction point the “pilot’’ for Grape- 
Nuts cases automatically follows, and leads into the Post Toasties 
department. At No. 59 door the “pilot” operates a deflector 
to send cases over portable conveyor sections into any one of 
three cars at this door. 

Meanwhile, Instant Postum cases have been loaded to the 
conveyor; these arrive at the junction to find Grape-Nuts al- 
ready passing. Postum cases automatically halt until the 
Grape-Nuts have passed, then automatically start up and 
follow into the Post Toasties department, where they are di- 
verted into the proper car. Bran products, having been dis- 
patched from a third section of the plant, arrive outside of 
the Post Toasties department to find Grape-Nuts and Postum 
occupying the right of way. Likewise this train of cases auto- 
matically awaits the passing of the ‘‘caboose,” then follows into 
the Post Toasties building. Thus there are assembled all re- 
quired cases with a count both at the dispatching point and 
at the car. Our consignment of Postum cases may have been 
a mixture of several different sized cases; similarly with Grape- 
Nuts and Bran Flakes or Whole Bran; but a double check is 
always forthcoming and no confusion results. During the 
time Grape-Nuts and Instant Postum cases are flowing to the 
Post Toasties shipping point, Post Toasties may also be moving 
to cars at other buildings. 

Portable conveyors are changed and miscellaneous loading 
is carried on at one of the other cars at No. 59 door, or portables 
are quickly rolled to cars at one of the five other loading doors. 
Post Toasties cases are then loaded into the typical car, from 
an adjacent area, with platform trucks. There is no economy 
in handling cases from the immediate shipping floor into nearby 
cars by conveyor, except in a very few instances; moreover, the 
conveyor is usually occupied in bringing miscellaneous cases 
into the loading department or in conveying Post Toasties to 
other loading points. 

In event that the bulk of the load is Grape-Nuts, Postum, 

or Bran products, the car is located at the department represent- 
ing the least handling, and other cases are conveyed to the de- 
partment, or loaded direct from reserve stocks if any are avail- 
able within the department. 
_ Within recent years a considerable amount of autotruck haul- 
ing for local distribution within a hundred-mile radius has been 
built up. These trucks often move in trains of two or more 
trailers. The conveyor has made it possible to assign these 
truck trains to a convenient loading point within the plant 
to which all products may be conveyed; thus no confusion arises 
from operating these truck trains through the busiest parts 
of the works. Without the conveyor it is questionable if these 
trucks could be loaded economically. 

Mechanically, the conveyor loading system comprises some 
two miles of belting. High-friction rubber belting is used for 
inclines, none of which exceeds 221/, deg. pitch. For level 
runs a heavy sewed canvas, oil-impregnated belt is used. All 
a structure is guarded to prevent injury to cases in 

ransit, 

Operation is accomplished by means of 46 alternating-current 
motors, varying in size from 1 to 10 horsepower. These may 
be manually operated, or if the system is occupied by a train 
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of cases, control is automatic in accordance with the pin set- 
ting of the “pilot’’ car. 

Both mechanically and electrically, the automatic conveyors 
operate with comparatively little trouble; an experienced 
maintenance man is assigned to the system for purposes of 
inspection, adjustment, and lubrication. 


Discussion 


R. K. Merritu.? One who has gone through this plant, as 
has the writer, could observe the orderly and cleanly appearance 
of the layout. Not only does this result in a reduction of cost 
under that which would result with other methods of handling, 
but the hand trucking of materials would certainly be the cause 
of an enormous amount of dirt and dust, which in turn would 
increase the cleaning expense in proportion. The handling of 
foods by mechanical methods is almost a necessity in this day 
when dietitians and medical authorities are insisting on careful 
attention to these details to prevent contamination and spoilage. 
In the recent past there have been numerous outcries against 
the cost of packaged foods as against the cheapness which seemed 
to obtain in the old cracker-barrel days when the grocer lifted 
out of the barrel a scoopful of crackers, assisting the scoop with 
hands which had probably been engaged in sorting potatoes or 
pouring out a gallon of kerosene. It is probably true that the 
Postum Company had no choice in the competitive situation 
which exists today but to completely conveyorize their operations. 
s Where the shipping containers of a product are fairly uniform 
in size and shape, as in the case of the Postum Company, the 
system described seems to fit very well. However, it should be 
pointed out that mixed carloads of other classes of material, 
such as furniture composed of wood and metal parts, are best 
handled by tractor and trailer system or by means of electric 
lift trucks handling skids, since the odd-shaped crates and 
multiplicity of sizes do not lend themselves so readily to handling 
by belts, elevating conveyors, and transfers. The quantity 
of boxed material handled also has some effect on the type of 
handling equipment to be selected for this work. 

The mechanical engineering fraternity is somewhat familiar 
with the enormous amount of experiment and thought necessary 
to produce such a layout as the author has perfected and which is 
described in this paper. It is unfortunate that the average 
layman can have no conception of this phase of the matter. 


GerorceE H. Dettiina.* The writer would ask these questions: 
What saving has been effected by the use of the selective con- 
veying system for handling the cartons to various loading points? 
Has the author made any saving study, and is the system produc- 
ing definite results as regards to saving? How much lost time 
in conveyor operation is caused by electrical trouble due to 
switches, pilot cars, and cabooses getting out of order? What 
provision is made for taking care of the loading of cars when the 
conveyor system is out of order? Does the Postum Company 
maintain a trucking system to replace the conveyor system when, 
due to electrical trouble or other causes, the conveyor system is 
out of order? Are there any cost figures on operation of the 
conveyor system. The author mentions that there is no economy 
in handling cases from immediate shipping floor into cars by con- 
veyor except in a very few instances. The writer would like 
to learn something more in connection with this. It is noted 
that he specifies the use of platform trucks for this type of con- 
veying. The paper indicates that the Postum Company has 


2 Mechanical Engineer, American Seating Company, Grand 
Rapids, Mich. Mem. A.8.M.E. 

— Handling Engineer, Grand Rapids, Mich. Assoc-Mem. 
A.8.M.E. 
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made a very thorough study of their conveying problems, and 
it should be complimented on the system worked out. 


C. M. BonnELt, Jr.‘ The paper indicates that, by the appli- 
cation of proper materials-handling equipment, costs of pro- 
duction can be very materially reduced in an industry such as 
the Postum Company, where the receiving of materials, packing 
of same, and the arrangement for shipping constitute the princi- 
pal part of production and marketing. 

Exception is taken to that statement which might be construed 
to classify such machines as two-color presses, cutters and creasers 
for shipping containers, gluing machines, etc., under the classifica- 
tion of materials handling. 

It is interesting to note the statement that when cars are 
loaded such heavier products as Grape-Nuts and Postum are 
always placed at the bottom or ends of the cars. This is interest- 
ing, for the reason that a few shippers give consideration to this 
point, but the majority, it is believed, do not. Some contend 
that, if the fiber container is certified by the railroads to carry a 
certain weight, then it should be satisfactory if placed in any part 
of the car. Perhaps this position is so taken because some ship- 
pers do not wish to be bothered by what they consider a trivial 

4 President, Packing and Shippin7, Bonnell Publication, Inc., New 
York. Assoc-Mem. A.S.M.E. 


matter. Others claim that it would be difficult always to load 
the heavier containers in the bottom. 

Another statement is made in reference to distribution to the 
effect that in recent years a considerable amount of motor-truck 
hauling for local distribution within a 100-mile radius has been 
built up. The use of motor trucks for short hauls undoubtedly 
is increasing, and it is presumed that the Postum Company has 
adopted this method because it is cheaper and quicker than by 
the use of l.c.l. freight service of the railroads. It is not stated 
whether the company owns its own trucks or whether it employs 
the services of local trucking companies. 


AUTHOR’s CLOSURE 


The regularity and uniformity of established shipping cases 
lend every advantage to the possibility of mechanical handling. 
As for conveyor operation, the loading costs have been lowered and 
the loading speed increased. While the conveyor is not free 
of interruptions, it is reasonably in line with other automatic 
equipment with which we are experienced. It has not been 
necessary to resort to previous methods of intra-plant hauling 
and transferring. The conveyor as now installed is primarily 
to transfer cases between unit buildings; thus it is usually 
occupied with these duties and should not be interrupted by 
lesser handling costs. 
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Mold-Handling Methods in Foundries 


By WILLIAM L, HARTLEY,' CHICAGO, ILL. 


This paper analyzes the mold-handling problem in 
foundries, first listing the important features to be con- 
sidered in a study of the application of mold-handling 
devices. Present-day practice in intermittent and semi- 
continuous foundries is reviewed. The numerous ad- 
vantages and reasons for lower cost production in con- 
tinuous mold-handling operations as compared with 
floor methods are given. The design and application of 
continuous power-operated mold conveyors are discussed, 
with illustrations of several types. 


r I NHE handling of molds in the foundry 
covers a very broad field when con- 
sideration is taken of grey-iron, 

malleable, steel, bronze, and aluminum 
foundries, each having a great variety of 
products and range of production. The 
importance of the mold-handling phase of 
foundry production will be appreciated 
when it is realized that it generally repre- 
sents between 20 and 40 per cent of the 
total materials-handling effort in the aver- 
age foundry production work. As foun- 
drymen and foundry managers have become more and more 
mechanically minded, the mold-handling operations have been 
given a great deal of consideration, along with handling equip- 
ment for sand, castings, cores, metal, etc. 

In all types of foundries certain fundamental factors apply 
to their problem of mold handling as regards method, arrange- 
ment, and type of equipment, all of which have a direct influence 
on production costs. 

The following is a tabulation of these important funda- 
mentals: 

1 Molding Method and Arrangement of Machines. It is of 
major importance to obtain maximum production from molding 
machines, patterns, and molding operators. Every thought 
should be given to relieving molders from all duties but making 
molds. To illustrate this point, numerous cases can be cited 
in high-production repetitive work where relieving the molder 
even of setting cores, a helper doing this work instead, has brought 
about a marked increase in production per man and machine, 
and thereby lower production costs. 

2 Size and Variety of Molds. Any means of mold handling 
‘nust provide sufficient flexibility and be suited to production 
equirements. Where a wide variety of work must be handled 
or when a shop does not have full control of its own products 
ind is likely to encounter frequent changes in classes of work, 
Hexibility is of major importance in the successful application 
of mechanical devices. 

3 Quantity of Production. Careful planning must guard 
‘gainst too elaborate or expensive equipment for material or 


' Engineer, Foundry Division, Link-Belt Company. Mr. Hartley 
has been connected with the Link-Belt Company in engineering and 
sales since 1916. He has specialized on foundry-equipment sales 
for the past five years. 

Contributed by the Materials Handling Division and presented 
at the Semi-Annual Meeting of THe AMERICAN Society oF ME- 
CHANICAL EN@ingegRS, Birmingham, Ala., April 20 to 23, 1931. 

Nore: Statements and opinions advanced in papers are to be 
‘nderstood as individual expressions of their authors, and not those 
of the Society. 
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tonnage to be handled. Coordination of plans with produc- 
tion requirements is of vital importance, as equipment mu t 
justify itself from a cost standpoint and tonnage basis, as well 
as for its operating features. An unusual illustration of the 
point in question was a case where a complete mold-handling 
unit was installed for a particular job to handle a two-year pro- 
duction contract and, because of circumstances, was of no further 
use on completion of it, yet the unit well justified itself from a 
cost standpoint, for the one contract alone. 

4 Setting Cores, Finishing, Drying, and Closing. Each of 
these operations must be given its proper consideration in every 
mold-handling layout. On many installations efficient handling 
and delivery of cores is a vital factor to the successful operation 
of the molding unit. 

5 Foundry Layout and Available Floor Space. Quite often 
volume of production can be more than doubled from exist- 
ing floor space by the addition of mechanical equipment costing 
less than half of what new buildings would cost to obtain an equiva- 
lent increase in production. 

Because of the tremendous saving in floor space by the use 
of mold-handling equipment, as compared with floor methods, 
it is nearly always found possible to provide an effective ar- 
rangement of mechanical devices for old foundries, with minor 
building alterations. 

6 Flow of Material. Proper relation of pouring zones to 
melting furnaces, shakeout and delivery of castings to cleaning 
room, and delivery of cores to molders are of prime importance. 
To establish the most economical and effective arrangement 
it is sometimes necessary to make a most thorough analysis of 
comparative material-handling costs. For example, it is quite 
generally a fact that hot metal can be conveyed in ladles some 
distance to molds at a lower cost than molds can be conveyed 
to the hot metal. 

7 Intermittent or Continuous Molding, Pouring, and Shakeout. 
There is no doubt that continuous operations most nearly ap- 
proach the ultimate in efficient and low-cost production when 
continuous power-operated mold conveyors are utilized. For 
intermittent operation more careful planning is necessary in 
estimating cost of equipment and returns on investment, for, 
strange as it may seem, the cost of proper mold-handling equip- 
ment for batch operation will often be more than the cost of 
continuous conveyors. 

8 Handling Jackets, Weight Shifting, and Clamping. These 
operations in their proper order, with provision for reclaiming 
and convenient storage of the parts, are most essential. On 
several jobs handling molds on gravity rolls where it was pos- 
sible to standardize flask sizes, weights are suspended above and 
are placed on the molds merely by shifting a lever; thus a con- 
siderable saving in time and labor is realized. 

9 Storage of Molds and Proper Cooling Time. An even bal- 
ance between mold production and melting capacity is most 
essential to avoid waste, yet it must be kept in mind that excess 
mold storage, beyond that necessary for flexibility of operations, 
is also a waste that will reflect itself in production costs. With 
regard to capacity of continuous mold conveyors, 25 per cent 
over the estimated mold production, to take care of peak periods 
and equalize for missed trays, has proved in practice as quite 
generally a conservative basis for figuring. 

The pouring operation deserves careful attention in regard 
to handling of metal and method of pouring, and particularly 
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as to the size of molds and length of time necessary to pour. 
The mold-handling problem is often complicated where numer- 
ous molds are poured through two or more gates. 

Because of its effect on quality of castings and the size and 
capacity of the mold-handling unit, proper length of cooling 
time deserves very careful study, particularly in the continuous 
grey-iron and malleable foundries. 

10 Method and Arrangement of Shakeout. Every effort should 
be made to reduce manual labor at the shakeout, particular 
attention being given to speed and ease of operation of mold- 
handling devices. A very marked improvement in mold- 
handling and shakeout arrangement has been made on several 
continuous snap-mold units where simple and effective devices 
have been developed that automatically dump the mold at the 
shakeout without manual control, thus eliminating one of the 
most laborious tasks in the foundry. 

11 Flask and Bottom-Board Return. The importance of 
this item should not be overlooked, particularly where high- 
speed production of molds is to be considered. This feature 
accounted for a difference in production of 15 molds per hour on a 
green-sand mold made on jolt-squeeze machines. This was not 
an unusual job except in the high production obtained, but it is 
cases of this kind that bring such facts to light. 


Mertrsop Semi-Continvous FounpDRIES 


Under this classification would come practically all steel 
foundries, non-ferrous (with a few exceptions), and small pro- 
duction grey-iron and malleable foundries. 

Manual. Where the molder carries out the molds he makes 
or has a helper to do this work. It would seem unnecessary to 
mention a method so well known and common in practice, yet 
it is just to the foundries still using this method that knowledge 
on the subject may be of most interest and value. For reasons 
apparent to all, it is difficult to establish hard and fast rules that 
will show with accuracy at just what point in production volume 
the carry-out method becomes uneconomical. However, for 
light and medium work, that is, molds weighing up to 250 lb., 
it can be stated with confidence that mechanical mold-handling 
equipment will be well justified where a production of 3000 or 
more molds per day is involved. For heavier work, mechanical 
devices become a necessity, and it is a question of the speediest 
and most economical. 

Crank, Jib, or Hoist. Operated manually, electrically, or by 
air; where the crane operator takes the mold from the closing 
station and places it on the floor or where the jib and hoist assist 
the molder or helper in the carrying out; also, where a number 
of molds are placed on a long frame or skids, being taken from 
the molding station by the crane. When a single crane is de- 
pended upon to serve a number of molding stations, frequently 
delays occur that penalize operations to the extent that in- 
dividual hoists for each molding station prove a profitable in- 
vestment,. 

Skids and Trucks. Electric or gasoline. Where the molds are 
loaded on skids by the molders, with a lift truck for moving the 
skids to the pouring zone, and then to the shakeout station, re- 
turning the skids and flasks to the molders. 

Gravity Roll Conveyor. Where the molder places the molds 
on gravity roll lines, which conveys them by gravity or hand 
power to the pouring zone, then to the cooling zone, and then 
to the shakeout station. Empty flasks and bottom boards are 
returned to the molder on a second run of conveyor. In some 
cases air cylinders have been used to push the molds along the 
conveyor, particularly for large flasks on production jobs, such 
as bathtubs, truck side frames, etc. 

The roller conveyors provide a mobile storage of molds, and 
can be arranged to enable the molding operator to load his 


finished section or mold directly at the molding machine. Many 
effective layouts handling molds on roller conveyor are so ar- 
ranged as to concentrate the pouring in comparatively small 
areas and to deliver the poured molds to a central shakeout 
point. 

To move the great weight with ease, the roller conveyor must 
provide a minimum of friction, and this under the most adverse 
conditions. As the greater amount of molding is done in green 
sands, and demands are being made for closer specifications and 
finer detail and finish in castings, mold-carrying conveyors must 
operate smoothly, avoid destructive vibration, and be continu- 
ously maintained in this condition. They must withstand 
sand and metal spillage and provide an effective method of bear- 
ing preservation by preventing entrance of abrasive matter and 
moisture to the bearing elements. Development of roller-con- 
veyor equipment specifically for foundry use has now reached a 
stage where any green-sand mold that will stand pouring can be 
rolled safely. 

Mold-carrying systems using floor gravity-roll conveyors have 
the advantage of flexibility, selective directional movement to 
suit the day’s work, and provide an easy means of access to a 
central shakeout point. They may be fitted to premises of 
peculiar shape and may be operated either longitudinally or 
latitudinally, or both, with molding points arranged in line 
for economy in sand-handling and other equipment. 

Such systems may be altered easily in arrangement from time 
to time to suit changing conditions. This is readily accom- 
plished, as no power applications are concerned, and the equip- 
ment, being above the floor level, is quickly shifted. 

There are of course numerous modifications and combina- 


tions of the several methods mentioned in successful practice 


in many of the intermittent and semi-continuous foundries. 
Also, for certain conditions and requirements, very special de- 
vices offer the only mechanical means for effective handling 
of the molds, such as cast-iron pipe production, dry-sand mold- 
ing, and stack molding, but a description of these is of little 
value in general. 

Much has been written of the advantage that continuous mold- 
ing and continuous pouring offer over intermittent operation, 
and there is no longer any question that continuous operation 
does bring about startling economies. There are many foun- 
dries today operating on a continuous basis that considered the 
idea impossible and foolhardy a few years ago. In numerous 
cases these foundries modified their production schedule, and 
even adjusted the design of their products so that they would 
lend themselves to continuous operation. 

A national authority on foundry practice stated, “Any foundry 
manager who is interested in reducing labor costs and decreasing 
his foundry floor space at least 50 per cent, thereby substantially 
lowering the cost of castings, should fully investigate continuous 
melting and pouring operations.”’ 

Present-day melting methods in steel, and in most non-ferrous 
foundries, preclude the use of continuous mold conveyors in 
those fields, but it seems very likely that as steel-foundry pro- 
duction increases, metallurgists in that field may solve the melting 
phase of the problem in time not far distant, as was done in the 
malleable field where metal-control methods centuries old were 
changed to bring about a supply of hot metal for continuous 


pouring. 


Metuops In 
FouNDRIES 


The most general application of continuous-power type mold 
conveyors has been in the grey-iron and malleable foundries. 
As it is necessary to have a sand-handling system in conjunction 
with the mold conveyors to get their full benefit, it is almost im- 
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possible to give the exact savings chargeable to the mold con- 
veyors alone. Therefore, to some extent, the following items 
cover the combined advantages of sand- and mold-handling 
devices, and apply most generally to continuous grey-iron and 
malleable foundries: 

1 Production Methods in the Foundry. Continuous operation 
results in a steady flow of materials and products. Cleaning 
rooms, machine shops, and all finishing departments benefit by 
a systematic, orderly foundry. Continuous inspection is made 
possible, thereby reducing losses. It is possible to work two or 
three shifts during rush periods, which results in more than double 
saving, as it is accomplished on original investment. High- 
speed production lowers inventories of work in process. 

2 Floor Space. Value of floor space is multiplied in ac- 
cordance with increase in production, and thereby a saving is 
realized by lower taxes, insurance, maintenance, and deprecia- 
tion of buildings per ton of castings produced. 

3 Saving in Flask and Molding Equipment. A reduction of 
at least 75 per cent in flask equipment is generally obtained 
on & continuous system as compared with the old floor method; 
at the same time production of molds is increased. In shops 
having a large production of tight flask work, the saving in flask 
equipment alone will generally more than cover the cost of 
power-operated mold conveyors. In one foundry producing 
cylinder molds on a continuous basis, a production of 1200 molds 
a day was obtained with 100 flasks, the one set of flasks going 
through the operation of molding, pouring, and shaking out 
twelve times a day. 

4 Increase in Efficiency of Molders. Conveying molds di- 
rectly from the molding machine eliminates walking and bending 
to place molds on the floor, thus relieving the molders of their 
most laborious task. There is less danger of damage to molds 
in placing them on a mold conveyor than when the molders 
carry out and set them on the floor. This is true particularly 
when it is necessary to stack snap-flask molds on account of 
lack of floor space. The molder’s time previously used for pour- 
ing and shakeout is used for molding, which results in continu- 
ous molding all day, with no less of molder’s time waiting for 
iron when his floor is filled. This method gives the good and 
speedy molders a chance for high production, their energy not 
being used up in shoveling and long carry-outs; also as a result 
of continually performing one operation, the molders find short- 
cuts and become experts in their part of the system. The bene- 
- 7 all-round better working conditions should not be over- 
ooked. 

5 Systematic Pouring Reduces Costs. Continuous pouring 
requires the minimum number of men working the entire day 
on the pouring gang, as it does away with the extra labor re- 
quired when a large tonnage of metal is poured in a compara- 
tively short time. It is generally possible to locate the pouring 
zone of the conveyors adjacent to or near the melting furnaces, 
thereby obtaining the shortest possible carry for the hot metal. 
Pouring at one central point simplifies pouring equipment, super- 
vision, and metal control. 

6 Centralized Shakeout. After pouring, molds are cooled on 
the conveyor and delivered to a central shakeout point, thus 
eliminating ecollectmg and carrying the castings around the 
‘foundry area. Likewise the shakeout sand is delivered to 
one point for rehandling, establishing ideal conditions for eco- 
nomical continuous sand-handling equipment. The speed of the 
mold conveyors can be adjusted to suit production requirements, 
and regulated so that the molds are shaken out in the shortest 
“oe cooling time, thereby reducing burning out of the molding 
sand. 

7 Pace Setter. Continuous operation tends to speed up 
production and set a pace that can be maintained, because of 
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the elimination of fatigue and back-breaking operations. With 
careful design, equipment can be arranged for waist-high opera- 
tions all along the line. 


Earty DesiGN AND DEVELOPMENT OF CONTINUOUS POWER 
Conveyors 


Fig. 1 is an illustration of what was perhaps the first continuous 
power mold conveyor installation in the country, having been in 
successful operation more than 40 years ago. The general de- 
sign of this early mold conveyor consisted of successive carriages 
about 2 ft. above the floor, which formed the propelling medium 


Fie. 1 AN Earty Power Conveyor 


Fic. SuspenpED Conveyor 


and the molding, pouring, and shakeout operations were per- 
formed in much the same manner as at present. 


Conveyors 


Some years later the pendulum or trolley-type mold conveyor 
was developed and used quite extensively, and with much suc- 
cess. This design, one of which is illustrated in Fig. 2, consisted 
of long hangers made of pipes or structural steel, to the bottom 
of which were attached trays for carrying the molds. Flanged 
rollers are attached to the hangers at the upper end, which in 
turn travel on a flat steel-bar track. The chain is attached ad- 
jacent to the rollers to provide motion to the trolleys and to keep 
them properly spaced. 

An electric motor drive, with the necessary gear reductions 
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and end sprockets, is used most generally on this type of mold 
conveyor, although a few have been built that are propelled by a 
wire cable and an air cylinder. The advantage of the trolley 
type was that the rollers, track, and chain, together with all 
driving machinery, were overhead and safe from falling sand or hot 
metal, which resulted in smooth travel and minimum wear, but 
required rather expensive construction, because of the neces- 
sary heavy overhead supporting structure. 

Although the trolley-type mold conveyor still remains in 
favor with some foundry operators, it seems principally because 
of the impression that the trolley conveyors operate more 
smoothly than the floor types. However, close observation of 
the various designs of mold conveyors in operation does not in- 


Fie. 4 Pourtnc OPERATION ON A CoNvEeYor 


dicate any particular advantage for the trolley conveyors in so 
far as smooth action is concerned. 


F.Loor-Type Conveyor 


In the course of time a heavy, rugged chain was developed 
that would stand the wear and tear of sand and hot metal and 
which therefore did not need to be placed overhead. This did 
away with the costly overhead steel work, and also made it 


possible to locate the motors and driving machinery at the flow: 
level. 

What is commonly referred to as the slide type, illustrate 
in Figs. 3 and 4, is perhaps the most widely used of all the differ- 
ent designs. It has been in general use for a number of years and 
is still popular, being economical in first cost and very effective 
for handling light molds not weighing more than 150 lb. 

Various designs of this machine have been made, all of which 
use the two T-rail tracks for supporting the mold tray. On the 
early slide-type conveyors the chain was carried on a separate 


Fie. 5 Continvous Tray-Top “Anti-FricTion” Car-Tyre Power 
Conveyor 


pair of rails and was equipped with dogs or attachments for 
pushing trays along the tracks. On later designs the chain is 
attached directly to the trays and is carried by them, eliminating 
the extra rails. While in most cases the tray slides directly on 
the rails, a few have been made in which the trays are fitted 
with rollers. The smoothest travel is obtained with the sliding 
trays, as these keep the tracks cleared, while the rollers on the 
truck trays tend to ride over any obstructions of metal or sand, 
causing jolts, or will slide, due to shot on the rails, resulting in 
flat spots on the rollers. 

The most general application of the sliding-type conveyor is 
for the handling of snap-flask and the smaller tight-flask molds. 
although quite a few are handling molds weighing 300 to 4000 |b. 

To eliminate a crane or hoist handling from the molding station 
to the conveyor for these heavier molds, the cope and drag are 
built on a stationary section of gravity conveyor placed at right 
angles to the power-driven mold unit. The tray tops o/ the 
power mold conveyor also consist of gravity rolls, which permit 
rolling the molds on to the conveyor tray from the stationary 
gravity conveyor as it passes the molding station. 

For long conveyors handling molds weighing more ‘had 
200 Ib., experience and study have shown the advisability and 
economy of utilizing ‘“anti-friction” roller design. 


MovERN ROLLER AND Car-Type DEsIGNs 


In the last few years several durable and effective designs 
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of “anti-friction” roller and car-type mold conveyors have come 
into general use. Figs. 5, 6, and 7 illustrate two such designs 
used extensively, both of which present a continuous series of 
tray tops that fully protect the conveyor chain and supporting 
structure. Fig. 5 is a development of the earlier car type, which 
can be equipped with “anti-friction’”’ rollers and is so designed 


“ANTI-FRICTION” 
Power Conveyor 


Fie. 6 Continvous Tray-Top 


that the trucks will operate around short turns without ex- 
cessive roller or track wear. 

The conveyor illustrated in Fig. 6 is known as the “anti- 
friction” type because of the liberal use of high-grade tapered 
roller bearings. The tracks of the conveyor are attached to 
the under side of the trays, making it impossible for metal or 
sand to fall on them, as, besides being inverted, they are always 
under the tray. The chain is likewise protected in its position 
under the inside edge of the tray flange. The inverted tracks 
ride on large diameter rollers, having pressure grease-lubricating 
attachments for the roller bearings on which they revolve. The 
continuous overlap trays completely cover the rollers, making 
a continuous moving platform, and thus protecting the rollers 
from sand and metal. 

A number of modified designs of car-type mold conveyors 
are in use to suit special conditions. One of these consists 
of trays, fitted with swivel casters and traveling through a 
rectangular path. Propulsion is provided by air cylinders 
mounted at the corners giving motion to each horizontal line 
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of trays, the corner turn being accomplished by the nature of 
the joint between adjacent trays. 

Standardization of mold-handling devices has been carried 
on in so far as it is possible to do so, and for most problems it 
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will be found possible to purchase suitable standard conveyors, 
cranes, hoists, or trucks at reasonable cost. 

All too often tremendous expenditures are made for special 
and expensive equipment when actually standardized designs 
would prove much more effective and economical. 


Discussion 


H. L. McKinnon.?. The author makes the statement that 
gravity conveyors have been developed to such an extent that 
molds of all characters may be handled safely thereon. 

It is the writer’s judgment that this is scarcely a correct state- 
ment inasmuch as we have found that short molds, and especially 
when stacked, unless they are put on long bottom boards, cannot 
be safely handled on gravity conveyors. It seems to be almost 
impossible to get gravity conveyors to handle the molds without 
high and low rollers, and if the bottom boards are less than 
covering four rollers, difficulty is usually experienced. 


2 Secretary, C. O. Bartlett & Snow Company, Cleveland, Ohio 
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Synchronization of Production Control 
With Conveyorization 


By E. M. OLIN! ano W. C. BEATTIE,? MANSFIELD, OHIO 


Mass-production methods are applied to a plant making 
a variety of things by concentrating for a definite period 
on one thing, making a supply for distribution over a 
certain length of time, and then turning the plant’s 
efforts to producing another type of product. This paper 
deals with the production control of a partly conveyorized 
plant of the Westinghouse Company where 1500 operators 
produce certain domestic and commercial heating devices. 


ASS-production methods, first . 
M utilized in a large way in the auto- 
motive industry toward the end 
of the second decade of this century, have 
revolutionized industrial practices in this 
country and indeed throughout the world. 

These methods have been introduced 
and are being employed in mining, trans- 
portation, the oil and gas industries, 
agriculture—in fact, in every walk of life. 

They have resulted in tremendous eco- 
nomic changes affecting the living condi- 
tions and social status of the peoples of 
the entire civilized world. 

The higher standards of living which we have been enjoying 
during the past ten years must in large measure be due to the 
reduced costs brought about by mass-production methods. 
These reduced costs mean that the average output of each in- 
dividual worker per unit of time has been greatly increased. 
In some cases this increase is as high as 200 per cent; that is, 
the same number of workers, with modern facilities, will turn 
out three times what they did before the introduction of mass- 
production methods. To the uninitiated this seems almost 
unbelievable, but it is true nevertheless. 

To some of us, at least, these methods have brought a change 
in our thinking as it applies to almost every problem of our daily 
lives. 

No doubt there has been a certain loss in cultural and esthetic 
values because of our so-called mechanized existence, but, on 
the other hand, tremendous wastes have been eliminated which 
in the long run must result in great benefit to the human race. 

Hundreds of magazine and newspaper articles have been 
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written about mass production and its influence on our economi” 
and social life. The authors of these articles for the most part 
have little or no knowledge of the technique of mass production. 
They form their opinions without full knowledge of the facts, 
and in many instances draw erroneous conclusions. For ex- 
ample, nearly all of them lament the disappearance of the old- 
time, all-around mechanic, the jack-of-all-trades, the artizan 
who took such joy in his craftsmanship. They deplore the robot 
who is simply a cog in the machine, doing 
the same monotonous task hour after hour, 
day after day on a production assembly 
line, let us say. 

There is plenty of evidence that there is 
very little foundation for this feeling o! 
sorrow on the part of the uplifters, and that 
the American workman in a modern fac- 
tory using mass-production methods is to- 
day better housed, better paid, better satis- 
fied than ever before. 

While the average output per man 
in a modern factory may be from two to 
three times what it was under the former 
method of operation, this does not mean 
that the worker himself does in physical labor what two or 
three men formerly did. On the contrary, due to labor-saving 
devices and better handling facilities in general, he has it easier 
now than ever before. The huge savings made are owing to the 
use of automatic machinery, the elimination of effort due to 
better handling by means of conveyors, and other mechanical 
aids to better coordination all along the line. 

This paper deals with the production control of a partially 
conveyorized plant of the Westinghouse Electric and Manufactur- 
ing Company at Mansfield, Ohio, where 1500 operators produce 
the domestic and commercial heating devices marketed by that 
company, such as electric ranges, flatirons, toasters, grills, bread 
ovens, and the like. There are other items made, such as in- 
dustrial heating equipment, icing units for refrigerators, safety 
switches, etc.—in all some 300 different devices. One of these, 
the flatiron, runs into hundreds of thousands annually. Others 
have a yearly production of but 200 to 300 units, or even less. 
Obviously where the volume is small there would be no economy 
in using conveyors. Their first cost and installation expen:e 
could not be justified. On the other hand, flatirons and electric 
ranges are made in volume sufficiently great to justify mass- 
production methods. In fact, any other plan of manufacture 
would be uneconomical. In a great many instances items of 
relatively small volume are partially conveyorized as it is often 
found that considerable savings can be effected by a moderate 
use of this method. 

Several years ago when we first began to study modern mass- 
production methods in the automotive plants with a view to 
using this principle or method in our own works, we believed 
that the conveyor must be the heart of the matter. Of course, 
none of the equipment which we studied was designed for flat- 
irons or ranges. We therefore had to ask ourselves, ‘“What is the 
function of the conveyor? What does it do?” Our simplest 
definition was that a conveyor transports material at a definite 
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speed over a definite route. Therefore, it provides for three 
things: 
1 Transportation 


2 Definite speed or time 
3 Definite routing. 


The value of any conveyor may depend on any one of these 
things, or on a combination of any two or all three of these 
things. 

It was to perform the first function that conveyors were first 
used—mainly for handling bulk materials. Many conveyors 
are still installed for this purpose. 

The bulk-material conveyor has been followed by package 
conveyors of various kinds. Many of these are designed with 
very intricate deflecting arrangements which permit selective 
routing of packaged materials. 

About four years ago we installed a complete conveyor system 
of this nature in a new warehouse. This is primarily a trans- 
portation unit, although we have gained a number of benefits 
from the definite routing feature also. 

One of the first conveyors which we installed at our works 
was a cord-assembly conveyor. We had seen a conveyor of 
this kind in one of our competitors’ plants. We adopted the 
basic idea and improved on its application. All are familiar 
with the common appliance cord with attachment plug on each 
end. For assembling this cord we constructed a conveyor 36 
ft. long, having in addition a cutting and stripping table about 
10 ft. long, the overall width being 30 in. 

The conveyor is equipped with a number of lugs for carrying 
the cord along and is driven by a variable-speed motor. 

Various tools are used at intervals along the length of the 
conveyor, such as cutting and stripping fixtures, eyelet machines, 
drill presses, arranged with friction screwdrivers, testing devices, 
etc. 

Six girls work nine hours a day turning out 1500 flatiron cords. 
Each operator has a particular operation to perform—one cutting 
and stripping the wires, another putting on the eyelets, still 
another the attachment plugs, etc. It is in reality a Ford as- 
sembly line in miniature. By means of this conveyor we reduced 
our assembly time from 13 hours per 100 cords to 7'/, hours, a 
reduction of 45 per cent. In money, this would amount to a 
2-cent saving per cord. We make at Mansfield well over 500,- 
000 cords per year, so here we have a clear saving of $10,000 or 
better. 

This unit was the first of a number of pace-setting conveyors. 
Now let me say something about this pace-setting feature of a 
conveyor. 

I know of several shops where they are using conveyors for 
transportation only, ignoring or neglecting the pace-making or 
time feature. The managers of these plants are overlooking 
one of the most important features of the conveyor, and one which 
can be made productive of large returns. 

Another type of conveyor in which the definite time element 
is all-important is the process conveyor, used for painting, bak- 
ing, drying, vitreous enameling, heat treating, etc. The human 
element is almost entirely eliminated, and the same results are 
produced day after day. This results in lower rejects and lower 
costs. 

Even if no direct labor savings are made, the reduction in 
rejects alone often returns the whole investment in a very short 
time. 

We have at the Mansfield works one conveyor application 
which is unique and which it is believed is original with us. 

A study of a certain department which assembles a consider- 
able variety of the smaller appliances, such as toasters, waffle 
irons, hot plates, bowl-type radiant heaters, and the like, showed 


that there was a great similarity in the fundamental assembly 
operations in each of them. For example, all had wire-wound 
heating elements of similar design. All of them had frameworks 
or bodies consisting of sheet-metal parts held together by hollow 
rivets. All of the devices were electrically tested in about the 
same way and were afterward packed in cartons of about the 
same size and design. 

Now, while no one of these devices had enough volume to 
justify a conveyor set-up, we conceived the idea of using one 
conveyor for all of them and running the different devices con- 
secutively at different times during each monthly production 
period. For example, we would run toasters at the rate of 1000 
a day for ten days, then waffle irons at 500 a day for ten days, 
then hot plates or bowl-type radiant heaters at 500 a day for 
ten days, thus gaining the advantage of conveyor economies al- 
though we would not have been justified in conveyorizing for 
any one of the devices because of lack of volume. 

Of course this is an entirely special condition with us, and it is 
mentioned merely to indicate that conveyors can be employed 
advantageously in many cases which at first glance do not ap- 
pear to be susceptible to conveyor treatment. We were able 
in this case to reduce our assembly labor about 35 per cent on 
each of these devices. 

In the foregoing paragraphs we have outlined briefly the manu- 
facturing set-up in our Mansfield plant and have touched upon 
mass-production methods in a rather superficial way in order to 
get a background for an understanding of the methods used for 
production. 

Any engineer who has been thrown in intimate contact with 
manufacturing operations in a factory operating under old- 
fashioned methods knows that there is a tremendous loss of time 
due to lack of coordination. Outwardly this may not be ap- 
parent. The operators seem busy. There is the whir of machin- 
ery. Loads are being trucked to and fro in an endless stream. 
Clerks are flying about checking materials and operations. There 
is no loafing, and yet 50 per cent of this activity may be super- 
fluous. One of the greatest advantages of the conveyor treat- 
ment in manufacturing operations is that it brings this super- 
fluous activity to light, and forces the correction of the myriad 
abuses of the former method of haphazard manufacture. 

This means that with the conveyor there must be production 
control of a very high order. Work must flow from operation 
to operation or from process to process in an orderly way, with- 
out delay and in a predetermined order. 

When layout engineers plan a conveyorized system of manu- 
facture, each separate operation must be studied minutely and 
scrutinized as never before, 

Not only must each individual operation be time-studied, but 
the different operations all along the line must be tied together 
or balanced out in such a way that there will be absolutely no 
lost motion, and this requires expert planning. 

When we installed the place-setting conveyors and began to 
manufacture according to modern methods, we found immedi- 
ately that we had to have better production control. We soon 
found that if we started material at the right time, it would be 
at the proper place on the assembly line at the proper time. We 
therefore centered our production control on getting started at 
the right time. If parts are started too soon, congestion and 
extra handling result; if started too late, the assembly line is 
held up. So a production-control system of the highest order 
must go hand in hand with every conveyor layout. 

We use a graphic control plan that starts with a definite graphic 
plan for each assembly conveyor. From this chart a plan is 


made for each component part back through the finishing de- 
partments, fabricating departments, etc., to the raw-material 
requirements. Every part is checked monthly, and each day’s 
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performance is indicated on the feeder and assembly charts so 
that we know at all times exactly where we stand. 

The definite routing plan also results in less supervision, as 
the foreman does not have to spend a large part of his time chasing 
jobs through the department. This has tended to raise the 
standard of our foremen, and they have been very active in cost- 
reduction work, which was not possible when their time was taken 
up with the daily routine of following work to see that schedules 
were met. 

The reduction in work in process inventories is one of the great- 
est advantages of a conveyor system, and usually it can be shown 
that conveyorizing is justified from the money saving thus made, 
if for no other reason. 

Under the old scheme of manufacture it was customary to 
build parts for assembly anywhere from one to three months 
ahead of the time of actual assembly. These parts were stored 
until used. Many extra handlings were required, not to men- 
tion the additional space used for stocking. Then, there was 
always a loss due to bookkeeping errors, and many times, due 
to changes in schedules and design, the stored parts became 
obsolete and would eventually go into the scrap pile. 

Now, with the conveyor plan, the idea is to keep the material 
moving all the time. The stocking of parts is reduced to as near 
zero as possible. “A rapid assembly and a quick turnover” 
is the slogan of a conveyorized factory. 

Since conveyorizing we have been able to reduce our inven- 
tories of raw materials and work in process more than 25 per 
cent, and we would be able to make far greater reductions if we 
had not so many articles in the line on which the volume is very 
small, but which must be carried for commercial reasons. 

We shall now describe the graphic control plan in a more de- 
tailed way. 

The first step is an order or schedule to make a specified num- 
ber of certain complete devices. We shall use electric ranges for 
the sake of illustration. 

Some one must determine the quantities and types to be built 
and the time deliveries are required. In our company a depart- 
ment known as the stock-control section sets up these schedules. 
This department works between the sales and manufacturing 
branches of the organization and has accurate data at all times 
relating to sales, stocks, and manufacturing schedules. 

The delivery date is determined by the time required to secure 
raw materials, fabricate and finish those materials, and finally 
assemble them. 

It is our practice to provide just enough raw materials to cover 
this period of time. 

Sales are forecast four months in advance, and materials 
are provided against that forecast depending upon the time re- 
quired to secure them. 

Production planning starts when the stock-control schedule is 
received. 

Graphie load charts are built up for the entire schedule for 
all types of ranges. These load charts are built up two weeks in 
advance of the time final assembly is to start and cover a four 
weeks’ assembly period, the first two weeks repeated, the second 
two weeks new. 

Three major factors determine the load-chart values: 


The commercial requirements 

The facilities and materials available as reflected by 
individual tooling for each type of range 

Operator efficiency. 


We find the dates the completed ranges are wanted, the pos- 
sibility of meeting these dates, and the gross loads on the differ- 
ent manufacturing sections. 

These loads are then plotted graphically, using figures and 
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“blue bar” for load and “red bar’ for performance against load. 
Opposite each range under the working day or portion of working 
day in the month, the bars and figures indicate the time for 
assembly and later the performance against the load. 

Requirements for the complete schedule of ranges are esti- 
mated with respect to parts, raw material, expense material, 
and labor from permanent manufacturing information. These 
are nothing more or less than bills of material showing parts and 
multiples thereof, to make one range of each style. 
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(Quota is 125 per day on conveyor.) 


These figures are transposed to another graphic load chart 
(assembly chart, Fig. 2), which becomes the medium through 
which replenishing supplies of parts are ordered and followed. 

As on the load chart for complete ranges, we express the time 
each part will be needed for assembly by vertical bars blocking off 
the days the part is required for assembly. These charts are 
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Fig. 2. ASSEMBLY CHART FoR JANUARY, 1931 
written on the 14th day of each month and on the last day of 
each month. Each chart shows the load for four weeks, the 
first two weeks being a repetition of the previous chart, the second 
two weeks added. 

Space is provided on these charts to tabulate the following 
values on one line for each part: 


Identifying number of part 
Description of part 
Routing through departments 
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Available quantities in process 
Required quantity 
Working days of ensuing assembly period. 

A comparison of these values with the vertical bars which 
show the time the parts are required for assembly indicates 
the different quantities of parts to be provided and when needed. 

Let us emphasize that with fabrication starting only two weeks 
before assembly, for those parts on which production is small 
and for specialized equipment, the longest investment turnover 
is two weeks. Later we shall explain the much more rapid turn- 
over accomplished on that portion of the range schedule where 
quantities are large, which justifies the specialized facilities 
which have been provided. 

Part orders are written up on still another graphic chart 
(departmental chart, Fig. 3), which becomes the order to the 
department to do the work. This chart shows the following 
values: 


Identifying number of the part 
Identifying description of the part 
Routing through departments 
Quantity to be made. 


A red dot under the date indicates when delivery must start. 

This is graphed by extension of the red bar showing perform- 
ance against requirement. 

Perhaps the greatest obstacle to successful conveyorized con- 
trol is a sudden change-over from one type of device to another 
to meet some commercial demand. 

We can revise our control set-up for the entire plant in 12 
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hours by means of our chart system, and can produce any type 
of range wanted in two weeks. 

No part production is started more than two weeks before 

assembly begins, and many parts are made and finished as 
used. 
With part fabricating and finishing synchronized with the 
assembly requirements, the entire manufacture is in tune and 
rapid revisions of schedules are simple; also obsolescence of 
material is avoided. 

We shall now explain our method of providing purchased parts 
and material. Again we have developed a plan which permits 
rapid turnover and guards against obsolescence. 


We advise our suppliers monthly of our expected requirements 
during the third and fourth months from that date. At the 
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same time we give them an order for the second month’s require- 


ments. 

Since we have indicated our February requirements on two 
previous estimates—namely, those of November 1 and De- 
cember 1—our suppliers have their facilities and material 
available to furnish February requirements during January just 
a short time before assembly starts. 

Certain classes of material, such as porcelains, castings, and 
cartons, are handled on weekly, semi-monthly, and monthly 
schedules. 

Cartons, for example, are particularly adaptable to schedule 
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purchases. However, their variety and changing requirements, 
together with storage and handling problems, present consider- 
able difficulties. 

We have worked out a plan whereby we secure a four days’ 
turnover, and we purchase every carton we use. 

On Monday morning of each week we provide our suppliers 
with a schedule of our third week’s requirements. Once monthly 
we furnish our suppliers an estimate of our next three months’ 
requirements, with which they fortify themselves with board and 
manufacturing facilities. 

The suppliers consume the first and most of the second week 
to make our cartons and ship to us via motor trucks, so that we 
receive on Friday or Saturday of each week all requirements 
for assembly in the next week. 

Other purchase schedules are similar. 

Raw-material control presents a different and more difficult 
problem because it frequently happens with us that one kind 
and size of material is used to make many different items. This 
is particularly true of steel sheets. 

From the breakdown of the complete schedule previously 
described, we post the four months’ advance requirement to 4 
“raw material card” (see Fig. 5), which we use to accumulate 
requirements and availables of raw material from which replen- 
ishing supplies are ordered. 

These cards are serially numbered and are headed with the 
name of the material, purchasing specifications, and ordering 
size, one for each item of raw material which we purchase. 

Each part requiring material on any card is shown with a cross 
reference of the card serial number back to the “permanent manu- 
facturing information.” Requirements are posted opposite each 
part for each of the following four months. The available 
amount in process is also posted on the card. 
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The number of pieces of each part that can be obtained from 
one ordering unit of raw material is divided into the require- 
ment, and totals for each month are added and multiplied by 
the weight or measurement of the ordering unit. The quantity 
thus obtained is reduced by the available number or amount in 
process and in raw stock. A replenishing supply is then ordered. 

The turnover of raw material accomplished with this method 
never exceeds four weeks and averages three weeks. When we 
consider that extra supplies must be carried to permit flexibility 
of schedules, this turnover is extremely good. 

We have talked about the paper control with no mention of 
the conveyor control. However, the paper control is essential, 
otherwise the conveyors cannot function. We shall now trace 
the fabricating and finishing operations. 

Our limited schedules do not permit of punch presses and dies 
specialized for each part we use. 

The departmental charts indicate the sequence of operations 
for the different parts to be made on each press in order that 


3908 
VITREOUS ENAMEL SHEET STEEL 
WEIGHT 23.418. 


CARD NO. 68 PDS. 
DESCRIPTION OF MATERIAL 
DIMENSIONS .0375 x 27% x Br 


JANUARY MARCH 


wan. | wan 
outer 


600 | 11S | 700 | 100 


STYLE NO. 


7 | 600 | 114 |1100 |187 


668073 a 50 |175 | 44 
691952 12 | S00} 41 7oo | 59 — [1100 | 92 |1000| 64 
69'1953 | 700 | | 900| 75 — |1100} 92 | 1000} 64 
TOTAL 237 231 100 299 266 
WEIGHT PER) SHEET 234 234.8) 
STK 7700LB. 


FEB. 2340 + 


MAR 7000 + PURCH.ORDER 


16960 LB 


APR 6270 PURCH ORDER 104099 -6000N9/,5 
° 22410 
or wen 

16 28 LB. 4 mo 


Fie. 5 Carp 


delivery dates may be met and assembly continued without 
interruption, also so that no surplus stock will be accumulated. 

Control is accomplished by means of a master punch-press 
board which has three pockets for each press (see Fig. 6): first, 
one for parts to be made (called the load-ahead pocket); second, 
one for parts in work, and third, one for parts which are de- 
layed. This board indicates the sequence of operations for 
each part. 

A work ticket for each operation for each part to be made in a 
two weeks’ period is filed in the “load ahead”’ pocket of the plan- 
ning board. It is a simple matter to file all of these work tickets 
for each press in the sequence required, as indicated by the 
delivery dates on the “departmental charts.” 

Delivery is made via gravity conveyors to stores in standard 
containers, which have no definite individual locations in the 
store rooms and are controlled by balance tags. These containers 
are handled in stores with automatic elevators. 

Storage of fabricated parts is ordinarily not necessary, but 
Sometimes becomes so for one of the following four reasons: 


1 When the volume required is insufficient to justify spe- 
cialized equipment to make as used 

2 When the volume required is insufficient to justify sup- 
pliers of purchased material furnishing as required 

3 When impossible to finish as fast as fabricated, because 
of volume not justifying more finishing equipment; 
it is impossible also to run the small quantities to match 
finish facilities, because of set-up costs to manufacture 
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4 When it becomes impossible to assemble the part or 
parts as soon as finished; again volume is the deter- 
mining factor. 


When storage of material is necessary, we have eliminated 
the usual bookkeeping and its attendant evils by means of the 
following coupon system. 

A ticket serially numbered, consisting of three coupons, is 
attached to each container as the parts are received in stores, 
showing the identifying style and quantity on each of the three 
coupons. The bottom coupon is detached and returned to 
the delivering department and serves as a memorandum for 
paying the operator. 

The second coupon is detached after the section and bin number 
(one of 2000 for sheet-metal parts) are noted thereon and is filed 
in identifying number order, the oldest container first in the file. 
The third coupon remains attached to a piece of material in the 
container. To find the total quantity of any part available it is 
only necessary to add all of the quantities shown on the coupons 
for any one style. 

Because of the varying requirements for each part, it is im- 
possible to assign definite bins in which the same kind of part will 
always be stored. 

The location of the parts by the serially numbered coupon- 
control method is indispensable for conveyorized manufacture. 

To obtain the best turnover for parts painted and vitreous 
enameled, a daily schedule is provided. A one-day bank of such 
parts is stored on conveyors on the assembly floors. 

Each day, parts for the second day’s assembly are sent out of 
stores to the painting or enameling departments by the gravity 
and mechanical conveyors. 

When during finishing or assembling operations defective parts 
are found which cannot be salvaged at once, additional pieces 
are started immediately to balance out the run with no shortage or 
surplus. 

Through the burn-off (cleaning) operation, paint, inspection, 
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Fic. 6 Section or PLanninc Boarp, Macutne-Toot 
and assembly, the parts are handled entirely by conveyors p'aced 
by assembly requirements. 

Through the vitreous-enamel department the parts are pro- 
gressively handled by conveyors, delivering from stores through 
pickling, ground-coat dip or spray, ground-coat burn, finish- 
coat spray, dry, rim, burn, inspection, second coat (if necessary), 
and delivery to the assembly department. 

Lack of volume and multiplicity of parts require closely co- 
ordinated control of nickel, chromium-plated, and lacquered 
parts. A schedule made daily with conveyorized transportation 
as in the case of the painted and enameled parts provides the 
right quantity required for assembly. 

A coupon system of control for the stores or handling conveyors 
which feed the assembly conveyor again eliminates bookkeeping. 

As in the case of unfinished-part stores, a coupon is detached 
upon delivery of the part to the conveyor servicing the assemblers. 
This is filed in identifying-number sequence. As the container 
is sent to the assemblers, another coupon is detached and clears 
the corresponding coupon in the file. 
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Part assemblies are never stored, but are synchronized on the 
feeder lines to the final-assembly conveyors, thus eliminating 
stores. Here again the time element is paramount. These 
part assemblies are serviced by conveyors to the final-assembly 
conveyor. 

In the case of a range, the bottom of the crate is started first 
on the assembly conveyor and the proper parts added suc- 
cessively at various stations along the conveyor until the range 
is completed and ready for final inspection, after which it is 
crated on the conveyor and conveyed to the warehouse, where it 
is stored under cranes serviced by conveyors. It is then avail- 
able for miscellaneous shipment. 


In a modern conveyorized factory, the old-time production 
chaser has been replaced by a much higher type of man. 

Production control has become a fine art, one which is worthy 
of any man’s talents. In no other branch of industry is there 
greater need of resourcefulness and imagination. A mistake or 
oversight on the part of the production-planning department 
may wreck a season’s output. 

Once under way, a production line must be kept going. No 
price is too great to pay to accomplish this. Truly an efficient 
production department is one of the most indispensable factors 
in this great modern development which we call mass _pro- 
duction. 
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Material Handling in Mass Production at the 


In this paper the author describes the conveyor system 
used throughout the various buildings where refrigerators 
are made at the General Electric Company. Before this 
installation material was handled by tractor-and-trailer 
trains, lift trucks, and gas and electric trucks. The new 
system has eliminated congestion, retracing of material 
routes, delays in schedule, spoilage of material, and 
maintenance and replacement of the industrial trucks. 
The conveyor serves as a traveling stockroom, thus re- 
leasing floor space for use in manufacturing operations. 
The conveyor system has linked together four different sec- 
tions located in 12 separate buildings and maintains a 
uniform flow of material. 


r i NHE General Electric Company 
started to build electric refrigerators 
at the Schenectady plant in 1926, at 

which time it was decided to use the exist- 

ing buildings that were available. As in 
most ceses, these buildings were not 
adapted to this type of manufacturing, so it 
was necessary to fit the equipment to the 
buildings in order to meet the requirements 
of refrigerator manufacture. In 1927, the 
refrigerator department occupied a single 
three-story building. During the next two 

years, electric-refrigerator manufacture increased at such a 

rapid rate that the processing of parts spread into nearby build- 

ings formerly occupied by the switch-gear department. In 

1930, the refrigerator-unit department, not including the manu- 

facture of cabinets, occupied 12 buildings spread over a ground 

area of approximately 10 acres. : 

During this time the material distribution from building to 
building throughout the department was handled by means of 
tractor-and-trailer trains, lift trucks and skids, gas and electric 
trucks. This method of material handling resulted in congestion 
on the avenues, courtyards, and in buildings, the retracing of 
material routes, delays in schedule, spoilage of material due to 
rough handling and exposure to weather, and maintenance and 
replacement of equipment. Material-handling costs were ex- 
cessive. This condition brought up the question of a better 
method of handling material, and resulted in the installation of 
an overhead chain conveyor. 

To justify the installation of such a system, advantages have 
been derived which otherwise could never have been accom- 
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plished. They include (1) decreased handling cost, (2) reduced 
spoilage, (3) released floor space, and (4) reduced inventories. 

Handling costs have been decreased by a saving in direct 
labor, the elimination of 624 hr. of porter labor per week, which 
was formerly necessary for the handling of material throughout 
the department. In conjunction with this, approximately 90 
per cent of the spoilage and waste from the former handling 
method, due to rough handling and weather exposure, has been 
eliminated. Also 140 trailers, one tractor, and one electric 
lift truck were released for use elsewhere in the plant, and the 
necessary maintenance cost of keeping this equipment in working 
condition was done away with. By eliminating the use of this 
equipment, congestion from trucking within the buildings, on the 
works avenue, and in courtyards has been relieved, all of which 
helps to improve working conditions and outside appearance. 

Because of the increased speed and uniform flow of material 
and its storage on the conveyor which serves as a traveling stock- 
room, the buffer storages before and after the lines of processing 
have been reduced. This releases floor space that can be used 
for manufacturing purposes and at the same time reduces in- 
ventory. 

In addition to these, the production department in charge 
of the material handled by this conveyor can control the work 
in process by regulating the speed of the chain. By governing 
the inflow of material to the assembly line, the contributing 
section can produce no more than what the conveyor can absorb. 
Thus, the production department can automatically regulate 
the output of the contributing section to conform with the re- 
quirements of the assembly line, maintaining the same produc- 
tion schedule throughout the whole department, with a uniform 
flow of material, which reduces the inventory, and at the same 
time eliminate any change of over-production in any one section. 


CovursE AND Type oF HANDLED 


The department is divided into four sections, namely: (1) 
DR-1 section located in building No. 28 (see Fig. 1), where the 
DR-1 unit, used on the 4-cu. ft. cabinet, is assembled; (2) 
DR-2 section located in buildings Nos. 24 and 26, where the D-2 
unit, used on the 6-cu. ft. cabinet, is assembled; (3) the water- 
cooler section located in building No. 12; and (4) the contribut- 
ing section located in buildings Nos. 8-A and 10, where all punch- 
pressed parts are processed for the assembly lines of the other 
three sections. Fig. 1 shows the outline of the conveyor path 
as it winds its way through these four sections. 

Throughout this system there are 12 loading and unloading 
stations where the various material parts are received from or 
loaded for other points on the system. To become familiar 
with the course of the conveyor and the type of material handled, 
for further reference, the path will be followed through which it 
travels in one complete cycle. Assuming that the endless chain 
has a starting point at the drives in building No. 8-A, one can 
follow the path of the conveyor, in the direction indicated by 
the arrow, as it travels toward building No. 26. In building No. 
8-A, small parts such as check valves and float bulbs, handled by 
means of small tote boxes, are loaded on the tote-box carriers, 
routed for building No. 28. Also evaporators are hooked on at 
this point which is within 3 ft. of the last operation in the line 
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of processing. The style of carriers, hooks, and type of material 
handled is shown in Fig. 2. After leaving building No. 8-A, 
the conveyor enters a steam-heated, corrugated-steel covered 
hc using, lined with '/.-in. celotex, where it rises to an elevation 
of 30 ft. along the side of building No. 8-A. (See Fig. 2.) From 
this point it passes over the tops of buildings Nos. 20, 27, and 25 
to where it enters the second floor of building No. 26. 

In building No. 26 the conveyor travels in a straight line 
near the ceiling (see Fig. 4) to building No. 24, where the D-2 
compressor cases are unloaded during the night shift, and stored 
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for steam cleaning in building No. 24-A during the day shift. 
Also miscellaneous stock parts from the general stock room, 
located in building No. 28, first floor, are unloaded at this point 
and distributed to the various points on the assembly line where 
needed. From the second floor of building No. 24 the conveyor 
drops to the first floor of building No. 24-A, where the D-2 com- 
pressor cases are unloaded for steam cleaning, after which they are 
carried to the assembly line by means of a secondary conveyor. 
From this point the conveyor rises again to the second floor of 


building No. 24, where it parallels the incoming path to building 
No. 26, where a second drive is encountered. 

In building No. 26, cabinet tops, float valves, and miscella- 
neous-stock parts are unloaded at the operation on the assembly 
line where they are used. Leaving the second floor of building 
No. 26, the conveyor rises to the third floor, where it enters build- 
ing No. 28. In this building the conveyor dips to a convenient 
workable height for a length of approximately 30 ft., where DR-! 
cabinet tops, float bulbs, and stock parts are unloaded at the 
operations where they are used on the assembly line. Also the 
completed DR-1 unit is loaded on the unit carrier (see Fig. 2), 
routed for the water-cooler section, where it is assembled to the 
water cooler. Leaving the third floor the conveyor descends 
in the inclosed housing along the outside of the building, to the 
first floor, the general stockroom for all four sections, where there 
are two stations. One is for receiving and loading for distribution 
all miscellaneous stock parts, and the other is for the transferring 


3 Conveyor as It Enters THE Turrp FLoor From THE 
First FLoor oF 28 


of evaporators, to a secondary conveyor on which they are carried 
directly to the sandblast machines in building No. 25. Also the 
DR-1 compressor cases are unloaded, at this station, for steam 
cleaning, after which they are carried to the assembly line, on the 
third floor, by means of a vertical elevator. After serving these 
two stations, the conveyor leaves building No. 28, where it again 
enters an enclosed housing, outside of the building, which rises 
to the third floor, where it connects with the housing of the in- 
coming line. From this point the return line parallels the 1n- 
coming line (see Fig. 3) to building No. 8-A, where a third drive 
is encountered. As the conveyor leaves building No. 8-A it 
enters another housing which it follows along the rear of building 
No. 10 to where it enters the rear of building No. 12. Here 
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the DR-1 and D-2 cabinet tops are unhooked from a secondary 
conveyor, used in the paint line, inspected and then transferred 
to the main conveyor, for distribution to buildings Nos. 26 and 28. 
From here the conveyor travels toward the front of the building, 
where it passes through a subsidiary stockroom, where the stock 
parts for the assembly of the water cooler are received from the 
general stock room in building No. 28 and redistributed to the 
assembly line. In the front end of building No. 12 the DR-1 
compressor unit is unloaded at the operation on the assembly 
line, where it is assembled to the water-cooler cabinet. From 
building No. 12 the conveyor 
passes through another housing 
to where it enters the front end 
of building No. 10, at which 
point the DR-l compressor 
case is loaded for distribution 
to building No. 28. From here 
the conveyor follows the wall, 
inside the building near the 
roof, to the rear of the build- 
ing, where the D-2 compressor 
case is loaded for distribution 
to building No. 24. From this 
point the conveyor leaves 
building No. 10 and enters 
building No. 8-A, where it 
encounters the first drive at the 
starting point, thus completing 
one cycle through which the 
conveyor travels. At no point 
is this system a part of the as- 
sembly lines. Its function is 
purely one of transportation 
among the four sections within 
the department, no operations 
being performed on the con- 
veyor. 

Throughout the course of the 
entire system just described, 
approximately 50 different 
parts are handled daily. These 
parts range in size from a small 
wood screw to the compressor 
unit which is mounted on top 
of the refrigerator, and in 
weight from one ounce to 75 
lb. On the present production 
schedule the chain is traveling 
at a speed of 26.6 ft. per min., 
completing one cycle in 2 hr. 
!8min., carrying approximately 
85,000 pieces per day, a total 
load of approximately 85 tons. 

The care with which this ma- 
terial must be handled, involv- 
ing temperature changes, humidity, dust, grit, and marring and 
scratching, was carefully considered in the design of this system. 
Proper clearances and spacing of hooks were maintained to 
insure against any possibility of marring and scratching of mate- 
rial. The hooks used for carrying the compressor cases are 
rubber covered to prevent the burring of machined edges when 
loading or unloading. To prevent the collecting of dust and 
grit on the material as it passes through the housing located 
directly above the sand blast building, between buildings Nos. 26 
and 28, a dust-proof enclosure was necessary. One of the largest 
spoilage losses which had to be overcome by this system was that 
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from rust due to weather exposure. In order to maintain the 
same temperature in the housings as that in the buildings, all 
of the outside housings, totaling 1000 linear feet, were lined with 
1/,in. thick celotex and equipped with a steam-heating system. 
Approximately 90 per cent of the losses which occurred in the 
former handling method have been eliminated; all of which 


cuts down the cost of rehandling, reworking, and loss of mate- 
rial. 

The outstanding features in the design of this system are the 
multiple drives and the signal system, which are as follows: 


Fie. 5 CaTerPILLAR Drives With Reeves AUTOMATIC ADJUSTMENT 


Drives 


The automatically synchronized caterpillar drives used on 
this overhead chain conveyor installation consist of: 

A standard caterpillar drive mounted on a cast-iron base 
with Reeves speed variator. All are mounted on a structural 
frame floating on four heavy-duty ball-bearing rollers, with 
vertical ball-bearing rollers to take the side thrust. A special 
shaft extension is provided for the Reeves adjustment shaft. A 
pinion on the end of this shaft engages a rack attached to a fixed 
support, so that when the drive floats in either direction a re- 
sultant turning of the Reeves adjustment shaft occurs. When 


YOR INSTALLATION ON SECOND FLoor or 24 


74 


the floating drive moves ahead or in the direction of travel of 
the conveyor chain, the Reeves adjustment shaft turns so as to 
speed up the drive. Conversely when the floating drive moves 
back or in a direction opposite to the direction of travel of the 
conveyor chain, the Reeves adjustment shaft turns so as to slow 
down the drive. 

A limit switch is placed behind the floating drive frame. 
Should a sudden overload be put on the drive due to fouling of the 
conveyor chain, the floating frame moves back until contact is 
made with a limit switch which stops all drives. 

The maximum allowable travel of the floating frame is 6 in., 
but in actual practice the travel is about 1'/2in. The amount of 
pull the drive is to take is predetermined and compression springs 
are placed behind the floating drive frame calibrated to withstand 
a reaction equal to this pull. 

In application of the above principles, let a conveyor be as- 
sumed with three drives driven by independent motors of the 
same nominal speed. (No special Winding of motors is required.) 
Suppose each drive is intended to take '/; of a total chain pull 
of 3000 lb. The three drives are started instantaneously by a 
common switch, but due to difference in motor windings one 
of the drives runs slow and does not pick up its share of the load. 
This drive will move ahead with the conveyor chain, automati- 
cally turning the adjustment screw on the Reeves adjustment 
shaft to speed up the drive. 

On the other hand should the drive run too fast, tending to 
take more than its share of the load (1000 lb. pull), the springs 
behind the floating drive frame will compress, allowing the drive 
to move backward, automatically turning the adjustment screw 
of the Reeves adjustment to slow down the drive. 

In using two or more (the conveyor in question has three) 
drives of this type it is advisable to locate drives so that an equal 
distribution of load will occur. Elements to be considered in 
determining distribution of load are (1) length of loaded con- 
veyor pulled by each drive, and (2) uncompensated vertical lift 
of the loaded conveyor taken care of by each drive. 

Advantages of the automatically synchronized drive are as 
follows: 

1 Conveyors of extreme length may be constructed using the 
same standard chain and trolley equipment as is commonly used 
for conveyors of short length. This is accomplished by keeping 
the chain pull at any point within the limits of good design for 
conveyors of ordinary length. 

2 Drives may be placed at the most advantageous points, 
it not being necessary to group them around a countershaft or 
other medium of power. 

3 Variation in pitch of conveyor chain is not important as 
the floating type drive automatically overcomes this variation 
by variation in speed. 

4 The compression springs behind the floating drive take the 
shock of starting and also act as a cushion in case of a wreck, 
both of which tend to insure long life to the driving mechanism. 

5 Limit switches behind each drive make it easy to locate 
trouble in case of a wreck on the conveyor. In connection with 
this feature, it is possible to install signal lights at a central loca- 
tion which will tell the operator in charge when a limit switch 
kicks out, and also in what zone the trouble is to be looked for. 
This will save considerable delay in getting the conveyor into 
operation again. 


SAFETY 


Safety plays an important role in the design of all conveyor 
installations, as well as other equipment in the plant of the 
General Electric Company. All proposed layouts must be 
approved by the safety engineers before the proposals are sub- 
mitted to outside companies for propositions. After the con- 
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veyor has been installed, a final inspection is made to see that the 
safety appliances conform with the safety rules of the General 
Electric Company. 

Throughout this entire system, guarding for safety has been 
carried out to the most minute detail; no expense has been spared. 
Control switches, guards, and signal horns have been supplied 
to insure safety to those working in the vicinity through which 
it travels. 

At each loading and unloading station, a safety switch is lo- 
cated directly above the conveyor rail within easy reaching dis- 
tance from the floor. The switches are of the push-button type, 
equipped with a locking device, so that when the button is pushed 
the locking device must be unlocked before the switch makes 
contact. The switches are so connected that they can only be 
used for stopping the conveyor. The one and only starting 
switch is at the control station, located in building No. 8-A, which 
is operated by an officially appointed operator. In case the con- 
veyor is stopped by a safety switch, the control-station operator 
must receive word, from the station where the switch was used, 
that the line is cleared before starting. Also a switch is located 
on the drive frame of each drive, so that the conveyor can be 
stopped in case of accident while making speed adjustments, 
the only work permitted to be done on the drives while the con- 
veyor is in operation. At all places on the system where the 
material on the conveyor is below 7 ft. from the floor, safety 
switches are installed within reaching distance. 

To prevent any accident which might occur when starting the 
conveyor, a horn-signaling system was installed whose function 
is to give warning to those near the conveyor. Each station is 
equipped with a siren horn, connected to the starting switch, so 
that for approximately 10 sec. before the conveyor starts the 
horns throughout the system sound warning that the conveyor is 
going to start. Also a horn is located near each drive. From a 
safety standpoint, this announcing system has proved very 
satisfactory. To eliminate any possibility of a hazard while 
oiling, each drive has been equipped with a one-shot lubricating 
system. 

One of the difficulties which arose in having such a large 
number of stop switches, located at points in eight different 
buildings, was the lost time in locating a locked switch, after 
the conveyor had been stopped. In order to overcome this a 
tell-tale lighting system was installed which has reduced lost 
time to a minimum. It is very important that the system be put 
into operation as soon as possible after a shutdown, as all three 
assembly lines depend upon this installation for their source of 
incoming material. Each stop switch is connected to two lights, 
hooked in multiple, placed on a panel board, located near the 
starting station. The stations are numbered in rotation, corre- 
sponding to those stations numbered on the panel. When the 
conveyor is stopped, the operator at the control panel is able to 
tell instantly which stop button was pushed. He can then com- 
municate, finding out whether or not the line is cleared, so that 
he can start the conveyor. For example; when the switch at 
station No. 1 is opened, the two lights No. 1, on the panel board, 
which are connected to station No. 1, will be switched off, while 
the remaining lights designated by the numbers corresponding 
with the station number to which they are connected will re- 
main lighted. The control operator then knows that the switch 
at station No. 1 stopped the conveyor. This light system is 
also very effective in stopping practical jokers from meddling 
with the stop switches. 

Metal guarding has been used extensively; the entire length 
of the conveyor through buildings is guarded with expanded 
metal and sheet iron. Wherever the conveyor runs overhead, 
an expanded-metal guard is fastened from the rail so that it 
hangs below the material being conveyed. (See Fig. 4.) The 
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guards are made with the metal turned up on the sides to prevent 
the material from falling in case it becomes disengaged from a 
hook or carrier. The only points at which the conveyor runs 
near the floor are at the unloading and loading stations. At these 
points the track is guarded with an umbrella sheet-iron guard, 
completely inclosing all moving parts. The driving and idler 
sprocket and caterpillar chain on the drives are inclosed in a 
sheet-metal guard. Every precaution has been made to make 
this system safe. 


ScueDULING OF MATERIAL 


The scheduling of material plays an important part in the 
operation of the conveyor. The material movement of parts 
from the contributing section and DR-1 section must be syn- 
chronized with the operations of the assembly line. Miscella- 
neous stock parts must be scheduled in accordance to production 
requirements. Rework parts and other material must be sched- 
uled as fast as they are repaired. 

The scheduling of stock parts is routed by a numbering 
system. Those parts which are common to both DR-1 and 
D-2 units are routed to the different sections in different quan- 
tities, which makes it necessary to have some system whereby 
the person at the station where they are to be unloaded will 
know which allotment is to be unloaded. By a numbering 
system, for example, a tote-box container filled with stock parts 
scheduled for station No. 1 is numbered by means of a clip 
with a corresponding number, so that the material is conveyed 
directly to the station where it is unloaded. 

The synchronizing of material movement between two sec- 
tions is maintained by painting the hooks for one section a differ- 
ent color than those used for another section. These colored 
hooks are spaced so that the inflow of material at the assembly. 
line is at the same rate as the outgoing. To take care of any 
fluctuation in the assembly line or conveyor delivery, a space 
has been allowed at each station for a small buffer stock. 

The installation of this conveyor system has resulted in linking 
together four different sections located in 12 separate buildings 
and in maintaining a uniform flow of material. 


Discussion 


Jervis B. Wess.?- For a number of years the problem of 
driving long conveyors with multiple drives had not been entirely 
satisfactorily worked out. The Webb Company had worked out 
problems of this nature from many angles, but a considerable 
amount of care and attention and adjustment had always been 
necessary on the methods heretofore used. 

One of the first types of multiple drive was used at the Ford 
Motor Company in Toronto, where three individual drives using 
the alternating-current type of motors, having as nearly as 
possible the same characteristics, were connected to one conveyor 
chain at convenient points, so located as to balance the load as 
nearly as possible. The system was worked out on the basis 
that an ordinary a.-c. squirrel-cage motor has a slight variation 
in full-load and no-load speed—that is, no-load speed would be 
around 1200 r.p.m. and full-load speed around 1140 r.p.m. As 
the motors were selected to have practically identical character- 
istics and the load was fairly evenly balanced, any discrepancy 
in speed would be taken care of by this slight slippage. 

This installation proved to be very satisfactory, but when 
adopted, in a number of instances, due to the inability to get 
equal loading and accurate similar characteristics of motors, 
much difficulty was experienced. One drive was found to take 
all the load, or even to try to pull through the other drive; and 
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of course this type of system was of constant speed. This 
system also had its limitations in that, on a slow-speed con- 
veyor, where the reduction in speed from the motor involved 
a considerable amount of gearing or a large ratio, it did take a 
tremendous pull on the driven chain to have any appreciable 
effect upon the lag in the motor, so that on slow-moving jobs 
the difficulty was even greater. On fast-moving jobs it was 
easier to get proper distribution of load per drives. 

Another form of multiple-drive application is one where all 
drives are driven from a single motor with possibly a Reeves for 
varying the speed and the power being transmitted by means of 
a shaft to several drive units. The first obvious limitation of 
this is that the drives must be reasonably close together, in order 
to be able to connect them mechanically. The second objection 
to it is that in a long conveyor any 1000 pitches of chain will 
vary in its total length quite a little from any other 1000 ft. of 
chain in the conveyor. This is due to wear, strain, or general 
conditions, and it inevitably works out that certain lengths of the 
chain, which correspond to the same number of pitches in another 
part of the chain, will be shorter or longer. Inasmuch as the 
individual drives turn the chain, pitch for pitch, being mechani- 
cally connected, when a certain part of the conveyor chain is 
between two certain drives, it may have a very slack or loose 
condition of the chain, while this same section of the conveyor, 
when it has passed by one drive and is now between another set 
of two drives, may be tight. In long conveyors this slack fre- 
quently amounts to several feet. If the slack is taken out at the 
point where it occurs between two certain drives, when the con- 
veyor is started up and that conveyor chain passes beyond one 
of those drives, there being so many less pitches in that section 
than there was before, the system tightens up and breaks the 
chain. 

The only safe solution when such a condition occurs in a 
conveyor is to break up the main conveyor chain into small 
units, and redistribute them, so that any 500 or 1000 ft. of it 
equals any other 500 or 1000 ft. in length. This is a difficult 
job and requires considerable expense, and has to be done from 
time to time. Also careful adjustment of the drives has to be 
made frequently. 

Another type of drive for handling this problem is the syn- 
chronous-motor type of drive which electrically holds the drives 
together, much in the same manner as when they are mechani- 
cally connected, and much of the same problem is presented. 
The difference in pitches of chain frequently causes one drive to 
pull against the other or introduces very heavy initial tensions 
between drives, due to shortness in pitch. Actual tests with a 
dynamometer chain-pull measuring device have been made on 
such drive constructions and have proved this point. 

With the floating type of drive, which has been described in 
the paper, and which we designed to meet this particular prob- 
lem, when the strain occurs on an individual drive, due to 
any condition, the drive pulls back against the springs, which 
slows up its speed and relieves its tension, and as it were “‘passes 
the buck”’ on to the next drive that otherwise would try to take 
it off. It thus operates to even up the pull on the chain at any 
one point. One of its most important factors, however, is that 
the pull is always against springs, which give under shock, 
particularly in connection with long systems where possibilities 
of foreign obstacles may occur. Sudden stoppages of a con- 
veyor while in motion put great strains on drives, even though 
shear pins are present. While coming up against the spring the 
shock is cushioned. All of this makes for longer life of the system. 

Then there is the additional factor of safety of the limit switch 
which operates when the spring is fully compressed, shutting off 
the power on all drives. The system described also has the 
advantage of making it possible to vary the speed of the whole 
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system. Also, the drive, being of the caterpillar type, permits 
of placement at practically any advantageous spot on the con- 


veyor system. 
In other words, a boost or a pull can be introduced at any de- 
sirable spot on a conveyor by the use of such a system. One 


interesting use of this is on long inclines. One of these floating- 
booster type of drives is inserted part way up the incline, and 
the springs are adjusted to take a certain amount of the pull, 
thus operating to reduce the total strain of the chain by one-half, 
or whatever amount is desired at this point. 
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Handling Bulk Materials Mechanically 


By WILLIAM W. SAYERS,' CHICAGO, ILL. 


The paper outlines the general characteristics and fields 
of applicability of the numerous types of mechanical han- 
dling and conveying equipment. It also covers the types 
commonly used for handling such bulk materials as coal, 
coke, sand and gravel, crushed stone, lime, cement, phos- 
phate and fertilizer, grain, cottonseed, sugar, earth, 
foundry sand, etc. No attempt has been made to cover 
overhead cranes and hoists, crawler and locomotive cranes, 
and such dock handling equipment as bridge tramways, 
unloading towers, lift-type car dumpers, etc., all of which 
are also used for handling bulk materials mechanically. 


OW can the average purchaser 
H intelligently select, from the many 
types and sizes of conveyors, the 
one type that is the best and the most 
economical under the worst conditions 
of service? The answer is that no two 
plants are alike and neither are the han- 
dling conditions, and that the buyer should 
seek the expert counsel of the conveyor 
manufacturer or of a consulting engineer 
who has had a wide experience in the ap- 
plication of equipment of this character. 

The manufacture and satisfactory application of conveyors is 
a business in which the owners of the business gain valuable 
engineering experience with the years. The longer they have 
been in the business and the more applications they have made 
and the more conditions they have met, with perhaps resulting 
grief, that much better should they be fitted to engineer and 
install a conveying system that will be a credit to all concerned, 
with everything considered, such as efficiency, dependability, and 
ultimate economy. 

Seemingly expensive engineering usually means work by more 
experienced engineers and a good general design based on a real 
study of the requirements. This is important because there is 
often a question at first as to whether, for a specific installation, 
a bucket elevator is better than a skip hoist or whether the hori- 
zontal movement should be by drag or by apron, by belt, or by 
a screw conveyor, or whether one conveyor can be made to serve 
the purpose better, within the space available, than separate 
vertical and horizontal units. 

Good engineering will insure rigid and dependable supports 
to carry the machinery so that it will stay in line and so that it 
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will be safe and accessible for painting and for cleaning and oiling, 
all of which means less ultimate cost and longer life. There 
should be paths of travel that are economical, chutes that will 
not clog, and clearances that are safe. 

Good engineering extends to every detail of a conveying system, 
and especially considers the nature anc size of the material to 
be handled, whether it is sticky or abrasive, and the manner in 
which the material is to be fed to the system. 

The selection of the proper types and combinations of con- 
veyors is an engineering problem that cannot be solved by the 
use of any set formulas; but data are given farther on which it 
is hoped will be of some help and guidance to those who are seek- 
ing to obtain reliable information on the subject or who have 
occasion to design, operate, supervise, or maintain equipment of 
this kind. 

The commonly known bulk materials and other materials that 
some may not realize are mechanically conveyed to the extent 
indicated are treated under individual sections of the text, such 
as grain, sugar, etc., in an attempt to give specific information or 
concrete examples of handling, along with the necessarily more 
or less general statements made in the section immediately fol- 
lowing. 


Types or CoNVEYORS AND THEIR APPLICATION 


Under this heading will be covered (1) belt conveyors, (2) 
skip hoists, (3) trolley bucket conveyors, (4) screw conveyors, 
(5) apron conveyors, (6) flight conveyors, (7) drag conveyors, 
(8) chain and bucket conveyors, and (9) power hoes. 

Belt Conveyor. The belt conveyor is especially well suited to 
the conveying of large quantities of bulk materials, such as coal, 
sand, ores, clay, coke, chemicals, pulpwood chips, etc., at a low 
cost per ton, due to its small power consumption and to the large 
capacity that results from its continuous delivery of material at 
a relatively high belt speed. 

The principal elements are the rubber-covered conveying belt, 
the troughed multi-roll idlers over which the belt moves in the 
carrying run, the straight rolls over which the belt returns in the 
bottom run, the end pulleys, and the driving machinery. 

When the material is not to be discharged over the end or when 
it is to be delivered into bins or bunkers at various points along 
the conveyor’s travel, a traveling tripper is used. This tripper 
supports the belt and raises it sufficiently for the material to be 
discharged through the tripper’s one-way or two-way chute to 
the storage or to floor below. 

Belt conveyors are installed horizontally or at inclinations up to 
18 or 20 deg. therefrom, or both horizontally and inclined, but it 
should be borne in mind that steep inclines are to be avoided, as 
the material will start to roll back and the belt-carrying capacity 
is reduced. Therefore, when the material must be elevated to 
a considerable height, the belt conveyor may be out of the ques- 
tion due to insufficient space or length being available within 
which to make the grade, and because of the first cost resulting 
from the additional length and height of framework needed. 
Trippers are used only on horizontal sections. 

The conveying belt may be from 12 in. up to 60 in. wide, may 
operate at 300 ft. to 600 ft. per min. (or faster when handling 
grain), and have its carrying-run supporting idlers spaced 3 ft. 
to 5 ft. apart, depending upon the capacity required, the size of 
lumps, and the weight of the material per cubic foot. The re- 
turn idlers may be 9 to 10 ft. apart. 
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The use of the belt conveyor has advanced very rapidly during 
the past five years due to the perfection of anti-friction idler rolls, 
thus prolonging the life of both the rolls and the belt and further 
reducing the amount of power required per ton of material 
handled. 

Today’s idler is equipped with tapered roller bearings and with 
grease reservoirs that need to be recharged at but very infrequent 
intervals by a grease gun. Attention to maintenance is reduced 
toaminimum. Accurately made, well-balanced, well-lubricated, 
free-turning rolls result in long life of the whole equipment. 


Fic. 1 Anti-Friction Bett CoNVEYOR HANDLING SAND OR GRAVEL 


Grease seals are important, to keep the grease in the reservoir and 
the dirt and grit out and away from moving parts. 

Skip Hoists. In its simplest form, the skip hoist consists of 
a rectangular bucket running on vertical or inclined tracks, a 
hoisting cable, and a hoisting machine. It has few moving parts, 
is easy to operate, and is very dependable. 

The skip hoist plays an important part in the handling of ma- 
terials, and has been used extensively in mining operations for 
generations. It has always been the standard means for feeding 
blast furnaces, a service for which it is peculiarly adapted, not 
only because it delivers accurately measured charges at definite 
intervals of time, but by reason of its reliability. 

The skip hoist is well adapted in general for high lifts and to 
such uses as these: 


(1) Storage of coal in high bins 

(2) Elevation of ashes in boiler plants where large clinkers 
are produced 

(3) Handling any large or coarsely broken material, as 
well as fines 

(4) Lifting abrasive or corrosive materials, since only the 
loader and bucket are in contact with the material 
handled. 


The skip hoist may be classified in three ways: (1) Single 
bucket with no traveling counterweight to offset the dead weight 


of bucket; (2) single bucket, counterweighted; and (3) two 
buckets, one balancing the other and ascending while the other 
is descending. 

The electrical control is either entirely automafic, semi-auto- 
matic, or non-automatic, depending on the requirements. 

The loading of the bucket or skip may be accomplished by 
hand shoveling or by dumping material into a hopper fitted with 
a hand-operated discharge-regulating gate or through an entirely 
automatic loader attached to the bottom of a storage hopper. 

The automatic loader may be of (1) the damming type, the 
bucket continuing to be hoisted and lowered whether or not there 
is material in the hopper; (2) the full-bucket-control type, caus- 
ing the bucket to be hoisted when filled, and to remain inoperative 
when empty or only partially filled; (3) the weight-of-load-in- 
bucket type, permitting a certain predetermined weight of ma- 
terial to flow into the bucket; or (4) the measuring type, loading 
the bucket with a fixed volume. In all cases the ascent of the 
skip closes the discharge gate of the automatic loader, the loader’s 
counterweights holding it in the closed position until contact of 
the bucket in its descent has again moved the loader into the 
automatically discharging position. 
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The machine's electrical control prevents overtravel of the 
bucket and is arranged to shut off the power when excessive slack 


has accumulated in the hoisting cable. The bucket may have 4 
holding capacity of 20 cu. ft. up to 150 cu. ft. or more. The 
normal cable speed may run from 40 ft. to 450 ft. per min. or 
more, in the handling of such materials as coal, coke, ashes, |ime- 
stone, gravel, etc. 

Trolley Bucket Conveyor. The trolley bucket conveyor is a form 
of skip hoist, and since it has thus far been used primarily in retail 
coal yards, it is further discussed under the section, “Retail Coal 
Yards.” 
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Screw Conveyor. The screw conveyor is used to excellent ad- 
vantage in the conveying of such small-sized material as grain, 
cement, cottonseed, and its by-products, pulverized coal, sand, 
salt, starch, rice, sawdust, sugar, etc. 

Serew conveyors are low in first cost, being exceedingly simple 
in construction and requiring very little head room. The con- 
veyor consists of a spiral mounted on a central shaft or pipe and 
serves to “screw’’ or push the material ahead in the all-steel or 
wooden steel-lined trough in which the spiral is rotated by suit- 
able driving machinery, and from the top of which trough the 
ends of the 8-, 10-, or 12-ft. sections of standard conveyor are sup- 
ported at intermediate points by means of hanger bearings. 

The diameter of the conveyor or spiral may be as small as 3 
in. and as large as 24 in. in diameter. The material is dis- 
charged either over the end of the conveyor trough or through 
gates fitted in the trough’s bottom where desired. Sometimes 
there are simply discharge holes, with no gates, with the result 
that the coal, for example, discharges through the first opening 
until the height of pile reaches and closes up the hole. Then the 
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discharge will be through the next hole in the trough, and so 
on until the storage is full. 

Serew conveyors are used for moving materials horizontally 
or at slight inclines not exceeding about 10 deg. Asa rule their 
use is confined to the lighter classes of service; and when em- 
ployed for conveying ashes or other abrasive materials tending 
to cause rapid wear, the screw and the trough ought te be con- 
structed of cast iron, manganese steel, or heat-treated steel. 
The serew conveyor is used quite often at sand- and gravel- 
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washing plants as a dewatering device. The screw has a scrub- 
bing action on the sand and keeps the loam and other foreign 
matter in suspension, to be carried away in the overflow. Thusa 
clean and dry sand is secured for use where the specifications and 
inspection are rigid. 

The screw conveyor can often be placed in close quarters where 
other forms of conveyors could not work. 

Apron Conveyors. Apron conveyors for handling bulk ma- 
terials, such as coal, sand, crushed stone, etc., are usually con- 
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structed with two strands of roller chain traveling on suitable 
tracks in both the top and bottom runs—overlapping steel pans 
tying the two chains together and serving as the apron on which 
the materials are conveyed. Stationary retaining sides or skirt 
boards are used to permit a greater depth of material to be car- 
ried. 

Apron conveyors make excellent feeders from coal-track dump 
hoppers to other conveying media or to a crusher if it is a case of 
receiving run-of-mine coal and reducing the large lumps in size 
before the coal is delivered to the main boiler-house conveyor. 

Apron conveyors may be installed either horizontally or at 
inclines up to 26 deg. Owing to their substantial steel con- 
struction, the pans will withstand the shock of dumping heavy 
masses of material on them. As the conveyor operates at a slow 
speed, usually from 20 to 100 ft. per min., the maintenance cost 
is low. 

In the metal-mining field especially, a very rugged and different 
form of apron feeder has, of necessity, come into use, as lumps 
up to 6 ft. in dimension and weighing a ton are sometimes 
dropped to the pans from a relatively considerable height. To 
meet such conditions, the pans, the chains, the supporting rollers, 
and the sprocket wheels, all are made of manganese steel and of 
a very rugged design. This heavy-duty ore feeder is further dis- 
cussed under the section, “‘Ores,”’ in the subdivisions, ‘‘Iron Ore” 
and “Copper Ore.” 

Flight Conveyors. The flight or pusher type of conveyor was 
developed as a means for distributing coal and other non-abrasive 
materials horizontally or elevating at angles from 0 deg. to ap- 
proximately 45 deg. The material is received in a trough, 
pushed along by flights attached to the chain at intervals, and 
usually discharged through openings in the bottom of the trough, 
being provided with gates to be opened or closed as the conditions 
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require. In the early days the flight conveyor was made only 
with a single strand of chain, the flights being fastened to it cen- 
trally, and usually made of malleable iron with a thickened scrap- 
ing edge, as well as with wearing pads for sliding the flights on 
steel tracks on the return run. In the flight conveyor, the bottom 
run does the conveying. 

The need for greater capacity was met by providing two 
strands of chain attached to the ends of the flights. A further 
improvement is the use of rollers suspending the chains and flights, 
instead of permitting the latter to drag on the bottom of the 
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trough; also the use of double strands of chain with rollers at 
the articulation points, to carry the chains and flights. 

The flight conveyor is a useful type that has been much used in 
retail coal pockets over the bins; and at the smaller power plants 
for receiving coal from track dump hopper and stocking it out 
alongside, and for distributing coal throughout the length of 
overhead bunkers. 

It is used a great deal where the conveying must be done at 
greater inclinations than 20 deg., the maximum inclination at 
which a belt conveyor ordinarily can be used. The height of a 
belt tripper might also preclude the use of a belt conveyor and 
make the flight conveyor the best suited where the available 
height is limited and where it is desired to discharge the material 
at various points. 

The flight conveyor is not expensive in first cost, but should 
be avoided for handling abrasive materials, such as ashes and 
sand, as the sliding or scraping action rapidly wears the trough 
lining. The conveyor operates at speeds up to 150 ft. per min., 
and is suitable for either lumpy or small materials. 

Drag Conveyors. Drag chain conveyors are nothing more than 
one or more strands of chain of suitable type, sliding along in a 
trough and carrying the material along. Such conveyors are 
used a great deal for conveying sawdust. 

The cast-steel drag chain often used in conveying hot or cold 
cement clinker, a very abrasive product, has broad wearing sur- 
faces on upper and lower sides. When worn on one side, the 
chain’s useful life can be renewed by turning it over in the trough 
and using the other side. The head of each link acts as a pusher 
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Drag-chain conveyors should be operated slowly to keep the 
wear to a minimum. 

Chain and Bucket Conveyors. Under this caption will be con- 
sidered the centrifugal-discharge, perfect-discharge, continuous 
bucket, gravity-discharge, and pivoted bucket carrier types. 

Centrifugal-Discharge Bucket Elevator. This usually consists 
of malleable-iron buckets spaced at intervals on a strand of chain, 
and operates at a speed of 200 to 300 ft. per min. The material 
(coal, ashes, etc.) is delivered into a boot, from which it is scooped 
up by the buckets, elevated, and discharged or thrown by cen- 
trifugal force, while passing over the head sprocket, into a chute 
usually leading to a bin or a distributing conveyor. Although 
one of the earliest types, it is still an ideal bucket elevator for 
nominal capacity, for handling material that does not have very 
large lumps, and where the operation is intermittent. 

Perfect-Discharge Bucket Elevator. This uses two strands of 
chain and has its buckets attached thereto at intervals. This 
type operates more slowly than the centrifugal type and has a 
pair of idler sprockets on the return side just below the head 
wheels, to deflect the chains and completely invert the buckets, 
thereby effecting a perfect discharge. Because of its slower 
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pick-up and discharge, the perfect-discharge elevator results in 
less breakage of friable lumps in the material elevated. When 
used on an incline, the deflector sprockets may be omitted. 

Continuous Bucket Elevator. This is made up with steel buck- 
ets fastened continuously and very close together, on one or two 
strands of chain or on a rubber or canvas belt. 

The flanged front of each bucket forms a chute for the discharge 
from the succeeding bucket, thus effecting a clean discharge 4+ 
slow speed. This slow speed, with the use of a feeding leg, per- 
mits feeding the material directly into the buckets, thus avoid- 
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ing the wear and strain ot digging through an accumulation of 
crushed stone, ore, coal, or other material of a bulky or gritty 
character, in an elevator boot, besides reducing breakage of the 
material elevated and prolonging the elevator’s life. 

The bucket speed is usually about 100 ft. per min. and up to 
200 ft. per min. The continuous bucket elevator is more ex- 
pensive, but has greater capacity at slower speed than either the 
centrifugal or the perfect discharge types. It is more expensive 
because more buckets are required, and the chain and driving 
machinery must be heavier to carry the greater load and to handle 
the same quantity in a given time. 

The continuous bucket elevator was developed to fill the need 
for a better elevating unit than the centrifugal-discharge type, 
and is popularly used in stone quarries for elevating crushed 
stone into bins. 

As the discharge is by gravity and not by centrifugal force, 
the efficiency or effectiveness of discharge is not particularly de- 
pendent upon the speed of the elevator and the speed of dis- 
charge. 

Gravity-Discharge Bucket Elevator, As the conveying and 
elevating art progressed to the point where the foregoing types 
of bucket elevators had been developed for elevating and the 
flight conveyor for distributing materials horizontally or at in- 
clinations up to 45 deg., engineers appreciated the desirability 
of a single unit for accomplishing both the elevating and dis- 
tributing operations. The gravity-discharge elevator was de- 
signed and built to accomplish this purpose and has come into 
wide use. 

It consists of steel buckets, approximately V-shaped in cross- 
section, attached at intervals between two strands of chain. Coal 


or other material is received in a boot, from which it is scooped 
up by the buckets in passing around the foot wheels, and is 
elevated to the desired height, where the buckets turn around 
wheels from a vertical to a horizontal position. 


The buckets 
then push the coal along a steel trough and discharge it through 
gates or openings to an overhead bunker, storage, or other con- 
veyor, as conditions require. 

Frequently, coal is discharged or withdrawn from bunkers or 
storage into the lower horizontal run of the conveyor, pushed 
along and picked up by the buckets as their travel changes from 
horizontal to the vertical direction; then elevated, diverted, and 
then shoved along the upper horizontal run for distribution to 
desired points. 

An advantage of this type of equipment is that the material 
ean be carried at any inclination, varying from horizontal to 
vertical, as the buckets will carry and convey the material at 
angles too steep for flight or belt conveyors. 

The buckets may be spaced from 18 to 48 in. apart and vary 
in size from 12 in. by 12 in. to 48 in. long by 24 in. wide, a normal 
conveyor speed being 100 ft. per min. Malleable chains are used 
for the smaller sizes of buckets and heavy steel chains for large 
capacity installations. 

This type is not adapted for handling ashes or abrasive ma- 
terials, which cause rapid wear of the steel trough linings, but is 
admirably suited for the handling of hard coal as the pick-up in 
the boot is slow, and in discharging, the material is allowed to 
slide gently down a chute, instead of being thrown or dropped. 
This lessens breakage of the material handled. The machine 
is flexible in its applications, with special reference to the paths 
of travel that can be arranged, and it is very reliable in operation. 

It is used in retail coal pockets, locomotive coaling stations, 
power houses, etc. 

Pwwoted Bucket Carrier. This is so called because each bucket 
is pivotally suspended between two strands of chain, and main- 
tained in the carrying position by gravity, thus permitting a 
single carrier to transport material horizontally, vertically, and 


MH-53-8 81 


again horizontally, or in any desired path within a vertical plane 
of travel. 

The advantages of the pivoted bucket carrier may be named 
briefly, as follows: 

(1) The material is carried and the bucket line is supported 
by rollers of large diameter. Destructive friction and the power 
required for operation are reduced to a minimum. 

(2) Using one machine to both elevate and convey avoids 
transfers which are often troublesome, take up valuable space, 
and necessitate deep pits. In addition, only one driving unit 
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(3) The material handled is automatically discharged on the 
horizontal runs at any desired point, by a mechanical dumper, and 
it is only at the dumper that the position of the bucket changes 
from its original upright position during the entire cycle of opera- 
tion. 

(4) The buckets are overlapping in the horizontal runs, and 
either right themselves or are righted by a separate device, after 
having been turned by the mechanical dumper and discharged 
of their contents. The manner of righting the buckets depends 
upon the make of the carrier. 

(5) Slow speed, quiet operation, with practically no vibra- 
tion. This results in long life of the conveyor. 

Long pitch chains having links made of malleable iron for 
ordinary installations and of forged steel for very high lifts are 
used. The chain pitch may be either 18, 24, 30, or 36 in. The 
buckets have the same pitch as the chain and are from 15 to 36 
in. wide, depending upon the capacity required. The chain 
joint is usually constructed with case-hardened steel pins and 
bushings and large-diameter enclosed-ciling rollers with chilled 
or flint-rim treads. The conveyor speed may be 40 ft. per min. 
and up to 80 ft. per min. 

Portable Loaders. Conveyors may be further classified accord- 
ing to whether they are portable or stationary. 

The portable loader is very popular for the loading of trucks 
with bulk materials, such as coal, sand, coke, borings, etc., and 
is made with either a belt, chain and flight, or chain and bucket 
elevating medium. Each type has its uses. The belt and flight 
types are also employed for unloading hopper bottom cars of 
coal, sand, etc., piling the material alongside the track or deliver- 
ing it to trucks. 

The majority of these portable loaders are hand moved on their 
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four wheels, while for the larger capacities the moving mechanism 
is a power-operated crawler of regular crane or tank type. This 
larger-capacity loader has a platform on one side, on which the 
operator stands, and from this position he controls the various 
functions of the machine by the convenient manipulation of 
hand levers. 

The hand-propelled machines are pushed close to pile, and re- 
quire that the material either be shoveled on the foot end or if 
the machine has been pushed hard enough into the material, it 
may merely be necessary to assist the flow of the material with 
the aid of a shovel. In this latter case no actual shoveling is re- 
quired. The crawler loader has a self-feeder, and crawls under 
power as it digs and as it loads. 

Power Hoe. The power hoe, or drag scraper, is a simple con- 
veyor which has proved its ability to save time and money in the 
handling and reclaiming of various bulk materials into and out 
of storage piles. 
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The hoe or scoop is operated to and fro by means of 2 double- 
drum-friction or geared engine, a wire rope, and properly designed 
sheaves supported on posts or other form of anchorage. With it 
one man can store or reclaim most bulk materials at any normal 
capacity per hour. Used in conjunction with an elevator or 
loader to trucks or cars, large areas of storage can be reclaimed, 
and at a very small cost per ton. The system lends itself espe- 
cially well to irregularly shaped property. 

A man in an operator’s house operates the engine by hand lever, 
thus working the full or empty scoop back and forth. 


Rotary Rartroap-Car DuMPER 


Unloading a flat bottom car of coal or other bulk material by 
hand shoveling is slow and expensive work at any time, and much 
more so in winter, when laborious use of a pick is often necessary 
in breaking up frozen masses 

Unloading hopper-bottom cars through their doors to track 
hopper is less expensive than unloading flat-bottom cars, but 
when the car gates are not working properly, as often happens, 
or when the car is in bad order, and gates have been nailed up to 
prevent leaking, there is considerable delay, expense, and loss in 
the normal unloading capacity rate. 

A crane with grab bucket may reduce unloading expense and 
delays, but will require cleaning up by hand, at the corners and 
sides, and where crossrods are used in hopper cars, they cause 
much inconvenience and delay. Of course the crane has its ap- 
plication, but under conditions where the capacities are great 
enough to justify a car dumper, it is obviously more economical 
to employ a dumper. 

Various types of car dumpers have been used successfully for 
many years on the principal loading docks, both on the Great 


Lakes and the Atlantic Seaboard, where the rapid loading of 
vessels is of paramount importance. For the most part these 
installations have been costly. One reason for this is that in 
most cases vertical lifting was required. The handling of a large 
volume of material continuously was necessary, in order to ef- 
fect economies. 

With the development of the rotary dumper the economies of 
the lifting type of dumper have been brought within the reach ot 
those whose unloading requirements are fairly low. 

It turns the car of coal, ore, or stone practically upside down, 
and the discharge is orderly and immediate, winter or summer, 
for all types of open-top cars from the smallest to the largest. 

The number of cars this dumper can handle per hour or per 
day depends principally on the switching and track facilities for 
supplying loaded cars and removing empties. The full cycle of 
dumping and return to normal position is accomplished in 1'/, 
min. The whole operation is so simple, automatic, and fool- 
proof that unskilled labor can perform it readily; it is completely 
under control and observation at all times, and can be stopped 
instantly at any point of the cycle. 

An interesting marine coal-loading plant is that operated by 
the Louisville & Nashville Railroad at Pensacola, Fla. While 
designed primarily to handle cargoes of coal, doing so at a high 
rate of speed from railroad cars direct to ship without provision 
for intermediate storage, this dumper and ship-loading elevator 
have also handled cargoes of other bulk material, such as gravel, 
stone, and bulk pitch. 

The large or super power houses must unload their coal quickly 
and cheaply. There dare be no delay due to shortage or to freez- 
ing of coal in cars. An interesting example is the rotary dumper 
in use at the Cahokia Station, St. Louis. Placed in service on 
Nov. 22, 1923, it was taken out of use for its first major repair 
on July 23, 1928, after having dumped 1,822,360 tons, or approxi- 
mately 36,450 cars of coal of 50 tons each. 

In order to get the 1700 tons of coal per day into the plant for 
a period of eight days, it was necessary to use the special emer- 
gency hoppers for unloading drop-bottom cars. A crew of eight 
men and the car dumper can handle the 1700 tons per day in one 
8-hour shift; but with the dumper out of service for eight days, 
it required two extra shifts of ten men each, in addition to the 
regular crew of eight men, working three 8-hour shifts per day 
to do the same work. Thus we get a good idea of the efficiency 
and the money- and time-saving characteristics of equipment 
of this type. 

Suips 


A number of self-unloading ships are in use on the Great Lakes 
for transporting and discharging large quantities of raw materiuls 
in bulk, such as sand, gravel, cement, limestone, and coal. 

The economy of this handling unit lies not only in the efficiency 
and dependability of its conveying and discharging equipment, 
but also in the fact that these vessels usually carry a full cargo 
going and returning, and their use makes it unnecessary for the 
receiver of the cargo to invest in expensive dock unloading equ'p- 
ment, such as a grab-bucket unloading tower or bridge tramway, 
since the vessel itself contains the necessary unloading mac}iin- 
ery. The cargo may be limestone from the Northwest to the 
steel-mill district, and coal on the return trip. 

The records on one of these vessels show that in the year |‘)30 
its average unloading rate was 1374 tons of stone per hour and 
964 tons of coal, this including all the delays and being figured 
practically from the time the vessel tied up at the dock untii it 
cast off. 

Each side of the ship is equipped with a steel pan conveyor 
under the cargo holds, with hand-operated slide gates at suitable 
intervals. The desired gates are opened wide, and beyond seeing 


: ) 
| 
7 
roprce 
(G; 


MATERIALS HANDLING 


that the cargo is flowing to the conveyors, the handling system 
requires no further attention once it has been started. The 
two pan conveyors operate slowly, and up an incline at one end, 
sufficiently steep to discharge the material sidewise to a centrally 
located continuous bucket elevator, which in turn delivers to a 
belt conveyor mounted on the vessel’s hinged, power-swung un- 
loading boom. This boom conveyor delivers the material direct 
to the customer’s dock or yard, the boom usually being swung 
out over the side of the boat in time to start unloading the ship's 
cargo the moment the vessel gets to the shore. A maximum of 
only about 200 hp. is required for driving all conveyors. 

The discharge rate of another of these vessels is said to be in 
excess of 2000 tons of stone per hour. Belt conveyors and power- 
operated regulating gates are used under the cargo holds. To 
keep the belts fully loaded and attain the large handling capacity 
mentioned, it is necessary to handle the gates constantly. 

The apron conveyor moves slowly, carries a deep load, and 
serves as its own feeder. The belt conveyor operates fast, carries 
a thin stream, and requires regulation of the feed of material 
to it. 

Quite a number of old boats have been converted into self- 
unloaders by building two or more tunnels into the bottom of the 
regular hold, and operating a drag scraper or power hoe back and 
forth in each tunnel. The scraper may deliver through a hopper, 
to an inclined belt conveyor delivering to the belt conveyor on 
the boom. 

Self-unloading ships can serve economically the docks which, 
through lack of adequate and fast enough unloading facilities, 
have been unable to attract the large ships with low freight rates. 

The self-unloading ship keeps its rates down by carrying cargoes 
going and returning, and by its ability to receive and discharge 
cargoes at intermediate points or points beyond the regular course 
that a vessel, not self-unloaded, would be obliged to follow in order 
to take advantage of the use of dock unloaders. 


TERMINAL HANDLING OF GRAIN 


Today's modetn terminal grain elevator, with holding capaci- 
ties up to 11,600,000 bushels of grain, is equipped with machin- 
ery of large capacity to insure rapid handling. . There are elevator 
legs handling as much as 25,000 bushels an hour and scale hoppers 
weighing 2500 bushels of grain’at a time. 

At the smaller grain elevators, box cars are unloaded by power 
shovels into a receiving hopper feeding the elevator. 

The large elevators employ the automatic tilting type of grain- 
car unloader, which is capable of unloading any size car of wheat, 
oats, or corn in 6 or 7 minutes. 

This machine, besides doing the unloading much faster and at 
a greatly reduced labor and operating cost, effects a further saving 
by automatically removing the grain doors without destroying 
them, so that they can be used over and over again, thus avoiding 
the usual delay for this operation and the expense of repairing 
damaged doors. 

As one unloader will do the work of seven hand pits, there is a 
Substantial saving, due to the use of the former requiring less 
property, a less expensive trackage layout, a smaller track shed, 
and a simpler and less costly work house. 

The loaded grain car is spotted on the platform of the un- 
loader, with the outer door of the car open on the dumping side. 
As the disappearing end clamps are brought into position in 
contact with the car couplers, the car is automatically centered, 
and two platform locks are disengaged to permit tipping the car 
sidewise, 

The door opener automatically removes the grain door as the 
car is tipped sidewise 15 deg. The platform is then tipped end- 
wise to a maximum angle of 40 deg. in both directions, and the 
car load is discharged into a suitable receiving hopper. 
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After the car has been emptied, the unloader is returned to its 
normal position, the empty car is removed, and another car is 
brought on for unloading. 

From the track receiving hopper the grain is fed either direct 
or over a short belt to the boot of the elevator leg, which consists 
of a centrifugal-discharge belt-and-bucket elevator traveling at 
a high speed—from 400 to 800 ft. per min., depending upon the 
type of buckets and the size of pulleys used. 

The elevator leg discharges into a garner, or large concrete 
storage hopper, equipped with a number of gates for rapid dis- 
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charge into the scale hopper. A car can be unloaded and its 
contents passed to the scale. Then while it is being weighed and 
discharged, another carload can be unloaded and elevated to the 
garner. 

If the grain is to be cleaned, it is spouted to the headhouse bin 
and from there to the cleaner, or direct to cleaner from the scale 
hopper. After cleaning, it is elevated, weighed, and passed to 
storage. Grain is delivered to storage by means of a gallery belt 
conveyor, with a traveling tripper, which runs the length of the 
tanks. 

Grain-handling belt conveyors operate with the belt flat or 
very nearly so; i.e., there is very little troughing of the belt. A 
flat belt has a good contact with the horizontal idler pulleys and 
will run straight, empty, or loaded, or even loaded to one side of 
the center. Grain carefully fed to a flat belt will not tend to 
shift toward the edges and spill, but to prevent scattering at the 
loading points and to increase the carrying capacity moderately, 
it is customary to use inclined concentrator pulleys at the load- 
ing points only, or at 10- or 12-ft. intervals along the length of 
the conveyor.? 

In modern practice, wheat and corn are carried at speeds up 
to 800 ft. per min. on belts 36 in. and wider, but on belts less than 
20 in. wide the speed should be less than 500 ft. per min.* The 
main reason for this is that in chutes suited to wide belts the flow 
of grain is rapid and regular, and the belt can be loaded full, but 
in narrow chutes the flow is not so fast and even, and the narrow 
beit running faster than 500 ft. per min. will not take a full load 
nor will the loading be uniform along the run of the belt. Oats, 
bran, and flour have to be conveyed more slowly to keep from 
being blown off the belt by air resistance. 

The capacities of grain belts with concentrator pulleys at inter- 
vals are given by three manufacturers, in bushels per hour, at 100 


? Hetzel’s book, “Belt Conveyors and Belt Elevators,’’ p. 9. 
3 Ibid., p. 155. 
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ft. per min., as 1.75 W*, 2.2 W?, and 2.5 W?, in which W is the 
belt width in inches. 

Grain is drawn out on a lower belt conveyor, elevated, weighed, 
and then spouted to cars. Generally, the large houses load in 
on one side and reload on the other for shipment. The car- 
loading capacity of most elevators today is approximately 25,000 
bu. per hour per spout. Two spouts are generally used. 

Often grain is received with a high moisture content. To 
keep this grain from getting hot or burned, it must be turned 
over, so the grain is drawn from bin, handled on the lower con- 
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veyor, elevated, and discharged back to the gallery conveyor for 
delivery to storage. Frequently an extra leg, known as the 
“turning leg,”’ is installed to handle this work, so that the process 
of loading and unloading will not be disturbed. 

When grain is unloaded from boats to elevators, the “marine 
leg” is employed. This is mounted adjustably so that the foot 
of the elevator can always reach the grain to be unloaded. 

The screw conveyor also is well adapted to the handling of 
grain, and finds many ideal uses in grain elevators of all sizes. 

The 1,000,000-bu. capacity wooden-construction grain elevator 
of 25 years ago, with its maximum cuntinuous unloading capacity 
of approximately two cars per hour per unloading pit, with three 
men and one bucket elevator per pit, required a ground area of 
approximately 20,000 sq. ft., as compared with only about 15,000 
sq. ft. needed for today’s fireproof concrete-construction elevator 
of similar holding capacity, unloading eight cars per hour per un- 
loader, with two men to operate the unloader, a third man to 
attend to moving of the cars, and the use of only one bucket ele- 
vator. 

The old house of 1,000,000-bu. capacity usually had at least 
three tracks, with three but sometimes four pits per track. This 
compares with two tracks (one for unloading and one for shipping) 
required for a modern elevator of similar capacity, equipped with 
an automatic unloader and one unloading pit. 


HANDLING SuGarR BEETS AND SuGAR CANE 


The chief sources of sugar are sugar cane and the sugar beet. 
The sugar beet is a native of various sections of the United States. 
Cane is grown most extensively in the West Indies, Hawaiian 
Islands, Philippines, State of Louisiana, and now to a limited 
extent in Florida. First, let us consider the beet. 

Sugar beets are dug out of the ground before cold weather sets 
in, the tops are chopped off with a heavy knife, and the beets are 
thrown in rows paralleling the furrows. They are then forked 
into wagons or trucks and are transported to a conveniently 
located beet dump. The beet-slicing season generally lasts 90 
to 120 days, and on account of insufficient storage space at the 
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factory, farmers have to unload a good portion of the crop along- 
side or near the dump. 

A caterpillar-mounted portable beet piler and reloader has 
been developed, consisting of a hoist for dumping trucks or 
wagons, a hopper for receiving the beets, a very unusual type of 
conveyor, a rotating-disk grizzly screen, a stacking belt conveyor 
for delivering the beets to the pile, and a dirt conveyor for loading 
the dirt back to the farmer’s truck. The use of this machine 
has resulted in the forming of larger storage piles at the dumps 
than ever before. The reloading into cars is done by means of 
a grab bucket which operates over the boom that supports the 
stacking belt conveyor, this conveyor being removed when it is 
desired to recover the piles. 

The advantages claimed for this machine are that there are no 
elevated structures to drive upon (in other words, a ground-level 
dump), large capacity, no bruising of beets, good screening and 
dirt return, higher piling, compactness, portability without loss 
of time, and minimum number of operators. 

One of the latest factories receives the beets through a flume 
direct from railroad dump hopper. Beets grown nearby and 
received in trucks are stored in piles by a portable stacking unit 
as already described, but regardless of whether factory yards store 
the beets by this method, by a track dump hopper and belt con- 
veyor system, or from parallel elevated railroad trestles, they are 
stored over concrete flumes covered with boards which are re- 
moved when a supply of beets is to be washed into the factory for 
use. 
The beets have to pass through a trash catcher, consisting of 
two strands of chain with sawtooth bars hanging down into the 
flume. From there they go over a stone catcher into a beet wheel, 
consisting of a large-diameter vertical plate with buckets on its 
outer edge dipping into the flume, to pick up the beets and dump 
them into a screw paddle washer, called a “beet washer.” Now 
the beets pass over a roller-type screen into the beet elevator, 
the newest type of which employs two strands of drop-forged 
rivetless chain with gravity-discharge buckets fastened thereto at 
intervals by swiveling attachments. 

The elevator discharges to a double-strand-chain wood-slat 
picking-table conveyor. Here any rotten beets, leaves, or refuse 
remaining are picked off by hand. From the end of the picking 
table the beets drop through a weighing device and to the knives 
which slice them into cossettes, or maybe they are sliced first and 
then weighed. 

The sliced beets are carried either by flat belt conveyors or 
fingered-type flight-conveyors to the diffusion tanks, where the 
sugar is dissolved under pressure. 

The beet pulp, at a number of factories, is pumped to a big 
outside pond and fed to livestock. Other factories now make it 
into a pressed pulp. This pressed pulp is handled by screw con- 
veyors and centrifugal-discharge bucket elevators. 

The wet sugar from the centrifugals drops into a ribbon con- 
veyor which delivers to a centrifugal-discharge belt and bucket 
elevator. The sugar then passes to a granulator or rotary-kiln 
type of drier with lifting vanes to a dry-sugar bucket elevator, 
to a screen for taking out lumps, to bins, and to the automatic 
weighing and sacking machines. Portable bag pilers and con- 
veyors are used for piling the filled bags in the warehouse. 

As much sugar has hardened in the bags, necessitating reproc- 
essing, the newer factory handles the finished sugar from the 
screens by screw conveyors either to the sacking bins or to the 
boot of an elevator which delivers the sugar into a distributing 
screw conveyor system over immense concrete silos in which the 
loose sugar is stored, and from which it is withdrawn by screw 
conveyors underneath the silos to an elevator delivering to the 
sacking bins. 

Let us now see how sugar cane is handled in Cuba, for instance 
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MATERIALS HANDLING 


The cane is chopped down by hand and stripped of leaves with 
a long, broad knife, and then loaded into ox carts, many of which 
are now equipped with caterpillar treads, or tractors. The cane 
is hauled to the mill if nearby or to a conveniently located 
bridge-mounted cane hoist and transfer which lifts the entire 
load after slings have been passed around it, trolleys it over the 
railroad track alongside, and dumps the cane into side-dump cane 
cars, usually of about 30 tons capacity, for transportation in 
train to the mill. 

At the mill a side-tilting hydraulically operated dumper 
serves to discharge the cars to a large hopper over the foot end of 
a slow-moving feeder carrier of the apron type, which has to 
carry a tremendous load of criss-crossed cane stalks, sometimes 
8 ft. deep. The feeder carrier delivers the cane to the inclined 
cane conductor, which feeds it to the initial crushing rolls. Cane 
kickers or levelers are used in some mills, near the head end of 
the feeder carrier, to help level the cane and provide a more uni- 
form feed to the cane conductor. The leveler shaft has arms 
fastened to it in staggered positions, extends across the width of 
the carrier, and is rotated at a slow speed. Power-operated re- 
volving knives, also used in some mills, are very effective in pre- 
paring the cane for more effective crushing. There is no appreci- 
able loss of juice due to this cutting operation. 

The cane carriers are as wide as the mills, which measure up 
to 7 ft. wide. The sugar juice is squeezed out by passing the 
cane through a series of mills, perhaps consisting of one initial 
two-roll crusher and six three-roll mills in one tandem, totaling 
20 rolls. 

The cane is carried from one mill to another on intermediate 
carriers, which are mostly of the steel-apron type. Sometimes 
a carrier is used consisting of two strands of chain with angle- 
iron cross flights for pushing the cane along a juice-tight trough 
over into the next mill. 

From underneath the mills a combined juice straining and 
trash elevator, of specially constructed chain and flight type, 
scrapes any trash in the juice up an incline and disposes of it 
through a screw conveyor to the blanket of crushed cane on one 
of the intermediate carriers. The juice drains back through 
perforated trough linings and is delivered to the juice tanks by 
pipes or canals. 

The bagasse, or what is left of fhe cane after the juice has been 
crushed out, is carried by double-strand chain and flight con- 
veyor to the boiler room where, through rack-and-pinion type 
slide discharge gates in the conveyor trough and through specially 
designed feeders the bagasse is fed to the furnaces and burned 
as fuel. More recent developments, however, are resulting in 
the use of bagasse as a by-product for the manufacture of cellu- 
lose and fiber board. 

The juice and sugar are handled through processes similar to 
those used in the production of beet sugar, excepting that another 
form of conveyor, called the grasshopper conveyor, named after 
its hopping, reciprocating motion, is frequently used in the cane- 
sugar field, under the centrifugals. It has a steel trough (flexibly 
supported on a series of hickory sticks) along which the operation 
of its drive serves to jiggle the sugar without crushing or grinding 
the crystals. It has large capacity, the trough is self-cleaning, 
and there is no danger of wrecking the conveyor by broken paddles 
falling into the trough from the centrifugals. 

In the warehouse the bags of raw sugar, weighing 325 lb., are 
usually handled by portable conveyors and stacked to a height 
of not over 25 ft. by means of self-propelled portable bag pilers 
of the double-boom type, the discharge height of the upper boom 
being adjustable by power. 

Much of the bagged raw sugar is refined in plants located in 
the United States. Here more mechanical handling equipment 
is used. 
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Meruops or HANDLING CoTTONSEED 


In the South and Southwest the cottonseed-crushing industry 
is one of the largest fields for the use of bulk handling equipment; 
in fact, there are far more cottonseed-oil mills than the North has 
cement, lime, and gypsum plants. 

Bulk cottonseed is received largely in box cars from cotton gins, 
although all mills have facilities for receiving shipments by truck 
and some of the smaller plants receive all seed by truck, or wagon. 

The modern mill may employ a double automatic power shovel 
for unloading the seed from box cars and discharging it on an 
inclined belt to the elevator shaft. The belt may operate at a 
speed of about 450 ft. per min. over anti-friction troughing-type 
idlers in the carrying run. Along the unloading track a collector 
screw receives seed which is “broken out” as the car doors are 
opened, but the bulk of the unloading is done by the shovel at the 
unloading hopper. A screw conveyor collects the seed received 
by truck or wagon and feeds it by one of the track screws to the 
track-unloading hopper. 

The inclined unloading belt discharges iato a large double- 
row bucket elevator in the elevator shaft. This elevator in 
the particular mill in mind has two rows of 12-in. by 6'/2-in. 
seamless steel buckets bolted staggeredly to a canvas elevating 
belt, which is driven by a 40-hp. motor. This motor also drives 
a 20-in. wide canvas, anti-friction troughing-type distributing 
belt conveyor at a speed of about 500 ft. per min., through the 
conveyor’s tail pulley. A light steel-frame self-propelled cotton- 
seed tripper, with three-way discharge spout, distributes the seed 
in the seed storehouse. 

One feature of these plants is that all motors are kept out of 
the storage house proper. For this reason, distributing belts 
are driven from the foot pulley, and provided at the far end with 
long-travel horizontal gravity take-ups, weighted sufficiently 
to accommodate the belt pull and to take up any belt stretch 
due to wear, tear, and moisture. 

The unloading and distributing equipment in the average fair- 
sized mill is designed to handle at least 50 tons of bulk cottonseed 
per hour, weight 20 lb. per cu. ft. It is essential that the unload- 
ing equipment be dependable and of adequate capacity, since 
practically all the seed is delivered to storage by the source of 
supply between the months of September and December. 

The larger unloading elevators have belt speeds of around 400 
to 450 ft. per min., with head pulleys 36 in. to 42 in. in diameter. 


_ The casings in the newer plants are mostly of steel and of single- 


leg construction. The elevating speed is slower than that of 
grain elevators, as cottonseed is lighter, bulkier, and not so free- 
flowing. 

The seed unloaded contains quite a little trash and sand, and 
it is for this reason that belt elevators and belt conveyors are 
preferred, although screw conveyors are used in plants of smaller 
capacity or those with comparatively short distributing conveyors. 

The seed storage houses as a rule have capacities of from 5000 
to 15,000 tons and are built with fire walls dividing the main body 
of storage into two, three, or more compartments. The distribut- 
ing belt conveyor and tripper operate through special firedoors 
which are arranged to accommodate the conveying equipment in 
the monitor. 

For reclaiming seed from storage, an A-shaped structural-steel 
tunnel is usually provided down the center of the house. On the 
floor of this tunnel a drag belt conveyor, of 10-in. or 12-in. wide 
canvas, operates at a speed of around 500 ft. per min. in a 4-in. 
or 5-in. deep steel trough to which the seed is fed through doors 
in the tunnel structure, the belt dragging in the loaded run and 
returning usually over anti-friction flat rollers. The capacities 
in this operation are less, usually not more than 5 to 10 tons per 
hour, in line with the capacity of the mill to lint, separate, and 
crush the geed. 
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The reclaiming drag belt delivers to a second elevator provided 
in the tower for discharging the seed to the proper point in the 
seed-cleaning room or the mill. Here the trash, sand, and bolls 
are removed from the seed by rotary reels, and by a secondary 
screening operation over flat, inclined shaker screens, thus assur- 
ing longer life of the linter saws and the knives in the processing 
equipment through which the seed is later passed. 

Some of the more modern mills preclean the seed, meaning 
that they clean it before storing instead of after entering the 
storehouse—a practice that probably will grow, for it is safer 
to store clean seed in large volume than wet, trashy seed, which 
often may generate heat and catch fire. The mill operator also 
protects himself by cleaning the seed on arrival, since it is possible 
to weigh the seed as it is unloaded and cleaned, after trash and 
sand have been screened out. Some seed is very dirty. 

The cleaned seed passes on to the linter room in screw convey- 
ors. Here the first-cut and second-cut linters remove practically 
all cotton lint from the seed, the lint being handled pneumatically 
to a baling room, while the seed passes through the linters to more 
screw conveyors, and then to elevators to the hulling and separat- 
ing room. 

In special processing machines the seed is now slit open, and by 
a series of shaking trays the hulls are separated from the meat or 
nuts. Here some inclined drag elevators are used. 

Screw conveyors carry the hulls to a separate storage building, 
for use as an ingredient in cattle food. A small feed-mixing 
plant usually adjoins the hulls-storage building. 

The cottonseed meats pass to the roll and press room. The 
rolls grind the meats to a form suitable for cooking and compress- 
ing. From here the meal is elevated and conveyed to the cookers, 
comprising a series of three or four steam-jacketed kettles, and 
serving to bring the meal to the temperature required for prop- 
erly separating the oil from the body of the meal. 

The cooked meal passes from the bottom of the lowest kettle 
to a hydraulic former, which shapes the material into cakes about 
12 in. wide by 1'/, in. deep by 18 in. long, to fit the press 
boxes. When all the compartments of the presses have been 
filled, pressure is exerted, and as the box frames are contracted, 
the oil is extracted—the oil running down the edges of the in- 
clined back side into a large storage tank. Continuous oil ex- 
pellers have come into use, but the box presses still seem to be the 
more popular. 

After the oil is extracted by the press, the residue of the meal 

‘(a hard cake) is broken up in a cake breaker and elevated to a 
distributing screw conveyor over storage bins. This conveyor is 
provided with screen discharge chutes, and a rough separation 
of several sizes of cracked cake is made in the bin compartments. 

This cake also is used as an ingredient in the mixed feeds for 
cattle and as sheep food. For grinding the cake an attrition 
mill is usually provided in the meal room, together with an ele- 
vator and a batching and sacking unit. 

For the mill operations screw conveyors and bucket elevators 
serve very nicely, since the hourly capacity as governed by the 
presses is not large as a rule. 

In the lint and separating rooms vertical screw conveyors have 
recently been applied with considerable success. However, in 
the seed-unloading layout bucket elevators will undoubtedly 
continue to be favored because the capacities are necessarily 


rather large. 


PHOSPHATE AND FERTILIZER 


Phosphate forms a large percentage of the bulk of most pre- 
pared fertilizer and most of it comes from Florida. These pre- 
historic animal remains exist there in vast areas, being of the 
variety known as pebble phosphate. 

It is mined hydraulically, the forriations, consisting of sand, 
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clay, and phosphate, being broken down by powerful water jets. 
The material so broken down is sluiced to a sump, from which 
it is pumped by centrifugal pumps to an inclined sluiceway 3 
or 4 ft. wide and about 40 ft. long, the bottom of which is a plate 
with longitudinal slots about !/2 in. long by */¢ in. wide through- 
out itsarea. Sand, clay, phosphate, and dirty water pass through 
the slots to a second sump. The material carried over goes to 
a revolving scalper screen provided with holes of approximately 
1'/; in. diameter. The grass, lumps of clay, and rock are dis- 
charged at the end of the screen and are rejected. 


Fie. 11 PortasLte Bucket Loaper HaNpLInG Super-PHOsPHATE 
To Motor-Driven BuGcey 


The material which has passed through the screens now goes 
to a log washer, consisting of two cylindrical logs side by side, 
with projections, and revolving upwardly in the center. The 
log washer is inclined similarly to a sand washer and breaks 
up and disintegrates the clay balls which have passed through the 
scalper screen, the dirty overflow water discharging to the second 
sump, previously mentioned. 

The wet material from the log washer is discharged to a vibrat- 
ing screen, where fresh water is added. The water with fine ma- 
terial goes to the second sump, while the material passing over 
the screen goes to a second log washer where the washing process 
is repeated. The material discharged from the second log washer 
goes to a finishing vibrating screen of 20 mesh. The material 
passing over this screen is the commercial phosphate, which is 
now loaded on small cars and generally run over a trestle about 
20 ft. above the ground and dumped to storage below. 

There are generally two tunnels under the trestle, containing 
belt conveyors for reclaiming the stored phosphate and carrying 
it to the drying plant. The material is dried, and later ground 
to a fineness about equal to that of cement. 

Today’s modern plant reclaims enough of the fine phosphate 
from the clay and dirty water that pass to the second sump from 
all washing and screening operations to justify the installation 
of the added equipment—a classifier and another centrifuga! 
pump. 

To make the ground phosphate rock more quickly available s 
a plant food, it is treated with sulphuric acid, forming what is 
known as super-phosphate. This treatment, at the fertilizer plant, 
produces a material which if kneaded or rubbed becomes the con- 
sistency of putty. Therefore conveyors for its handling are used 
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MATERIALS HANDLING 


as little as possible, the material being preferably carried in cars 
or carts in bulk. 

The various ingredients composing the finished fertilizer, with 
the exception of the super-phosphate, are stored in bins. The 
super-phosphate generally is stored in the center of the building 
in a high pile, and this, as well as the other materials used in lesser 
amounts, are all trucked by buggies or wheelbarrows to the mix- 
ing point. Here the proper proportions are weighed out, and the 
batch, consisting of the various materials, is dumped to a bucket 
elevator which discharges to a vibrating screen. The material 
going through the screen discharges through a hopper and gate 
to a batch mixer. The lumps in the mixture which do not go 
through the screen are bypassed back to the elevator and are 
broken down in this way. 

A small-capacity, hand-propelled portable bucket loader, 
specially constructed to meet the conditions, is used very success- 
fully in certain sections of the large fertilizer plants, as well as in 
the smaller dry-mixing plants, for loading super-phosphate and 
other fertilizer materials into buggies which are either hand- 
pushed or motor-propelled. Its use saves from five to seven 
laborers; besides, the loading is done faster. 

Portable bag pilers and conveyors are used for storing and for 
handling the filled bags to cars. 

Power shovels are employed for unloading the raw materials 
from the box cars in which they are received. 


SAND AND GRAVEL 


The handling of sand and gravel from pit to cars usually fol- 
lows a certain general flow sheet, and consists of an excavator 
and some means of getting the material to a washing and sizing 
plant. The material can then be loaded direct into cars or trucks 
from the bin or delivered to storage for future loading. The 
type of excavator and conveying equipment is usually deter- 
mined by the nature of the deposit or by the shape or contour 
of the property. 

For a small plant, handling up to 50 or 60 tons per hour, with 
a fairly deep deposit either above or below water, or both, a slack- 
line cableway excavator is sometimes used. This machine con- 
sists of a track cable which can be raised, lowered, and shifted. 
One end of the track cable is anchored at ground level, and the 
other is attached to a high mast. The mast is usually high 
enough to permit the bucket to dump into a hopper over the 
washing screens. The track cable is slacked, and the bucket, 
carried on a trolley, runs down by gravity to the digging point. 
The drag line is then pulled forward, loading the bucket. When 
the bucket is filled, the track line is raised, and the bucket is 
pulled up along the track cable to the dumping point. This 
machine serves as both excavator and conveyor. 

Where deposits are below water, or both above and below 
water, and capacities are over 100 tons per hour, a pump may be 
used to dig the material. If the distance to the plant and the 
lift to the top of the plant are not too great, the pump may be 
used to force the material through a pipe line to the top of the 
washing plant. It then acts as both excavator and conveyor. 
Where the lift is too great for economical pumping (perhaps over 
30 ft.), the pipe line may be carried on a horizontal line at ground 
level to a sump at the foot of the plant. 

A special digging elevator may then be used to dig the ma- 

terial out of the sump and elevate it to the washing screens. 
_ When the deposit is located quite some distance from the wash- 
ing plant, the sump may be located at a convenient point and a 
comparatively short digging elevator used, provided with per- 
forated buckets. This special bucket elevator would dig the 
material from the sump and drain out the water through the 
perforations in the buckets. This elevator would then discharge 
on a belt conveyor leading to the top of the washing plant. 
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In cases where material is all above water, a gasoline or steam 
shovel is used to dig the material and place it in dump cars. A 
locomotive then hauls the cars to a track hopper near the plant. 
From the hopper the material is discharged by a feeder to a belt 
conveyor or bucket elevator. Usually the first conveyor dis- 
charges the material to a scalping screen which removes the 
oversize stone. 

This large stone is then crushed to proper size and mixed with 
the other material, and is carried by belt conveyor or bucket ele- 
vator to the top of the washing plant. 

Whether a belt conveyor or bucket elevator should be employed 
depends on the lay of the ground and the space available. In 
most cases where sufficient space is available, the belt conveyor 
is preferable for handling sand and gravel. It is simple and 
economical and requires a minimum of attention. 

In some deposits with material both above and below water, a 
boom drag line is used to load the material into cars for transfer 
to the washing and sizing plant. 

In some cases where space is limited, a skip hoist has been in- 
stalled to take material from a track hopper and elevate it to 
the screens. The use of the skip hoist is also desirable when 
gravel contains many boulders above 12 or 14 in. in diameter. 

In handling screened and washed material from plant to stor- 
age, several systems are used, depending on the amount of storage 
required and on the shape and location of the space available. 

For a moderate amount of storage, the product may be drawn 
from the bins into railroad cars and handled along the track to a 
convenient point. Here a crawler or locomotive crane will unload 
the car into stock piles along the track, as well as reclaim the ma- 
terial from piles to cars or trucks. 

Where large storage is needed, a belt conveyor system may be 
used, A conveyor from the bins is carried on a trestle 50 or 60 
ft. high and arranged with a tripper or shuttle conveyor to dis- 
charge at any desired point along the trestle. 

This stock pile may then be recovered and loaded with a crane. 
In other cases a tunnel is located under the conveyor trestle, the 
material being drawn through gates to a belt conveyor in the 
tunnel. This belt conveys and elevates the material to a loading 
point along the railroad track or into truck loading bins. 

There is no single type of handling equipment that is best or 
suitable for every condition. Each installation should be stud- 
ied as an individual problem and a type of conveyor chosen to 
meet the requirements at that particular location. 


Founpry SaAnp HANDLING AND PREPARATION 


It has been computed that foundries have to handle as much as 
150 to 200 tons of material per ton of castings produced. This 
includes pig iron, coke, limestone, scrap, molding sand, core sand, 
flasks, patterns, cores, bottom boards, gaggers, the hot metal, 
sprues, castings to the tumblers, sand to be shaken out and re- 
conditioned, and the returning of the flasks and patterns to follow 
the same cycle over again if it be a foundry producing a repetitive 
product, such as automobile parts, sanitary ware, etc. 

This industry consequently has great need for mechanical- 
handling equipment, and there is no denying that within the past 
10 years it has made big strides in the economical, production- 
expediting application of such devices, especially for the handling, 
preparation, and reconditioning of the sand, and for the handling 
of molds on slow-moving horizontal tray conveyors to permit 
continuous molding and pouring. 

Instantaneous delivery of prepared sand from overhead hop- 
pers located along the molding zone of the mold conveyor, and 
pouring “on the move” along the metal-pouring zone, are doing 
much to speed production methodically and efficiently and to keep 
the handling costs down to a minimum. Give a molder his con- 
ditioned sand ready to drop into a flask, a molding machine, a 
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mechanical metal carrier, and a shake-out grate, and he can pro- 
duce for himself in wages and for his employer in profits much 
more than any molder can by the old shovel and muscle method, 
provided the right type of machinery has been installed and in 
the right way for the purpose. 

It is true that the foundry sand-handling machinery originally 
did not accomplish what was expected of it, but time and added 
experience bring many changes and today the foundryman 
can get a system for handling his sand just as satisfactorily as 
for the handling of other materials. 

Proper sand conditioning is essential to economical foundry 
operation. Today mechanical sand conditioners deliver a uni- 
formity and excellence of sand unheard of in the day of the sprin- 
kling can and shovel. 

Bucket elevators, belt conveyors, flight conveyors, apron con- 
veyors, rotary screens, paddle mixers, sand-revivifying machines, 
vibrating shake-out screens—all have found their place in the 
foundry in the process of handling and preparing molding sand 
and in conditioning it for re-use. 

It should be borne in mind, however, that not all foundries lend 
themselves to the application of conveying equipment or to the 
introduction of such complete handling systems. For example, 
a “jobbing foundry” may profitably employ a simple sand-han- 
dling unit, but have no use for mold conveyors. The matter of 
the producing capacity required or desired, nature of the work, 
whether many or only a few molds are to be made from the same 
pattern at a time, and other conditions all enter into determining 
whether a foundry should install mechanical-handling equipment 
and also how much or how little. 


CrusHED Strong, Lime, Cement, GypsuM 


An enormous tonnage of crushed stone is quarried annually 
for the manufacture of chemicals, cement, lime, gypsum, steel, 
ete., and the building of highways and concrete structures. One 
plant alone, located in Michigan, has a producing capacity of 
10,000,000 tons of crushed limestone per season of seven to eight 
months. 

Normally, about a third of this plant’s output is flux stone. 
Gigantic dipper shovels load the rock into 30- and 40-yd. side- 
dump air-operated steel cars, which a steam locomotive hauls 
to a 60-in. gyratory primary crusher in 15-car trains. 

The crushed rock is conveyed to the top of the screen house on a 
54-in. wide belt conveyor, 700 ft. between centers, which probably 
employs the heaviest and thickest belt ever installed anywhere. 
The belt weighs approximately 30 tons, and is about 1'/, in. thick, 
being of 14 by 16 step-ply construction, using 42-oz. duck, with 
rubbercover. Anti-friction tapered-roller-bearing heavy- 
duty belt idlers are used. The drive is of the dual-motor type 
using 250-hp. motors. This conveyor and the primary crusher 
are installed in duplicate. 

The belt conveyor discharges to a large roll grizzly at the 
top of screen house, the oversize going to roll crushers and the 
“throughs”’ to roll grizzlies below, followed by another set of two 
roll grizzlies below that, spray-jet washing having started on this 
third set of grizzlies. At this point the flow of stone is divided 
to 12 vibrating screens, and continues on down over three 
more sets of 12 vibrating screens, making 48 of these screens on 
the four levels. 

Open-hearth, flux, and commercial sizes of stone are carried off 
on belt conveyors at the several floors, and are conveyed and then 
discharged over belt trippers to their respective storage piles. 
Belt conveyors operating in tunnels underneath these storage 
piles serve to reclaim any size of stone that may be wanted. 
These conveyors deliver to other belt conveyors, and through 
this medium it is possible to load a 10,000-ton capacity vessel 
in about five hours or less. 


This Michigan plant employs about 21 miles of belt conveyors 
of widths ranging from 30 to 54 in. 

A 50-ton-per-hour stone crushing plant for making, say, four 
sizes of stone besides dust, may require nothing more than the 
crusher, a cylindrical rotary screen with dust jacket, and a con- 
tinuous bucket elevator, with its buckets carried either on chain 
or a flat belt, for feeding the crushed stone to the screen. 

On a 100-ton-capacity plant several crushers may be required, 
with an apron feeder delivering the quarry-run stone uniformly 
from a dump-car receiving hopper to the primary crusher, a 
rotary scalping screen between primary and secondary crushers, « 
continuous bucket elevator or two, a rotary finishing screen 
with dust jacket, and a single deck vibrating screen to further 
‘size’ the material passing through the meshes of the dust 
jacket. 

The multiple revolving roll grizzly is being widely used now in- 
stead of the cylinder type of revolving screen. When the ma- 
terial to be elevated is of large size, such as the product of a pri- 
mary jaw crusher, an all-steel pan or apron conveyor may be pre!- 
erable to the use of a bucket elevator. 

Each plant is an individual engineering study in the matter 0! 
determining the proper type and size of crushing, handling, ani 
screening equipment for accomplishing the desired results—de- 
pending to a great extent upon whether quarry cars are loaded 
by hand or by dipper shovel and, if the latter, on the size of stone 
the dipper will conveniently handle. 

At a modern chemical lime-producing plant we find a dipper 
shovel reclaiming the raw limestone from storage pile to indus- 
trial cars hauled by gasoline engine to the feed hopper of a 
fully automatic skip hoist which employs a 60 cu. ft. skip bucket, 
elevates the 2'/, tons of stone 130 ft. to two 400-ton storage tanks 
at a speed of 180 ft. per min., making a complete trip every two 
minutes and delivering 75 to 80 tons an hour. 

From these tanks the stone is fed by belt conveyor over a 
weighing device to a rotary kiln delivering to a cooling kiln, from 
which belt conveyors receive the lime and feed it to a continuous- 
bucket elevator discharging to a vibrating screen which makes 
three separations. The tailings, or pebble lime, and the screen- 
ings are fed to their respective bins through screw con- 
veyors. Steel-encased centrifugal-discharge chain and bucket 
elevators and more screw conveyors form important links in the 
mechanical handling system from here on through the hydrate 
building. 

A portable-belt-type box-car loader loads pebble lime into box 
cars which are “spotted” on the plant siding by an electric cap- 
stan-type car spotter. 

At many of the Eastern lime plants we find the hot lime being 
drawn from a series of vertical kilns on to steel pan conveyors. 
The lime may be delivered to a cooling bin by a car system and 
reclaimed from underneath by a steel-pan conveyor delivering 
over a shaking screen, the “fines” being taken by a belt conveyor 
to the hydrating plant and the lumps delivered over a second pan 
conveyor to a pivotally mounted adjustable-boom conveyor- 
type box-car loader which, with the aid of an attendant, serves 
to fill both ends of car to the desired height. 

The core may be picked from the second pan conveyor by 
hand. 

The arrangement and type of handling equipment employed 
necessarily differ according to the local plant conditions and the 
nature of the lime. 

At the cement mill the mechanical handling processes will vary 
somewhat according to whether cement is being produced by the 
dry or the wet process and whether limestone or marl is being 
used as a raw material. 

An apron conveyor usually feeds the rock from dump hopper 
crusher. From the crusher the material is elevated to the mill 
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storage bins or the marl to a washing plant by an inclined belt 
conveyor. Continuous steel bucket elevators, when employed, 
must be of rugged design and construction to withstand this 
service. The belt conveyor should be used wherever space per- 
mits. 

The product of the ball mills, Hercules mills, and other granu- 
lators can be conveyed very readily by means of screw con- 
veyors or belt conveyors. 

From the cooler the cement clinker may be handled by a 
pivoted bucket carrier, a belt conveyor, or a cast-steel drag-chain 
conveyor, or perhaps the hot clinker falls into a pit from which 
an overhead grab bucket crane takes it to outside storage, re- 
turning with a bucketful of seasoned clinker for grinding. 

The finished cement may be delivered to silo storage bins by 
screw conveyors, by a belt conveyor, or by bucket elevator. 
Serew conveyors ai-. ideally suited for conveying finished cement, 
and usually hand it from underneath storage bins to packing 
Finished-cement conveyors and elevators should be fully 
housed and made dust-tight. 

In the wet-process plant the limestone and other raw materials 
are drawn from storage bins and fed to the grinders of the various 
types, with a sufficient quantity of water to make a thin slurry 
when the mixture is ground. 

Before cement clinker is ground, the proper amount of gypsum 
is added to regulate the setting time of the finished cement. Gyp- 
sum lends itself to mechanical conveying in about the same way 
as the limestone or marl and the shale or clay. 

The kilns may be fired by oil, gas, or coal, and when the fuel 
is coal, this coal must be crushed, dried, and pulverized. The 
finely pulverized coal is delivered to storage bins by bucket 
elevator, and later fed into kilns with the proper amount of air 
pressure, 


house. 


Coat MINING AND PREPARATION 


Where a seam of coal is close to the surface, the overburden is 
removed by dipper shovels and the coal is mined from an open 
pit. When the seam is a considerable distance below ground 
level, the coal may be hoisted to the surface from a shaft. For 
example, a certain Illinois bituminous mine employs a balanced- 
bucket skip hoist, using buckets of 9/, tons’ capacity each and 
automatic loaders to fill them. The coal is hoisted a distance of 
525 ft. at the rate of 1400 tons an hour, or 11,200 tons per day of 
8 hours, the buckets, in portions of their travel, attaining a speed 
of 3000 ft. per min. 

In other mines the coal is brought to the surface on conveyors, 
either apron, flight, or belt conveyors being used. This is an 
economical system in cases where the depths below surface are 
hot very great. 

The Colonial Mine of the H. C. Frick Coke Company employs 
20 belt conveyors placed end to end, running 500 ft. per min. and 
carrying 10,000 tons of coal per 8 hours a distance of 4'/: miles 
to the surface. 

Their Palmer Dock Mine employs 11 belt conveyors placed 
end to end, also operating at 500 ft. per min. and handling 10,000 
tons of coal or more per 8 hours a distance of 3'/; miles from mine- 
car dump in the mine up to the tipple bin for loading into barges. 
Particularly impressive is the noiseless conveying of such a 
large tonnage, with so little degradation and manual attendance. 
Special attention was of course given to the design of the chutes 
for transferring the coal from one belt conveyor to the next. 

Where mine openings are on mountainsides, the mine cars are 
brought to the surface, hauled to a power-driven dumper, and 
dumped into a hopper from which the run-of-mine coal is fed to 
4 retarding conveyor for lowering it to the screening and prepara- 
tion plant. Apron, belt, and flight types of retarding conveyors 
are in use, including the rope-and-button style of flight conveyor. 
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Down in the mine one will see conveyors used as loaders for 
carrying coal from the faces to pit cars. 

Certain types of caterpillar or track-mounted loading machines 
are provided with gathering mechanisms which pull coal, shot 
down at the faces, on to inclined conveyors lifting it into cars for 
transportation to the tipple. A loader of this type, with a crew 
of three men, will handle 200 tons per 8 hours, whereas the best 
miners will average no more than 10 tons per man. And while 
the miner, besides loading 10 tons, also does other work, such as 
drilling coal, laying track, and timbering, the loader-equipped 
mine shows a big saving, even though a separate crew is hired to 
perform the supplementary work just mentioned. 

In other mines, inexpensive conveyors, mounted on light 
flanged wheels and without coal-gathering mechanism, are used. 
Their handling capacity is limited, since the miners must shovel 
the coal on the lower ends of these units. These pit-car loaders 
do have the advantage that rock and bone can be removed by 
hand before loading and can be left in the mine, whereas this is 
difficult of accomplishment with loaders of the digging or self- 
gathering type. These smaller machines can be used where 
roof conditions are bad and the timbers close together. Like 
the self-gathering loader, they are of the flight-conveyor type, 
being made up with two parallel strands of roller chain connected 
by bars at intervals, to serve as the conveying medium for drag- 
ging the coal along the conveyor trough. 

Where coal is mined from long faces, one also will find ‘‘face 
conveyors”’ in use for carrying the coal shoveled into them to pit 
cars at loading points which may be several hundred feet away. 
Thus the conveyor is made to serve as an efficient mine-trans- 
portation unit. Apron conveyors, mat conveyors, and belt-and 
flight-type conveyors have all been used, but the drag-chain con- 
veyor has been found to be the simplest and most satisfactory. 
This consists simply of a rugged chain, with wings at intervals, 
sliding in a trough. 

Shaking or jigging conveyors also are used in the mine. These 
consist of steel troughs, roller-supported, to which a quick return 
stroke is imparted by the drive units. 

The idea was imported from Europe, but American inventive 
genius improved it by developing a shovel end, which is pushed 
into the ‘“‘shot’”’ coal and serves to load the shaking conveyor. 
The shovel has a telescoping end to permit its being advanced as 
the coal is loaded. These conveyors are made in 10-ft. to 13-ft. 
sections, the shovel end having an extension equal to the length 
of one section of conveyor. When the conveyor has been ex- 
tended its full length, an additional section of trough is inserted, 
and the advance is again begun. 

Let us now pass to the preparation plant, tipple, or washery, 
the function of which is to clean and properly size the coal for 
the market. Mechanical loading in the mine, while a step in 
the right direction, has on the other hand served to increase the 
amount of impurities to be taken out of the coal. This means 
that in some plants additional equipment is needed for adequate 
preparation. 

The sizing is done over screens, usually of the shaking and 
vibrating types. The cleaning is accomplished by either of 
three methods, the method that should be selected depending 
upon the nature of the coal and its impurities. The three meth- 
ods are: 

(1) Manual inspection and picking on picking-table con- 
veyors. 

(2) Separation of free impurities by dry-cleaning mechanical 
methods. 

(3) Wet concentration, or “the washery process.”’ 

The washing process is the most effective method of separating 
the impurities or refuse from the coal. The difference in specific 
gravity of coal and refuse is utilized to effect a separation in the 
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water, by means of pulsations which lift the coal into the upper 
current, while the refuse drops on the sieves and passes out 
through refuse gates. 

The cleaned and sized coal may be loaded into open-top rail- 
road cars by means of a pan-type loading-boom conveyor, the 
discharge end of which is adjustable by an overhead hoist ar- 
rangement, to permit placing the coal in the car gently, with prac- 
tically no drop to cause degradation. When coal is loaded into 
box cars, the pivoted-boom conveyor-type box-car loader is used. 
the discharge height of this loader also being adjustable to mini- 
mize breakage of coal in the loading process. 


Coat AND ASHES HANDLING AT THE POWER PLANT 


Coal is delivered to its destination by water or by rail. 

Ordinarily, water-borne coal, arriving in vessels, is removed by 
clamshell buckets which are hoisted and dumped direct into 
storage or into a hopper, whence it is conveyed to a bunker located 
in front of and above the boilers. The buckets are operated from 
hoisting towers, or bridges, of either stationary or traveling type. 

At power houses which receive their coal in railroad cars, the 
coal may be shoveled by hand over the side of the car, but it 
seldom is, as this method is too slow and expensive, demurrage 
is high, and it is wasteful to use man power which can be em- 
ployed to better advantage for other purposes. This method of 
unloading cars is in the same category as the hand firing of boilers. 

Car Unloading. It is customary to dump part or all of a car’s 
contents into a hopper, located under the coal supply track—a 
satisfactory method when bottom dump cars are available, when 
adequate trackage and switching facilities are provided, when the 
coal is not partially frozen in the cars, and when not more than 
300 to 400 tons of coal are to be unloaded during a period of 8 
hours. The dump car and track hopper are by no means an al- 
together satisfactory combination, hence are generally used only 
by plants which consume too little fuel to warrant the larger in- 
vestment required to install better methods. 

The large or super-power house must unload its coal quickly 
and cheaply. There dare be no shortage of fuel, even though 
shipments be delayed, coal be partially frozen in the cars, or bot- 
tora dump cars unobtainable. To meet all these troublesome 
conditions the rotary railroad-car dumper was developed, which 
overturns and discharges the contents of the smallest or largest 
open-top car of any type within two minutes when desired. 

Coal Elevating and Conveying. Since coal-crushing and pul- 
verizing equipment is heavy and requires substantial founda- 
tions, it is, in practically every case, located at or near the ground 
level. Therefore the crushed product must be elevated and con- 
veyed to the overhead storage bunker to be drawn off as required 
by the stokers, by the direct-fired pulverized-firing system or 
by the central pulverizing system when pulverized coal is stored. 

For the quite small plant, which can support only a small in- 
vestment in equipment, the centrifugal discharge bucket ele- 
vator fulfils well the purpose of elevating and discharging the coal 
into the storage bin. 

When the coal-handling requirements are fairly moderate, the 
continuous bucket elevator is preferable to the centrifugal type, 
and if the overhead storage bin extends in front of several bat- 
teries of boilers, the elevator is supplemented by a scraper flight 
conveyor overhead, which distributes the coal along the length 
of the bin. 

Medium-sized boiler houses may be provided with several 
types of handling equipment, the selection of which depends 
largely upon the surrounding conditions, such as location of track 
upon which coal is received, location available or desirable for 
storage bunker, and whether the coal and ashes may be advanta- 
geously conveyed and dumped into their respective storage 
bins by the same system. The leading types are: pivoted 
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bucket carrier, gravity-discharge elevator-conveyor, belt con- 
veyor, and skip hoist. 

Pivoted-Bucket Carrier. Probably the overlapping pivoted- 
bucket carrier is the most generally used and applicable type ot 
conveying equipment for serving the medium-sized plant, as it 
performs the several functions of receiving both the coal and 
ashes, separately of course, in its lower run, conveying the ma- 
terial to one end of the boiler house, elevating it, and then con- 
veying it to the overhead coal or ash bunker, where the contents 
of the buckets are dumped and distributed. After 30 years of 
use, it is still a leading type for handling coal and ashes within 
its range of capacity and height. Its maintenance cost is low 
and its dependability high. 

Gravity-Discharge Elevator Conveyor. The development of 
this combined elevator and conveyor preceded the pivoted bucket 
carrier, but it still is used widely for handling just the coal, in 
power plants of moderate capacity. In fact, it is this type of 
conveyor that is in use in the boiler house of the world’s largest 
building, the Merchandise Mart in Chicago. Their conveyor 
follows a rectangular path of approximately 203-ft. horizontal 
centers by 30-ft. vertical centers, travels at a bucket speed of 50) 
ft. per min., and handles 30 tons of coal per hour. The ashes are 
discharged direct into tunnel cars and hauled away by an electric 
engine. 

Belt Conveyors. Large and super-power houses require large 
capacity and high lifts. The belt conveyor and skip hoist types 
of coal-handling equipment are generally used to meet these ex- 
acting requirements. 

When the coal-supply track is located so as to permit a belt con- 
veyor to attain sufficient height before reaching the boiler house 
to enable it to pass over the storage bunker and distribute its 
load to that bunker by means of a tripper, the belt conveyor 
makes an excellent selection. For distributing the coal to the 
large overhead bunker, which should contain a supply for at least 
a 24-hr. maximum boiler demand, the belt conveyor is provided 
with a traveling tripper of the automatic or semi-automatic type. 
Preferably, the tripper should have anti-friction bearings, large 
shafts, and pulleys, and its traveling mechanism should be driven 
by an independent motor direct-connected to an efficient speed 
reducer mounted on the tripper frame. This type of drive is 
superior to the type driven from the conveyor belt, which requires 
troublesome gearing, clutches, and reversing mechanism. 

Should the supply track be located alongside or at one end of 
the boiler house, the skip hoist is well adapted to elevate coal 
from the crusher and dump it into the overhead bin direct or into 
a hopper feeding a belt or flight conveyor for distribution to 
long overhead bunker. As the skip is hoisted vertically or at 8 
slight inclination, it requires but a minimum of space. It has 
the additional advantages of being adapted to high lifts and to 
large or small tonnage capacities per hour. 

Overhead and Reserve Storage. Few designers have made the 
mistake of providing too much overhead storage for coal ready 
to be delivered to the stokers, but many have erred by having 
insufficient storage capacity to allow for delays in receipt 0! 
shipments, thus necessitating urgent messages by the opers'ing 
department. 

For the quite small plant, requiring a few tons a day, accom- 
modations should be for at least two days’ consumption, p's & 
full carload. The reason is obvious. 

The medium-sized plant should have two days’ maximum sup- 
ply overhead storage and an auxiliary ground storage supp!y [0' 
one or two weeks’ requirements adjacent to the boiler house, which 
can be drawn upon immediately in case of delayed shipmen's 0° 
bad weather. If it is impossible to provide an auxiliary sto'age, 
the overhead bunker capacity should hold at least one full week s 


supply. 
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The large or super-boiler plant burns such enormous amounts 
of coal that it seldom is practicable to provide more than 24-hr. 
overhead storage. These plants, however, always provide a 
secondary storage adjacent to the boiler house, from which they 
can quickly and economically draw enough coal for their daily 
requirements to insure uninterrupted operation. This ground 
storage, sufficient to take care of operation for one or more 
months, is usually equipped with cranes, bridge tramways, or drag 
scrapers, for economically storing and reclaiming large tonnages 
per hour. A large auxiliary storage permits purchasing coal 
at favorable prices, in addition to insuring a desirable quality 
and quantity of coal at all times. 

Ordinarily, the overhead storage is located in front of the boil- 
ers, but there are conditions where it is desirable to place it cen- 
trally with or at one end of the boiler house and to distribute the 
coal to the stokers as needed by means of a traveling weigh larry. 
This latter arrangement is necessary where stokers, overhead 
storage, and coal-handling equipment are installed in an existing 
boiler plant, to avoid remodeling the boiler-house building and 
roof. 

Coal-Weighing Tools. Track scales serve to weigh and check 
carload shipments as they are received for unloading to either 
overhead or ground storage. 

Weightometers are used to weigh and record automatically the 
weight of coal passing over the conveyors on which they are in- 
stalled, before the coal is discharged to the bunker. The 
weightometer provides an accurate record of all coal delivered 
to the bunkers, practically eliminating the human element. 

Weigh larries are located under the overhead storage bunker to 
permit drawing the coal from storage into the larry hopper, for 
weighing and transferring to the stokers as needed, the larry 
traveling on overhead tracks in front of the boilers and under 
the bunker. The weigh larry accomplishes the following desir- 
able results: It transfers the coal from overhead storage to 
stokers; weighs and records the total amount of coal drawn from 
the overhead bunker; weighs and records the total amount of 
coal delivered to each stoker; and transfers coal from any part 
of overhead storage to any stoker, thus avoiding dead or unusable 
overhead storage over boilers which are not in operation. 

Weigh larries vary in capacity from 1000 to 20,000 lb. or more, 
depending upon the size of plant, the length of travel, and the 
number of boilers served. 

When the boilers are fired with pulverized fuel, automatic coal 
scales may be introduced between the coal bunker and each 
boiler, thus obtaining an accurate record of the amount of coal 
burned by each boiler. 

Foreign-Substance-Removal Equipment. Coal, as received, will 
contain blocks of wood, timbers, coupling knuckles, links and pins, 
mining-machine cutter bits, and other refuse. Unless these 
are removed, they are likely to damage subsequent handling 
equipment seriously; therefore means are provided to get them 
out. Frequently an attendant is supposed to watch for injuri- 
ous material as the coal flows from the car, and remove it. Un- 
fortunately, man is not a dependable tool for many purposes, and 
is therefore unsatisfactory. 

Hammer and ring mills have effective arrangements for 
catching and removing tramp iron or other materials that will 
hot pass through their cages. The Bradford breaker prevents 
the larger pieces from passing through its perforations and reach- 
ing the bunkers. Apron feeder conveyors may be provided with 
magnets at their discharge end to remove tramp iron of all kinds 
and prevent its reaching and injuring the crusher. 

When coal is to be pulverized, it is especially important to re- 
move all iron before it can reach the fine pulverizers. This is 
done by installing a magnetic pulley on a belt conveyor over 
Which the coal passes, which will effectively remove the iron. 
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Ashes Handling. Where a small amount of ash is to be han- 
dled, the wheelbarrow and shovel still hold first place. When the 
ashes must be elevated and discharged at street level into wagons 
or into a small overhead bin, the ash lift and centrifugal discharge 
bucket elevator serve the purpose and require minimum invest- 
ment. Frequently portable belt conveyors or elevators are ad- 
vantageously used to load piles of ashes into wagons or trucks. 

For conveying and elevating the ash and discharging it into an 
overhead bin, the steam jet is well adapted where the ash must 
travel a tortuous path and where there is little space for other 
types of equipment. This system requires considerable steam 
if the quantity of ashes hoisted is large; also the abrasive quality 
of ashes tends to wear out the turns and pipes, unless they are 
specially reinforced. 

If the ashes can be handled in the same equipment that is 
used for handling the coal, the overlapping pivoted bucket carrier 
makes an efficient and satisfactory installation. 

The skip hoist is the best ash-handling tool, when the quantity 
is large enough to warrant the necessary investment, and when 
separate ash-handling equipment is required or advisable. Fre- 
quentiy the ashes are drawn from pits or hoppers into industrial 
cars which are pushed along a track and dumped into the skip 
bucket for hoisting and dumping. As the skip bucket is suited 
for handling large clinkers, small ash, or soot, it is commonly 
used for them as well as for the coal. The equipment is the 
same as for coal except that the automatic loader is seldom used. 

Large boilers produce large quantities of ash, hence are often 
provided with big cast-iron ash hoppers and gates lined with tile; 
also with clinker chambers, clinker grinders, sluiceways, nozzles, 
and pumps; or they may have railroad tracks located under the 
ash hoppers, so that the ashes may be emptied directly into rail- 
road cars. Storage bins of concrete, of cast-iroa sections, or 
of steel lined with tile, brick, or concrete, are employed for storage 
of ashes until a sufficient quantity has accumulated to be drawn 
into the railroad cars or trucks. 


Locomotive CoALInG STATIONS 


Elevating and conveying machinery is extensively used in the 
locomotive coaling stations of the country. 

At a large, all-steel, six-track coaling station on the New York 
Central, for example, one will see coal being delivered to the over- 
head storage pocket by means of a balanced-bucket skip hoist. 

As in power plants, the pivoted bucket carrier also is a popu- 
larly used type on locomotive coaling station work, being em- 
ployed for handling both the coal and the ashes. 

At another station, with two unloading tracks and four coaling 
tracks under two 500-ton concrete pockets of circylar shape, there 
are two track dump hoppers with apron conveyors feeding the 
coal to a gravity-discharge elevator-conveyor, which delivers it 
to either of the two storage pockets. 

The selection of the type of conveyor or elevator to be used de- 
pends upon the capacity desired, local conditions, and individual 
preferences, 


Retait Coat YARDS 


The retail coal yard may employ overhead pockets and deliver 
the coal to these pockets either by means of a gravity-discharge 
bucket elevator, a pivoted bucket carrier, or a trolley-bucket 
conveyor system. 

The gravity-discharge V-bucket elevator has been used a great 
deal, and discharges the coal to the various bins direct when it 
follows a rectangular path with the upper run operating the 
length of the building. The discharge is through gates in the 
bottom of the trough along which the buckets push the coal. 

The discharge from a scraper flight distributing conveyor is 
similar, when a flight conveyor is used in combination with a 
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gravity-discharge bucket elevator delivering to it at the one end 
of the pocket lantern. 

To avoid degradation, some form of lowering chute is used to 
“ease” anthracite coal to the bottom of pocket or top of pile. 

There is a growing tendency to build silo-type concrete pockets 
and to install the trolley-bucket system of handling the coal. 

The latest form of trolley-bucket system is fully automatic, 
serving to unload coal (or coke) from hopper-bottom railroad 
cars direct to any point along the top of storage piles of any height, 
at maximum speed, without transfer, and with minimum deg- 
radation, since the trolley bucket automatically lowers itself 
to the pile—this contact of bucket with pile effecting the discharge 
of the bucket’s contents. There is but a short drop from the 
track dump hopper loader into the trolley bucket. The discharge 
to the pile (usually inside of a pocket) is a gentle spreading or 
flowing of the material over the pile. The material handled is 
at rest with respect to the bucket while the latter is being trolleyed 
up and on to its predetermined discharge point. 

The system permits the use of high bins or silos, thus saving 
ground space and eliminating mechanical handling for loading 
trucks. The delivery chutes are so located in the bins that coal 
can be drawn off direct to trucks or to a bagging platform which 
is level with the truck body. The attendant can devote most of 
his time to seeing that coal keeps flowing from the railroad car 
into the track hopper. 

Many coal yards, especially the smaller ones, unload the coal 
on a trestle siding through hopper bottoms of cars to ground 
bins, and do the reloading to delivery trucks by means of portable 
loaders, which are either of the belt conveyor, flight conveyor, 
or bucket loader type, depending upon the kind and size of coal 
handled and other conditions. 

For cleaning anthracite coal (or coke) before delivering to truck, 
the bucket loader is often equipped with a screen of either the 
shaking or vibrating type. 

The flight conveyor loader is widely used for reloading bitumi- 
nous coal, especially coal with large lumps, as the flights keep the 
lumps from rolling back. 


MAKING AND HANDLING CoKE 


At the steel mill, coal must be converted into coke ‘before it 
can be used to provide the heat for melting the mixture of iron 
ore and limestone. 

The coke must be tough, range in size between 2-in. and 3-in. 
cubes, and be so constituted chemically as not to add to the un- 
desirable impurities in the iron. To produce such coke, the cok- 
ing coal should be carefully selected and prepared. Generally, 
three or four kinds of coal are mixed to provide the proper chemi- 
cal ingredients. 

In getting this coal from the track dump hopper to the crusher 
and to the mixing bin, it is handled by the usual forms of con- 
veyors, such as belt conveyors, bucket elevators, pivoted bucket 
carriers, or skip hoists, depending upon the plant layout. 

A motor-propelled larry car handles the prepared coal from a 
bin to the coke ovens, charging them through openings in their 
tops. 

The coal requires up to 24 hours for coking, depending on the 
quality of coke required and the nature of the by-products to 
be derived. A coke-pusher car pushes the coke from the desired 
oven into a quench car running on tracks on the other side of the 
row of ovens. This car takes the coke under a quench tower 
where the coke is water-drenched, and then discharges it to the 
coke wharf for cooling. 

The wharf is a long, flat surface sloping downward about 25 
deg. from the horizontal, and the coke slides to the lower ledge, 
from which it is discharged through manually operated finger 
gates on to a belt conveyor, which carries the coke to the crushing 
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and screening plant. Here the coke is prepared for blast furnace 
or foundry use in the quantities needed, and the remainder is sent 
to outside storage or to the domestic-coke screening plant. Coke 
that has been in storage is unsuited for blast-furnace use 

In the preparation plant one may see the liberal use of belt 
conveyors for handling the coke from one operation to another, 
coke crushers and screens of the shaker, multiple-disk, revolving 
grizzly, and vibrating types—the latter particularly being used 
in sizing and cleaning the coke for domestic use, just before de- 
livery to trucks. 

At the coal-gas plant the coke is a by-product. At one plant 
in mind, for instance, the accumulation of coke amounts to about 
2000 tons daily. To dispose of such large quantities profitably 
requires the use of efficient mechanical-handling equipment and 
the preparation of the coke in such a way that it will meet the 
competition of anthracite coal for domestic use, as well as the 
growing demand on the part of householders for a cleaner coke. 
The oversize coke is sold as foundry coke. 

Coke breaks up very easily, and for this reason should be 
handled as gently as possible so as to avoid an accumulation of 
“fines’”’ or breeze. The belt conveyor is an ideal coke-conveying 
unit. The construction of transfer points should be watched so 
that chutes are made amply wide for the coke to flow over 
them in a thin stream, and no steeper than necessary. Pocket 
chutes which fill with coke have proved very satisfactory by 
eliminating chute wear and causing the coke to roll rather than 
to slide. 

At the coal-gas plant one is likely to see the hot coke conveyed 
from under the vertical retort-type ovens by a de Brouwer drag- 
chain conveyor, consisting of two strands of short-pitch special 
sliding chain with flat crossbars at intervals of about 2 ft., and 
operating in a structural-steel trough which is lined with hard 
white iron, in view of the abrasive nature of coke. This conveyor 
is light in weight and operates slowly, and the joint wear is com- 
paratively small due to the fact that there practically is no joint 
movement under stress except when passing around the head 
sprocket wheel. 

This conveyor, which also acts as a quenching or cooling con- 
veyor, takes the coke to storage or to the screening plant. Piv- 
oted bucket carriers also have been employed for handling the 
hot coke, or a quenching car may dump the coke into a pit from 
which a monorail grab-bucket machine will reclaim and handle 
the coke to the storage pile or to a receiving hopper of the crush- 
ing and screening plant. 

At the water-gas plant one is likely to see an automatic skip 
hoist alongside of the railroad track, serving to receive coke from 
the track dump hopper through an automatic loader and to de- 
liver it into an overhead storage bunker, from the bottom of which 
the coke is delivered to the retort-charging buggies over a vibrat- 
ing screen. This screen removes the breeze, the cleaner coke 
resulting in greater efficiency of the retort fire. 

Many of the gas plants are now using a crawler-type bucket 
loader equipped with vibrating screen for reclaiming coke {rom 
pile direct to delivery truck. A self-feeder serves to feed the 
coke to within reach of the buckets. The vibrating screen cleans 
the coke thoroughly. There is also a smaller capacity bucket 
loader, hand-moved over ground, which cleans the coke very well 
over a shaker screen. 

In the oil fields one may find petroleum coke pulled ovt of 
chambers on to a portable apron conveyor discharging to a port- 
able belt conveyor for delivery to side-dump cars running to ‘he 
screening plant. 


EquiPpMENT 


Iron Ore. The steel companies are ever searching for ways 
and means to lower ore-mining costs. improve the quality of the 
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ore for blast-furnace use, and reduce the cost of handling the ore 
from the mine to the furnace. 

Iron ore is mined underground and hoisted to the surface in 
skips or from an open pit by means of large-capacity stripping 
shovels delivering into cars. Restricted area and a deep pit may 
necessitate “‘milling’’ the ore to haulage level and raising it 
through a shaft which is sunk adjacent to the pit when the pit- 
car track grades have reached the limits of economical haulage 
with standard locomotives. 

The cars used in underground mines are of 3 to 5 tons’ capacity. 
They are dumped directly into skips or else discharged to under- 
ground loading pockets with measuring pockets between them 
and the skips. The skips range from a holding capacity of 2'/, 
tons to 8 tons, skips with a capacity of 4 and 5 tons being mostly 
used. In the open-pit mining the haulage cars may be the air- 
dump type, with a capacity of 20, 24, and 30 cu. yd. 

When lean ore is mined it must be “‘benefited,”’ thereby making 
the ore more suitable for use, besides effecting a saving in freight 
charges through not having to pay freight on the weight of the 
impurities and moisture which are removed by the treating proc- 
esses used. There are five processes commonly employed, these 
being roasting, sintering, washing, washing and jigging, and mag- 
netic separation. The nature of the ore and of its base deter- 
mines the process that should be used, and all five methods in- 
volve mechanical handling of the ore. 

At the primary screening and crushing plant where trainloads 
of run-of-pit ore are dumped, metallic apron feeders are employed 
to feed the oversize ore uniformly from the bar grizzly to the 
primary crusher. The crushed ore is then delivered by rubber 
belt conveyors to secondary crushers or is delivered to railroad 
cars for shipment to ship-loading docks. 

The apron feeders must necessarily be of very rugged design and 
construction to withstand the punishment to which normal service 
subjects them; in fact, it was ore-feeding service that brought 
forth, 8 or 9 years ago, the distinctive type of heavy-duty ore 
feeder now used. 

The sprockets, chains, rollers, and overlapping pans are usually 
made of cast manganese steel. The chains have no small rollers 
(therefore there are none to be lubricated), and are placed under- 
neath the pans, out of the dirt, at locations which break up the 
span of the pans. The broad wearing surfaces of the chain links 
form substantial tracks for the large-diameter manganese steel 
rollers supporting the material-carrying run. These rollers 
are closely spaced and are mounted on heavy through-shafts 
turning in rugged, accessibly located bearings. 

On short feeders the lower or empty return run pans and chains 
are unsupported between the head and foot shafts. Medium or 
long center feeders are provided with manganese steel rollers, 
suitably spaced, to carry the return run. 

Troughing-type three-pulley anti-friction belt conveyors are 
used, practically without exception, for handling crushed iron 
ore in today’s modern crushing, washing, or screening plant. 

Copper Ore. Copper ore is mined underground or by open-pit 
method, and the system of getting the ore to the surface is similar 
to that at iron-ore mines. 

The heavy-duty manganese steel apron feeder, already de- 
scribed under “Iron Ore,” is employed for feeding the run-of-pit 
ore from dump hopper to crusher direct or to a conveyor. 

At one property in mind, the feeder is 8 ft. wide and employs 
18-in. pitch conveyor chains. This feeder has been operating 
over three years at a handling capacity of approximately 8000 
tous per day. It requires no attention and receives none, except 
greasing once a day and cleaning the floor underneath of a small 
quantity of ‘‘fines’’ which stick to the pans due to rather heavy 
sprinkling of the ore before it is dumped. 

Trains from the pit dump six 40-ton cars into a bin, from which 
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the feeder, which is 72 ft. long, conveys the ore to a 56-in. gyra- 
tory crusher. Besides the ‘‘fines,”’ the feed contains a large per- 
centage of coarse material, with pieces 5 or 6 ft. long and 3 ft. 
by 3 ft. or more in cross-section. 

The feeder speed is 9'/, ft. per min., and the handling capacity 
is 900 tons per hour. There is no leakage through the top run 
nor spill between the skirt boards and the conveyor’s side flanges. 
The control is by push-button, the operator (located at the 
crusher) shutting down the feeder just before the bin is emptied. 
There is no gate at the bin throat, and there is never any jam- 
ming. 

Belt conveyors form the ideal and popular conveying medium 
for handling the crushed ore. 

Nickel Ore. This ore is mined very extensively in the Province 
of Ontario, by the underground method—the Frood mine, for 
example, being designed to hoist the nickel-copper ore in two 
10-ton balanced skips at the rate of 6000 tons a day. 

This mine has levels of 1200, 1600, 2000, 2200, 2400, 2600, 
and 2800 ft. Primary crushing is done below the 2800-ft. level, 
the jaw crusher located at this point being fed from an ore pass 
from this level and the levels above. The crushed ore is dis- 
charged into an ore pocket, and then into measuring hoppers just 
before delivery to skips. 

Treatment of ore in the Frood rock house involves crushing, 
coarse screening by trommel screens, fine screening on vibrating 
screens, hand picking of waste on belt conveyors, and magnetic 
separation, entailing the use of a large number of anti-friction 
belt conveyors. 

At the Levack mine, designed to hoist 3000 tons a day, there 
are one heavy-duty-type manganese-steel apron feeder and one 
rolled-steel pan conveyor in use in the rock house and 18 belt 
conveyors. The apron feeders also serve as picking conveyors. 
A feature worth mentioning is the extensive use of magnetic 
head pulleys on the belt conveyors for separating the ore from 
waste rock, the product of this mine containing a larger per- 
centage of nickel than copper. 

The crushing mill, concentrator, and smelter at Copper Cliff, 
Ontario, is designed to crush, concentrate, and smelt approxi- 
mately 8000 tons of nickel ore per day. Inasmuch as the ore 
is handled entirely by conveyors from the time it leaves the re- 
ceiving bins until it reaches the roasting furnaces in the smelter, 
a great many of them are necessary. Consequently they form a 
very important link in the process. In the smelter conveying 
system are 47 belt conveyors, using a total of 24,000 ft. of rubber- 
covered conveyor belt. All cold material is handled on belt con- 
veyors, ranging in width from 24 in. to a maximum of 48 in. 

In addition there are several scraper flight conveyors, chain 
drag conveyors for handling hot calcine, and a number of en- 
cased 14-in. spiral ribbon conveyors, as well as drag conveyors, 
for handling all dust. 

Gold. The handling of materials at underground gold mines, 
of which there are a number in operation in the ‘“‘north country” 
of Canada, is very similar to the procedure for extracting nickel- 
copper ore, but not quite so extensive. 

The ore is received from the mine by skips and discharged into 
ore bins in the head frame. From these bins the ore may be fed 
by pan conveyor, chain conveyor, rotary grizaly, etc., either di- 
rect to a jaw crusher or to a belt conveyor and then to the crusher. 
The crushed material is then usually passed over a vibrating 
screen and the oversize is fed to a cone crusher for further reduc- 
tion. The screens and cone crusher are usually in a closed cir- 
cuit, and the ore is handled almost entirely on rubber-covered belt 
conveyors. Inclined belts are used in the mines of Ontario al- 
most to the exclusion of bucket elevators. 

The ore, after being crushed to about */s in., is conveyed by 
belt conveyor to the fine-ore bins in the mill. From these bins 
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the ore may be fed by roll feeders, pan conveyors, or short-center 
belt conveyors to a belt conveyor for distribution to the fine-grind- 
ing department, which may comprise ball, tube, or rod mills. 
At this point the ore is made into a free-flowing solution, and 
circulated through classifiers, thickeners, agitators, precipitating 
equipment, filters, etc. The “‘tailings’’ from the filters are 
usually discharged to a flat belt conveyor. 

As different ores require different methods of handling, there 
also will be deviations from the general flow sheet just outlined. 


Eartu ExcavaTIONn 


The removal of Denny Hill, 110 ft. high, containing 4,500,000 
eu. yd. of dirt, was a big undertaking, and it is significant that 
this little mountain, which tended to retard the commercial ex- 
pansion of the City of Seattle, was conveyed a distance of about 
3000 ft. to the sea entirely on belt conveyors within 24 months 
after the contract was let, the first 6 months of this period having 
been consumed entirely in the assembling of the equipment and 
placing it in operation. 

Belt conveyors were decided upon as the most logical, since 
such equipment was light in weight and could be readily sup- 
ported on a wooden structure above the street-car trolley lines. 
The belt conveyor also fitted admirably into the scheme, as it 
operates so noiselessly, and by its use it was possible to keep the 
streets clean and to permit traffic to proceed normally and with- 
out interference. All belt idlers were of the anti-friction type, 
thus keeping power costs and attention to lubrication down to the 
absolute minimum. 

The dirt was dug by six 2-yd. electric shovels and delivered to 
portable field belt conveyors through steel feeding hoppers fitted 
with apron conveyor feeders. Whenever required, the material 
was crushed or mashed by the shovel dipper through grizzly 
bars set 10 in. apart over the hopper. There were 12 field con- 
veyors 250 ft. between centers, delivering to a central receiving 
hopper serving the belt conveyor, 960 ft. between centers, which 
carried the dirt up over the street. This conveyor delivered to 
a conveyor, 1560 ft. between centers, and it, in turn, to a belt 
conveyor, 440 ft. between centers, running along the face of one 
of the docks at the waterfront, where the dirt was delivered by 
chute to self-dumping scows. 

The scows were constructed with the top and bottom alike, 
and with internal water chambers divided into two parts. After 
the scow was loaded, it was towed out into the bay and water was 
let into the one side of the empty chamber in the scow hull, and 
as the scow listed, due to the water entering this chamber, the 
dirt began to roll, and this shifting of the load resulted in the 
scow turning completely over during the operation of dumping. 
Then what was the bottom of the scow became the top, ready to 
receive another load of dirt and to be dumped in the same manner, 
each time turning over in the dumping operation. 

All belts used were 36 in. wide. Those over the street operated 
at a speed of 600 ft. per min. The portable conveyors ran at a 
belt speed of 400 ft. per min. The average handling capacity 
of the main belt line was 600 cu. yd. per hour, bank measurement, 
and the equipment worked three shifts per day, 7*/, hours per 
shift. Many of the conveyor belts lasted through the entire job, 
and the maintenance was not great, taking into consideration 
the conditions under which the conveyors had to operate and 
the service rendered. 

As the dirt built up rapidly on the steel chute bottoms, the 
transfers between conveyors over the street were made by having 
the conveyors discharge direct to the belt of the conveyor ahead, 
with nothing more than chute sides at these points. 

The contract price for removing Denny Hill was 25 cents per 
cubic yard. The digging was sublet at 9 cents a yard delivered 


to field belt conveyors. this figure being included in the total 
price of 25 cents per yard. 

Portable belt conveyors also have been employed in the process 
of removing dirt from excavations for large buildings. 


CoNnveYING oF OTHER MATERIALS 


Only a few of the many other materials handled in bulk will 
be covered under this section, and this will be done briefly. 

Salt. This is handled by bucket elevators, skip hoists, belt 
conveyors, flight conveyors, and screw conveyors. The belt 
conveyor is widely used, and to avoid incrustation and corrosion 
of the conveyor idlers, these idlers have been granitized, with 
good results. Screw conveyors handling wet salt to driers have 
been made of Monel metal to prevent discoloration and contamina- 
tion of the salt. 

Sawdust. This is usually conveyed by wide-link chains which 
push the material along the trough in which the conveyor oper- 
ates. 

Hogged Fuel. The waste wood of the saw mills and paper mills 
is conveyed by wide-link chain conveyors as used for sawdust, 
by double-strand flight conveyors using wooden flights inter- 
mittently mounted on chains, and on belt conveyors. 

Pulpwood Chips. Pulpwood chips for making paper have been 
handled by flight conveyors, screw conveyors, bucket elevators, 
and belt conveyors. The belt conveyor is the ideal type, as it 
carries the chips, thus preventing their breakage. Small, dirty 
chips produce a short-fiber paper pulp, which is no longer de- 
sirable in the manufacture of high-grade finished paper. 

Fullers’ Earth. This material, used in large quantities in 
filtering oil at refineries, is handled by bucket elevators, pivoted 
bucket carriers, suspended roller flight conveyors, and belt con- 
veyors. At one of the most modern of these refineries the earth 
is delivered to filters and to storage bins by means of anti-friction 
belt conveyors equipped with traveling trippers. 

Mized Concrete. This is now often handled over a system of 
portable belt conveyors in the construction of large concrete 
buildings and in the pouring of foundation piers. For the con- 
struction of Diablo Dam, recently completed, a unique arrange- 
ment of swinging belt conveyors, suspended from 400-ft.-high stee! 
concreting towers, was worked out to reach all parts of the job. 

Crushed Ice. Ice for refrigeration lends itself to handling in 
screw conveyors, and this, for example, is how it is handled from 
the crusher to the packers in the extensive lettuce-packing in- 
dustry of California. 

Sludge, Sand, and Grit. These are removed from sewage 
settling tanks by a special form of flight conveyor. 

Coffee. Coffee berries are handled by bucket elevators and 
belt conveyors in the modern coffee-roasting plant. 

Corn. In the corn-canning plant conveyors handle green un- 
husked corn, clean corn on the cob, corn husks, and cobs in bulk. 
The flight conveyor usually is employed for handling the green 
corn, husks, and cobs, and the belt and apron types for the clean 
corn on the cob. 

Rotary Mud. This is now salvaged over vibrating screens. 
Thus the oil-drilling industry is able to remove the cuttings very 
effectively and place the mud so necessary in drilling, in gvod 
reusable shape, free from foreign materials. The screen «/so 
performs the important function of degassing the mud. 


CONCLUSION 


Thus, from these concrete examples, there may be learned the 
amazing extent to which mechanical conveying equipment 
enters into the expediting of deliveries, the enlarging of plant 
handling capacities, and the reduction of industry’s production 
costs. 
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The Industrial-Type Internal-Combustion- 


Engine Locomotive 


By S. B. SCHENCK,' EAST PITTSBURGH, PA. 


The paper seeks to show that the internal-combustion 
type of locomotive can be used to advantage and at a much 
lower operating cost than the steam locomotive for indus- 
trial-plant use. The electric drive, in combination with 
gasoline or Diesel engines, places the internal-combustion 
type on a par with the steam locomotive so far as mobility 
is concerned, and ahead of the latter type with respect to 
availability for service, economy of operation, safety, 
visibility, convenience, and general performance. The 
electric drive is declared to be better than the conventional 
clutch and gear transmission between engine and axle as 
being better to operate, having more tractive power on 
grades, and in being much easier on the engine. There 
is available a wide range of internal-combustion type of 
locomotives using electric drives. 


portation presents a marked excep- 
tion to the prevailing progressive 
changes in different elements, methods, 
and machinery of industry. Many in- 
dustrial plants that install up-to-date ma- 
chinery or that use new methods of pro- 
duction still continue to use the steam 

locomotive for their rail transportation. 
Probably this situation exists because of 
the fact that the steam locomotive has 
served industry long and faithfully as a 
motive-power unit, and it is still accepted as entirely suitable by 
many operators. On the other hand, when the almost exclusive use 
of the internal-combustion engine is considered for such essential 
industrial elements as construction machinery, airways, marine 
shipping, or highway transportation, the question arises whether 
the internal-combustion engine could be adapted satisfactorily 
to rail transportation. This question is emphasized when the 
cost of operating steam locomotives is reviewed critically—and 
incidentally such cost analyses often disclose real surprises to 
progressive plant managements, particularly when the steam loco- 

motives are of ancient vintage. 

The internal-combustion engine can be utilized on locomotives 
to good advantage from economy and operating standpoints, 
although much depends on the method employed to transmit 
the power of the engine to the rail, or in other words, on the type 
of locomotive. Recent developments in locomotive power trans- 
missions have produced the electric drive, which, in combination 
with gasoline or Diesel engines, places the internal-combustion- 
engine type of locomotive on a par with the steam locomotive 
with respect to mobility and ahead of the steam locomotive with 


7; GENERAL, industrial rail trans- 
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respect to such operating factors as availability for service, econ- 
omy of operation, safety, visibility, convenience, and general 
performance. The electric drive has many advantages over the 
conventional clutch and gear transmission between engine and 
locomotive axle, in that it is easier to operate, gives better pulling 
power and superior overall performance on grades, is much easier 
on the engine, and produces a locomotive of greater general 
reliability and availability. It is rapidly supplanting the me- 
chanical drive on locomotives weighing between 12 and 25 tons, 
and is still more widely used on locomotives weighing 30 tons and 
upward. 

Gasoline-electric locomotives for industrial service are now 
available over a weight range from 12 to 90 tons, utilizing engine 
powers from 120 to 600 hp. Diesel-electrics range between 
30 and 110 tons at present, although this weight range will 
doubtless be widened in the near future. Varied designs of loco- 
motives have been produced, and for most industrial work the 
following locomotive characteristics are well established: 


Reliable power plants 

Pulpit, or center-type, cab with double control stations 
Maximum visibility 

One-man operation 

Adequate locomotive auxiliaries 

Swivel-type trucks 

Engine power ordinarily about 6 to 8 hp. per ton of 
locomotive weight. 


These features are embodied in the locomotives illustrated, 
except for the type of truck. All of the features are found on 
locomotives using dual power plants, center-type cab, and swivel 
trucks, as shown by Figs. 1, 2, 3,7, and 9. Fig. 8 illustrates a 
single power-plant locomotive with swivel trucks and a pulpit 
type of cab. Other combinations of these features are shown 
by Fig. 6, where the dual power plant is adapted to the rigid 
wheelbase, two-axle type, or by Figs. 4 and 5, that typify con- 
struction ordinarily used on the smaller locomotives, weighing 
about 25 tons or under, where a single engine, four wheels, and 
end type of cab give very satisfactory results. 

Equal power on locomotives up to about 500 to 600 hp. can 
be obtained by the use of either single or dual power plants. The 
single power-plant type, illustrated by Fig. 8, is preferred by 
many operators on account of there being only one engine and 
generator to control, inspect, and maintain. Obviously, a single 
large engine has fewer wearing parts than two smaller engines. 
The large engine usually operates at slower speed than an engine of 
half size, and it therefore can embody greater general rugged- 
ness, stamina, and design factors which tend toward longer life, 
great reliability, and satisfactory maintenance. 

On the other hand, the use of dual power plant provides 
a flexibility in locomotive operation and safeguarding of service 
unobtainable by a single power plant. Because locomotives 
weighing in a range from 30 to 110 tons have been equipped with 
dual power plants, a brief review of the operating features of this 
type should be interesting. 

From the standpoint of first cost, at present dual power plants 
totaling about 500 hp. or lower usually are less expensive than 
single power plants of equal capacity, on account of the smaller 
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engines being in standard production by their manufacturers. 
This is particularly noticeable where gasoline engines are con- 
cerned. There are fewer available sizes of locomotive-type oil 
engines, so that this situation does not prevail to the same extent 
as with gasoline engines, and in some cases the single power plant 
may have lower first cost. ‘Two engines also afford greater safe- 
guard to the service, since it is unlikely that both engines would 


Fie, 1 30-Ton, 230-Hp. Locomotive, UsEep IN 
INDUSTRIAL-PLANT SWITCHING 


(Built by H. K. Porter Co., Westinghouse equipped.) 


Fig. 2 50-Ton, 350-Hp. LocoMmoTivB, FOR 
GENERAL SwITCHING 


(Built by Plymouth Locomotive Works, Westinghouse equipped.) 


360-Hp. Drese1r-Evectric LocoMoTive, FOR 
GENERAL SwITcHING 


(Built by H. K. Porter Co., Westinghouse equipped.) 


Fie. 3 60-Ton, 


be out of service at the same time, and experience has shown that 
minor repairs can be made to one engine while the locomotive 
continues in service, working from the other engine. Under 
such circumstances service interruptions are minimized, for 
with one engine working, the locomotive can operate at half 
load and full speed or at full load and half speed. 

The dual power plants may also assist in securing minimum 
fuel consumption, for in light service, such as occurs in much of 


the usual switching duty, one engine can be shut down at the 
will of the operator and the service easily be covered by the re- 
maining power plant. With gasoline engines this can show a 
saving in fuel of 10 per cent or more as compared to working 
two engines in the same service, and it can show a greater saving 
if one large engine of equal power were used. The saving is 
considerably smaller for Diesel engines, due to inherent differ- 
ences between the light-load fuel-consumption rates of the gaso- 
line and Diesel engines. For either type in suitable service, the 
operation of a single engine of the dual power plant secures more 
nearly full load for a larger proportion of the time, hence at better 
fuel-consumption rate that results in reduced fuel consumption 
for the locomotive. 

It is interesting to note that in much switching service large 


Fie. 4 12-Ton, 115-Hpe. Locomotive, Usep 1N 
Mine HavutaGe 


(Built by Vulcan Iron Works, Westinghouse equipped.) 


17!/-Ton, 165-Hp. Locomotive, User 
ror Liegut INDUSTRIAL-PLANT SwITCHING 
(Built by G. D. Whitcomb Co., Westinghouse equipped.) 


Fie. 5 


power in the engine is not required continuously, nor can it always 


be used advantageously. As an example, switching the cars 
from floats and classifying the cars in a yard showed the following 
daily average division of engine operating time and cars handle’ 
by a dual power plant, 330-hp., 50-ton gasoline-electric locom» 
tive: 
Time, locomotive in service, min 429 
Time locomotive standing, total min 275 
‘Time locomotive moving, total min 154 


Distribution of locomotive moving time: 


Two engines and four motors, 30 min., cars moved.. 252 
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One engine and four motors, 96 min., cars moved... 575 

One engine and two motors, 28 min., cars moved .. 82 
Total number of movements 283 
Average length of run with trains, ft............. 3 278 
Estimated ton miles, including light locomotive...... 2907 
Estimated locomotive miles, total................... 15.2 
Gasoline consumption, gal....... ..... ey 60 


In similar service, but with two engines working continuously, 
the fuel consumption averaged 72 gal. per 8-hour day. In the 
service referred to, the single 175-hp. engine and four-motor 
combination had no difficulty in maintaining the schedule of 
the yard operation and could kick cars as fast as the ground crew 
could handle them conveniently. The yard is comparatively 
level, and the trains were relatively short, being limited to the 
load on the float or in most cases to the maximum number of cars 
the locomotive could handle from the float at one trip up the 3 


Fie. 6 35-Ton, 214-Hp. Locomotive, Usep 
FoR Biast-FuRNACE HavuLaGe 
(Built by H. K. Porter Co., Westinghouse equipped.) 


Fic. 7 60-Ton, 360-Hp. Locomotive, FOR 
GENERAL SwITCHING 
(Built by Heisler Locomotive Works, Westinghouse equipped.) 


per cent grade and 18-deg. curve. The 50-ton gasoline-electric 
locomotive was handling larger trains from the float than the 65- 
ton steam locomotives were reported to handle. 

A gasoline- or Diesel-electric locomotive with the pulpit, 
or the center type of cab, and with double control stations, allows 
operation with one man, thus reducing the usual switching-crew 
expense between 20 and 25 per cent per locomotive hour. Double 
control stations permit the operator to step from side to side of 
the cab and operate the locomotive from either side, enabling 
him always to operate from the side that has maximum visibility 
along the train or from where the ground-crew signals are most 
easily seen. When box cars are handled in large numbers, be- 
tween buildings, an elevated operator’s station in the center cab 
Bives exceptional vision toward the crew on the tops of the cars. 
For example, the brakeman can be geen easily on the top of the 
fourth or fifth box car from the operator’s station of a locomotive 
recently placed in yard switching. These features all aid 
materially in speeding up the switching service, thus indirectly 
reducing the expense in addition to saving the wages of the 
second man in the cab. In comparison with a steam locomotive, 


the visibility in the gasoline- or Diesel-electric is generally much 
better, and the fireman is never needed, although sometimes local 
operating rules require the second man in the locomotive cab. 

For locomotives built as shown by Fig. 3, with 165-hp. to 
225-hp. engines, visibility is much increased, not only by the 
raised platform in the center cab, but by the very low height of 
radiators and engine hoods. With this locomotive a man on 
the ground standing half a car length ahead of the locomotive 
can be seen by the seated operator, looking diagonally across 
the hood and radiator. A steam locomotive could hardly be 
built to give such maximum visibility. 

When engine power and locomotive size require large engines, 


Fig. 8 70-Ton, 400-Hp. 
TRIC LOCOMOTIVE, FOR GENERAL SwITCHING AND HAULAGE 


Fie. 9 110-Ton, 800-Hp. 
LocoMoTIVE, FoR Heavy-Duty SwitcHING AND HAULAGE 


Fig. 10 39-Ton, 310-Hp. Locomottve-Typre Larry Car 
(Built by Differential Steel Car Co., Westinghouse equipped.) 


it is evident that the same type of construction cannot be used 
as with smaller engines. The 800-hp. Diesel-electric locomotive 
shown by Fig. 9 has center cab with elevated operator’s stations 
which give excellent visibility for this size of locomotive. Ob- 
viously the enclosure will be much larger than for the 400-hp. 
engines and different from that for the 180-hp. engines for the 
locomotive shown by Fig. 3, so that the operator does not have the 
same near vision across the hood and radiator as on the smaller 
locomotive, but he still gets better visibility than on a corre- 
sponding size of steam locomotive. 

Where a large single engine is used, visibility in one direction 
is difficult to obtain on account of the bulk of the engine being in 
front of the cab. The locomotive shown by Fig. 8 is a good 
example of maximum visibility, convenience in operation, and 
compact assembly where the pulpit-type end-mounted cab is 


hi 
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used. Fig. 5 shows similar general features on the small single 
power-plant locomotive, where the size of engine permits good 
visibility to be obtained with conventional cab arrangement. 

Often an industrial plant has use for both large and small 
locomotives. Where a certain size of power plant can be used 
on the small locomotives, and two of them used on larger loco- 
motives, there is a gain in the standardization from the stand- 
point of the smaller variety, fewer number, and less expensive 
repair parts to stock, less total locomotive time lost waiting for 
special non-stock repair parts, and easier maintenance, as there 
is greater interchangeability of assembled parts. The size of 
the engine will not change the importance of these factors. 

Where the industrial-plant service requires a large locomotive 
for a few operations and several small ones for most of the work, 
the small locomotives can be arranged for operating two in 
multiple, and thus give the same performance as a single loco- 
motive of double the power. This is the equivalent of double- 
heading steam locomotives, except that only one man is required 
for the multiple-unit locomotive and the locomotives will operate 
in synchronism. Or again, multiple-unit operation may be 
desirable to distribute the required locomotive weight over 
numerous axles and at the same time obtain very short wheel- 
bases for minimizing track upkeep or for operating large power 
on light-weight rails and around very sharp curves. 

One-man operation is a feature of all the gasoline- or Diesel- 
electric locomotives. It takes no more effort for the operator 
to run a 110-ton locomotive than it does to run one weighing one- 
tenth as much. Starting the engine is a matter of operating a 
push button or setting a small lever, for the storage battery on 
the locomotive cranks the engine until it starts firing. The 
absence of smoke and steam enables the operator to observe 
crew and roadside signals with ease. He is comfortably housed 
and seated, and there is no boiler coal to handle, no steam pres- 
sure to keep up, and no ashes to dump, so that he can give full 
attention to his job of keeping the locomotive moving. There 
are no gears and clutches to handle, as on a mechanical-drive 
type of internal-combustion locomotive; hence the operator's 
duty is much lighter on the gas- or Diesel-electric, and he does 
not become so tired as the day’s work progresses. This assists 
in improving the quantity and quality of work done by these 
types of locomotives. Experience has shown a reluctance on 
the part of the usual steam engineer to begin running a gas- or 
Diesel-electric, but after a few days’ operation on either of these 
types, most engineers do not want to go back to operating a 
steam- or a mechanical-drive locomotive. 

The average industrial railroad or yard involves sharper curves 
than on a steam railroad, and very often the condition of the track 
is only fair. Hence, the industrial type of locomotive should 
have a short and flexible wheelbase to give good tracking char- 
acteristics and to reduce rail wear on curves. Fig. 9 shows the 
usual swivel-truck arrangement that has proved exceptionally 
well suited for the average industrial track. Trucks of similar 
general design on lighter weight locomotives have given very 
satisfactory service on temporary tracks such as are laid in open- 
pit mines. In one mine the steam locomotives were derailed al- 
most daily, but there have been very few derailments for the two 
years of operation of gas-electric locomotives. This mine also 
found the gas-electric could usually rerail itself, something that 
could seldom be done with the steam locomotive. In another 
large industrial plant the use of oil-electrics with swivel trucks, 
as typified by Fig. 9, is reported to have reduced track mainte- 
nance by about 20 per cent. These factors indicate some of the 


indirect savings made by the internal-combustion-engine type of 
locomotive. 

Two general methods are used to operate locomotive auxiliaries, 
such as radiator cooling fans, air compressor, and main-motor 


blowers. The electric drive produces the best general result, 
although the mechanical drive has given satisfactory perform- 
ance in switching services. The electric drive is necessary when 
radiator or blower fans are to be operated intermittently or when 
the fans cannot be driven direct from the engine or when the 
air compressor is to be operated at full speed with the engine either 
idling or running at operating speed. These conditions occur 
more often on the larger locomotives, and the locomotives shown 
by Figs. 8 and 9 are so equipped. 

Electric auxiliary drive involves separate motors and their 
control, so that the comparative simplicity of the mechanical 
drive makes a strong appeal to many operators, although it has 
certain inherent operating and installation handicaps. It has 
given satisfactory service on industrial and switching locomotives 
of the type shown by Figs. 3 or 5, where the radiator fan is belt 
driven and the air compressor is belt or chain driven. 

Fig. 7 shows a distinctive type of internal-combustion-engine 
locomotive that is exceptionally well suited for heavy-duty, slow- 
speed service. It utilizes power plants similar to those on the 
locomotive illustrated by Fig. 3, but the motors are mounted on 
the under side of the locomotive frame and are geared to a longi- 
tudinal drive shaft that transmits the power through universal 
joints and bevel gears to one axle on each truck. Siderods con- 
nect this axle to the other on the same truck. The axles are al! 
connected mechanically through the siderods and drive shaft, 
with the result that the locomotive develops exceptionally high 
tractive effort before the wheels slip. On recent test, with sand 
on fair rail, the drawbar pulled developed repeatedly was over 
40 per cent of the weight on the locomotive drivers. This type 
of locomotive provides a means for securing large power on nar- 
row gages, as a change in track gage usually affects only the 
trucks and locomotive body width, so that within limits the same 
power plant and motors can be used for different gages. 

An entirely different gas-electric locomotive is the burden- 
bearing type, illustrated in general by Fig. 10. This is in reality 
a dump car equipped with two 155-hp. gasoline engines and 
electric drives. It is designed to be more of a haulage unit than a 
general switching locomotive, but when loaded it is well adapted 
to handle trailers, and when empty to do the small amount of 
switching required around quarries, storage yards, etc. Doing 
double duty in this way, investment in equipment is reduced 
and the range of locomotive operation is widened. 

Another type of industrial locomotive uses internal-com)us- 
tion engines, either gasoline or Diesel, in combination with 4 
storage battery. The battery acts as a reservoir capable of 
supplying power much in excess of that from the engine alone, 
thus materially improving the locomotive performance for short- 
time peak tractive-effort demands. Since the battery is charged 
from the engine-generator set mainly when the locomotive is not 
working or when the engine is idling, it is evident that this type 
of locomotive is best suited for services where there is much en- 


gine-idling time or where the locomotive is not kept in con- 
tinuous duty. It is advantageous when the service requires 
locomotive operations inside of buildings where engine [umes 
are undesirable. Careful analysis of the service is always neces- 
sary to insure the proper size of battery and satisfactory balance 


between battery and engine power. If the battery is too small 
or if worked too hard. comparatively short battery life and conse- 
quent abnormal battery replacement expense may be expected. 
The analysis may also disclose service which is “lop-sided,” 
so to speak, where the battery would be quickly discharge: and 
there would remain insufficient time or available engine po! t° 
recharge it, so that the locomotive would have to be taken out of 
service for battery attention, thus reducing locomotive avail- 
ability. The combination locomotive is heavier for equa! coD- 
tinuous power than a straight gasoline or oil-electric, because 
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the battery is heavier than an engine of equal continuous output. 
Extra weight is very useful sometimes, but cannot always be 
considered advantageous. These factors indicate that the 
combination type of locomotive is adapted better for compara- 
tively light intermittent duty or for special applications, rather 
than for general, all-round switching and transfer work. 

The engine power which has been applied on industrial gasoline- 
or Diesel-electric locomotives varies much, depending on service, 
investment, available engine sizes, kind of fuel, and other factors. 
At present, satisfactory performance is obtained with gasoline- 
electric locomotives having an engine power range from 5 to 10 hp. 
per ton of locomotive weight, with an average of between 7 and 
8 hp. per ton. Diesel-electrics range from 5 to about 7 hp. per 
ton, with an average of about 6 hp. per ton. There are many 
indications that the horsepower per ton will increase as suitable 
sizes of engines become available at satisfactory prices. A much 
wider range of suitable gasoline engines is available as compared 
to Diesel engines, and most engine builders are in standard pro- 
duction for gasoline engines of around 250 hp. or under, while 
comparatively few engine builders have Diesels in large produc- 
tion. The result is approximate price variations as follows: 


Dollars 


8 to 10 
10 to 12 
15 to 20 
22 to 25 
25 to 35 
40 to 50 


Under 150 hp. gasoline, per horsepower. . 
165 to 225 hp. gasoline, per horsepower .... 
250 hp. gasoline, per horsepower 

300 hp. gasoline, per horsepower. . . “ee 
180 to 240 hp. Diesel, per horsepower. . . 
300 to 400 hp. Diesel, per horsepower 


With both gasoline and Diesel engines available in comparable 
sizes, but at different prices, it naturally follows that the Diesel 
electric locomotive will cost more than the corresponding size of 
gasoline-electric. Either type has higher first cost than a 
corresponding steam locomotive. However, the better pulling 


power, ability to do more work, and smoother accelerating 


characteristics of the gasoline- or oil-electric locomotive enable 
it to start a heavier load than a steam locomotive of the same 
weight so that either type can be 25 to 30 per cent lighter in 
weight than a steam locomotive,of corresponding tractive effort. 
If the first cost of an up-to-date steam locomotive is taken at 
100 per cent, the approximate first-cost ratios of the other types 
are as follows: 


50-ton gasoline-electric................... 145 to 160 
50-ton Diesel-electric, two engines..... : 195 to 210 
50-ton Diesel-electric, single engine 200 to 215 
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It appears that the internal-combustion-engine type of loco- 
motive must show great savings over a steam locomotive to 
overcome the handicap in first cost. Both gasoline- and Diesel- 
electrics do this without question. One company operating a 
35-ton gasoline-electric in 24-hour-a-day service in place of a 50- 
ton steam locomotive reports $8.60 per day saved, including fixed 
charges. 

Another company reports that their 45-ton gasoline-electrics 
show, among other savings, the elimination of about $9 a day 
as the cost for keeping up steam during off-turns for the steam 
locomotives. 

A 70-ton Diesel-electric in railroad switching service has given 
a saving of at least $40 per 24-hour day over steam switching. In 
heavy-duty mill switching, certain 60-ton 300-hp. Diesel-electrics 
operate at a cost of $2.93 per locomotive hour, including fixed 
charges, as compared to $5.10 per hour for steam locomotives. 
In the smaller sizes a 12-ton gasoline-electric has been operating 
at between one-half and two-thirds of the cost of the replaced 
steam locomotive. At another plant one 15-ton gasoline-electric 
has replaced two steam locomotives. These examples are typi- 
cal, although costs and savings will vary over wide ranges, de- 
pending on the service. Accounting methods also play an im- 
portant part in fixing the costs and savings. 

In the final analysis, the economies of the respective types of 
gasoline-electric, Diesel-electric, mechanical-drive, or combina- 
tion battery-Diesel will usually determine the type best suited 
for a given application. For example, a gasoline-electric in the 
same service as a corresponding Diesel-electric will use roughly 
twice as many gallons of fuel, and the gasoline may cost three 
times as much per gallon as the fuel oil. The gasoline-electric 
locomotive will therefore have higher fuel expense than the Diesel- 
electric, but against this must be set the lower fixed charge of 
the gas-electric and its other operating expenses which tend to be 
lower, such as maintenance. Since the service fixes the fuel 
consumption, and therefore sets the fuel expense, the total 
operating cost of the gas-electric will exceed the Diesel-electric 
when the service requires gasoline at the rate of 6 or 7 gal., or 
more, per locomotive hour. 

It may be seen therefore that there is available a wide range 
of internal-combustion-engine type of locomotives using electric 
drives. These locomotives have been proved in industrial 
service, with satisfactory results. The use of this up-to-date 
motive power has so many advantages over the steam engine 
and shows such attractive savings that it well merits the atten- 
tion of every user of industrial locomotives. 


4 
. 
tae 
ag 
, 
4 
Nig 
Fag. 
ek 
‘ 


2 
¥ 
sp 


MH-53-10 


Types of Materials Used in Materials- 
Handling Equipment 


By HERVEY J. SKINNER,’ BOSTON, MASS. 


Materials-handling equipment means to most people a 
conveyor for carrying solids, but the author defines it also 
as a pump for handling liquids or a steel cylinder for trans- 
porting gases. The material used in the construction 
of such equipment must meet a wide variety of conditions. 
The author discusses wood, concrete, glass, rubber, 
copper, lead, nickel, aluminum, and iron and steel. 
The fundamental research initiated within the last ten 
years by the large steel companies furnishes a foundation 
which few other industries possess for the production of 
many new alloys. 


cones equipment 


in its broadest sense includes any 

apparatus in which material, 
whether solid, liquid, or gaseous, is con- 
tained or by which it is moved from one 
location to another. In the minds of many 
people, materials-handling equipment 
means some sort of a container or con- 
veyor for solids, although a pump for 
handling liquids or a steel cylinder for 
transporting highly compressed gases is 
just as truly a piece of materials- 

handling equipment. 

The material used in the construction of such equipment must 
meet a wide variety of conditions. In practically all cases 
tensile strength and resistance to abrasion or wear are essen- 
tial. In addition there are many instances where ability to 
resist heat and corrosion and other special characteristics are 
necessary. 

In the construction of materials-handling equipment the 
basic materials available are comparatively few, although there 
are many ramifications of these materials. The basic con- 
struction materials which may be mentioned are wood, con- 
crete, metals, glass, rubber, and ceramic materials. During 
the past 10 or 15 years there has been a remarkable increase 
in the kinds of material from which equipment is constructed. 
Many of these may be termed freak constructions and have 
proved impractical, but others have won a well-deserved place 
in equipment manufacture. Rubber-lined tanks and glass pip- 
ing are examples of equipment that only a few years ago would 
have been regarded as visionary. 


Woop 
Its use for tanks is 


Wood finds many uses in any plant. 


‘ President, Skinner & Sherman, Inc. Mr. Skinner’s firm of con- 
sulting chemical engineers is engaged in research and development 
problems for various industries. He is technical adviser to the As- 
socia‘ed Industries of Massachusetts, a member of the American 
Institute of Chemical Engineers, the American Water Works As- 
somia‘ion, and other organizations. 

Presented at the ‘‘Three-M" (Management, Materials, Mainte- 
nance) Congress held in Cleveland, Ohio, April 13 to 17, 1931, under 
the auspices of the A.S.M.E. and the S8.1.E. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


well established and familiar to plant engineers. Wooden pip- 
ing, however, is not so well known. Wood has certain advan- 
tages over iron and steel. Its first cost is low and its maintenance 
almost nothing. It is a non-conductor of heat, and is not sub- 
ject to corrosion. Steel tanks require paint both inside and out 
at more or less frequent intervals. While wooden tanks are 
often painted on the outside for sake of appearance, it is generally 
considered better not to paint them, since it does not help to 
preserve them. Wood absorbs a certain amount of water, and 
with the outside of the tank sealed with a coating of paint, the 
evaporation of this absorbed water, which may cause deteriora- 
tion, is retarded since the wood cannot breathe. Being a non- 
conductor, the contents of a wooden tank will remain cool for a 
longer period in summer, and in winter are better protected from 
the frost. Although wood tanks in exposed locations may re- 
quire a heating system, the heating unit need be only about 
one-third the size required for a steel tank of the same size. 

Wood pipe is made in two types, one consisting of a barrel 
of California redwood staves bound together by individual 
steel bands or spirally wound wire, and the other a bored pipe 
made by boring through the center of a piece of straight-grained 
clear redwood. The former type is built in sizes ranging from 2 
in. to 15 ft. in diameter and will withstand static-pressure heads 
up to 350 ft. Wood pipe has good flow qualities, since it has 
no lap joints or connection irregularities. It has proved its 
value in many cases where conditions require pipe which will 
resist acid and other corrosive influences, and in the disposal 
of certain types of gases which are destructive to ordinary flue 
materials. 


CoNCRETE 


The use of concrete should be mentioned, although its limita- 
tions are well known. It has advantages for certain types of 
apparatus where strength is desired, but it is bulky as compared 
with steel. It is affected by acids and is not wholly resistant 
to alkalis or even water. Alkalis have a slow deteriorating 
action, the concrete losing its strength and gradually disinte- 
grating. Water exerts a slight solvent action on the lime of 
the cement, precipitating iron from the water which is deposited 
on the surface of the concrete. It is believed that this coating 
of iron helps preserve the concrete from further deterioration. 

When it is advisable to use concrete for acid or alkaline con- 
ditions, the best treatment is to apply a protective coating of 
tar or asphalt, but these are not always permanent and usually 
cannot be reapplied. Various materials have been tried in the 
concrete mix for preventing corrosion, but their use has not 
been successful, and while sometimes a harder surface more 
resistant to abrasion is obtained, they do not increase appreciably 
the resistance of the concrete to corrosive agencies. 

Lean concrete deteriorates more rapidly than concrete rich 
in cement on account of its greater porosity and permeability. 
In the construction of cement-lined pipe a very rich mortar is 
used which is practically watertight. For this reason solvent 
action is reduced to a minimum, and cemegt-lined pipe has been 
in use for many years with marked success. The amount of 
lime dissolved by the water is slight and will cause no appreciable 
trouble where there is a reasonable flow. Instances are on record, 
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however, where water has stood in cement-lined pipes and has 
become sufficiently hard to be objectionable for many pur- 
poses. 

Another form in which concrete pipe is becoming industrially 
important in the handling of liquids, particularly water and 
sewage, is centrifugally cast reinforced-concrete pipe. This 
method of production gives the concrete a smooth, even appear- 
ance which reduces friction to a minimum. 


GLass 


Glass is a most striking example of the development of a 
familiar material whose application has been extended to new 
industrial uses. The manufacture of mechanically strong glass, 
chiefly of the borosilicate type, is responsible for this extension 
in the use of glass. ‘‘Pyrex’’ glass made by the Corning Glass 
Works is a glass of this type. It has a very low expansion co- 
efficient, which renders it resistant to sudden changes of tempera- 
ture. It also has high mechanical strength so that it is capable 
of withstanding sudden shocks due to rough handling. Its 
high surface hardness, which is only three points below that of 
the diamond, and its exceptionally smooth surface cause it to 
resist certain kinds of abrasion better than steel. 

“Pyrex”’ glass tubing and piping are used extensively in many 
industries and are available in both flanged and bell-and-spigot 
joints. Flanged pipe can be obtained up to 3 in. in diameter 
and socket pipe up to 12 in. in diameter. The smooth surface 
minimizes friction loss, and the resistance of the glass to chemical 
attack prevents contamination of product. The transparency 
of glass is a valuable feature as it allows full visual evidence and 
control of flow or movement inside the piping, and also enables 
one to observe the surface cleanliness. 

Considerable research has been carried on by the Corning 
Glass Works with a view to improving the earlier methods of 
making joints with glass piping. The first installations were 
made with bell-and-spigot joints, using cements, or with straight 
pipe runs, using rubber-hose connections. The limitations of 
these types of joint led to the flanged type with a thin gasket 
and split metal fianges for clamping together the glass flanges. 

This method has proved very satisfactory where a pipe line 
is installed permanently and where it is important that the 
liquid handled has a minimum contact with anything other than 
glass. The food industries have welcomed this addition to the 
types of piping available for their purposes, and one of the fore- 
most beverage plants in the country has replaced all of its pipe 
lines with the “‘Pyrex’’ glass-flange type. 

More recently a new type of joint has been developed by 
mechanically shaping the ends of plain tubing so that the bore 
remains constant but the external diameters increase. In 
other words, the ends of the pipes are cones, with the bore of 
the tube extending through the cone and the base of the cone 
forming the end face of the tubes. These are clamped together 
with a specially designed metal clamp which is easy to assemble. 

Glass tubing finds wide application in heat-exchanging opera- 
tions, particularly where corrosive substances have to be han- 
dled, one factory alone using 18 miles of “Pyrex’’ piping. Al- 
though the actual heat transmission is greater through metals 
than through glass, it has been found that the permanently 
smooth surface of glass counterbalances the greater heat trans- 
fer of metal, and that after a few months of use the heat-transfer 
values of glass and metal not only approach each other, but that 
there is an advantage in favor of glass. It has been demon- 
strated that metal tubes lose some of the initial efficiency because 
of internal roughening, due to corrosion, and also because the 
external surface in contact with the cooling liquid becomes 
roughened and coated. 

As a result of these investigations, glass-tube heat exchangers 
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are becoming quite a well-known piece of equipment, not only 
in the chemical industries, but in the public-utility field, as an 
equipment well suited to the handling of ammonia liquors re- 
sulting from the operation of gas plants. 

Another interesting application of glass is as a lining for tanks 
and similar equipment. ‘Glascote,’’ made by the Glascote 
Company, has positive adherence to steel and is consequently 
durable and resistant to physical shocks. Its coefficient of 
expansion is the same as that of steel, so that it stands up under 
quick changes of temperature, and its composition makes it 
resistant to chemical action. Completely glass-lined mixing 
tanks, reaction vessels, and other equipment, with glass-coated 
agitators and coils, are available and used in many industries 
where cleanliness and the prevention of corrosion are essential 
considerations. 

The Pfaudler Company also builds acid-resisting glass-lined 
steel equipment for various purposes, including glass-lined pipe 
and fittings. Freight cars equipped with glass-lined tanks are 


commonly used for the transportation of milk and other products. 


RvuBBER 


Rubber is another material whose field of usefulness has been 
greatly extended by comparatively recent inventions. Rubber 
is chemically inert and is resistant to the action of most corrosive 
solutions. Hard-rubber piping and fittings have been in use 
for a long time. More recently its use has been extended to 
larger pieces of apparatus and to the lining of metal equipment. 
The ‘“‘Ace”’ process of the American Hard Rubber Company inter- 
poses a relatively thin layer of soft rubber between the metal 
surface and the hard-rubber lining, and bonds the latter securely 
to the metal. 

The “Vulealock” process of the B. F. Goodrich Rubber Com- 
pany is another advance in the use of rubber in materials-handling 
equipment. By this process it is possible to unite rubber to 
metal, wood, concrete, and other materials. The bond is so 
strong that the rubber will often tear before it can be separated 
from the metal surface to which it is applied. The Vulcalock 
process can be used with the most elastic grades of soft rubber 
as well as with flexible hard rubber. More than one hundred 
steel tank cars lined with rubber by this process are in use for 
the transportation of acids and other corrosive liquids. 

Rubber-lined tanks, piping, valves, and other fittings «re 
in general use. Rubber-covered fans in which the entire wheel 
shaft and interior of the housing are covered with rubber find 
special application in ventilating systems where corrosive gases 
and fumes have to be handled. 

“Armorite,’’ another Goodrich product, is a rubber compound 
developed for high resistance to abrasion. In certain types of 
abrasive service it has been found to outwear ten times its 
thickness of hard steel. It is particularly valuable in lining 
chutes, hoppers, and spouts that are subject to abrasive wear. 
Rubber-coated screen wire for the screening of sand and gravel 
and other abrasive material finds useful application. These 
rubber linings can be applied to concrete tanks, aluminum, 
stainless steel, and certain compositions of brass. Its life Is 
almost indefinite so long as the tank is intact. It can be used 
at temperatures up to 150 deg. fahr., but will deteriorate wien 
exposed to oils, particularly mineral oils. 


METALS 


The metals most commonly used in materials-handling equip- 
ment are iron, copper, nickel, aluminum, lead, tin, and zinc and 
their various alloys. With the advance in our knowledge of the 
science of applied metallurgy, many other elements have been 
added to these basic metals to obtain desirable properties. As 
such additive metals may be mentioned chromium, nickel, 
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manganese, tungsten, vanadium, molybdenum, bismuth, and 
cadmium. 


CoprER 


Copper is one of the oldest metals and its uses are well known. 
Its advantages are due to a combination of characteristics: The 
metal is easy to fabricate and can be made in almost any form 
required. It has a considerable degree of resistance to a limited 
variety of corrosive reactions. As the metal itself, it is used 
mainly in sheets for lining or covering equipment made of wood 
or other materials, and in the form of special apparatus. 

The alloys of copper with other metals are numerous and find 
many important applications. The various brasses and bronzes, 
which are alloys of copper, zinc, lead, and tin are used extensively 
for piping, valves, and other fittings under conditions which are 
too corrosive for iron or steel. ‘Admiralty Metal,” an alloy 
of copper, zine, and tin, was developed especially for resistance 
to sea-water corrosion and is used generally for condenser tubes 
in which the cooling medium is salt water. 

Among other bronzes developed especially to withstand cor- 
rosion may be mentioned “Aterite,”’ a nickel-brass, ‘Meco 
Metal,” a copper-nickel-zine alloy, and ‘‘Ampco,” an aluminum- 
bronze. 


LEAD 


Lead in the form of pure metal finds many uses, although 
they are for the most part confined to the lining of tanks, pumps, 
piping, ete. It is used extensively where sulphuric acid enters 
into any chemical process. Its purity is of great importance, 
and unless it is highly pure its resistivity is of a low order. It 
lacks the characteristic of physical strength, which is sometimes 
offset by the addition of other alloying metals like antimony, 
with a corresponding reduction in its resistive properties. 

Lead-lined iron pipe has found many uses for conveying liquids 
which are corrosive to iron. “‘Crawlproof sheet lead,”” made by 
the National Lead Company, is one of the newest developments 
in sheet lead, and is a chemical lead sheet reinforced inside with 
antimonal-lead supporting bars to prevent buckling and wrin- 
kling. 

NICKEL 


In certain specialized equipment, nickel has been found ad- 
vantageous. It is both rustproof and highly resistant to cor- 
rosion, and its hard, non-porous surface is easy to clean and to 
keep clean. It finds considerable application in the food in- 
dustry and in the manufacture of pharmaceuticals. Nickel 
tubing is used extensively in these industries as well as others 
for heating and cooling purposes. 

Of the alloys of nickel, Mone! metal is perhaps the most im- 
portant. This is an alloy of nickel and copper with high nickel 
content. It has unusual strength and toughness which, together 
with its non-corrosiveness, makes it an ideal metal of construction 
in the food and dairy industries. Laundries have found it of 
value because of its rustproof qualities, and dyehouses are using 
Monel-metal equipment on account of its being unaffected by 
the dye liquors. It is used in the manufacture of machine parts 
such as gears and pinions, and because of its elasticity and tough- 
ness it is well adapted to the weaving process of making wire 
cloth. 

Nickel is used extensively for plating purposes. It is easily 
deposited on iron, takes a light polish, and keeps it well, although 
it requires repolishing from time to time. A thin skin of chro- 
mium deposited on top of the nickel gives a light nickel-colored 
surface of extreme hardness, so hard in fact that it cannot be 
polished. Chromium is not so extremely hard in itself, but the 
combination which it forms with hydrogen during the plating 
process gives the hardest metal coating of which we know. The 
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chromium layer need be only 0.000017 in. in thickness to give a 
coating that resists both rust and corrosion. The chromium- 
plating industry has grown enormously, and chromium-plating 
plants have been established in every important center of the 
country. 


ALUMINUM 


Aluminum is in a class by itself on account of its lightness. 
It is very sensitive to the action of alkalis, but is resistant to the 
action of many acids. Its resistance to corrosion is dependent 
on its purity, very slight amounts of certain impurities having 
a marked influence on its properties. It is available as sheet 
metal, castings, forgings, structural shapes, bars, rods, and 
tubing. 

The heat treatment of aluminum alloys has multiplied its 
use and has given it the ductility and strength of mild steel. 

The use of aluminum alloys has already opened up a wide 
field. ‘“‘Duralumin,’”’ an alloy with copper, manganese, and 
magnesium, has found many valuable applications where light- 
ness and strength are desired. It gave the Germans the material 
for the construction of airplanes during the latter part of the war, 
and it is now used for the framework of dirigible airships. 

This alloy suffers from intercrystalline corrosion, and the 
attempts to overcome this defect met defeat until a coating of 
pure aluminum was sprayed on the surface by the Schoop proc- 
ess described below. Accelerated tests over a period of a few 
years indicate the efficiency of this coating to protect against 
intercrystalline corrosion. As a result of these experiments 
with coating, it is possible to cast a duplex ingot containing 
“Duralumin” in the interior and pure aluminum on the outside. 
This duplex ingot, known as “Alclad,”’ can be rolled and worked 
into desired shapes. 

The addition of a small proportion of magnesium to aluminum 
gives an alloy, ““Magnalium,”’ that is almost as light as aluminum 
and almost as strong as steel. An alloy of aluminum and cal- 
cium is lighter and harder than aluminum and more resistant 
to corrosion. 

In connection with aluminum, mention should be made of 
the “calorizing’’ process patented by the General Electric Com- 
pany whereby aluminum is driven into the surface of another 
metal, usually mild steel, to form an aluminum alloy. This 
alloy is immune to oxidation up to a temperature of 1650 deg. 
fahr., and completely resists corrosive reactions. Calorized 
steel pots provide durable containers for salt and lead baths, 
and the alloy has been very effective in the petroleum industry 
in protecting tubes in oil-cracking stills. 


MetTAL CoaTING 


Non-ferrous metals for coating other metals are made use 
of extensively in equipment for the handling of material. These 
may be applied by immersion in molten metal, known as hot 
dipping, by electroplating or by metal spraying. Tin is usually 
applied by the hot-dipping process. A sheet of iron dipped in 
melted tin comes out coated with a thin layer of the latter metal 
and furnishes the material so universally used as tin cans. If 
the tin is scratched, the iron beneath rusts more rapidly than if 
the tin were not there, on account of the electrolytic action 
which is set up, and iron being the negative element of the 
couple suffers at the expense of the tin. 

With zinc, the opposite is the case, since it is negative to- 
ward iron, and when the two are in contact and exposed to cor- 
rosion, the zinc oxides first and the iron remains intact until 
the zinc has entirely dissolved. Ordinary galvanized iron is 
usually made by hot dipping in zinc, although the latter may 
also be applied electrolytically. ‘“Sherardizing’’ consists in 
tumbling the articles to be coated in a drum with zinc dust which 
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is heated to 800 deg. fahr. The zinc at this temperature com- 
bines with the iron and forms a series of alloys, ranging from pure 
zinc on the top to pure iron at the bottom of the coating. This 
gives an efficient coating, since even if cracks appear, the iron 
is more or less protected so long as zinc remains. Electro deposits 
of zinc are apt to be more porous. 

A more recent development of coating metals is the “Schoop” 
process, by which a wire of zinc or other metal is fed into an oxy- 
hydrogen air blast of such heat and power that the molten 
metal is projected with the speed of bullets, and any object 
which is subjected to this metallic spray may be coated with a 
deposit as thick as desired. A distinct advantage of this metal- 
spraying process is that it can be applied to the finished article 
even after the latter is in place, since the spraying apparatus is 
easily portable. A long list of metals can be successfully sprayed. 


IRON AND STEEL 


Iron and steel, of course, find the greatest use in the construc- 
tion of equipment for the handling of material. Pig iron, the 
base of all iron and steel products, is the product obtained in the 
blast furnace from the crude iron ores. The essential properties 
of iron and steel depend upon the amount of certain other ele- 
ments present, such as carbon, phosphorus, silicon, manganese, 
and sulphur. Cast iron contains roughly 93 per cent iron, and 
the other elements mentioned make up the remainder. It is 
essentially an alloy of iron, carbon, and silicon. It has rela- 
tively little strength, and cannot be used where strength or duc- 
tility is an essential property. 

The treatment of cast iron to produce iron and steel prod- 
ucts in useful form consists essentially in varying the proper- 
ties of the elements other than iron and also in obtaining these 
elements in proper combinations. Malleable iron, for example, 
is remelted cast iron subjected to a heat treatment so that the 
carbon is uniformly distributed throughout the metal in the 
form of rosettes. This gives to the iron good machinability, 
fair strength, and fair ductility. Wrought iron is the name 
given to commercial iron made by refining the pig iron at a 
temperature so low that it is obtained in a pasty condition which 
permits the slag formed during the operation to be uniformly 
distributed throughout the mass. The process of making steel 
consists of several operations carried out in such a manner that 
the product is free from slag and contains the necessary modifying 
elements in proportions to produce the characteristics desired. 

In recent years many new steel products have been developed 
which will withstand heat and corrosion to a marked degree. 
Corrosion is, as is well known, a serious factor, and an immense 
amount of research work has been carried on looking to the 
development of products which will resist it. Anything like an 
accurate estimate of the loss resulting from the corrosion of 
metals in common use is obviously out of the question. It 
has been estimated that the annual replacement of iron and 
steel products alone due to corrosion may reach as high as 2 
per cent of the total tonnage in use. Assuming that there are 
500,000,000 tons of iron and steel products in the United States, 
the loss would amount to 10,000,000 tons, or something over 30 
per cent of our annual production of iron and steel products. 

Chemically pure iron is not a commercial product. In fact, 
comparatively few people have ever seen the pure metal, which 
is soft, ductile, and white like silver. Commercially pure iron, 
however, containing less than approximately 0.16 per cent 
of impurities, is available. It is useful for structural work and 
other purposes where atmospheric conditions are severe. 
“Armco Iron,’”’ made by the American Rolling Mill Company, 
is an example of commercially pure iron. 

High-silicon cast iron is resistant to the corrosive action of 
most acids and is extensively used for large pieces of apparatus. 


“Duriron,”” made by the Duriron Company, and ‘“Tantiron,” 
made by the Bethlehem Foundry and Machine Company, are 
examples of these ferro-silicon alloys. They contain 14 to 15 
per cent of silicon, and the balance is iron with small amounts of 
carbon, manganese, sulphur, and phosphorus. In order to 
obtain non-corrosive properties it has been necessary to sacrifice 
toughness, but the composition is balanced so as to produce a 
metal with the best acid-resisting qualities, combined with a 
moderate amount of transverse strength and resistance to shock. 
These alloys are silvery white, close-grained iron, very hard and 
rather brittle. They are available only in castings, being too 
hard to machine with ordinary cutting tools, but may be finished 
by grinding into shape with some of the newer abrasives. They 
can be remelted by the oxyacetylene flame, although careful 
preheating and after-cooling of the welded parts are essential. 
They are rustproof and will withstand the action of most of the 
common acids except muriatic. Standard equipment in the 
shape of pipes and fittings, pans, chutes, kettles, pumps, valves, 
and cocks are available, and it is also possible to produce large 
castings for large-scale production. 

Stainless steel and rustless iron are meeting a variety of uses. 
The element which is responsible for the stainless properties is 
chromium, when present in percentages between 12 and 15 
per cent. The stainless steels usually contain 0.3 to 0.4 per cent 
of carbon and, in order to obtain the property of stainlessness, 
special heat treatment is required. Heating to a bright red 
heat, followed by rapid quenching, produces an alloy of iron and 
chromium which retains in solution the carbides of these two 
metals, thereby preventing an otherwise corrosive action. When 
special resistance to deterioration is required, the content of 
chromium may be increased to 20 or even 30 per cent. 

Stainless steel found its first wide application in cutlery, where 
the advantages of cleanliness immediately established the steel 
in that field. More recently it has come into use where other 
corrosive conditions must be met, such as for exhaust valves in 
gas engines, piston rods for steam engines, and pumps for acid 
mine waters. Steels with the lower carbon contents have the 
best stainless properties, although they are not so hard as those 
with a high carbon content. These steels when suitably chosen 
for the particular purpose in view are practically immune to 
rusting and are very resistant to mild-acid corrosion. Stainless 
steel is available in bar stock in a wide variety of sizes and sec- 
tions. Forged stainless pipes may also be secured in sizes 
beyond the limits of the ordinary piercing mills. 

Stainless alloys low in carbon, which are not hardened, are 
often termed “rustless iron.” They find wide application in 
sheets and in drawn and stamped articles. The sheets are 
annealed to be as soft as possible, as high ductility is more im- 
portant than mechanical strength. Tank cars made of rustless 
iron are being used in the shipment of nitric acid. 

Closely allied to the chromium steels but quite distinct are 
the chrome-nickel steels and alloys. The earliest use of chrome- 
nickel steels was for armor plate, and for many years these were 
the only alloy steels which were widely used. Later they came 
into general use for automotive steels, and are now used for all 
kinds of construction. The typical chrome-nickel steel will 
run from 0.60 to 1.50 per cent of chromium and 1.25 to 3.50 
per cent of nickel, with 0.3 to 0.5 per cent of carbon. 

When chromium and nickel are used in larger percentages, very 
tough stainless steels are obtained which possess high resistance 
against corrosion and remarkable ductility. Typical of these 
alloys are those containing 18 per cent of chromium and 8 per 
cent of nickel, made under the Krupp Nirosta patents. 

Several manufacturers are licensed to make these Nirosta 
KA alloys. ‘Rezistal,”” made by the Crucible Steel Company, 
“Standardalloy,” made by the Standard Alloy Company, Inc., 
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and ‘“‘Enduro,’’ made by the Republic Steel Company, are typical 
examples. ‘Allegheny Metal,” made by the Allegheny Steel 
Company, is another alloy of substantially the same composition 
These alloys are ductile and malleable, and are twice as strong 
as mild steel. They may be drawn, stamped, machined, cast, 
or welded. The corrosion-resisting properties are superior to 
any other ferrous alloy available in commercial quantities. An- 
other unique feature is their ability to take a polish to a mirror- 
like surface which because of its rustproof properties is per- 
manent, as distinguished from a plated surface which will 
wear or peel off. Although these alloys are expensive, the first 
cost sinks into insignificance when compared to the expense of 
replacement made necessary by rust and corrosion. 

The application of these alloys has been most diversified, and 
in some cases the question has been raised as to whether their 
utilization by industry has not followed too closely on the heels 
of the metallurgist without sufficient tests as to durability over 
a period of time. This is particularly true where parts made 
from these alloys are used under high-pressure conditions. 

The chemical industry has been quick to appreciate the ad- 
vantages of these alloys, and they are found in nitric acid plants, 
in ammonia plants, and in many other cases where they are used 
for piping, condensers, heat exchangers, and other purposes. In 
the petroleum-oil industry they are used extensively in cracking 
stills and other parts subject to corrosion at elevated tempera- 
tures. The non-tarnishing properties make them ideal for the 
food and dairy industries and for kitchen equipment in hotels, 
restaurants, and hospitals. Laundries find them particularly 
valuable as they are not affected by bleach or other chemicals 
which are sometimes used. 

More recently the possibility of these alloys for architectural 
and ornamental purposes has been recognized. In this connec- 
tion it is of interest to note that the top of the Chrysler Building 
in New York is fabricated from these chrome-nickel alloys. In 


the new Empire State Building, “Allegheny Metal” is used, not 
only for ornamental purposes and for the dirigible mooring mast, 
but for mullions and window trim. 


This brief survey of some of the many types of materials avail- 
able for materials-handling equipment and the advances which 
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have been made in comparatively recent years may indicate 
the immense range of possibilities which lie ahead. 

It is only within the past decade or so that the large steel com- 
panies have undertaken fundamental research, or research look- 
ing toward the development of new products on a large scale. 
Heretofore the research of the steel companies has been confined 
more or less to improving methods of analysis, and the very 
accurate and rapid methods which have been developed whereby 
it is possible to determine carbon, manganese, silicon, phosphorus, 
sulphur, and other elements to a hundredth or a thousandth of a 
per cent are a tribute to the steel industry. They give the steel 
companies a foundation for further research which probably no 
other industry possesses, since the effect of even traces of these 
other elements is most marked, and unless methods are available 
for their determination, many false steps are easily possible in 
any research program. Such a foundation will surely be pro- 
ductive of many new steel alloys. 

Great developments may be expected from the science of 
metallurgy. Of the more than fifty metals known, not half of 
them are in common use. The number of possible combinations 
of metals in alloys is infinite, and it is impossible to predict what 
properties may be obtained with new combinations and with some 
of the newer and rarer elements. Tantalum, for example, the 
metal used in incandescent lamps before the tungsten filament 
was developed, is now being produced by the Fansteel Products 
Company and is just coming into use for the lining of equipment. 
It is as hard as cold-rolled steel, yet ductile and workable, and 
inert to practically all corrosion. 

Columbium, the sister-metal to tantalum, is awaiting develop- 
ment. It is a beautiful white metal with properties similar to 
tantalum, except that its density is only one-half as great. 
Beryllium is another metal with interesting possibilities. It is 
lighter, much harder, and four times as elastic as aluminum. 

There can be little doubt that the future holds in store much 
greater advances than have been witnessed in the past few years, 
and it behooves every plant engineer, as well as others in charge 
of materials-handling equipment, to follow the progress of de- 
velopments so that he can apply them as soon as they have been 
demonstrated to be practical. 
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Suspended Cables 


The curve assumed by a cable having its own weight and 
the applied load uniformly distributed over its length 
differs but little from a parabola if the deflection or sag is 
small; but as the actual curve is a catenary, modified more 
or less by the elastic deformation of the cable, the differ- 
ence between the two curves becomes too great to be dis- 
regarded when, in the case of suspended structures other 
than suspension bridges, the sag exceeds a certain limit. 
The catenary being an exponential curve, its solution 
presents unavoidable difficulties. As a means of overcom- 
ing these in great measure, the author has compiled a 
table of hyperbolic radians tabulated as angular functions, 
whose use he shows by means of several worked-out ex- 
amples. 


N THE design of cables for suspended 
structures other than bridges, the con- 
ditions encountered make it sometimes 
necessary to allow the cable to deflect or 
sag a greater distance below the supports 
than that which is suitable in suspension 
bridges. 

The curve assumed by a cable having 
its own weight and the applied load uni- 
formly distributed over its length differs 
but little from a parabola if the deflection 
is small; but as the actual curve is a 
catenary, modified more or less by the elastic deformation of the 
cable, the difference between the parabola and the actual curve 
becomes too great to be disregarded when the sag exceeds a cer- 
tain limit. 

The catenary is an exponential curve, and its solution there- 
fore presents unavoidable difficulties. As a means of overcoming 
these difficulties in great measure, Table 1 (see Addenda) has 
been compiled. By its use, as there explained and illustrated, 
the angle A, in degrees, corresponding to a hyperbolic ratio u 
may be found without difficulty, and hyperbolic functions of u 
are trigonometric functions of A. 

The equation of the catenary referred to an origin situated 
outside the curve on the axis of symmetry, at a distance a from 


the vertex, is 
x 
a 


The distance a is the parameter. The ratio z/a is a measure 
denoting hyperbolic radians or “‘hyps,”’ designated by the symbol 
u, and the angle of slope of the curve at any point is the Guder- 
mMannian angle corresponding to u for that point. If the supports 
are on a level and L is the span, x becomes } I at either support, 
and iherefore for those points 


' Consulting Engineer. Mem. Am.Soc.C.E. From 1900 to 1927 
Mr. Strachan was identified with the design and construction of New 
York City bridges, buildings, and tunnel and subway structures, first 
4s engineer of design in the various departments having control of 
bridges, tunnels, and transportation and later as assistant chief en- 
@ineer of the Department of Public Markets. His work comprised 

th original constructions and alterations on steel and reinforced 
concrete buildings as well as cantilever, movable and suspension 
bridges, and tunnel design. In 1927-1928 he was engineer of termi- 
nals for the Port of New York Authority. 
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With Large Sags 


L 


= 9) 
2a 


[2}? 


and A, the angle made by the terminal tangent with the z-axis, is 


With « known, A may be taken from the table, or vice versa. 

The horizontal component H of the tension at any point of the 
curve is equal to wa, where w is the unit weight. Hence, denoting 
the direct tension at the support by 7, 


[4] 
2u 


If a limiting value of H/ is fixed, u for any span may be caleu- 
lated by Equation [4], thus determining all the remaining ele- 
ments of the curve. Otherwise, u and A must usually be obtained 
by successive approximation and interpolation. An illustration 
of this process follows. 

Let the sag v be 0.2 L; then 


exsec A 
2u 


Trial angles are assumed and the exsecant and u taken from ta- 
bles. The guide for finding a trial angle is that tan A is a little 
more than 4v/L. When two angles sufficiently close together 
have been found to bracket v/L, the desired functions may be ob- 
tained by interpolating between them, with results as below: 


exsec exsec /2u 


0.30477 0.76215 0.19994 


u 


39°-58’ 


0.20000 = r/L 
39°-59’ 0.30509 0.76253 0.20005 
From which: 
A = 39°-58.55’ 
sec A = 1.30494 
u = 0.76236 hyps 


For the assumed case, therefore, L and w being known, Equa- 
tions [4] and [5] give 


Lw 


{ = ————___ T = 1.30494H 
2 X 0.76236 
and for C, the length of the curve, 
or 
L X 0.83838 
C 


If C and L are known, a close approximation is obtained by the 
following formula in which q represents C/L: 


u = V (120q— 20)'/2 — 10 


After finding A corresponding to u, the remaining elements 
may be calculated by Equations [4], [5], and [6]. 


2? See Addenda for this and other formulas cited. 
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From Equation [7], q = tan A/u, and the above approximate 

u may be correeted by bracketing as illustrated, using tan A 

instead of exsec A. The results found with Equation [8], how- 

ever, are sufficiently close for many purposes, with sags as large and A is found by 
as 0.25L. 


necessary, as the parameter may be found directly by the formula 


/ 


If the curve C and sag v are known, approximations are un- oe 
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Fie. 1 


OP, is tangent to catenary; OP: is secant. 

= = L/2a2; ue = L/2a 

uo = MoPo/ai = 1.19968 hyps 

A, = gd m; Az = gd uz; Ao = gd wo = 56° 27’ 57”. 
cosec Ao = 1.19968 

cosh = cosh u2/u: = tan B 

w = unit weight of cable and load 

Hy = war = Lw/2m; He = wa, = Lw/2u:2 

Vi = w X P2Q'R! = Lwtan Ai/2u 

V2 = w X P2PiQR = Lw tan A2/2u: 

T = w X OM: = 1/2 Lwtan B = VH4 + V4 = + V2 
T is minimum when B = Ao; Tpin = 0.75444 Lw 


1 (2 __ 


2v 


or exsec A = ; 
a 

After finding u corresponding to 
A, all other elements are then 
given by Equations [2], [4], and 
(5). 

As T is necessarily greater than 
H in every case, it is often pref- 
erable to fix a limit for 7 rather 
than for H. Referring to {4} and 
[5], see A = cosh u, therefore 


T = } Lw ams (10] 
and for a given span and tension 
the ratio cosh u/u is determined. 
In Fig. 1 it is seen that a line 
drawn from the origin O at an 
angle Ao with the z-axis is tan- 
gent to the curve at Po, and any 
other line from O at an angle B 
greater than A; and less than 90 
deg. cuts the curve at two points, 
P, and P;. From the similar tri- 
angles it is evident that the con- 
dition 


cosh u 
u 


= tan B 


is fulfilled at both P; and P2, and 


‘osh 
= pnd = tan B. [11] 


U2 


cosh 


uy 


Drawing P:R’ parallel to 
and constructing the curve P.Q'R’ 
so that for any point thereof 


0g _ oP, 
0Q’ OP; 


we have two ares with respective 
sags M.R’ and M,R, the same 
span L, and the same tension 7; 
for these two curves, 


Lw I lw, 


H, =—; 
: 
T =4lwtanB . 12] 


The lengths of the curves are 


‘ L tan A, L tan A: 


Both u and uw, may be found 
when tan Bisknown. As noted on 
Fig. 1, for the point of tangency, 


uy = 1.19968 hyps 
uy, < ur and > Uo 
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.. tan A A BS. 
Trial angles may be used to bracket the value of tan B, which From table, gd~! 50° 10’ = 1.01521 d © i x ates 
45 


is equal to both sec A;/u; and sec A2/us. 5.5 X 1.7 min 77 

Another way is to take a limited number of terms of the series 1 01598 

resulting from the expansion of Equation {11], replacing uw 0 .5eees 

and uw by zx. If powers higher than the sixth are neglected we 1. 56205 

shall have the following, after arranging the terms in the form 2.40870 
tA 


of the general equation: + sec A) 
an 


x* + 3074 + 3602? — 720z tan B + 720 = 0.... [14] = x 2.40870 = 240.87 ft. 


coos 


ot 


~ 
= 


This equation has two positive roots, one of which is and Copyright, 1930, by R. C. Strachan. 
the other uw, and by well-known methods both may be evaluated Diff. 
) 10 20 30 per min. 
to any desired number of decimal places. 0 0.00582 0.00873 29 1 
is ai 0.01745 0. .02327 0.02618 
Horner’s method is especially adaptable. The requisite num 003401 0.03782 0.04074 0.08385 
ber of terms in [14] will depend upon the desired degree of pre- 0.05238 0552 05820 0.06112 
7 0.07% 075 ). 
cision for the final results. If the roots are carried to one or two 0.08738 0 090% 09322 0.09614 
, me imati ides i 0.10491 0. 11076 0.11369 
places only, these approximations may be used as guides in 012988 0.125 ‘tonsa 0.19148 
bracketing. 0. 14008 14302 14506 
With suitable modifications all the methods outlined will 0.17543 0.17838 0.18133 0 18429 
j ic j rati 0.19318 ¢ . 19910 20207 
apply to spans in whic h the supports are at different elev ations. 931008 0 313% ‘Seana @ S108 
The Addenda following comprise statements of the relations 0. 22886 23185 23484 23783 
0.24681 0.: . 2528 25582 
of elements and the derivation of formulas. 0 26484 0.26785 0.27087 0 27389 
0. 28295 5 28900 0.29204 
0.30116 0.; 30724 0.31029 
0.31946 0.32252 0.32558 0.32865 
oe 0.33786 0. 34402 0.34711 
0.35638 0.35 36258 55 
HE fundamental relations between the ratio u expressed = ‘37813 0 38125 
: , ing § 0.39377 0.3966 40005 
in hyberbolic radians (hy ps) and its corresponding angle A 
in degrees, are, as shown with Table 1, 0. 0.43109 
50 
‘le 0. 47021 
sin A tanh u cos A sech u amore 
tan A = sinh u cot A = cosech u 0. 50039 
sec A = cosh u cosec A = coth u 
lhe angle A is known as the Gudermannian angle in recognition 0. 59003 
of the mathematician Gudermann who first demonstrated its 34 0.63166 
properties; and the symbol “gd,’”’ analogous to “sin, cos, oe 0.67438 


“sinh,”’ “‘cosh,’’ ete., is used to express this fact; thus: 0.69599 
71798 

0.74029 
0.76291 
0.78586 
and following the analogy of inverse functions, 2 0.80917 
0. 83284 

= gd'A 0.85690 

J. 88138 

0.90628 

In a catenary with supports on a level, let 0'03163 
0.95747 

= span 0.98381 
1.01068 

length of curve 

= deflection or sag 00616 
angle made by terminal tangent with horizontal 1.12418 


parameter of the curve. 1.15423 


A =gdu 


TABLE 1 HYPERBOLIC RADIANS TABULATED AS ANGULAR 
FUNCTIONS! 


Explanation of Table. If A, an angle in degrees, is the Gudermannian 
angle corresponding to a ratio u, expressed in hyperbolic radians (hyps), 
their relation, indicated thus, 

A = gd u,oru = 
is such that 
cos A sech u 
cot A = cosech u 
cosec A = coth « 
The table gives u in hyps for angles at 10-min. intervals, and intermediate 

values are to be derived by interpolation in the usual way. The angle A 
for any value of u having been found, all the hyperbolic functions of u may 
be taken out of trigonometric tables. 

EXAMPLE 1. Given, u = 0.84532 hyps. Required, tanh wu. 

From table the next lower u = 0.84482 = gd! 43° 30’ (Diff. = 40.2 a} 
min 


50 + 40.2 = 1'/s 


gdu = 43° = A 
tanh u = sin 43° 31!1/.’ = 0.68862 Q. E. F. 
EXAMPLE 2, coth u = 1.07405. Required, u. 
cosec A = 1.07405 A = 68° 36’ 
From table, gd~! 68° 30’ = 1.66149 (Diff. = 79.6 per min.) 
79.6 X 6 min. = 478 


gd~! 68° 36’ = 1.66627 = u Q. E. F. 
EXAMPLE 3. Given, chord of parabola L = 200 ft. Sagv = 60 ft. Re- 
quired, exact length of arc = C 
Inclination of terminal tangent = A. 


= gd 
= A/1.2 
= sec A ee: 
= coefficient of L/2 
0.69964 0.70329 430 36 ety: 
0.72169 0.72539 3655 37 
0.74404 0.74780 5911 37 
0.76671 0.77052 R201 38 
0.78972 0.79359 1526 38 
0.81309 0.81702 R887 
0.83682 0.84081 40 
0.86095 0.86502 7727 40 
0.88550 0.88963 209 41 
0.91048 0.91469 2737 42 te 
0.93590 0.94019 313-43 
0.96182 0.96619 7938 44 
0.98825 0.99271 616 45 
1.01521 1.01976 3351 46 
1.04275 1.04740 $145 47 
1.07089 1.07564 001 48 ees 
1.09967 1.10453 1924 49 ts 
1.12914 1.13411 4917 50 
1.19027 1.19551 1135 53 
57 1.21668 1.22203 1.22741 4368 54 ae 
59 1.28256 1.28822 1.29391 1116 57 
60 1.31696 1.32279 1.32865 4641 59 ee 
61 1.35240 1.35842 1.36447 8281 61 Phy 
62 1.38899 1.39520 1.40145 2040 63 
63 1.42679 1.43322 1.43968 9930 65 ae 
64 1.46591 1.47256 1.47926 960 68 NAS 
65 1.50646 1.51336 1.52031 4142 70 
66 1.54855 1.55573 1.56295 8490 73 
67 1.59232 1.59979 1.60731 3020-76 
68 1.63794 1.64573 1.65358 1748 80 
69 1.68557 1.69372 1.70193 R693 84 pe 
70 1.73541 1.74395 1.75256 7881 88 ae 
71 1.78771 1.79668 1.80573 3336 
72 1.84273 1.85219 1.86173 088 98 tae 
73 1.90079 1.91079 1.92088 5176 104 
74 1.96226 1.97286 1.98358 1641 110 ‘Sua 
75 2.02759 2.03889 2.05032 8537 118 Bae 
——— 76 2.09732 2.10942 2.12166 5927 126 ae 
77 +#2.17212 2.18514 2.19832 3891 137 
78 2.25280 2.26689 2.28118 2527 149 bl 
79 2.34040 2.35576 2.37136 1963 163 
80 2.43625 2.45314 2.47032 2366 180 od 
81 2.54209 2.56086 2.57998 3962 202 eS 
82 2.66031 2.68143 2.70300 7063 
83 2.79422 2.81838 2.84313 2125 on, 
84 2.94870 2.97693 3.00596 
85 3.13130 3.16524 3.20038 1382 er 
86 3.35467 3.39727 3.44175 8844 Re 
87 3.64253 3.69972 3.76037 3807 it Sere 
88 4.04813 4.13515 4.23048 8719 
89 4.74135 4.92368 5.14683 3313 
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1) Referring to Fig. 2, u? ‘ ué 
( utan B = coshu = 1+ — + — +— +ete. 
L 2 24 720 
Ifz = +L, -=— 
a= 2a Neglecting powers above the sixth and reducing, 


L =u = gd-'A u® + 30ut + 360u? — 720u tan B + 720 = 0 

which becomes Equation [14] by writing x instead of u. 
a —_— 4 (4) Point of Tangency in Fig. 1. If from any point P on the 
ee curve a tangent and an ordinate -be drawn to intersect the 


et sinhu  tanA Y 


u u 


cosh u — 1 = exsee A 


P(x y) 


Are RP isa catenary with origin O. 
x/a = u; A = gd u; = loge tan (1/2A + 45°) 


y/a = cosh u; RP/a = sinh u; RM/a = cosh u — 1 


EP = areRP;EB=a Fie. 5 
a= — = + RM)? — RP? 
a = (RP? — RM)/2RM z-axis, the distance between the intersections is coth u when the 
parameter is taken as the unit. For the point P» the tangent 
(3) (0) as passes through the origin, hence in this case 
c ainh u u = coth u = cosec A 


5 By successive approximation and bracketing, this condition 


3 
qu = = + = + = + ete. is found to be when 


u? ut u= 1.19968 hyps 
g=1+— + — + ete. 
6 120 A = 56° 27’ 57” 


Neglecting powers above the fourth, 


(5) Length of Parabolic Arc as Stated in Explanation 


h uf + 20u* + 120 = 120g Table 1. A well-known formula is 
ence ; 
u = V/(120q — 20)'7? — 10 V1 + 16k (4k + V/1 + 16k?) 
(3) Equation [14] is derived as follows: L . 8k 
uit « Where k = 4k = tan A 


u 


4 
v exsec A 
2au 2u 
o N A mM 
Fig. 3 
P 
M 
T 
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MATERIALS HANDLING 


If u = gd~'A, tan A = sinh u, and Vi + 16k? = sec A = 
cosh u 
“. loge (4k + Y1 + 16k?) = log, (sinh u + cosh u) = u 


L “14 
Hence C = — ed + sec A 
2\ tan A 


Discussion 


R. B. Dae.* The author presents an interesting and valuable 
mathematical analysis of the catenary curve. It is doubtful 
whether the true catenary may be found in practical engineering 
structures; in any event its occurrence is very infrequent. The 
author recognizes this fact in his statement, somewhat casually 
made, that “. . . the actual curve is a catenary, modified more or 
less by the elastic deformation of the cable... .” This fact de- 
serves to be emphasized more fully. 

The mathematical analysis of the catenary curve given in this 
paper properly belongs to the mechanics of rigid bodies. For 
application to practical structures, the effect of the elasticity of 
the material of the cable should not be neglected. The actual 
cable will stretch or deflect a very considerable amount, par- 
ticularly with large sags, if the structure is loaded to the economic 
value of the material. The theoretical catenary curve for which 
this analysis is made then no longer exists in the actual structure. 
Two methods are ordinarily used to determine the elastic effect. 
The first and more approximate method is called the “elastic 
theory,’’ and the second and more exact, the ‘‘deflection theory.” 
These methods have been worked out quite fully in the case of 
suspension bridges. Discrepancies in the application of these 
two theories to practical structures are of a nature to indicate 
that deflections cannot safely be ignored. 

Dr. Arvid H. Baker in his thesis entitled ‘“‘Suspension-Bridge 
Analysis by the Exact Method Simplified by Knowledge of Its 
Relations to the Approximate Method,’’* appropriately states 
as follows: ‘In work of this nature involving several days of 
labor to properly establish even a minor relationship, one is 
prone to draw conclusions from meager data and fail to state the 
restrictions to which the conclusions are subject, thus very often 
leading astray those who might accept the conclusions as the 
truth.”” Dr. Baker further points out that the discrepancies 
between the “elastic theory” and the “deflection theory” as 
applied to suspension bridges are very considerable, and he offers 
correction factors by which the labor of determining stresses is 
greatly reduced and simplified. 

It would seem desirable for the author to continue his praise- 
worthy efforts by adding to his contribution an analysis of the 
catenary as modified by the more exact ‘‘deflection theory” as 
applied to a specific structure. 

In this discussion the writer is joined by his associate, Mr. J. E. 
Thompson, who offers several interesting notes with reference 
to the mathematical theory of the paper. 


J. E. TuHompson.6 The Gudermannian angle, function, and 
notation occur in connection with the hyperbola instead of the 
catenary, but as the hyperbolic cosine (cosh) is defined in con- 
nection with the hyperbola and the graph of the cosh is a cate- 
nary, there is a relation between the Gudermannian angle and the 
catenary. This relation is briefly outlined here, and a few notes 
are added on the equations of the paper. 

Referring to Fig. 3, the are ATB is a quadrant of the circle 


* Head, Department of Mechanical Drawing and Machine Design, 
Pratt Institute, Brooklyn, N. Y. Mem. A.S.M.E. 
. ‘ Engineering and Science Series, No. 24, Rensselaer Polytechnic 
nstitute. 
* Instructor, Department of Mathematics, Pratt Institute, Brooklyn, 
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xz? + y? = a’, of the radius OA = a. The curve AP is part of the 
rectangular hyperbola 2? — y? = a?, of hyperbolic “radius” 
OA =a. 

Through any point P(z;, y:) on the hyperbola erect the or- 
dinate PM = y, from M draw the tangent MT to the circle 7, 
draw the radius OT = a, making the angle MOT = 6, and erect 
TN = Y2-. 

If h is the area of the hyperbolic sector OAPO, then the ratio 
2h/a* is called the “hyperbolic angle’ U. That is, 


The circular angle @ is said to “correspond”’ to the hyperbolic 
angle U and is defined as the “Gudermannian angle” of U 
(from the mathematician Gudermann, who first made extensive 
use of its properties). This relation is written 


From the figure, 


MT? = MN? + NT? = (x, — x)? + y2 


and 


OM? = OT? + MT?, or z =a?+ MT? 
= a? + (x, — m)? + y? 
= a? + zi — + + 


But from the circle, 


=a? 


= a? + — + a? 
whence 
= a? 
and 
Zi a = 
a 


This relation is also obtained directly from the right triangle 
OTM and its altitude TN. 


TO a 
In the right triangle TON, —- = — = sec 6. Hence by [17] 
ON Zz 
a 


which is also obtained directly from the triangle OT M. 
Now in the circle ATB, by definition 


Yr T2 
— = sin @, — = cos 0 
a a 


are the circular sine and cosine of the circular angle @. 

Analogously the definitions of the hyperbolic sine and cosine 
of the “hyperbolic angle’ U of Equations [15] are, in terms of the 
coordinates and hyperbolic “radius”’ a, 


) 
sinh U 
a 


cosh U | 
Comparing [18] and [19], it is seen that 
[20] 


when the circular angle @ is the Gudermannian of the hyperbolic 


2h 
— 
‘ 
4 
vege 
4, 
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angle U, the corresponding circle and hyperbola being related 
as shown in the figure. 

The expression [20] is the third of the first set of six relations 
given in the Addenda to the paper, A and u being there used 
instead of @ and U. 

From the ordinary trigonometric relations among the circular 
functions and the analogous relations among the hyperbolic 
functions, using Equation [20] as the fundamental relation, 
the other relations of the set are readily obtained. 

Note particularly the first of these six relations, namely, 


[21] 


Use will be made of this relation later. 
Consider now the graph of the equation 


y = (2)... [22] 
a 


(Note that z, y, and a here are not the x, y, and a of the hyperbola 
discussed above.) 

This curve is shown in Fig. 4 and is called the catenary. It 
is the shape taken by a chain or a perfectly flexible but inelastic 
heavy cord hung between two supports whose distance apart is 
less than the length of the cord, which is thus allowed to sag 
but does not stretch. 

The variables zx, y of Equation [22] are the coordinates of any 
point P on the curve and a is called the parameter of the curve. 
Geometrically, it is the y-intercept of the graph. 

At the point P, draw the tangent PT to the catenary, making 
the angle XOP = A. The slope of the curve at P is then 


In order to find the slope of the curve analytically, differentiate 
its Equation [22], a being constant. This gives 


d 
m aZ «= sinh (:) 
dx a 


If now we call z/a the “hyperbolic angle” u, so as to be able 
to use tables of hyperbolic functions in plotting, then Equations 
{22} and [24] can be written 


Comparing (26 J"and {23], tan A = sinh u, which is the same 
as [21]. 

This result brings out the relation of the Gudermannian to 
the catenary, and by virtue of this result and the definition re- 
lations [16] and [17], we can write 


A =gdu 


u=(2) [28] 
a 


Equation [27] is Equation [3] of the paper. 

If P(z, y) and P’ in the figure are the points of support of the 
catenary, then P’P is the span L of the catenary suspension. 
But P’P = 2z. Therefore 2x = L, orz = L/2 and 


L 


where 


or, by [28], 


u= 


[29] 


This is Equation [2] of the paper. 

If in Fig. 4 of the catenary, the ordinate PB = y be erected 
and BE be drawn perpendicular to the tangent P7'’, the result is 
as shown in Fig. 5. 

Here the angle BPT is the complement of the angle PTB, 
and also of the angle PBE. Hence the angle PBE = A, as shown 
in Fig. 5. 

In the right triangle PBE, y/EB = sec A. Hence, by Equa- 
tion [20] (or the third of the set of six relations in the paper, 
sec A = cosh u), 


EB 


= cosh u 


Also, by Equation [25], y/a = cosh u 
EB =a 


as shown in Fig. 5. This figure corresponds to Fig. 2 of the 
paper. 

By the usual formula for the length of a curve, it is found from 
Equation [25] that the catenary are 


RP = asinh u (30) 
Also RM = OM = OR = y—a = acosh u a. 
= a(cosh u — 1) 


In the right triangle PBE, EP/a = tan A. Hence by [27], 


= sinh u 


whence 
EP = asinh u 
Comparing this with [30] 
EP = are RP. [32 


Relations [30], [31], and [32] are those used by the author in 
the analysis of his Fig. 2. His analysis of Fig. 1 in his paper is 
self-explanatory. 

The remaining formulas and equations and the table of the 
paper are analytical results derived from the results given in 
these notes, by the ordinary theory of hyperbolic functions. 


AvuTHOR’s CLOSURE 


In the discussion by Professors Dale and Thompson the sugges- 
tion is made that the effects of elastic deformation should be em- 
phasized more fully. The author recognizes the importance of 
these effects, and the necessity of making the most careful cal- 
culation of their amounts in the case of actual structures exceed- 
ing moderate dimensions. However, the article was prepared 
more especially to show that it is possible to simplify the !s- 
borious procedure almost always entailed when we discard th: 
assumptions commonly made for the deeply sagging curves oft 
necessary in transmission-line cables and similar constructions. 

Any one who has gone through the operations necessary ‘0 
the solution of a problem involving hyperbolic functions appli: 
to a structure of specific dimensions realizes why approximatio!- 
so often take the place of theoretically exact methods in suc! 
work. 

The author hopes that his Table 1, coordinating hyperbolic 
with trigonometric functions, may be of practical value when 
applied to either short or long spans in which the sag-span ratio 
is great. Its field of usefulness is not affected by the factor o! 
elastic deformation, the importance of which depends upon 6°- 
tual dimensions and other construction details. 


| 
EP 
— 
a 
| 
= — 
1 2a 
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Case-Hardening With Ammonia Gas 


It has been the dream of metallurgists for many years 
to produce a steel of good toughness with maximum sur- 
face hardness and wear resistance. To produce these 
properties with a minimum of distortion has been the 
subject of much research work of a high order. In the 
past the most successful method of obtaining these 
properties has been by subjecting low-carbon steel to the 
action of a carburizing material at high temperatures. 
Under these conditions the steel takes up carbon in its 
surface layer, changing that portion of the material into 
a high-carbon steel capable of hardening, while the core 
remains low in carbon with the usual toughness and 
shock-resisting properties. By a suitable double heat- 
treatment the core can be brought to maximum physical 
properties while the case can be made hard and wear- 
resistant. This process of case-hardening by means of 
The necessary heat- 


carbon is somewhat cumbersome. 


HE PROCESS of case-hardening 

I by means of ammonia, “nitriding,”’ 

is remarkable for its simplicity. 
The parts to be hardened are placed in a 
heated furnace, subjected to the action of 
ammonia gas for a definite time, and then 
removed. The articles, as they come 
from the furnace, are hard and require no 
further treatment. This is a distinct 
advantage over the older case-hardening 
methods. 

The ammonia used in the process is the 
commercial anhydrous material commonly 3.2 
used in refrigeration. A simple modifica- 
tion of fittings makes it possible to use the commercial product 
with convenience. The ammonia on passing over the steel 
breaks down to some extent into nitrogen and hydrogen; the 
nitrogen in the nascent condition readily entering the steel. 
The gases passing out of the furnace consist of hydrogen, un- 
absorbed nitrogen, and undissociated ammonia. The exit am- 
monia may be conducted to the outdoors or readily dissolved 
in water and drained into the sewer. As these gases are the 
only waste products the problem of waste disposal is very 
simple. 

The temperature of nitriding is low compared to other heat- 
treating processes. This allows the parts to be heat-treated 
before nitriding without danger of subsequent destruction of 
desirable physical properties. Since the nitriding leaves a clean 
surface free from scale a convenient feature of the process is the 
fact that heat-treating precedes the ammonia hardening. Parts 
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treatment after carburizing is a frequent cause of dis- 
tortion of the hardened parts. 

A new process of case-hardening has been developed 
which has all the advantages of the older method. Be- 
sides being free from the troublesome warpage it sur- 
passes the older method in the hardness of the case pro- 
duced. The classic research of Doctor Fry at the Krupp 
Works, Essen, Germany, is responsible for the introduc- 
tion of this valuable metallurgical development. Re- 
searches of a very high order in France and in this country 
have brought the process to its present high state of de- 
velopment. A great deal of credit is due Dr. Norton and 
Mr. De Fries of the Ludlum Steel Company for the excel- 
lent work which they did immediately after the introduc- 
tion of this process into this country several years ago. 
This new process, known as “‘nitriding,’’ now a commer- 
cial success, is described by the authors in this paper. 


coming from the nitriding furnace are 
ready for service without further expen- 
diture of work. Moreover, the low tem- 
perature removes all danger of warpage 
during case-hardening, provided that all 
strains have been previously removed. 

The hardness obtained by nitriding is 
remarkable. The resistance to wear, made 
possible by this treatment, if intelligently 
applied will undoubtedly result in great 
economic saving. The resistance to cor- 
rosion shown by nitrided steels has been 
known for some time. The success of 
the nitriding, while it does not solve the 
problem of corrosion, does eliminate this important factor in 
many instances. 

The investigation conducted by Dr. Fry began with a con- 
sideration of the combining power of various alloying elements 
toward nitrogen and the stability of the resulting nitrides. He 
found that aluminum ranked first, both as to the amount of 
nitrogen with which it combined as well as the stability of the 
aluminum nitride formed. This compound showed no loss in 
nitrogen even when heated at 1832 deg. fahr. Other elements 
which form nitrides with high nitrogen contents include molyb- 
denum, manganese, chromium, vanadium, titanium, and tung- 
sten. 

Plain carbon steels, various alloy steels, including those con- 
taining aluminum, and aluminum together with various other 
elements such as chromium and molybdenum, were subjected 
to the action of ammonia gas under definite conditions and the 
resulting surface hardness was determined in each instance. 
The outcome of this investigation by Dr. Fry was the manu- 
facture of a series of alloy steels containing varying amounts of 
carbon, together with approximately 1 to 1.25 per cent aluminum, 
1.5 per cent chromium, and 0.2 per cent molybdenum. Alloy 
steels having this particular combination of alloying elements 
were chosen because they showed the maximum surface hardness 
when exposed to ammonia gas under definite conditions. Fur- 
thermore, this hardness was retained at elevated temperatures 
and the specimens showed a marked resistance to atmospheric, 
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water, and salt-water corrosion. These steels are marketed 
under the name of “Nitralloy,” the different ranges of carbon 
content being designated as grades ‘“‘G,” “H,”’ ete. 

Table 1 gives the analyses and Figs. 1 and 2 show the physical 
properties of two of the Nitralloy steels after proper heat-treat- 
ment and before nitriding. 

The presence of molybdenum tends to toughen both the core 
and the case resulting from the ammonia treatment. Particular 
attention is called to the high impact values which indicate that 
these steels have high shock-resisting properties. 
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Fic. 1 Puysicat Properties or Arrer 
TREATMENT AND BEFORE NITRIDING 


The equipment required for the case-hardening of articles with 
ammonia consists of a suitable furnace provided with auto- 
matic temperature control, an air-tight container, which should 
be made of a material not susceptible to ammonia hardening, 
for holding the articles to be nitrided, a tank of ammonia pro- 
vided with a suitable needle valve for eontrolling the flow of the 
gas and, finally, a special pipette for determining the extent of 
the ammonia dissociation. 

Special furnaces for nitriding are now being made by a number 
of furnace manufacturers. Some of these furnaces are provided 
with a fan in each instance for insuring active gas circulation. 
The ammonia gas decomposes to a certain extent into nitrogen 
and hydrogen. The nitrogen, which is very active at the moment 
of decomposition of the ammonia gas, undoubtedly combines to 
a certain extent with the iron and with the alloying elements in 
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TABLE 1 ANALYSES OF NITRALLOY ‘“‘G” AND “H" 


Carbon..... 0. 36 0.23 
Manganese...... 0.51 0.51 

Silicon...... 0.27 0.20 
Aluminum....... 1.23 1.20 
Chromium....... 1.49 1.58 
Molybdenum ee 0.18 0.20 
Sulphur.... 0.010 0.011 
Phosphorus 0.013 0.011 


the steel to form nitrides. These nitrides are very likely in a 
fine state of dispersion in the case, and impart the extreme hard- 
ness to the surface of the steel, a hardness which gradually 
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Fic. 2. PuystcaL Properties oF Arrer Hear- 
TREATMENT AND BEFORE NITRIDING 


decreases inwardly until it corresponds to that of the core. 

The time of exposure of the articles to the action of the am- 
monia gas at the nitriding temperature varies from 2 to 90 hr., 
depending on the service to which they are to be subjected. No 
heat-treatment is given to the parts after nitriding, the articles 
being cooled in the box, generally to room temperature. The 
nitriding temperature generally varies from 900 to 1000 deg. 
fahr., 975 deg. fahr. being commonly used. 

The necessity for the complete removal of strains set up in 
forging, machining, and in hardening in order to prevent warping 
or distortion during nitriding has been emphasized. Straighten- 
ing of parts after nitriding may be required if this precaution 1s 
not observed. This is especially likely to occur in thin flat sec- 
tions or in parts having a large diameter at one end and a long 
section with a smaller diameter at the other end, such as in cer- 
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tain types of spindles, fine pump plungers, etc. It has been 
found quite possible to straighten such parts even when done 
cold. Since the hardness of the case is not affected at 1000 deg. 
fahr., it is obvious that the straightening operation can be well 
applied to the hot material. 

Great emphasis should be given to the necessity for the com- 
plete removal of the decarburized layer before nitriding. If this 
precaution is not observed, the nitrided case will lend itself to 
chipping and flaking. The photomicrograph, Fig. 3, shows the 
appearance of the case resulting from the nitriding of a decar- 
burized specimen. The black areas represent voids. Sufficient 
material must be left for final machining or grinding before 
nitriding to insure the complete removal of all traces of de- 
carburization resulting from the forging and the heat-treating 
operations. 

A typical procedure to follow in the case of an article machined 


Fic. 3 Nirrrattoy DercarRBURIZED 
Tuen Nirripep. Ercu, Maa. X 100 


from an annealed bar is to rough-machine, heat-treat, finish- 


machine, and then nitride. The heat-treatment involves quench- 
ing in oil from the proper hardening temperature followed by 
tempering at a temperature which is at least as high as that 
used in nitriding in order to obtain proper physical properties 
for the core and to relieve machining and hardening strains. 
Sufficient time should be allowed for this operation in order to 
prevent warping or distortion on nitriding. The final machining 
or grinding must remove all traces of decarburization. Ni- 
triding for the proper time to meet the conditions completes the 
operation, except for a possible finishing operation, such as 
lapping, on the nitrided article. The treatment of forgings 
should be considered with due precaution to eliminate decar- 
burization before case-hardening with ammonia. 
Photomicrographs, Figs. 4 and 5, show the microstructure 
of Nitralloy “G” nitrided at 975 and 1200 deg. fahr., respectively, 
for 48 hr. It will be noted that the depth of case as the result 
of nitriding at 1200 deg. fahr. is much greater than that obtained 
by nitriding at 975 deg. fahr. However, a marked decrease in 
the hardness accompanies this increase in case depth. The 
curve shown in Fig. 6 indicate the results obtained by making 
the hardness determinations on tapered specimens. In order 
to take advantage of the greater case depth obtained at the 
higher nitriding temperature, and of the greater hardness when 


Fie. 4 “G" Nirripep Forrty- 
Ereunt Hours at 975 Dea. Faur. 
Ercn, Mac. X 50 
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nitrided at 975 deg. fahr., a double cycle of nitriding is frequently 
advocated in order to curtail the time of exposure by nitriding 
first at 1200 deg. fahr. for a suitable length of time, followed by 
nitriding at 975 deg. fahr. to obtain the desired surface hardness. 
Nitriding at 975 deg. fahr. followed by a short time exposure 
at 1200 deg. fahr. has been recommended also in order to pro- 
duce a tougher case than when 975 deg. fahr. is used alone, al- 
though the surface hardness of the article treated in this manner 
will be equal to or only slightly less than that obtained at 
975 deg. fahr. 


TABLE 2 GROWTH OF CYLINDERS ON NITRIDING 


Increase in 
diameter, 


Nitriding Increase in 
temperature, 
deg. fahr. 


Fie. 5 “G” Nirrivep Forrty- 
Ereut Hovurs at 1200 Dea. Fanr. NITAL 
Ercu, Maa. X 50 


NITAL 


A slight growth takes place during nitriding. Table 2 shows 
the increase in the length and in the diameter of cylinders of 
Nitralloy ‘‘G” previously oil-quenched from 1650 deg. fahr. 
and tempered at 1000 deg. fahr. for 4 hr., followed by nitriding 
at the indicated temperature for 48 hr. Prior to nitriding, 
these cylinders were ground accurately, after which they mea- 
sured 5.8160 in. in length and 0.7100 in. in diameter. 

This growth can be allowed for in the final machining or grind- 
ing before nitriding, or it can be removed afterward by lapping 
or by some other suitable means. Advantage of this growth can 
be taken in the case of parts where their usefulness will be de- 
stroyed as soon as a slight wear has taken place. The re- 
nitriding of such articles, especially at a higher temperature, 
will produce sufficient growth to make them useful again. 

Since a certain amount of growth takes place on nitriding the 
presence of sharp corners should be avoided. In the case of a 
cylinder, the growth of the cylindrical surface, together with the 
growth of the circular section, will combine to push the edge out- 
ward. This edge will be very brittle and will chip quite readily. 
The presence of well-rounded corners and generous fillets should 
be given careful consideration. 

The growth is dependent upon the amount of nitrogen intro- 
duced and, therefore, upon the case depth. It is independent 
of the size of the article. A step-down cylinder, nitrided at 
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975 deg. fahr. for 48 hr., showed the same growth in the smallest 
section, which was '/, in. in diameter, as in the largest, the di- 
ameter of which was 2 in. 

The hardness of nitrided articles cannot be determined by the 
usual Brinell machine, Shore scleroscope, or the present Rockwell 
tester. Any chipping of the case will give an erroneous reading. 
The Vickers machine, Herbert Pendulum, Firth Hardometer, 
and the Shore Monotron are suitable for the purpose. The 
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Fie. 6 Harpness DETERMINATIONS ON TAPERED SPECIMENS 


authors are using the Shore Monotron in their investigative 
work. It has proved to be highly satisfactory for the purpose. 
It frequently happens that threaded portions or other areas 
must be protected in order not to become surface hardened. 
Nickel plating gives satisfactory results; tin or solder may be 
used provided that certain precautions are taken. Only that 
amount of tin which can be retained by surface tension should 
be present in order to prevent particles of molten metal from 
dropping onto articles at a lower level in the nitriding box and 
thus produce protection at undesirable points. The authors 
are using a paint of tin oxide mixed with glycerin. The glycerin 
is an excellent vehicle and decomposes into volatile compounds 
during the nitriding process so that the tin oxide can be readily 
reduced to metallic tin by the active hydrogen which is produced 
as a result of the decomposition of the ammonia. 


Wear ReEsISTANCE OF NITRIDED SURFACES 


The wear resistance of nitrided surfaces should prove to be 
of great interest to mechanical engineers. The authors are well 
aware of the fact that wear tests in order to be of maximum 
value should be conducted in a manner which will similate ser- 
vice conditions. 

General conclusions cannot be made after the completion of a 
series of tests because there is no justification in stating that one 
metal is more resistant to wear than another except with the 
qualification that it is true when the tests are conducted under 
the same conditions. CGuillet* studied the wearing properties 
of nitrided Nitralloy, especially with respect to the automotive 
industry. Some of the data presented by him are ineluded in 
the following: 


3 Guillet, Lecture to Academy of Sciences in Paris, France. 


Wear oF CYLINDERS 


On a car with cast-iron cylinders after 30,000 km. (18,630 
miles) the wear was 0.016 in. On a car with nitrided cylinders 
it was 0.0008 in. 

On an aviation motor after 100 hours running the wear of the 
cylinders of heat-treated steel was 0.0032 to 0.004 in. and the 
wear of nitrided cylinders was not measurable. 

The oil consumption under the same conditions per hp-hr. 
was: 
After 100 hours 


New motor 


For a cylinder of heat- 
treated steel... ‘es 4-5 grams 
(60-75 grains) (180 225 grains) 


4 


12-15 grams 


For a cylinder of nitrided 


(60-75 grains) (60-75 grains) 


V. T. Malcolm‘ reported on the excellence of nitrided Nitralloy 


Fie. 7 Apparatus Usep ror DETERMINING WEAR ResisTANCE 


in its resistance to wear. His paper is of great value because of 
its practical aspects. 

Since there is no universal wear-testing machine nor test 
methods, the question of wear resistance should be studied under 
actual service conditions whenever possible. 


4V. T. Maleolm, Use of Nitrided Steel in High-Temperature 
High-Pressure Steam Service. Nitriding Symposium, Convention 
of American Society for Steel Treating, Cleveland, September, 19~"! 
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Lieutenants Kiefer, Crist, and Kindell’ conducted such tests 
since they were interested in specific applications of nitrided 
Nitralloy in which its wear resistance was of paramount impor- 
tance. 

The apparatus used by them, shown in Fig. 7, was made by 
adapting a drillpress for the purpose. A driver provided with 
a keyway was substituted for the drill. The upper shaft carries 
a special fixture for holding the upper specimen. Another special 
shaft supports the lower specimen and rotates in contact with 
ball bearings in order that the torque developed by the friction 
can be determined. 

A grooved disk is bolted to the bottom of the shaft for de- 
termining the torque. A spring balance is attached to this disk 
by means of an ordinary door spring which serves to dampen 
the vibration. 

The lower fixture is shown in greater detail in Fig. 8. The 
base is rigidly fixed to the drillpress table by means of four bolts. 
The lower shaft (4) is made free to rotate by means of the ball 
race (5) which is retained in the fixture by means of ring (6). 
The upper and the lower specimens are shown in contact at (3). 
The male part (2), which is in the center of the upper driving 
tool, keeps the upper and the lower shafts in line by rotating in 
the ball race (1). In this manner (1) and (2) take up all side 
thrusts and thus prevent wabbling and insure perfect alignment. 

A wheel (7) is fitted to the end of the lower shaft and serves 
to provide the lever arm for measuring the torque. Screw (8) 
is used to fix a steel wire from the bottom of this shaft to a spring 
scale for obtaining the other factor (force) which is required for 
the torque determination. 

Hollow cylinders, having an outside diameter of 2'/, in., an 
inside diameter of 1°/, in., and a height of 13/, in., were used in 
the tests. 


TABLE 3 NITRIDED NITRALLOY AGAINST NITRIDED 
NITRALLOY, ines a 950 DEG. FAHR. FOR 
) 


Speci- Time an ip ue, 
Run men hours fahr. in-lb. 


5 401 15 
5 420 20 0.316 
5 430 22 0.347 
5 400 14.4 0.227 


Fric- 
tion 

coef. R.p.m. revolutions 
1150 345,000 
1150 690,000 
1150 11,035,000 


1150 1,380,000 


0.237 


toe 


Upper specimen = No. 1. Lower specimen = No. 2. 

Total no. of revolutions = 1,380,000. Pressure = 12 Ib. per sq. in. 
Total loss in weight of upper specimen = 2.07 g. = 32 grains 

Total loss in weight of lower specimen = 1.84 g. = 28.5 grains. 

2 sq. in. of wearing surface on each specimen 

Specimens were finish machined, but not polished, before nitriding. 
No scoring occurred. 


No lubrication. No loss in hardness took place on surface. 


TABLE 4 NITRIDED NITRALLOY AGAINST GRAY CAST IRON 
Final Loss 
temp., Fric- in Total 
Speci- Time deg. Torque, tion weight, no. of 
men hours fahr. coef. in. R.p.m. revolutions 


5 420 17 0.268 1150 345,000 
5 425 20 0.316 1150 690,000 
5 400 19 0.300 1150 1,035,000 

425 18 0.284 1150 —:1,380,000 


Run 


Brinell hardness of gray cast iron = 140. NG = Nitralloy G. CI = 

Tay cast iron. 

Total loss in weight of nitrided Nitralloy = 0.95 g. = 14.6 grains. 

Total loss in weight of gray cast iron = 2.03 g. = 31.3 grains. 

Specimens were finish machined but not polished before nitriding. No 
scoring occurred. 


‘Lieutenants Kiefer, Crist, Kindell, Thesis, “The Wearing 
Properties of Nitrided Nitralloy Against Various Alloys,” submitted 


in partial fulfilment of the requirement for the degree of Master of 
Science from the Massachusetts Institute of Technology, 1929. } 
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The coefficient of friction was determined by means of the 
following formula: 


where 


weight in lb. acting vertically on the wearing surface 
torque in inch pounds 

coefficient of friction 

outside radius of specimen in inches 

inner radius of specimen in inches 

pull in pounds due to torque. 


2 


@ 


Fie. 8 Fricrion-Testine Fixture 


The tests were conducted without lubrication and without 
the application of external heat. Observations were made at 
5-hr. intervals. These observations included the temperature 
developed by friction, torque, loss in weight and in height, and 
the condition of the wearing surfaces. The temperature was 
determined by means of a thermocouple which extended through 
the lower specimen holder to a point '/,. in. from the rubbing 
surface. Sections were examined microscopically after the com- 
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pletion of each test. Differences in the depths of the nitride 
case at the worn and at the unworn surfaces were noted. 


TABLE 5 NITRIDED NITRALLOY AGAINST SPECIAL BRONZE 
Final Loss Loss 
temp., Fric- in in Total 
Speci- Time, deg. Torque, tion weight, height, no. of 
hours fahr. in-lb. coef. in. R.p.m. revolutions 
5 200 16.6 0.262 
205 14.0 0.221 
320 12.0 0.190 
275 «26.0 
240 6.0 0.095 


250 6.0 0.095 


90,000 
180,000 
525,000 
870,000 
1,215,000 
1,560,000 
Brinell hardness of B-1 was 86. 
NG = Nitralloy G; B-1 = Special bronze (cast). 
No scoring took place with this bronze and there was no pick-up by the 
Nitralloy. No lubrication was used. 
Analysis of special bronze: 
Copper 80.2 Tin 11.5 
Nickel 5.5 Zinc 2.8 
Lead Trace 
Total loss in weight of nitrided Nitralloy = 0.73 g. = 11.2 grains. 
Total loss in weight of special bronze = 0.54 g. = 8.3 grains. 


Tables 3, 4, and 5 give the results of tests in which the nitrided 
Nitralloy was tested against itself, against gray cast iron, and 


i 
Fie. 9 Wear-Test MAcnIne 


against a special bronze the analysis of which is included in 
Table 5. 

In the test in which nitrided Nitralloy was operated against 
the special bronze, fine particles from the former became em- 
bedded in the surface of the latter. In all cases the surfaces were 
entirely free from scoring; no appreciable decrease in the depth 
of the nitride case could be noted when the specimens were 
examined microscopically. Also, the surface hardness of the 
nitrided specimens was the same after the test as before it was 
started. 

Lieutenants Blick and Buracker* not only confirmed the results 
obtained by Lieutenants Kiefer, Crist, and Kindell, but also 
tested the nitrided Nitralloy against itself at a temperature of 
1000 deg. fahr. After 13.5 hr. with a total number of revolu- 
tions of 858,600, the loss in weight of each specimen was only 
0.46 gram (7 grains) with a coefficient of friction of 0.28. 

Captain H. V. Hopkins’ conducted wear tests by means of the 

* Lieutenants Blick and Buracker, Thesis, “The Wearing Proper- 
ties of Nitrided Materials,” submitted in partial fulfilment of the 
requirement for the degree of Master of Science from the Massachu- 
setts Institute of Technology, 1930. 

7 Captain H. V. Hopkins, Thesis, ‘‘The Wear Resistance of Cer- 
tain Ferrous and Non-Ferrous Materials,” submitted in partial ful- 


filment of the requirement for the degree of Master of Science from 
the Massachusetts Institute of Technology, 1930. 


apparatus shown in Fig. 9. This apparatus is provided with a 
variable-speed motor and with a reciprocating mechanism where- 
by two specimens can be rubbed against each other under a 
desired load. Specimens 2 in. by 1 in. by '/2 in. were used in the 
tests. The stroke of the machine is 2 in., so that the specimens 
were rubbed together with a variation of contact area of 1 to 
2 sq. in. The pressure, therefore, was twice as great at the end 
of the stroke as it was at mid-stroke. 

The load was applied through a lever mechanism with a sliding 
weight. A handle operating a screw permitted vertical adjust- 
ment of the lever to compensate for the wear and for the varying 
thicknesses of specimens in order to maintain the lever in a 
horizontal position and to maintain a constant load. The load 
was varied from 13 to 150 lb. 

All specimens were finished on a fine emery belt to approxi- 
mately the average commercial surface for bearing purposes 
All grease and oil or grit were removed from the wearing surfaces 
before each test. The machine was stopped at frequent in- 
tervals to observe the condition of the surfaces. Approximately 
60 combinations of materials were tested without lubrication in 
this machine at varying speeds and loads. Combinations of 
materials such as were used by Kiefer, Crist, and Kindell, and 
later by Blick and Buracker were run in this machine with re- 
sults which checked closely with those obtained by them. 

The results obtained in the wear tests in which the wear in one 
series was a consequence of rotary motion and in the other 
series of translatory motion indicate that the use of nitrided 
materials in engine or machine parts which are subject to severe 
wear conditions and difficult to lubricate offers promising possi- 
bilities 

ConcLusIoNs 


The physical properties of Nitralloy in the un-nitrided con- 
dition compare very favorably with those exhibited by the best 
of the structural alloy steels. 

All parts should be heat-treated before nitriding in order to 
obtain desirable physical properties of the core and to insure 
proper grain refinement since the original grain size of the 
material is not reduced during the nitriding operation. 

Nitriding at temperatures ranging from 900 to 1300 deg. fahr. 
inclusive shows that the depth of case increases, but the hard- 
ness decreases with the increase in temperature. It is possible 
to nitride at a relatively high temperature, 1200 deg. fahr. for 
example, to obtain considerable depth of case and then to nitride 
at a lower temperature, such as 950 deg. fahr., to obtain the 
desired surface hardness. 

The presence of decarburization before nitriding produces 4 
brittle case which is likely to spall or chip. This decarburized 
layer must be removed before the subjection of the parts to the 
action of the ammonia gas. Strains created by machining and 
by heat-treating of parts must be eliminated if warping or dis- 
tortion in the finished articles is to be prevented. 

Nickel plating and a coating of tin or solder will protect parts 
against nitriding. A coating of tin oxide in glycerin will also 
serve as a protective agent. A slight growth takes place during 
nitriding. Allowance can be made for this growth in the final 
machining or grinding operation, before nitriding, or by lapping, 
or by other suitable means after nitriding. 

Nitrided articles offer marked resistance to atmospheric, water, 
and salt-water eorrosion. Nitrided Nitralloy exhibits excellent 
wearing properties even when tested without lubrication against 
certain other alloys, notably against nitrided Nitralloy itself, 
and a special bronze containing nickel. In view of the many 
desirable properties possessed by nitrided articles, this subject 
should prove of increased interest to mechanical as well as to 
metallurgical engineers. 
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Nitriding Analyses—Their Physical 
ties and Adaptability 


By R. S. SERGESON' ano M. M. CLARK,' MASSILLON, OHIO 


Ae 


Fic. 1 
FauHRENHEIT—HNO, 


Type G WatTer-QuENCHED From 1700 Decrees 
< 100—Normat Srrucrure anp GRAIN 
REFINEMENT 


Fic.2 Nrrrattoy Types G WaTer-QuENcHED From 1800 DeGREES 


FAHRENHEIT—HNO; X 100—Sticut Grain GrowTH 


In this paper the authors give the range of analyses 
of the present chrome-aluminum-molybdenum nitriding 
steels. The physical properties of these analyses are 
given in detail both in regard to tensile and impact values. 
Some data on fatigue tests have been added. Mention 
is made as to the proper quenching temperatures and 


' Metallurgical Department of the Republic Steel Corporation. 
_ Presented at the Fourth National Machine Shop Practice Meet- 
ing, Chicago, Ill., Sept. 22 to 24, 1930, of Tam American So- 
CleTY oF MmcHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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Fie. 4 
GREES FAHRENHEIT—HNO; 


NirrRaLLoy Type G From 2200 
<x 100—Hienty Coarse GRAINED 


Fie. 3) Nirratitoy Type G WaTer-QuENCHED From 2000 Decrers 
FAHRENHEIT—HNO; X 100—Coarse GRAINED 


there is a suggestion as to the amount of stock to be 
removed for elimination of decarburized surface obtained 
previous to machining. Many applications which are 
operating highly successfully are given. 


A LITTLE over two years ago all nitriding steels were 


in their early stages of development. They were made 

in the electric furnace in small lots and were high in price. 
If one wished to nitride he was forced to build his own equip- 
ment, and commercial nitriding was unknown. Today, however, 
nitriding analyses can be made in large tonnage in the open 
hearth, thus reducing the cost. Most of the furnace builders 
are marketing nitriding equipment, and many plants are taking 
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on commercial nitriding. The demand for the nitriding analyses 
is steadily gaining and it is quite important that a thorough 
understanding of their properties be obtained. 

The following types are now available on the commercial 
market: 


Mo Al 

0.60/1.20 
0.60/1.20 
0.60/1.20 
0.60/1.20 


Type Mn Cr 
Bers .10/0.20 0.40/0.70 0.80/1.30 0.15/0.25 
(0.30 0.40/0.70 0.80/1.30 0.15/0.25 
G ....0.30/0.40 0.40/0.70 0.80/1.30 0.15/0.25 
High C ..0.55/0.65 0.40/0.70 0.80/1.30 0.15/0.25 


These analyses are being forged with no difficulty at tempera- 
tures of 2175-2250 deg. fahr. 

Before determining the physical properties of these analyses 
a preliminary investigation was conducted to determine the 
proper range of quenching temperature. This was accomplished 


TABLE 1 QUENCHING CYCLES 


Analyses 4 Mn s P Cr Mo Al 


0.341 0.52 0.02 0.017 1.14 0.15 0.95 
0.266 0.50 0.02 0.019 1.04 0.15 0.95 


Cooling Phase 
Brinell 
Medium Hardness 


H 


Water 512 
Water 512 
Water 5 430 
Water 340 
Water 196 
Water 196 
Water 196 
Water 196 
Water 183 
Water 183 
Water 183 
Water 183 


Type G 
Type H 


Heating Phase 
Temp., 
deg. fahr. 


Brinell Te 


mp., 
Medium Hardness deg. fahr. 


Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 


ANALYSIS 


CAR. 0.35 CR.1.30 


uN. 0.60 MO. 0.25 


0.22 AL. 0.94 


OPERATION 


NORMALIZE AIR 


LOANNEAL FURNACE 


QUENCH WATER 


FORGE 1950-2200 


6-Izod 7-Charpy 


5-Brinell 
Normalized 
Annealed 


1400 


In. 


250,000 


| 200,000 


| 


< 
c 
2 
| 
a 
' 
v 


0) 
2-Yield Point, Lb. per Sq. 


2 | 


3-Elongation in 2 In PerCent 


I-Tensile Strength 


Fie. 5 Evongation, Repuctrion Arga, TENSILE STRENGTH, AND YIELD Point For Tyre G 


in each case by quenching a series of specimens from successive 
increasing and decreasing temperature intervals and studying 
their hardness and structure. This is termed a quenching cycle. 
Typical cycles are shown in Table 1 for type G (0.34 carbon) 
and type H (0.26 carbon). From results shown in this table 
and a study of the microstructures of quenched specimens, 
a quenching temperature range of 1700-1750 deg. fahr. has been 
recommended for obtaining the most uniform structure and 


hardness. Specimens were also quenched from temperatures of 
1700, 1800, 2000, and 2200 deg. fahr. to note the effect of tempera- 
ture on coarsening of grain. At 1800 deg. fahr. grain growth is 
evident and increases with temperature. Photomicrographs 
of this effect of temperature are shown in Figs. 1, 2, 3, and 4. 


Paystcat Data—TeEnstLe AND Impact Types G H 


With the quenching temperature settled, physical-property 


G H G 
_ 1280 228 207 1700 
1300 228 202 1600 
Mu 1340 228 202 1500 
1380 217 187 1450 
a 1420 202 196 1400 
, 1460 212 202 1380 
1500 321 302 1360 
1540 402 387 1340 
1580 444 418 1320 
1620 612 512 1300 
ia 1640 §32 512 1280 
1680 555 512 1260 
; 1700 555 512 
ae 1800 555 512 
800 200 1000 1100 1200 1300 
| 
| | 
| 
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ANALYSIS 


CAR. 0.26 


CR. 1.04 


MN. 0.50 


MO. 0.21 


Si. 0.13 


AL. 0.95 


OPERATION| TEMP. COOL: 


NORMALIZE 1700 AIR 


LOANNEAL 1400 FURNACE 


QUENCH 1700 WATER 


FORGE 1950-2200 


6-7-Izod Charpy 
Normalized 


5-Brinell 
Annealed 


4-Readuction of Area 


in 2@In Per Cent 


3-Elongation 


IE 
2-Yielad Point, Lb. per Sq. In 


I-Tensile Strength 


250,000 


150,000 


7 


100,000 


Temp., 
deg. fahr. 


Fic. 6 Evoneation, Repuction Area, Strrenetu, AND YIELD Point ror Tree H 


TABLE 2 PHYSICAL PROPERTIES 


Water 
Water 
Water 


1000 
1100 


Water 
Water 
Water 


Water 
Water 
Water 


Water 
Water 
Water 


Water 
Water 
Water 


Water 
Water 
Water 


Water 
Water 
Water 


Water 
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TABLE3 PHYSICAL PROPERTIES 


Tensile and Izod lengths were water- and oil-quenched from 1550 deg. fahr. 
and drawn from 1000 deg. fahr. to 1375 deg. fahr. 


Analysis 
Cc Mn s P Si Cr Mo Al 
0.55 0.55 0.019 0.014 0.15 1.10 0.20 1.14 


Oil-Quenched—1550 deg. fahr. 
Tensile 


Izod 
Brinell 


228-269 


charts showing tensile, Izod and Charpy impact values were 
made using l-in. round stock. These data in chart form are 
shown in Figs. 5 and 6, for types G and H respectively. How- 
ever, as these analyses are being used in larger sections, data 
have been obtained to show the effect of size in heat-treatment. 
Specimens of types G and H were heat-treated in 4-, 3-, 2-, and 
l-in. rounds and their tensile properties determined. Table 2 
shows the values obtained, and Fig. 7 shows values in chart 
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TYPE-G 
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Fic. 7 


form. These values were from tests taken longitudinally as 
near halfway center to edge as possible. They show clearly a 
marked decrease in yield point and tensile strength with increase 
in diameter, while the elongation and reduction of area are less 
affected. 


TABLE 4 VALUES OBTAINED BY HEAT-TREATING 
Tensile lengths were water-quenched from 1750 deg. fahr. and drawn from 
1000 deg. fahr. to 1400 deg. fahr. 

Analysis 
Cc Mn Ss P 
0.14 0.49 0.021 0.017 


Draw, 
deg. fahr. 


Yrevp Pornt, TenstLe STRENGTH, ELONGATION, AND RepucTION AREA FOR Types G anp H NIrTRALLoys 


FatiGue Properties or NiITRALLOY G 


While the authors do not have complete fatigue data, the 
following test it is believed will be of interest. 

Nitralloy G stock 0.34 C, size 1'/; in. round, heat-treated, 
was used for tests. Tensile and fatigue (cantilever type) speci- 
mens were machined. The specimens were tested as heat- 
treated and as nitrided to give '/»-in. case. The results were 
as follows: 


TENSILE TESTS 


Per cent 
red. of 


Per cent 

elong. in 
2in. area 
25.5 62.9 
25.0 63 


Yield point, 
lb. per 
sq. in. 


Ultimate 
strength 
103,300 
102,000 


Treatment 


As heat-treated 

As heat-treated..... 

As heat-treated and 
105,700 10.0 12.: 

As heat-treated and 


108,700 10.5 12.5 
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= Luin. 50 
* | 
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3In. 
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100,000 45 | 
| 
|| 
| Yield Tensile Elong. area Izod Brinell 
: 1000 95500 111000 20.0 67.5 86 241 
1100 91000 106000 70.0 105 228 
: 1200 75000 95000 23.5 73.0 110 202 
1300 60900 82000 28.0 75.5 114 172 
1400 47300 89000 29.0 62.4 48 179 
: Normalized 1750 deg. fahr. and drawn as shown . 
} 1000 46000 78000 29.0 65 90 1538 
1200 49000 74000 30.5 69 93 149 
1400 42000 79000 30.0 65 75 nitrided........... 83,500 


MACHINE-SHOP PRACTICE 


FATIGUE TESTS 
Number of 
reversals 
33,000,000 

40,800 
28,000,000 
1,411,000 


Stress, lb. per 
sq. in. 
36,000 
75,000 
75,000 
85,000 


Remarks 


Did not break 
Bar broke 
Did not break 
Bar broke 


Treatment 


Heat-treated 
Heat-treated 
Heat-treated and nitrided 
Heat-treated and nitrided 


It is quite evident that, at least in small sections, the nitrided 
case actually increases the fatigue limit of the steel. 


TENSILE AND Impact VALUES OF H1GH-CARBON NITRALLOY 


A preliminary quenching cycle run on this type determined 
1550 deg. fahr. as the proper quenching temperature with oil as a 
medium for quenching light sections and water for heavy sec- 
tions (2-in. round or larger). One-inch round sections were 
heat-treated, being quenched both in water and 1n oil. 

Table 3 gives data showing that little or no difference re- 
sults due to the quenching medium when treated in the 1-in. 
round section. 
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Fic. 9 PumpsHarrs With Decarsurizep Has Cavusep SPALLING 


Fic. 10 Bus Moror CamsHarr or Type G NITRALLOY 


Tensine VaLuges Impact or Tyre I 
A preliminary quenching cycle on this type determined 
1700-1750 deg. fahr. as the proper quenching temperature. 
Sections l-in. round were heat-treated and water-quenched. 
Table 4 gives the values obtained by heat-treating. This product 


also lends itself to the making of flat products, e.g., sheet and 
strip, in which case water-quenching is difficult. Hence such 
products are normalized and drawn. Physical data on normalized 
and drawn stock are also included in Table 4. The normalized 
and drawn stock is applied to stamping and forming operations. 
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Fig. 11 Pumpsuarr or Type H NITRALLOY 


Fie. 13 Sreertnc Sector 


Fie. 14 Timine Gears 


ADAPTABILITY 


The experience of the authors as to the adaptability or selec- 
tion of these nitriding analyses to the machine, automotive, 
and aviation fields dates back but little over two years. In 
that time there have been many successful applications, many 
more are still under test, and some few were failures. To give 
a clearer understanding, the various applications are listed and 


Fie. 15 Untversar Cross 


Fie. 17 Meat-Cuttrer Disks 


illustrations of many are shown. For best results, these analyses 
should be used in the heat-treated state, being fully machined 
before being subjected to the nitriding treatment. Although 
it has been previously stressed, it is again to be pointed out 
that, after heat-treating, the decarburized surface must be com- 
pletely removed by machining. In general, a removal of ' « 
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in. to */s in. is sufficient to remove all decarburized area. Fig. 
8 shows a typical decarburized surface, and Fig. 9 illustrates 
the effect of nitriding a decarburized surface. It will be noted 
how the surface of the pumpshaft has spalled. 

Applications in the following fields are listed. Unless men- 
tioned otherwise, application is satisfactory. 


AUTOMOTIVE FIELD 
Type Fig. No. 

Crankshafts. . 

Camshafts........ 10 
Pumpshafts. ll 
Piston pins..... 12 
Steering sectors. 13 
Timing gears... . 14 
Universal cross...... 15 
Brake drums (under test) . 21 


All of the above applications are giving excellent service. 


AVIATION FIELD 
Type Fig. No. 


Crankshafts..... Still under test 


LOCOMOTIVE 
Type Fig. No. 
Valve-motion pins and bushings.... GorH 


Crosshead guides G 20 
Piston rods , G Still under test 


MACHINE PARTS 


Large machine parts. . . 
Meat-cutter disks... . 
Paper rolls. . 
Paper corrugating rolls. . 
Radial-drill spindles. . . . 
Plug gages 

Gas-engine wristpins . 
Hydraulic-pump cams. 
Roller-leveler rolls 
Shafting 

Bushings 
Movietone camera parts. ; 19 


Still under test 


VALVE 
Type 
GorH 
H 


Oil and tar... ‘ 


MISCELLANEOUS 


Die-insert drop forging High carbon type Fig. 20 
Upsetting-die inserts High carbon type 
Clay-forming dies . TypeGorH 
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Replacing Metals by Synthetic Resins— 
Phenol-Resinoid Molding Technique 


By LEON V. QUIGLEY,' NEW YORK, N. Y. 


It is the purpose of this review to assist the engineer and 
mechanic whose experience has been chiefly with metals 
to get his bearings with regard to the synthetic resin 
plastics, which are becoming increasingly important in the 
metal trades. The paper deals particularly with that type 
of plastic or synthetic resin materials known as phenol 
resinoids. The review has involved a study of the litera- 
ture of America, England, and the Continent covering the 
past five years, and relies also upon the technical archives 
of the American company which, during the past 20 years, 
since the inception of these materials, has been engaged 
in their manufacture. 


HEN a new class of material be- 

gins to rank with metal, stone, 

and wood as one of the four prin- 
cipal materials of construction, it becomes 
properly a subject for thoughtful considera- 
tion by engineers. Properties of the new 
material are to be evaluated, and not only 
in the absolute sense, but in relation to 
the properties of materials which they may 
replace. It is the purpose of this review to 
assist the engineer and mechanic whose ex- 
perience has been chiefly with metals to get 


his bearings with regard to the synthetic resin plastics, which are 
becoming increasingly important in the metal trades. The 
paper deals particularly with that type of plastic or synthetic 


resin materials known as phenol resinoids. The review has 
involved a study of the literature of America, England, and the 
Continent covering the past five years, and relies also upon the 
technical archives of the American company which, during 
the past 20 years, since the inception of these materials, has 
been engaged in their manufacture. 

The current issue of The Industrial Bulletin, published by 
Arthur D. Little, points out that the aggregate value of the 
products of the plastics industry is already more than one- 
tenth that of the products from both the lumber and wood- 
working industries of the United States. Yet the wood industry 
has been long established, while the plastics industry might 
be considered as still in the industrial nursery. 

Considering the relation of phenol-resinoid materials to the 
metal industry, it should be remarked that they have, for specific 
purposes, replaced practically every known form of metal. 
For the heaviest duty in buildings and machines, it would ap- 
pear that resinoids will not supplant metal. It is conservative 
to assume that for many less strenuous services they will re- 
place metal entirely. The new material, technically described 
as phenol resinoid and popularly associated with the trade- 
mark name of the company founded by its inventor, should 


' Technical Editor, Bakelite Corporation. Mem. A.S.M.E. 

; Presented at the Fourth National Machine Shop Practice Meeting, 
Chicago, Ill., Sept. 22 to 24, 1930, of Taz American Socrery oF 
MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
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not be hastily rated as inferior or superior to metal, wood, or 
stone. In contrast to each one of these older substances it 
possesses inherent advantages and limitations. It is something 
distinct, and therefore can stand alone, not as a questionable 
substitute, but as an auxiliary new material having a technical 
personality of its own. Phenol-resinoid materials have attained 
their present widespread adoption because they are possessed 
of a remarkable assortment of properties and because they 
possess remarkable ease of adaptability. It is these two factors 
which chiefly govern the adoption and industrial position of any 
material. 

The importance of manufacturing processes, based on plas- 
ticity of the raw materials, is that they make possible conversion 
directly to the desired final shape, with practically no loss of 
material, and at an expenditure of time and labor which is usually 
only a fraction of that which would be required if the part were 
shaped from rough stock by machining or cutting operations. 

The most important group of industrial plastics, which, 
however, appears to be still in its infancy so far as varieties are 
concerned, is the class in which synthetic resins are used as a 
binder. The earliest of these and by all odds still the most 
important are the phenolic-resinoid materials. They possess 
extreme plasticity in the formative period. The finished prod- 
uct is resistant to practically all of the normal conditions 
tending to structural breakdown. It is characterized by a 
high degree of electrical and thermal insulation, and presents 
attractive surface, requiring practically no polishing as it comes 
from the mold. Structurally, the material possesses a degree 
of toughness and strength unusual in organic substance, and 
where this is not adequate, as in the case of fine machine threads, 
it is possible to mold metal threaded inserts into the finished 
piece. 

The earliest plastics, such as cellulose nitrate, as well as the 
majority of the natural gums and resins, soften to such an ex- 
tent under heat as to seriously limit their field of usefulness. 
One of the major factors which has brought about the rapid 
extension in the use of the phenolic-resin plastics is the extent 
to which they resist not only heat, but also other conditions, 
such as moisture, and mild acids and alkalies, which tend to 
break down the appearance and frequently the structure of 
many materials. 

The history of man has been written in the “ages’’ of the 
materials from which his handiwork has been largely fashioned. 
If we may gage the future by even current progress, we appear 
to be rapidly entering the plastic era. 


REPLACEMENT BY RESINOID 


In reference to the adoption of resinoid materials in new fields, 
“replacement” is a better word than “substitute.” Substi- 
tution, according to Fred C. Bowman, writing in Factory and 
Industrial Management, is as old as the days of Tubal-Cain, 
who persuaded his neighbors to buy his iron tools to replace 
their stone hatchets, and adds that it probably took all of his 
700 years to overcome their sales resistance. 

Generally, the bad reputation of substitutes has been deserved. 
Much effort was spent it making a substitute look like the 
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TABLE1 PHYSICAL PROPERTIES OF FABRICATED PHENOL-RESINOID PRODUCTS, MOLDED AND LAMINATED 


Molded— -——— Laminated. 


Wood-flour filler 


Fabric filler Asbestos filler Paper Fabric 


Specific gravity poke 1.3-1.4 1.8-2.0 1.3-1.4 
test 


piece, 3500-6500 
New A.S.T.M. test 
piece 6000—12,000 


Tensile strength, Ib. per sq. in 


Impact strength (notched Izod specimen), ft-lb. per 

sq. in ; 1-2.5 
Modulus of elasticity (transverse), Ib, per sq. in, 

x 105 25 
Modulus of rupture (transverse), Ib. per sq. in.)... 10,000—20,000 
Electrical eee (volume), ohms per cm. cube at 

so” 


(volts per mil), instantaneous 
at 60 cycles... 


Power factor, 1,000,000 cycles, per cent........... 


Dielectric constant 


Thermal conductivity, cal. per sec. cm. ° ee x 1076 4-6 


Specific heat 


New A.S.T.M. test 
piece, 4500-9000 


Figure-eight test 
4 
3300-5000 —8000-24,000 8000-12, 000 
piece, 5000—10,000 


10-25 0.5-4 5-25 10-65 


8-12 10-25 10-20 5-15 
Flatwise or Flat wise or 

edgewise edgewise 
15,000-30,000 15,000—25,009 


8000—15,000 8000—20,000 


10'@-10!! 10-109 10'@-10!! 10%-10' 


\ 150-400 
200-500 Mica Filler 500-1300 200-500 
450-600 \ 
\ 10-20 
Filler 
2.5 ) 
4.5-7 5-20 
12-20 
0. 30-0. 40 


5-10 


Tends to harden and shrink slightly with improvement of electrical properties 


Effect of heat Does not fuse 


fo Withstands 250° F. 
Moist 
Effect of aging 


PHENOL RESINOID, INITIAL MATERIAL 


Reinforce: ing 
So/vents Solvents Materia/s 
Pigments Filler Wood fiour 

Asbes | fiber 


| SH | | | ENAMEL | | CEMENT | 


Fabric Sheet Stock 
{Canveas, Linen, Paper] 


LAMINATED, 
Sheets, Rods, Tube 


Machining 


Fic. 1 Cart SHowinG RELATIONSHIP OF PRINCIPAL PrRopuUcTS 
FABRICATED From [niT1AL PHENOL-RESINOID MATERIAL 


For structural purposes, the molded and ore divisions are of chief 
importance 


original and little thought given to making it behave right. 

Within the last few years a new kind of substitution has come. 
Now a substitute must be better than the original. There is no 
attempt to deceive, and often none to produce resemblance. A 
mere saving of money is usually not enough to put over a substi- 
tute. It must have property merit. 

Bakelite materials have many times been adopted for appli- 
cations in which cast iron, steel, brass, tin, aluminum, lead, and a 
wide range of alloys were formerly employed. Usually this 
change of material of construction is based on decision by the 
designing engineer that the properties of the phenol-resinoid 
material justify its adoption as superior to the metal formerly 
employed. This does not mean, of course, that the metals are 
not highly satisfactory and preferable for many other appli- 
cations. Block tin is still one of the world’s metal utilities, 
but molded resinoid is fast replacing it for use as the caps for 
shaving-cream and tooth-paste tubes. This does not indicate 
that resinoid is a substitute for tin in the way most people would 
understand the meaning of the word. 

The following, in order of importance, are the chief industrial 
fields using resinoid molding material: 


1 Electrical manufacturing 
2 Radio 


Withstands 475° F. 
for short periods 
Does not fuse 
Slight deterioration of electrical properties 


Withstands 250° F. 
Does not fuse 


No deterioration. Tends to improve in mechanical and electrical properties 


3 Automotive 
4 Mechanical 
5 Gifts and novelties 
6 Electrical, central station 
7 Bottle and tube caps, packages 
8 Building and hardware 
9 Telephone 
10 Textile 
11 Chemical 
12 Miscellaneous 
13 Aviation 
PROPERTIES 


One important phase of mechanical engineering pertains to the 
adaptation of materials to new form, new properties, and new 
applications. It is the properties of a material which guarantee 
or jeopardize its engineering service. In the selection of a 
material of construction, engineering and economics must be 
simultaneously considered. Chief factors influencing selection 
are availability, cost, and properties. 

The problem looks simple, but actually it is extremely complex. 
For instance, there are present properties and future properties. 
There are characteristics which will justify the application from 
the standpoint of safety and reasonable cost, but these may 
be far from the optimum characteristics available. Engineering 
ethics, and the honor of good craftsmanship, demand that we 
find for a given structure, machine, or commodity the material! 
of construction which will be, during the life of the unit, the 
best. 

There is only one good word for such a material or condition 
and that is optimum. 

It is useful mechanical practice to seek to resolve, mentally, 
any object, structure, or machine into its component materials, 
then to ponder whether the best materials have been employed. 
Designing engineers apply this reasoning; all engineers will 
find it interesting and valuable. To recognize resinoid is not 
always easy. To recommend its adoption in many design prob- 
lems requires knowing a wide range of properties and appreciat- 
ing a specialized molding technique. The technical press has 
devoted some attention to this problem during the past five years. 
Knowledge of relative advantages and limitations will save 
metals from being unwisely replaced. With equal understand- 
ing, the resinoid materials should be conserved for optimum 
application. 
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MATERIALS OF CONSTRUCTION 


In judging the suitability of a given material of construction, 
the engineer usually relies on current tables of properties, and 
adds to this actual service records of the material in typical 
range of application. In the case of metal, stone, or wood, 
the problem is easier. Resinoid materials, on the other hand, 
are made in the laboratory. There is seemingly no limit to the 
degree to which they can be improved by refinement and chemical 
alteration. Extensive research is being applied, and within 
the past two years new molding materials have been developed 
with shock resistance many times better than that of the best 
material previously made. There is therefore the problem of 
keeping one’s information up to date. A second factor of 
difficulty is that it is next to impossible for any one man to 
know the complete record and service. New uses are being 
reported every day. The materials are used in literally every 
type of industry, and sometimes there are as many as a thousand 
applications in one small field. Because of the unusually large 
range of uses to which the materials have been found suited, 
a great many subdivisions of the materials have developed. 
It is possible to modify resinoid materials with respect to some 
30 different properties. The result is that a single company 
may manufacture as many as 500 distinctive resinoid products. 
The properties of the resinoid product are also modified by 
the addition of such materials as wood flour, asbestos, graphite, 
linen, canvas, and paper. The chart, Fig. 1, will show the 
principal classifications of products in the resinoid industry. 

Because of their relatively great importance in mechanical en- 
gineering, the laminated and molding materials will receive chief 
attention. (See properties chart, Table 1.) It will be the 
purpose in the remaining discussion to show that phenol-resinoid 
materials are properly to be ranked with metal, stone, and wood 
as a class of general-utility materials. They are in a sense a 
laboratory descendant of the former three. It is because they 
are somewhat akin to metal, stone, and wood that their combi- 
nation of properties is so favorable and that their range of appli- 
cation is so broad. They are referred to as metal substitutes, 
synthetic lumber, and synthetic stone. Such designations 
are ill advised. They are true in,a sense, but they lack con- 
servatism. One should think of phenol resinoid as an individual 
material always ready to defer to metal, stone, and wood when 
these materials are better suited to the purpose at hand, and 
yet frequently able to solve in an optimum manner a question of 
design where each of the others has experienced difficulty. 


STRENGTH OF MATERIALS 


At this point, there should be before one a rather definite idea 
of the ability of resinoid material to replace metal on a strength 
basis. George H. Dowty, in the June issue of British Plastics 
and Molded Products Trader, discusses the resinoid materials 
as applicable to over 100 airplane parts. He says, “Other 
things being equal, the material with the highest specific strength 
will be the most favorable for use in aircraft construction.” 
His figure of merit, namely, the specific strength, indicates 
the relative load carried for a given weight of the material. 
It is obtained by dividing the tensile strength expressed in tons 
per square inch by the specific gravity. On this basis of compari- 
son, he finds that the laminated resinoid materials are second 
only to steel, as in Table 2. 


TABLE 2 
Tensile 
strength, Specific Specific 
Material tons persq.in. gravity strength 
Laminated resinoid material 
Duralumin 
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On a weight basis, resinoid 1s six times lighter than steel and 
only half the weight of duralumin. It therefore follows that, 
weight for weight, the member fabricated in laminated material 
will be six times thicker than the corresponding steel member 
and double the thickness of the duralumin member. In air- 
plane construction this design characteristic is considered an 
advantage, since the additional thickness gives greater rigidity 
and stability. 

While in airplane design the property of tensile strength is con- 
sidered especially important, designers in most industrial fields 
find it necessary to regard with equal care the property of shock 
resistance, or impact strength. The impact strength of lami- 
nated resinoid material, such as is used for gear stock, has a 
maximum value of 65 ft. lb. per sq. in. The average molded 
resinoid material was in its early years relatively low in impact 
strength. During the past few years new molding materials 
have been developed which yield products whose shock resis- 
tance is 10 to 20 times greater than the best previous grades, 
the maximum value now being 25 ft. lb. per sq. in. Any idea 
that resinoid molded materials are brittle or fragile is erroneous. 
It is possible to mold a resinoid part of fairly thin section which 
can be dropped 50 ft. to a concrete floor and suffer no fracture. 

The tensile strength of molded resinoid materials is, at maxi- 
mum, 8000, while that of the laminated form reaches 24,000. 
It will be seen on the basis of these figures that replacement 
of steel elements in the transportation field is impossible in 
installations which require tensile strength in the range of 60,000 
to 120,000 lb. per sq. in. For the structure of bridges, rolling- 
stock carriages, and building frame, likewise for the construction 
of heavy machinery, steel in its various alloy forms, cast and 
wrought iron, also aluminum, hold the field well for metals. 
It is unfortunate that some writers waste time in predicting the 
immediate entry of synthetic resins as replacement in these 
heavy applications. The synthetic resins merit consideration 
It is quite 


in a very large field apart from heavy construction. 
true that they have replaced, and seemingly on a permanent 
basis, and with optimum effect, thousands of light machine 


elements and commodity parts. Up to the present time resi- 
noid molded units have ranged in weight from a very small 
fraction of an ounce to 25 lb. The laminated resinoid can be 
produced in units weighing several hundred pounds. While 
these figures by no means indicate an upper limit, it will be seen 
that the resinoid replacement of steel is a factor for consideration 
by the machine shop and tool room rather than by the rolling 
mill. By the same token, it must be appreciated that resi- 
noid properties and technique are of interest to men engaged 
in the production of die-cast metal parts and the machining 
of all types of metals. 

As could be said for almost any material, phenol resinoid is sel- 
dom adopted because of auy one property; rather for the sum 
total of its effect in reference to the requirements of a new design. 


TypicaL APPLICATIONS 


A specific example of resinoid is in replacing cast iron. There 
is a recording machine known as the Egry register. It has two 
sides with area approximately 7 by 18 in. A depressed, decora- 
tive surface is desired; also, embossed reproduction of the firm 
name. The design must incorporate suitable provision for 
assembly, also several holes, bosses, flanges, etc., to accommodate 
transverse spindles and other parts of the operating mechanism. 
Based on production of the company in question, manufacture of 
these parts with resinoid made it possible to conserve 5000 sq. ft. 
of factory floor space which would have been required to ac- 
commodate the machinery essential to 23 grinding, drilling, and 
finishing operations which would be required with cast iron. 
Likewise, there was a saving of labor cost. In addition, the 
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weight of the finished machine was appreciably decreased, a fac- 
tor of importance in the design of office and store machinery. 

Decrease in weight effected a saving in shipping cost, an eco- 
nomic factor which must also be considered. 

Dental chair arms made of pressed steel required a subsequent 
enameling process. The chair arm was cold to the touch and 
the enamel too easily chipped. Molded from resinoid material 
and by means of a single unit molding operation, a strong, 
mahogany-finish part is produced with metal attachment in- 
serts solidly embedded. The organic nature and low thermal 
conductivity of resinoid material make it warm to the touch. 

Contrasting with the self-lubricating dashpot made from a 
molded mixture of resinoid and graphite is the grinding wheel 
application. In this field resinoid is used to bond the abrasive 
particles. The new abrasive wheel has come along with the 
demand for rapid accurate grinding. The Bakelite type of 
wheel is operated at 9000 surface ft. per min. as against 6000 
for safe operation of vitreous wheels. Wheels may be produced 
of open structure especially suitable for snagging and cutting. 


Fic. 2) Typtcat EXaMPLes oF THE LamINaTED Resinorp Propvuct 


(Simple shapes can be molded, but detailed parts like the pinion are pro- 
duced from disk blanks by hobbing machines or shapers. Process block, 
lower left, shows resinoid-impregnated canvas layers before and after press 


as 


Fic. Exampies or THE Propucr 
(Insulator, center, weighs about 25 Ib.) 


They cut granite as rapidly as vitreous wheels cut marble, and 
wear away slower in the process. 

There may be doubts as to the strength of molded articles, 
but the following should dispel them. The Philadelphia subway 
has adopted a ear coupler made from a phenolic molding mate- 
rial. The main body of the coupler is of metal, and has two 
metal wings, each containing a molded part, which has embedded 
in it 14 metallic inserts. The inserts are used to make electrical 
connection, from coach to coach, of the various electrical cir- 
cuits, and are so spaced that when the coaches are coupled 


the various electric circuits are completed. The couplings 
are of the jaw type. These molded parts have been found to 
stand up to the mechanical shocks of the train assembling yard. 

In the textile industry, a cloth tentering machine is equipped 
with a large number of metal clamps, which are automatically 
opened and closed. These clamps are actuated by the sliding 
or rubbing action of the opener. Cast iron, and later, brass, 
was used for the opener, but both metals caused rapid wear 
of the clamps. This was regarded as serious because the clamps 
cost $4.75 each. During the past two years, resinoid laminated 


AIRPLANE AccressoRIES Mape From LAMINATED Srock 
(Guide pulley, control cable bushings, and engine mount shim.) 
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material has been used for the tenter clamp opener. There 
has been no discernible wear of the brass clamps. This is a nice 
illustration of resinoid, not only as a replacement, but as an 
ally of metal. A similar case is in automotive timing gear 
transmission, where a resinoid gear is meshed with two steel 
gears to promote the factor of silent operation. Recent im- 
provement in canvas laminated gear blanks has increased the 
life of resinoid gears from 15,000 miles to almost that of the car. 

Two of the most interesting replacements of brass have in- 
volved electric light fixtures of the ceiling type used in office 
buildings and switch plates for electrical switches and outlets. 
Both of these replacements are by the resinoid molding material. 
Resinoid laminated stock frequently replaces brass, a specific 
instance being the blades of electric fans. Replacement of 
brass for electric light fixtures eliminated the tarnish and the 
polish problem. Five years ago manufacturers were incredulous 
when the assertion was made that brass switch plates would be 
replaced. Now many millions of resinoid plates are made an- 
nually, and practically every new building is equipped with 
them. They are inert, non-corrosive, and require no polishing. 
Moreover, while a switch plate may not need to be an insulator, 
it is thoroughly sensible to make it of an insulating rather than 
of a conducting material. 

Formerly the stem of an industrial thermometer was made 
of hard rubber reinforced by steel tubing. By molding the 
device completely of resinoid, six assembly operations are elimi- 
nated. The manufacturing cost is reduced 36 per cent. Steel 
inserts are molded integral with the resinoid in the molding 
operation. There were additional factors which influenced the 
choice of material, namely, heat and moisture resistance, elec- 
trical insulating ability, and mechanical strength. 

For a special type of player harmonica an assembly of cold- 
rolled steel parts was replaced. In a resinoid only two parts 
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were required and 40 operations were eliminated. The part 
now resembles mahogany of high luster and embodies several 
lines of embossed lettering. 

A paper napkin container and dispenser for restaurant use is 
essentially an end-open rectangular box with dimensions approx- 


Fie.5 Restnoiw LAMINATED MATERIAL FOR AIRPLANE-CABIN WALL 
FINISH 


imately 5 by 5 by & in. There are two large side apertures 
and a central partition. Resinoid materials in attractive colors 
have replaced metal because of their ability to yield such a 
device in a single operation (including the finish), also because 
there is no need of repeated daily polishing. 

In the making of a radio speaker, resinoid, in molded and 
laminated form, respectively, replaced brass for bobbins and 
end plate. The metal finishing operations eliminated were, 
in the two cases, four and seven. In one instance the cost sav- 
ing was 50 per cent; in the other, 60 per cent. 

In a mechanical counting device there is a small ratchet wheel 
which operates at over 1600 r.p.m. In this service resinoid is 
reported to have been preferable to die-cast brass. After 30,- 
000,000 revolutions it showed no perceptible wear. 

The operating hand wheel of a letter-addressing machine, 
formerly of enameled steel, was replaced with resinoid rim 
molded integral with a two-spoke metal spider. The chief 
reason for the design change was to eliminate the chipping 
difficulty of the porcelain coating of the steel. A saving of 45 
per cent was effected. 

Not always is the competition with metal. On a burglar- 
alarm control box a */,in. slate panel was replaced by #/.-in. 
resinoid laminated stock. Each slate panel was drilled sepa- 
rately. Three resinoid laminated panels are drilled at once, 
eliminating 40 drilling operations. There is an appreciable 
saving in labor and tools. Additionally there is no breakage, 
and more uniform dielectric strength follows. 

Surveying instruments are used in all climates—in the arctic 
regions at 60 deg. below zero, and in the tropics at 110 deg. and 
higher. Brass thumb nuts become very hot or cold, and fingers 
consequently freeze to the metal, or are scorched. Resinoid 
material, a non-conductor, overcame both difficulties. Opera- 


tions elimmmated on the different parts ranged from 9 to 32, and 
there was a saving of 40 per cent. 

These instances of replacement with resulting design and 
Property improvement, and with production economies of 40 
and 50 per cent, are not unusual. 
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The remaining portion of this paper is intended to answer two 
questions which the mechanical engineer and mechanic are asking 
most frequently; namely, “Just what is this resinoid stuff, 


and what does one need to know about its technique or shop 
practice?” 


Wuat Is Resinoip? 


Phenol-resinoid material receives its name because chemicals 
known as p»enols are used in its manufacture and because the 


Fic. 6 GrinpiInc EQuIPMENT 


(Resinoid bonding wheels are being safely run at a speed of 9500 surface feet 
per 


minute.) 


Fic. 7 or MecHanicaL ADVANTAGES Wuicn ResiNnorp 
MATERIALS AFFORD 


(The unit molding operation provides not only the channels, ridges, and 
apertures characteristic of the case interior, but yields also the grain leather 
exterior finish, and the embossed lettering.) 


essential resulting products are somewhat like resins. It should 
be understood that a resinoid is not one of the natural resins 
like rosin, copal, or dammar. Resinoids are made in the labo- 
ratory by the building-up process of organic chemistry. This 
building-up process is the opposite of analysis. It is called 
synthesis. Synthetic chemistry is perhaps the highest form of 
chemical science because it is the most creative. Just as one 
develops an alloy steel which will have certain properties, so 
one can build in the laboratory a super-resin which will meet 
specifications better than any such material previously known. 

Natural resins are useful for many purposes, notably in varnish 
making. The phenol-resinoid materials go beyond this to be- 
come materials of construction. Chemists in the latter part of 


. 
uke 


4 


22 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


the Nineteenth Century knew that there was some possibility 
of making a synthetic resin from the reaction of aldehydes and 
phenols. Until the work of Dr. L. H. Baekeland, however, 
the world waited for an industrially successful super-resin which 
could serve as a material of construction. Announcement of 
the invention was made in 1909. When it was recognized by the 


Fie. 8 Resinorp Napkin DISPENSER 


(This retains its luster with no necessity for polishing. The device is well 
designed from the standpoint of ease of manufacture.) 
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Fie. 9 Mecsanicat Counting Device Invotves SEvEN 
Moupep Resinoiw ELEMENTS 


(Test on the ratchet wheel showed no perceptible wear after 30,000,000 
revolutions.) 


award of the Perkin medal, which is bestowed for outstanding 
industrial achievement, Dr. Charles F. Chandler, of Columbia 
University, epitomized the significance of the invention as follows: 
“Before Baekeland had published the results of his work, there 
existed not a single industry, nor a single application of any 
importance based on these condensation products. Since then, 
there have been started here and in Europe numerous factories 
where these processes are used for the most varied purposes, 
ranging from the manufacture of a billiard ball to that of a 
wireless telegraphic apparatus; the manufacture of a self-starter 
for automobiles to a wide range of uses, embracing such articles 
as switchboards for battleships, moldings for kodaks, armatures 
and commutators for dynamos and motors, telephone receivers, 
railroad signals, grinding wheels, etc.’’ 

In its physical appearance, Baekeland’s product resembled the 
natural resins. Likewise in its initial state, it could be melted 
readily and dissolved. But, in a later state, it became quite 
different in properties. The agency of this change was heat; 
the process is described by the chemist as polymerization. When 


this change has been completed, the resinoid is radically different 
from natural resins. In careful appreciation of the physical 
resemblance and chemical dissimilarity, Baekeland adopted 
a distinctive term for his new material. This word is resinoid. 

Under certain well-defined conditions two odoriferous, un- 
promising, liquid solutions of phenol and formaldehyde combined 
to form a solid resin-like substance, differing in every way from 
the liquids from which it is made. It is odorless, tasteless, 
inert—an entirely new substance possessing distinctive chemical 
and physical properties. In its raw or primary state, phenol 
resinoid is quickly softened by moderate heat and is soluble in 
alcohol or acetone. A very brief exposure to greater heat sets 
up a further chemical reaction and causes it to solidify to a state 
which will not permit of remelting and which is unaffected by 
solvents. Thus the material is thermo-plastic. More than 
this it is heat-reactive and heat-transformed. 


Tue LAMINATED 


To manufacture phenol-resinoid laminated material, which is 
one of the two most important industrial forms, the initial 
resinoid is dissolved in solvents to provide a varnish. The 
varnish is then used to impregnate the laminating fabric, which 
is paper, linen, or canvas. The fabric passes through a dip 
tank and thus secures a uniform coating. The varnish-laden 
sheet passes from the dipping operation to drying apparatus. 
After being dried of solvent, the processed web is cut into sheets 
100 in. sq., or of other dimension, as desired. A number of 
these sheets are then superimposed and placed in an hydraulic 
press operating with 350 deg. fahr. and 1500 lb. per sq.in. Under 
this action of heat and pressure a tough, dense, rigid slab is 
produced. If one of these slabs is examined it will show re- 


Fie. 10 Eyerrece aNpD ADJUSTMENT WHEELS ON SURVEYOR’S 
Transit Moupep or MATERIAL 


(Low thermal conductivity, in distinction to brass, is considered an ad- 
vantage. Moreover, a unit molding process replaces 9 to 32 operations re- 
quired with metal.) 


lationships and differences compared to wood, metal, and stone. 
Aside from its application for gears and pinions, this material 
is used for thousands of electrical and mechanical accessory pur- 
poses. Most recently it is being adopted for wall-paneling 
and in furniture manufacture. Tables and desks in modernistic 
design are composed of steel tubing and sheets of resinoid lami- 
nated material. Laminated pinions, adopted chiefly for the 
factor of silence or to resist atmospheres containing corrosive 
chemicals or abrasive particles, are used on motors rating from 
'/, to 100 hp. The drive is applied to practically all types of 
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shop equipment such as planers, milling machines, high-pressure 
pumps, broaching machines, etc. 

By reason of its layer structure, the laminated material is gen- 
erally stronger and tougher than the molded product. More- 
over, the layer structure prevents its being molded to intricate 
shape. When applied to applications which are essentially 
flat, it requires very little processing. Otherwise it requires 
the usual machining operations which are applied to wood, 
metal, and stone. It will be understood, therefore, that this 
material replaces the older materials of construction on the 
basis of its chemical or physical properties, rather than from 
the standpoint of production economy. 


Tue Moupina 


With the molding material the case is quite different. It 
offers all the properties of the laminated material with the 
exception that it is less strong mechanically. Its greatest ad- 
vantage lies in the fact that it requires no machining, being con- 
verted by a single rapid molding operation into finished product 
form, 

Molding materials are usually furnished in powdered form. 
This powder is supplied ready for molding in steel dies. It 
requires no mixing or modification by the consumer. Molding 
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Fie. 11 Press at 1500 Ls. per Sq. In. Bonps 
Restnorp-IMPREGNATED SHEETS OF CaNvas, LINEN, OR Parer INTO 
oF BAKELITE LAMINATED 


(The finished stock is adapted to thousands of uses, ranging from silent 
timing gears in the automobile to wainscoting in modern buildings.) 


materials embody the resinoid material—in such state that it 
will be further converted during the molding operation—plus 
reinforcing material and color pigment. Reinforcing material 
is usually wood flour or asbestos fiber. It is not added par- 
ticularly to cheapen the commodity, but rather to provide better 
molding qualities, greater toughness and strength, or additional 
heat resistance. For manufacture of dashpots, the addition of 
graphite imparts a marked degree of self-lubrication. 


MSP-53-3 


Propucrion 


As applied to metals, the term “die casting’ is correctly de- 
fined as the art of casting molten metal into dies, these dies 
usually being constructed of special irons and steels. Hence 
in a broad sense this term embodies the processes of both “grav- 
ity” and “pressure” casting. The gravity method relies upon 
the force of gravity to carry the molten metal into the various 
cavities of the dies and therefore must be used in connection 
with metals of rather high fluidity. The pressure method em- 
ploys the application of external pressure, either air or mechani- 
eal, or a combination of both. 

From what has been said, it will be understood that resinoid 
molding is not a “die casting’ operation in the usual sense of 
the term. There may be gravity effect after the start of the 
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(The paneled enclosure of this filing department is an example. The ceiling 
light fixtures are an application of the molded product.) 


molding operation, depending on the mold, but essentially 
the operation relies upon mechanical pressure. The charge is 
solid rather than liquid. Usually it is dry powder, though for 
purposes of convenience in loading, this powder may have been 
preformed into tablets or sheets. Mechanically, the molding 
process suggests the molding of hard rubber, but the process 
analogy is only partial. 

Resinoid molding material might be defined as a general 
utility, partially converted, intermediate, raw material adapted 
to final conversion in dies operated with heat and pressure. 
It is not extruded, nor cast, nor is it “die cast’’ in the same sense 
that these terms apply in the molding of metal. 

By the resinoid hot-molding operation, mechanically, the 
material is not merely set up in a new form, but its nature is 
changed chemically. In other words, as the molding operation 
progresses, the charge not only becomes different in form, but 
it is converted to a new material. The importance of this point 
cannot receive too much emphasis. Upon the understanding 
of it, depends success in resinoid molding technique and satis- 
factory product performance. 

Hardened steel dies are used in molding resinoid materials. 
The die cavities are produced by hobbing or by the usual machin- 
ing operations. Molding presses are usually hydraulic. Normal 
operating pressure is 1 ton per square inch. Temperature is 
normally 350 deg. fahr. These figures are not arbitrary; special 
material may require higher pressure or lower temperature. 
Steam is the popular heating medium, but gas and electrically 
heated platens are also common. The molding time for different 
resinoid materials covers an appreciable range. There are 
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hundreds of molding materials, hence a wide range of flow rates, 
color, and properties in general. Principally, however, molding 
time depends on weight and structure of product. Dies may be 
“hand,” or mounted on the press, ‘“semi-automatic.”’ They 
may have one cavity or many. Dies are further classified as 
positive, semi-positive, and overflow. 

The overflow mold is made so that the upper and lower por- 
tions rest one on the other as they are brought together under 
pressure. In the positive mold, the top plunger telescopes 
within the lower portion of the mold. In the overflow mold, 
the molding powder, or a preformed biscuit of it, may be used, 
provision being made for the excess material, or flash, to be 
squeezed out as the die members contact. In the positive mold, 
having no provision for overflow, the mold charge must be still 
more accurately apportioned. 

The powder materials compress, in the molding process, to 


Fic. 13 Tue Masorniry oF AMERICAN AUTOMOBILES CONTAIN AT 
Least One LAMINATED REsInorp GEAR 


(Most frequently it is in the timing mechanism and is installed intermediate 
with two metal gears.) 


about 40 per cent of their original volume. In other words, 
to produce a flat tablet '/, in. thick, the charge depth will be 
11/; in. The molding material suffers no appreciable loss in 
weight during the molding process. With well-designed molds 
and proper technique, molding accuracy within 0.002 in. is 
obtainable. For most purposes, tolerance of 0.005 in. is found 
adequate. 

Knurling, embossed effects, bosses, grooves, holes, and screw 
threads are nicely obtainable in the molding process. Where 
special thread strength or bearing reinforcement is desired, 
metal bushings are incorporated. The embedding portion of 
the metal bushing is given a knurled grooved surface to pro- 
mote adhesion. 


SHop Practice SUGGESTIONS 


A notebook record of service engineering experiences during 
the past five years contains many interesting incidents. Typica! 
entries are the following: 

(1) The premature hardening of a portion of a mold charge 
to the point where it is no longer plastic under heat, is usually 
ealled pre-curing. Pre-curing results in molded parts of poor 
strength and finish. It is caused by allowing the charge to 
stand in the mold for several minutes before being placed in the 
press. It is a simple matter to avoid pre-curing. The molder 


Fie. 14 Bakevrre Gears Usep For Ligut-Loap Service 
(The Bakelite pinion shown is mounted on a 100-hp. motor which drives 
boring mill.) 
should put the mold in the press as quickly as possible before 
loading. He should also close the average mold within 15 to 30 
sec. from the time it is placed between the platens of the press. 

(2) A molder who was producing jar covers was obtaining 
production of but 130 per day. A stopwatch study of loading 
and curing time made by a service engineer revealed that it was 
taking 7'/, min. for each cycle. The press platen was too high 
and the arbor press too far from the molding press for easy and 
efficient handling of the molds. A platform was built in front 
of the presses and the distance between arbor press and molding 
press was reduced. The result was that production was increased 
to 190 covers per day, a gain of 45 per cent. 

(3) In molding phenol-resinoid materials gases are given of 
under the heat and pressure of the molding operation. If 4 
ready escape is not provided for these gases, the molded piece 
is apt to have interior gas pockets and surface blisters. This 
trouble can be overcome readily by the practice known to the 
trade as “breathing” the mold; that is, releasing the pressure 
for a period of 3 or 4 sec. after the mold is first closed. Pre 
heating the molding tablets for 10 or 15 min. at a temperature 
of 180 to 190 deg. fahr. will also be found a very effective means 
for checking the tendency to blister. An “air-bound” mold is 
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another fruitful cause of blistering. Such a mold is one in which 
the top force fits into the chase so snugly that there is no means 
of eseape for the heated air or gases given off in molding. This 
occurs only in positive molds of the ‘“‘straight-draw” type. 
To avoid air binding, the mold force should be made with a free 
sliding fit in the chase and should be provided with sprue grooves 
to allow for the escape of gases. 

(4) In 1926 a company producing 5000 tube bases per day 
was using the following cycle: (a) Load, discharge, 1 min. 20 sec. 
(b) Closing mold, 40 sec. (c) Cure, 2 min. A service engineer 
demonstrated that the 2-min. cure could be reduced to 1!/, min. 
by puffing. Thus they included in their operation a slight 
opening, or release, of the mold about 10 sec. after the first 
closing, and standardized on a cure of 1'/; min. In 1930 the 
cure requires less than 1 min. 

(5) Whenever possible the practice of using a small mold in a 
large press should be avoided. The excessive pressure applied 
on the small surface of the mold may drive the mold into the 
platen of the press and score it badly. When it is absolutely 
necessary to use a large press with a small mold, it is a wise 
precaution to place at the sides of the 
mold steel blocks of approximately the 
same height. 

(6) One of the best speed records for 
hand-mold operation is 600 pieces per 
hour from a single press, using two nine- 
cavity molds. Time in the press is 40 
sec.; transfer, 5 sec. Wall thickness of 
molded part is '/;. in. In considering 
molding speed records, it should always be 
remembered that excessively short curing 
time does not impart properties claimed 
for phenol-resinoid material. 

(7) In an instance of alleged shrinkage, 
with finished piece undersize, it was found 
that the gas-heated presses were operated 
at too high a temperature. The alleged 
shrinkage was really warpage. The 
molded part had a sizeable central slot. 
Use of shrink plugs eliminated the trouble. 

(8) The use of hard water will cause coating of the steam 
channels in the mold, and this, by interfering with the thermal 
conductivity of the metal, will influence the curing and chilling 
effect, and alteration in these factors will cause surface defects 
on the molded piece. 

(9) In molding a typewriter space bar, poor surface, due to 
insufficient cure, caused by poor conduction, was traced to the 
fact that the mold had warped. A thin film of resinoid material 
had become located between the bed platé and the mold. This 
acted as a heat insulator. The die was machined, and re- 
located with good contact surface, and the trouble was 
eliminated. 

(10) In molding a coil cap, a void was formed in the center 
of the molded section. Material was not flowing properly 
into place because the force of the mold having long pins in it 
was allowed to rest near an open window for several minutes 
during the loading operation; consequently it became so cooled 
that flow of material was retarded. The trouble was corrected 
by keeping both top and bottom mold parts hot. Proper mold- 
ing was facilitated by heating preformed disks for one hour at 
210 deg. fahr. 

(11) It is good practice to use an air hose to clean off the mold 
between cycles. Care must be taken, however, not to blow 
tmpurities into the supply of molding material and not to blow 
contamination into recesses of the die. It is sometimes found 
that the pump supplying the air pressure has its intake located 
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near the floor. An air filter should be included in the air supply 
line. 

(12) In the molding of an electrical instrument case blistering 
occurred, but only on one side of the part. The material was 
blamed. A service engineer found that a small amount of snow 
was drifting through a ventilator in the roof and settling in 
the open cavities of a tilt-head press mold. When the ventilator 
was closed, the blistering trouble disappeared entirely. 

(13) On a 12-cavity mold for a cylindrical automobile part, 
four cavities had been left empty because of broken pins. Opera- 
tors were equipped with five sets of shrink plugs for each cavity, 
and they stated that on taking from a given cavity five suc- 
cessive parts, differences after shrinking on the plugs until cold 
were between 0.003 and 0.007 in. The die cavities differed 
slightly; hence the different sets of marked shrink plugs. In 
spite of marked indication, the operator was not taking any 
particular care to put the part from a given cavity on the right 
plug. Proper use of shrink plugs removed trouble. 

(14) The manufacturer of an electrical device requiring exact 
dimension and high polish complained of steel particles in one 
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(The operations shown are analogous in principle with the machine methods involved in quantity pro- 

A, fill mold with requisite amount of molding material; 

cure in hot-plate press for about 43 min.; D, remove the top force; E, tap the ejecting plug and the 
molding from the mold; F, remove molding from the ejecting plug.) 


B, press down with hand; C, 


drum of molding material. It was found that a workman had 
been using a steel screwdriver to clean mold cavities. Three 
cavities in the mold have been badly scored, and would require 
repolishing. Having ruined the finish the workmen had re- 
ported that the molding material contained metallic impurities. 

(15) Large silver-gray spots, appearing without apparent 
cause on surface of molded parts, were attributed to oil or water 
having passed through the air hose. 

(16) A large three-cavity positive mold for the production 
of parts with thin, deep-wall section requires a ‘‘soft’’ material 
with quick flowing properties. In the instance reported, sticking 
occurred in the middle cavity. On checking with a pyrometer, 
it was found that after a period of 45 min. under steam, the 
end cavities were 300 to 325 deg. fahr. The center cavity 
registered 250 to 270 deg. fahr. These molds were being oper- 
ated with chill, so the production temperatures would be still 
lower. It is essential that molds be designed so as to maintain 
the same temperature throughout all cavities. 

(17) A fast-curing molding material was found to take an 
unusually long time to cure. Investigations showed that the 
drum was shipped and stored during a blizzard. When the 
material was put in the mold, a long time was required to heat 
it through. The material being a good heat-insulating medium, 
it was naturally slowin reaching room temperature before molding. 

(18) Misaligned mold pins are always a source of molded 
part cracking or breaking. 
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(19) A molded tool handle was found to be breaking in service. 
Examination showed that the resinoid material was under- 


Fie. 16 Group or anp Hoss Usep 1n Forming THEM 


Fie. 17 Press 


cured. Moreover, considerable material had escaped from the 
flash mold instead of being compressed into the finished handle. 


The shape of the preform was changed, and the time of cure was 
increased to 6 min. The tablets were pre-warmed, and the 
mold was closed slower to prevent escape of material. A handle, 
thus made, could be pounded on the floor until the metal part 
was seriously deformed, and the handle was unimpaired. 


ImprRovED METHODS AND MATERIALS 


Rather than discuss equipment and technique of the resinoid 
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molding plant as if it were a new subject, some of the technical 
improvements which have been responsible for the remarkable 
advance in production and application during the past five years 
are listed. 


1 Presses: 
Automatic—increasing production speed; compared with hand 
molding. 
Tilting head—permitting time saving and easier loading. 
Rodless—minimizing danger of platen misalignment. 
Mechanical (molding hines)—eliminating hydraulic system. — 
Duo—Turntabie design permitting heating and chilling operations 


MACHINE-SHOP PRACTICE 


quickly continuous without hand transfer, Hot and cold operation 
confined to respective press units. 
Mechanisms, control—eliminating hand operation of press cycle. 
Molds: 
Multiple—molding a hundred parts instead of one in equal time. 
Chromium plated—protecting surface, facilitating release of complex 
parts; also an aid to hobbing. 
Hobbed—extending application for mass production of multiple cavi- 
ties. 
Design improvement 
Preforming equipment: 
Rotary-—notably advancing tablet production 
Percussion—heavy construction eliminating 
producing tablets of larger size. 
Plant: 
Production line-—-sequence improved, and conveyor systems increa- 
ing speed and convenience. 
Press tables—at same height with press, keeping work on same level. 
Loading frames—permitting rapid charging of multiple molds. 
Line connections—maintenance of standardized temperature and 
pressure minimizing leaks; copper pipe spiral connections some- 
times preferable to swing joints. 


-reducing flash to a minimum. 


r minute output. 
rame breakage and 
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Cork Cover 


4, upper die; 8, lower die. These are mounted in a 100-ton semi-auto- 
matic press. Work is stripped from forces of the upper die by a stripper 
plate moved downward by the ejector cylinder. The mold is direct-heated 
and contains 96 cavities. The cup-shaped moldings produced are 1 in. 

diameter and #/s in. depth. Production is 23,000 pieces per day.) 


Instruments—increasing use of indicating and recording types. 

Measuring equipment—electric scales for accurate charge weighing; 
rotary measuring machines for preparation of identical charges of 
powder material. 

Material-handling methods—involving segregation of colored ma- 
terials, and the protection of molding material, generally, from 
contamination. 

Safety devices—automatic press guards, etc., preventing injury of 
operators. 

Air hose—slender neck type permitting insertion to reach die cavi- 
ties; installation of dust filters. 

5 Materials: 

Development of a material possessing increased shock resistance— 
twelve times that of the regular molded product, itself a good 
shock-resisting material. Airplane pulleys and camera cases are 
typical applications. 

Development of materials which can be drawn hot. Equal number of 
cold presses eliminated, doubling plant capacity. Time saving 
results because a 9-min. cycle may now be two. This latter 
point means that a molding plant of given size is capable of at 
least four times its former output. 

Development of an entire color series supplementing the blacks and 
browns which long prevailed. . 

Development of an improved heat resistant material by which the 
heat resistant range of the molded piece has been raised from 250 
deg. fahr. to 400 deg. fahr. 

Development of materia! with increased resistance to the carbonizing 
effect of the electric arc. Endurance aircraft have used it for 
their magnetos. 

Development of improved “‘low loss’’ material for radio. This 
yields a molded piece with very low power factor, and high re- 
sistance; suitable, therefore, as insulating parts of high frequency 
apparatus. 

Development of a material offering increased flexibility. This 
seems to solve the problem arising from difference in expansion 
between a reinforcing metal core and its molded resinoid covering. 
An important use is ton in the automobile steering wheel. In- 
tegrally molded, a resinoid steering wheel with metal spider is 
reported to be three times as strong as the rubber rim wheels, and 
from tw o to three times as strong as one made from wood. 
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6 Material application trend: 

Coupled with shop-practice improvement and material develop- 
ment is the rapid extension of molded resinoid parts to mechanical 
uses involving relatively large forms Instances include soda 
fountain ice-cream cabinet covers, lunch-counter stoo] tops, 
oflice-machine sides, electric-fan bases, subway-train coupler 
parts 


CONCLUSION 


In this review an effort has been made to show the origin, 
comparative properties, and present industrial position of 
phenol-resinoid material. This resinoid class of substance which 
is a product of the research laboratory has been considered as a 
major class among materials of construction. It has been 
ranked, by reason of its versatility, with wood, stone, and metal. 
Resinoid has been so nominated, after consideration of its rapid 
advance, permanence of achievement, and future promise —par- 
ticularly with regard to its unusual combination of properties 
adapting it to every field of engineering and in consideration 
of its thousands of important industrial applications. 

Emphasis of the spectacular has been avoided. The 
services of resinoid have been found to supplement metal and 
the older materials of construction. Every effort has been made 


best 
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(In addition to standard one-tone shades, wood finish mottles such as walnut 
and mahogany are available.) 


to prevent overestimation or incorrect interpretation of the 


role of replacement. Resinoid is not a universal cure-all, but 
it is one of the most useful material allies of modern progress. 
Effort has been made to indicate and to discuss the engineering 
factors which govern its adoption in new fields. 

One of the chief problems confronting twentieth century 
organization is that of coordinating the complex activities pro- 
duced by the past generation of industrialism. Resinoid ma- 
terial, by reason of increasing use, is creating new departments 
in mechanical shop practice. Its fabrication, especially the 
unique process of molding, is a natural supplement to older 
operations of the metal trades. 

The history of humanity is a record of transition no less in 
materials than in mankind. Particularly is this generation 
replete with change. There is unparalleled attention to re- 
search, which is deemed necessary to survival. Research is 
responsible for new materials and their application. The total 
effect of material transition, either upon industry or upon the 
workers, is impossible to assay. Sometimes resinoid replaces 
steel. Again conjoined with sheet steel, it replaces stone, and 
opens a new metal market. Gleaming corridors of mammoth 
buildings bear evidence. Optimum application of material 
must involve conservation as well as efficiency. A study of 
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the engineering factors involved in material replacement becomes, 
therefore, increasingly important. 


Discussion 


W. S. Huson.? This paper marks an unusual presentation 
of a very live subject, in that it enters so fully into intimate 
detail of manufacture and application and, too, because it is a 
material which at first glance would seem remote from a place 
usually assigned to the metals. 


However, as the author has pointed out at length, where: 


pieces formerly considered only from a metal base can now be 
made of a material so different and yet adaptable to many used 
heretofore considered as of metallic possibility only, the paper 
will undoubtedly broaden concept and use as study is given 
the material and its economic value in the industries. 

There is a phase of production on which the author touches 
rather lightly, and that is the machining of resinoid materials 
and the effect on cutting tools. The material is very abrasive 
in its action on cutting edges, and while not seriously affecting 
machining, nevertheless retards it and is a factor in cost consid- 
eration. Here steps in another laboratory accomplishment, 
cemented-tungsten-carbide tools, which are so hard that the 
abrasive nature of resinoid has small detrimental effect on the 
cutting edges, so little that parts are produced much faster than 
when made of metal. It is well this paper has been presented, 
for it emphasizes how materials other than those customarily 
considered as being the only available are coming into larger 
use and in many ways better service. 


W. F. Lent.’ The paper is an able and comprehensive review 
of the fundamentals of the application of synthetic resins. The 
writer has some comments on the application of molded prod- 
ucts which apply as well to the phenol-resinoid type mainly dis- 
cussed as to other types of molding compounds such as urea, 
celluloid, cellulose acetate, cold molded, and others. 

As the author brings out so clearly, in application engineering 
one must simultaneously consider both engineering and eco- 
nomics. And when these two phases are properly balanced 
there is truly an optimum application. The solution of the 
economic phase, which is perhaps the least understood and appre- 
ciated, will remove the most serious obstacle to more rapid ex- 
pansion of applications. 

The fundamental nature of the molding art demands a rela- 
tively high preparation cost (molds and fixtures) prior to the 
initiation of economical manufacture. The typical case there- 
fore presents a problem of economic balance between high tool 
cost and savings in production. This is generally a complex 
balance and involves many considerations of apparently trivial 
details of design of molded parts as well as of the tools for making 
these parts. 

First, regarding the design of molded parts, it should be realized 
that it is often very easy to produce a part by machine methods 
which it may be very difficult to mold. This involves a con- 
sideration of under-cuts, side holes, use of inserts molded in, di- 
mensions of sections, location of holes, proportions, etc. These 
are the every-day problems of the molder and have been treated 
in detail in current literature. They are extremely important 
for successful and economical manufacture. The designer should 
realize that apparently slight concessions in these details have a 
powerful bearing on cost. 

Second, regarding the tool equipment, there is always the 


* Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
* Cutler-Hammer, Inc., Milwaukee, Wis. 


economic balance, here stressed again, of the amount to be exy- 
pended on tools versus a counterbalancing lower product cost. 
Here there are two considerations—how the mold unit is to be 
laid out most advantageously and how many units (or cavities) 
will be most economical over all. 

The layout of the unit determines whether a positive, semi- 
positive, or flash type of construction will be used, in what po- 
sition the part will be molded and how the fins will appear. Of 
course this problem must be considered in connection with the 
detailed design of the molded part, and it is mainly for this reason 
that the detailed design has so important a bearing on cost. 
Flash molds are cheap to construct and easy to operate, but they 
do not necessarily produce the best parts. The fins appear 
laterally, entail a slow operation for removal, and are apt to leave 
objectionable marks when removed. Contrast this to the verti- 
cal fin from a semi-positive or positive mold which may be re- 
moved by a simple rub on an abrasive surface. The cost is by 
no means all there after the part has been molded, although the 
most skillful work has been performed. There still remain the 
fin-removing (cleaning) operations, and possibly drilling, ream- 
ing, tapping, grinding, and inspecting—all classed as finishing 
operations. An analysis of a number of small molded parts in 
large quantity manufacture for electrical applications discloses 
aggregate cost of finishing operations ranging from 20 per cent 
below to 20 per cent above the molding cost. A prominent 
hot molder recently said that he had been employing about one 
finisher to one press hand, but that the tendency seemed to in- 
crease the ratio toward two finishers. The point to be noted is 
that the layout of the mold has a vital influence on finishing cost, 
which is an appreciable item in total cost. 

Multiplying the number of cavities in a mold at least approxi- 


' mately multiplies the cost of the mold and divides the unit mold- 


ing cost in the same ratio. There is always a point in number of 
mold cavities above which or below which the cost of total parts 
to be made plus tool cost is greater. More effort should be put 
into the correct determination of this most economical number 
of cavities. It is indeed surprising in studying proposals from 
different sources working with the same information, to note the 
great variation (often as much as three or four times) in number 
of cavities in molds. 

Serious thought is apparently necessary in preparation to 
manufacture molded parts. The design of the part must be suit- 
able and the layout of the tools correct. Once committed to a 
design and layout, a change is costly, as it may necessitate re- 
construction of tools. 

The problem of those interested in the sound expansion in the 
use of molded products is to get designers and development en- 
gineers to think in terms of the possibilities of the application of 
such parts. Effort is necessary to educate them in the physical 
properties of the materials and in the general methods of fabrica- 
tion. The latter is not an easy matter and probably will never 
be wholly accomplished, as economical design is dependent on 
many fine points of technique, a complete knowledge of which 
can be had only by those in intimate contact with the design and 
production of molded parts. 

The writer would say that the recommended procedure is to 
call in the molder in the early stages of the design. Give him all 
details of what is to be accomplished, particularly the relation of 
the molded parts to the complete assembly. Work the problem 
out with him frankly and do not withhold “secrets” for fear of 
trade information or patent data leaks. There is a well-defined 
code of ethics to be followed in such cases. Failure to be frank 
surely limits the possibility of material savings in adaptation_of 
molded product design to specific conditions. 
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Repair of Worn Parts by Electrodeposition 
of Iron 


By T. P. THOMAS,' EAST PITTSBURGH, PA. 


In this paper a commercial method is described for sal- 
vaging worn or undersized steel parts, such as thread and 
plug gages, arbors, reamers, motor shafts, gear centers, 
etc., by electrodeposited iron. Details of the process have 
been worked out which provide a practicable set of instruc- 
tions for shop use. The high current efficiency and rate of 
deposit of the warm concentrated sulphate bath will 
enable the plater to complete practically any salvage job 
in one working day. 


to a means of salvaging valuable machine parts in which 

certain critical dimensions were undersize, due either to 
wear in service or to errors in manufacture. The reclamation of 
such material by applying an adherent coating of electrolytic 
iron began in England and France during the recent World War. 
Those most concerned in this development were B. H. Thomas? 
and W. A. Macfadyen.* The British were the first to make 
practical application of the electrodeposition of iron for this pur- 
pose, applying it to the repair of worn automobile and aeroplane 
parts. 

The Westinghouse Research Laboratory became interested in 
this problem and work has extended over a period of several years. 
Experimenting with different solutions, addition agents, current 
densities, etc., there has been developed a standard method of 
procedure using commercial salts and sufficiently high current 
density so that all ordinary repairs will not require more than 
two or three hours in the plating bath. The cost of building up 
and machining are thus kept low enough so that it will generally 
pay to reclaim a piece rather than use a new one. 

For general repair work a plating bath made up in the follow- 
ing proportions is satisfactory: Commercial ferrous ammonium 
sulphate, or the proportional amount of ferrous sulphate and 
ammonium sulphate, 2.5 pounds per gallon of water plus five 
ounces of ferrous carbonate freshly precipitated and kept under 
water, plus a handful of powdered charcoal. The carbonate 
“mud” keeps the solution practically neutral. The charcoal 
prevents pitting at the cathode surface. The sulphate salts must 
be free from sulphocyanates. 

All small pieces are plated in earthenware crocks and large 
pieces in lead-lined wood tanks or stoneware tanks. Difficulty 
is experienced in using the plating solution in a wood tank. Or- 
ganic materials from the wood enter the plating solution and 
cause excessive pitting of the deposit. The anodes are made of 
Armco iron, cylindrical in shape. Micarta disks with a hole cut 
in the center are fitted in each end of the anodes. The pieces 
to be plated are made the cathode and held stationary as they 
extend into the plating solution through the holes in the micarta 


C ' Research Laboratories, Westinghouse Electric & Manufacturing 
‘0. 
* Thomas, Automotive Industries, August 26, 1920. 
* Macfayden, Trans. Far. Soc., 1920, vol. xv, 98. 
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‘i THE past few years considerable attention has been given 


disks. The anodes are attached to a suitable device designed 
to move them up and down, thus keeping the plating solution 
agitated and the ferrous carbonate and charcoal in suspension. 
The temperature of the bath is held at approximately 60 deg. cent. 
A current density of 60 to 65 amperes per sq. ft. is used. This 
deposits metal at the rate of 0.006 in. in diameter perhour. This 
method of procedure apples to pieces such as shafts, plug gages, 
reamers, pins, etc. For pieces such as gear centers, where the 
inside diameter is to be reduced, the anode passes up and down 
through the center and micarta rings are attached to it to produce 
stirring. 

Probably the most essential part of the process and the step 
which requires the most careful attention is the cleaning of the . 
piece before plating. After trying different methods of cleaning 
to obtain good adherence of the deposited metal, the electrolytic 
process was adopted as follows: The piece to be plated is made 
the cathode in an alkaline solution consisting of 5-10 per cent of 
caustic soda and 5-10 per cent of commercial sodium carbonate, 
using a current density of 3 amperes per sq. in., for a period of 
three minutes. It is then washed in running water and trans- 
ferred to a 30 per cent commercial sulphuric acid solution and 
given a high enough current density to make it passive. This 
treatment is continued for a period of three minutes or longer, 
according to the condition of the piece. If it is free of rust in 
starting, then three minutes is sufficient. The piece being cleaned 
should come out of the acid-cleaning solution bright and silvery 
except in the case of cast iron which will be black due to graphite. 
When taken from the acid-cleaning solution the piece is washed 
in running water and immediately transferred to the plating bath 
without the cleaned surface being touched. It is very essential 
that the current density be held high enough, at least 3 amperes 
per sq. in. in the acid solution, so that the piece being cleaned re- 
mains passive. When passive there is a rapid evolution of gas 
with the piece remaining bright, but if allowed to become active 
it has a dull black appearance. When a piece is coated with oil 
or grease it is cleaned with gasoline or benzene prior to cleaning 
electrolytically. 

Portions of the work which are not to be plated, but which will 
come in contact with the solution, are brushed over with melted 
hydroline of a melting point sufficiently high to stand immersion 
at 60 deg. cent. without undue softening. After the piece is 
plated the protective coat can be readily removed by washing 
with benzene. 

It is impossible to build up a piece accurately to size; therefore 
it is necessary to plate a few thousandths over and then grind to 
finish size. This method of recovery can be used with steel, cast- 
iron or case-hardened material. Press fit, severe bending, and 
forging tests with deposits '/,. in. or more thick, all indicate that 
platings produced in this manner are satisfactorily anchored to 
the base metal. Plug and thread gages have been repaired and 
have given satisfaction, although they are not as hard as heat- 
treated tool steel. It is, of course, possible to carburize such 
pieces, when they will compare favorably with the original gages. 
One of our prize exhibits is the shaft from a 3-hp. motor which 
was used on a six-spindle drill press with a rather short, very 
tight belt. This shaft was ground undersize to simulate wear, 
then plated oversize, ground, and reassembled. It ran steadily 


i » 
4 
i 
of 
fat 
+ 
ap. 
29 


30 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


on the day shift for eight months and was then taken out for in- 
spection. No wear could be detected. As this shaft had had 
more than a thousand hours of actual service, it is quite evident 
that this material is all that can be desired for bearing ser- 
vice. 

The limiting factor in the size of a plating plant is the amount of 
current needed for cleaning. At the rate of 3 amperes per sq. 
in., a 1000-ampere generator set would clean a piece having 333 
sq. in. surface, the equivalent of a shaft 4 in. in diameter and 26 
in. of plating length, or a shaft 6 in. in diameter and 17 in. of 
plating length. After a repair shop of this kind has been 
equipped the chief operating expense is labor. The plating baths 
should run 6 months at the least without any attention or addition 
of salts with the exception of adding water to replace that lost 
by evaporation and the addition of a small amount of ferrous 
carbonate and charcoal once a week. The cost of the current 
used in cleaning and plating is small. The anodes are gradually 
used up and have to be replaced by new ones; however, the initial 
cost of an anode is distributed over a number of repair jobs, mak- 
ing the amount added to an individual piece small. The laborer 
is chiefly concerned in getting pieces ready to be plated and clean- 
ing the ones that have already been plated. As they require 


no attention while in the plating bath one man can handle enough 
pieces in a day to make such a shop a paying investment. 


Discussion 


H. A. Rouricu.‘ Have worn cast-iron parts been success- 
fully salvaged by this process? There are a large number of 
slides and other parts in automatic bottle machines which wear 
rapidly and are now thrown away. Has there been enough 
experience with cast-iron parts salvaged in this way to show 
that they wear sufficiently well to justify the cost of salvaging 
as against replacement? 

Our bottle machines are complicated and have a great many 
cast-iron parts, some of which pass through a series of machining 
operations. If local wear can be restored by electroplating, it 
will save considerable money, as the parts will last indefinitely 
otherwise. There must be many machines where local wear of 
expensive cast-iron pieces can be restored, and if the author can 
give additional information, it will be of great value to the 
intdustry. We expect to do some experimenting with Mr. 
Thomas’ process and will report results. 

‘ Mechanical Engineer, Materials Research, Owens-Illinois Glass 
Company, Alton, Ill. Mem. A.S.M.E. 


i) 
a 
ion 
a 
i? 
‘ 


4 
F 
he 
4 
ry 
dd 
i 
4 


a 
‘ 


MSP-53-5 


Arc-Welded Jigs, Fixtures, and Machine 
Tools 


By J. R. WEAVER,' EAST PITTSBURGH, PA. 


Among the advantages of jigs and fixtures welded up 
from structural-steel shapes over those of cast construc- 
tion, the author cites production on short notice, strength 
combined with comparative lightness in weight, ease of 
alteration, etc. He outlines the methods used in their 
manufacture, and gives examples of a wide variety of jigs 
and fixtures and of special machine tools embodying this 
form of construction. 


HE application of welding to the 

building of jigs, fixtures, and ma- 

chine tools, which the author pro- 
poses to discuss here, was practically 
forced upon the company with which he is 
connected about a year ago. Its business 
increased very rapidly about that time, 
so that in order to obtain all advantages 
possible in manufacturing, it was necessary 
to obtain jigs, fixtures, and special machine 
tools on very short notice. 

It was quite noticeable in regard to new 
machine tools purchased from the machine-tool manufacturers 
that delay in receiving them was due in all cases to the time 
necessary to make the jigs and fixtures. Naturally, the machine 
tool was more or less of a standard product and could be de- 
livered on comparatively short time. 

When the idea was conceived of manufacturing jigs and 
fixtures from structural shapes welded together, several such 
jigs were built and put through a very thorough test to as- 
certain whether they would be suitable for the company’s work. 
After testing them for all the inaccuracies that are liable to 
occur due to warpage, distortion, etc., a definite program of 
manufacture was then decided upon which has given extremely 
satisfactory results. The thought was advanced that the jigs 
and fixtures would not maintain their shape after a period of 
time, but they have been used for about a year and have re- 
quired less maintenance than did similar cast-iron jigs. 

As mentioned above, it became necessary to obtain jigs, 


1 Superintendent, Manufacturing Equipment Department, West- 
inghouse Electric & Manufacturing Co. Assoc-Mem. A.S.M.E. The 
author was born in 1895 near Pittsburgh, Pa. Mr. Weaver spent all 
of his time since the age of 16, with the exception of the World War, 
when he served in the Navy as Ensign aboard the U.S.S. Connecticut, 
with Westinghouse, either engaging in the actual operations of manu- 
facture or in their supervision. After serving his apprenticeship of 
four years at the Westinghouse Air Brake Company, he remained two 
years as master machinist. In 1919, he was made assistant super- 
intendent of tools and later had charge of moving all tool equipment 
from East Pittsburgh to the South Philadelphia Works. In 1921 he 
became associated with the Westinghouse Electric and Manufactur- 
ing Company, of East Pittsburgh, in the capacity of mechanical en- 
gineer. In 1926, he was promoted to superintendent of machine 
tool equipment, and in 1928 he was again promoted to superintendent 
of manufacturing equipment, which position he now holds. 

Presented at a meeting of the Metropolitan Section of the A.S.M.E., 
New York, N. Y., January 7, 1930, and at a meeting of the Cin- 
cinnati Section, Cincinnati, Ohio, January 23, 1930. 

Nore: Statements and opinions advanced in papers are to be 
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fixtures, and machine tools on very short notice, and in checking 
deliveries of cast jigs versus structural jigs, it was found that 
when putting the orders through for cast jigs in the regular way, 
it required about four weeks to obtain castings. Of course, 
it was necessary to make patterns, core boxes, etc., and the 
castings had to be made, cleaned, etc., before being sent to the 
shop. In the case of welded structures, however, we can ob- 
tain the most complicated jig in not more than a week’s time. 
The average time is about four days and it will readily be ap- 
preciated what a decided advantage this is in manufacture of 
any kind of product. 


CoNnsTRUCTION OF WELDED JIGS 


These jigs are made from hot-rolled steel of whatever shapes 
and sizes are necessary and welded together. Where hardened 
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pieces are required, these are made from tool steel, hardened 
and attached to the jigs by means of screws, bolts, ete., or in 
the case of bushings, pressed in holes provided for them. Some 
trouble was experienced oving to the fact that after the jig 
had been annealed the feet were too soft and chips on machine 
tools would imbed themselves in them. In order to overcome 
this, the feet were made from tool steel and heat treated before 
being welded to the jig. They were then drawn to a sclero- 
scope hardness of 45 to 50 and were of sufficient hardness but 
could still be machined. The results have been very satis- 
factory. 

Of course, when welded jigs and fixtures were adopted, it 
was necessary to change the entire method of manufacturing 
jigs, fixtures, and machine tools. This not only included the 
actual manufacture of these jigs and fixtures in the shop but 
also their design. In order to have the proper information on 
the drawings and sketches which were sent to the shop, it was 
necessary to train the tool designers in the art of welding to 
a certain extent. To do this, the company incorporated in its 
standard book several sheets of instructions which, in addi- 
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tion to supplying the workmen in the shop with information, also 


standardized the manufacture of welded jigs and fixtures. 
Fig. 1 shows the various types of welds and the size of bead 


which is used on welded jigs and fixtures. 


This is a standard 
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ABOVE MATERIAL !S CARRIED /N STOCK /N TOOL WELOING DEPT. & SHOULD BE USED 


WHERE POSSIBLE. 


WHEN ABOVE BAR SIZES 00 NOT COVER DETAIL PARTS, SAME SHOULD BE BURNED JO SUIT 


FROM PLATES, 


BOILER PLATES PPECTANGULAR, 
48 | /68 */607 (555 THS, |WIOTH 

Ye | 60 | /68 *2/62 % | 2 
% | 60 | % 
% | 60 | 7/422 % 4 
| 54 | 150 | %3859 #/422 2 
/ 50 | /60 ” 3 

“// TS. POSPEC*2663| | 4 
THS|WIOTHLENGT| THS|WIOTH LENGTH 
4145 | 26 1122) 46 | 96 144 
48 | 96 50 | 72 / 
2%| 48 | 96 50 [ 50 = 4 


ORILL JIGS, WHERE OR/LLING FROM 2 0” MoRE SIDES & 
WEIGHS MORE THAN 15 LB, SHOULD HAVE FEET NAOE OF 
STEEL. 
_— ONE WAY ORILLING CAN BE MADE COMPLETE 


HARDEN To PS*//5036-/ BEFORE WELDING. 
TREAT TO R'S*240094 AFTER WELDING, 


Fig. 2. Marertat To Be Usep 1n WELDED Jics AND FIxTURES 


throughout the shop, so that the workman is familiar with it 
and any reference to it is readily understood. 

In order to avoid delays due to material being out of stock, 
there is included in the standard book a sheet showing the stand- 
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Fie. Fixture ror Or-Immersep CAM CONTROLLER 


ard stock sizes of steel that are being used for this particular 
method of manufacture. 

Fig. 2 shows such a sheet and gives the sizes of bar and plate 
When bar stock is not suitable, the part is cut to size 


from a plate by means of an 
acetylene torch. 

When the designer makes 
his drawings of a jig, he lays 
it out without showing any 
particular method of construc- 
tion. Fig. 3 shows a milling 
fixture, and it will be noted 
that no reference is made to 
welding in it. Therefore it is 
necessary for the tool designer 
to make a separate sketch, 
which is shown in Fig. 4 and 
is called a welding and ma- 
chining sketch. This gives the 
detail construction and indi- 
cates what material is to be 
ordered, and from the drawing 
can be obtained the informa- 
tion as to the shape desired. 
This material is then cut from 
the proper-sized stock with a 
saw in the case of bars, or 
with an acetylene torch in the 
case of a plate. The parts are 
then assembled and welded 
together. The title on this 
sketch states the total length 
of a certain-size weld necessary 
to completely weld this jig. 
This is done for the conven- 
ience of the time-study super- 
visor, who estimates and sets 
a value on the time it should 
take to manufacture the jig. 

Figs. 5 and 6 show more in 
detail the various parts of a 
jig and the method of assem- 
bling and machining, and give 
a better idea of the extent to 
which information is given to 
the shop. In Fig. 6 the various 
sections are shown separately 
so that the shop will have no 
trouble to obtain the material 
and cut it to the proper shape 
and size. Fig. 5 also is used 
for machining purposes, giving 
the necessary dimensions, etc. 
that are required to properly 
machine this jig. 

Of course, it is not possible 
to test a weld without destroy- 
ing it, and the workman must 
be relied upon for good work- 
manship. In order to control 
this phase of the welding, all 
welders are required to stamp 


their work with a stencil. This stencil identifies the particular 

welder who performed the work and, in case there is any ques 

tion, it can be readily traced back to him. , 
Periodically, a test is run on welds, and if any welding is dis- 
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covered that is not satisfactory, the workman is required to 
take additional instruction; or, if he proves entirely unsatis- 
factory, he is taken off the job. The type of stencils used is 
shown in Fig. 7. 

Fig. 8 shows a cutting machine which is used for cutting 
from plate stock the various 
parts that are required to make 


jig weighing 1300 lb., the overall dimensions being 39'/,in. X 51'/2 
in. X 21 in. This complicated jig is built entirely of steel, 
using hot-rolled bar stock and plates. The bosses shown in 
Fig. 14 are made from hot-rolled round steel cut off with a saw 
and welded in place. 


50642 or 
ARE 
NAME 


ajig. There are several different 
types of these machines in this 
department for cutting any shape 
or size necessary. 

Fig. 9 shows a number of parts 
cut to size to make a jig. It 
will be noted that all the neces- 
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sary large holes are cut in the 
plates by means of an acetylene 
torch before the parts are as- 
sembled into a jig. 

These various detail parts are 


assembled and tack welded just 
sufficiently to hold them to- 
gether (Fig. 10). This is done 


by a mechanic so that the parts 


will be properly located, also so 
that the jig will be squared up 
and be a good job when it is 


finally finished. After the tack 
welding the jig is passed to a 


welder, who completes the job by 
welding the jig as it should be. 


Fig. 11 shows a jig completely 
welded. While this jig is fairly 
large, it weighs only 120 lb. It 
is used for drilling the bracket 
which is shown at the right of 
the jig. 


sites 
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REMOVING STRAINS From Jia 
To WELDING 


The fact that these jigs are 
made from hot-rolled steel, as 
well as the welding, detracts 


ISSCEGEHE 


somewhat from the appearance 


of the completed jig. Certain 
strains due to the welding must 
be removed from the jig so that 


it will maintain its shape and 


size. This is done by heating 


the jigs in a furnace to a tem- 


perature of 1000 deg. fahr., after 
which they are allowed to cool 
in the air. Owing to the use 
of hot-rolled steel and this nor- 
malizing treatment, a certain 
amount of scale develops on 
these jigs, which is removed by 
means of a sand-blast machine 
as shown in Fig. 12. After the 


NOTE: WELD "59 To 
454954969786! wily 2” an 


sand-blasting operation, which 
really improves the appearance 
of the jig, the jig is spray painted as shown in Fig. 13. It is sent 
to the shop for machining, which is no different from what it 
would be for a cast jig except that not as much material is al- 
lowed for finish as is ordinarily allowed on castings. 

To give an idea of the extent to which welding has been applied 
in the manufacture of jigs and fixtures, Figs. 14 and 15 show a 


Fig. 5 Mertrsop or ASSEMBLING AND WELDING a Jia 


Fig. 16 shows welded jig being used on a drill press. No 
difficulty has been experienced with these jigs due to inaccura- 
cies, although they have been in use for approximately a year. 

Figs. 17, 18, 19, and 20 show several other types of jigs that 
have been manufactured, and indicate that it is feasible to make 
any kind of a jig that is necessary by this method. 
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SEVERAL ADVANTAGES OF 
i WELDED 


a3) 


~ 


J> In addition to other advan- 
|| tages set forth, jigs made from 


@ steel have considerable more 
strength and weigh less than cast 
- ek jigs. This is because thinner 


ft material can be used and because 


it is not necessary to increase the 


2 —+ 


. sections to reduce casting diffi- 


2 —| 5, culties, etc. It is also possible 


aise to place metal where it is most 
Pat desired in order to make a 


6! 
stronger jig with the least 
+= amount of weight. 
Also in the event that it 
13 should become necessary to make 
a change in the jig owing to the 
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Fie. 8 Curring Out tHe Parts a Torcu 


~~ 

y products being changed or for 

any other reason, it is very easy 

to remove any interference by 

4 means of an acetylene torch and 

——+ reweld the parts in new loca- 
Fie. 6 SeparaTe Parts oF JiG SHown IN Fic. 5 tions if desired. 
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MacuHIneE Toots oF WELDED CONSTRUCTION 


Attention is called to another application and that is the de- 
sign of special machine tools employing the same type of con- 
struction. The Westinghouse Company has applied this method 
of construction only to special machine tools such as it de- 
signs and builds itself, but the author believes it will be applied 
to all types of machines in the future. For example, the machine 
shown in Figs. 21 and 22 is a double-head oxygen-acetylene 


Fic. 9 Various Derairs as Cur Torcu, ALso 
SipE MarkKep Orr, AND DriILLep HoLes FoR STARTING THE 
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Fic. 10 Cramp Howpine Toot-Street Foor 1x PLAct 
For Tack WELDING. A SQUARING oR Setrina-Up ANGLE Is SHOWN 
at Ricur 


[Feet made from tool steel S.A.E. Spec. 6150(0.4 5-0.55 carbon); hardened 
before welding and annealed by heating to 1000° F. after welding. | 
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cutting machine. It was necessary to design a machine that 
would cut either straight or bevel edges of various thicknesses 
of steel. The machine is so constructed that one man can oper- 
ate both heads, as the controls are so arranged to be convenient 


Fic. 11 Bopy or Dritt Jia ror Bracket For TALKING MoviE 
MAcHINE 
jig is 15in. X 23in. 12'/2in. high and weighs only 1201b. Bracket 
shown at right.) 


Fic. 14. Front View or Dritt Jig ror MaIn Base or O11 Crircvir 
BREAKER 
(Weight, 1304 size, 39'/2 in. K 51'/2 in. 21 in.) 


Fic. 13° Spray-Gun Parntine or Jig On-Resistine Paint 
To Make SmoorH SuRFACES AND PREVENT Cuips From StT1cKING 
To Jig 


from one position. This particular structure worked out very 
satisfactorily, and no troubles developed due to misalignment, 
vibration, or any of the things that may be found in the ma- 
chines which are not properly designed or built. 


Fig. 15 (LoweR RIGHT-HAND coLuMN) Rear View or Jia 
SHown Fig. 14 Breaker Type “B-32” 
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Fig. 23 shows a machine for testing mica sheets. With the 
exception of the worm-gear reduction unit, this is built entirely 
from structural steel and welded together. 

Fig. 24 shows winding machines for winding mush-type coils 
for a.c. motors. These machines are entirely fabricated from 
structural steel and welded together, and attention is par- 


MECHANISM FRAME AND 7-DRILL JIG For SAME 
(Heavy boring is done in this jig.) 


Fie. 17 


ticularly called to the construction of the tailstock. This is 
similar to the general design of tailstocks, with the exception 
that this is welded from structural steel. It functions satis- 
factorily and, although the requirements here are not as rigid as 
they would be on metal-cutting machines, there does not seem 
to be any reason why it could not be used successfully on such 
tools. 

The author realizes that some further development will be 
necessary before this particular type of construction can be 


applied to general machine-tool construction, but he believes 
the facts he has brought out successfully demonstrate the prac- 
ticability of welded jigs, fixtures, and machine tools. He is 
building from 200 to 400 welded jigs and from 3 to 6 special 
machines per month, and has been able to build them in a shorter 


. 18 Fapricatep Lever anp Dritt Jia ror Same 


Fie. 20 Rear 
or Frxture SHOWN IN 
19 
(161/2 in. sq. base X 32 
in. high.) 
Fie.19 Front View or DRILLING AND 
Ling-REAMING FIXTURE FOR BEARINGS 
on Cross Bar ror LarGe Or Circuit 
BREAKER 


time, to reduce the average cost approximately 25 per cent, and 
to produce jigs and fixtures that are more desirable due to the 
fact that they are lighter and at the same time of at least equal 
strength. The jigs and fixtures which have been built in this 
way have required less maintenance, and it is not believed that 
anything has been sacrificed that would result in misalign- 
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Fics. 21 anp 22 Dovusie-Heap OxyGen-AceTYLENE 24 Macuines WINpING Muss-Tyrpe 
MACHINE ror A-C. Motors 


ment, warpage, distortion, vibration, etc., or detract from the lieved to be a practical idea and, owing to the advantages which 
appearance on this particular type of equipment. It is be- have been set forth, it should be given serious consideration. 
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Machining Properties of Some Cold-Drawn 
Steels 


By O. W. BOSTON,' ANN ARBOR, MICH. 


This paper gives the results of a series of machining 
tests on 13 cold-drawn screw-stock steels and 2 cold-drawn 
stainless steels. Machinability values for standardized 
conditions are given for each steel as follows: The force 
required to remove a chip by a planer tool; the energy re- 
quired to remove a chip by a single-tooth milling cutter; 
the torque and thrust developed by a */,in. diameter drill; 
the penetration of a '/,in. diameter drill under a constant 
feeding load. An attempt is made to correlate the results 
of these various machining tests with the Brinell, Rock- 
well, and scleroscope hardness values, as well as the analy- 
sis and structure of each bar. Values representing the 
power required to cut 1 cu. in. of metal per minute uader 
specific standardized conditions are given for planing, 
milling, and drilling the various steels. 


the results of various metal-cutting 

tests on a variety of cold-drawn 
steels so as to indicate, if possible, the 
best method for determining whether the 
material is suitable for machining pur- 
poses and the relative advantages of one 
material over another from the stand- 
point of machining. 

In a paper before the American Society 
for Steel Treating,? the author gave an 
outline of the various test methods which 
were used in determining machining properties and comparative 
values between 18 ferrous metals and 21 non-ferrous metals. 
This paper is a continuation of the’ tests made on cold-drawn 


steels. 


"Tae object of this paper is to show 


Tue Tests 


Each specimen was subjected to the following tests: 

(1) The Brinell, Rockwell, and Shore scleroscope hardness 
readings were determined on a ground surface approximately 
'/s in. below the cylindrical surface, as follows: 


' Director, Department of Engineering Shops, Colleges of Engi- 
neering and Architecture, University of Michigan. Mem. A.S.M.E. 
Mr. Boston was graduated from the University of Michigan Engi- 


neering College in 1913, received a Master's degree in 1917, and the 
degree of Mechanical Engineer in 1926. After graduation he was 
engaged at the University of Michigan as instructor in engineering 
mechanics and mechanical engineering for four years. In October, 
1917, he was commissioned in the U. S. Navy and assigned to duty 
in the Bureau of Ordnance on design and manufacture of submarine 
Mines used in the North Sea blockade. From 1919 to 1921 he was 
engaged in industrial engineering work for the Cleveland Tractor 
Company, in Cleveland, as assistant to the vice-president and works 
manager. In the fall of 1921 he returned to the University of Michi- 


gan. 

* O. W. Boston, ‘‘Methods of Tests for Determining the Machin- 
ability of Metals in General, With Results,’’ Trans. A.8.S.T., vol. 
16, Nov., 1929, pp. 659 to 710. 

Presented at the Annual Meeting, New York, N. Y., Dec. 1 to 5, 
1930, of Tae American Socrety oF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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In the Brinell test a 3000-kg. load and a 10-mm. ball were 
used. The readings were taken with the grain; that is, across 
the diameter of the impression lengthwise of the bar. The 
time of duration of the load was 30 sec., and measurements of 
the impressions on the ground surface were taken with a Brinell 
microscope. 

The Rockwell reading was read on the B scale, using a '/1 in. 
diameter ball and the 100-kg. load. 

The scleroscope readings were obtained with a Shore sclero- 
scope. 

(2) The force developed in the direction of cut by a planer 
tool was measured. The tool was of the end-cutting type, 
0.500 in. wide and provided with a 15-deg. front-rake, but no 
side-rake angle. The corners of the tool were beveled off, mak- 
ing a 1/g-in. flat at a 45-deg. angle, to insure greater endurance 
of the geometric shape of the high-speed-steel tool. After 
grinding to shape and size, the tool was honed. A depth of 
cut of 0.010 in. as measured on a dial gage was taken in all cases. 
An average was taken of from 6 to 12 consecutive readings, 
when cutting dry at a speed of 20 ft. per min. 

(3) The torque and thrust developed by a */, in. diameter 
high-speed-steel twist drill was determined. The drill had a 
helix angle of 30 deg. and a clearance angle of 3 deg. and 48 min. 
as measured at its periphery. The web thickness at the point 
was 0.095 in. and the outside diameter was 0.750 in. The drill 
was ground on a drill grinder with a drill overhang from the 
jaws of */; in. The grinder forms the drill point so that it 
has a conical surface back of the cutting edge. The drill was 
measured on a special measuring instrument to make sure that 
the cutting edges were of the same length and position to cut 
chips of equal thickness. This drill was rotated at 153 r.p.m. 
and was given a feed of 0.012 in. per revolution. 

(4) The drill penetration or the distance traveled by a !/, in. 
diameter twist drill for 100 revolutions when rotating at 504 
r.p.m. under a dead load, including the weight of the drill and 
drill spindle of 93.75 Ib., was determined. The twist drill had 
an outside diameter of 0.250 in., a web thickness at the point of 
0.0269 in., and a helix angle of 24 deg. The clearance angle 
was about 6 deg. and 30 min. at the periphery of the drill. This 
drill was ground on a drill grinder which formed a cylindrical 
surface back of the cutting edge. 

(5) The energy absorbed by a single-tooth milling cutter 
of the side-cutting type—that is, similar to a cutting-off tool— 
was determined. The tool had a width of 0.250 in., a 15-deg. 
front-rake, but no side-rake angle, and a 4-deg. clearance angle 
on the end and sides. The edges of the cutter were beveled 
to 1/e4-in. flat at an angle of 45 deg., and the tool point finally 
was honed all over. The cut taken had a radius of 1%/, in., 
a depth of 0.125 in., and a feed of 0.010 in. per chip. 

(6) The influence as shown by photographs of the cut sur- 
face as made by a shaper tool when having various front- and 
side-rake angles and when operating at light and heavy depths 
of cut and feeds, as well as two different speeds, are described 
below in connection with the tests. 

It is realized that the influence of the material on the ‘‘tool 
life’ under standardized conditions is of real commercial value. 
Such tests were not included with those described, as there was 
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insufficient material of each type on hand to make it possible 
to obtain any information of value. 

It is further realized that, when various metals are compared, 
the metals themselves should be the only variables. In com- 
mercial practice a tool usually is ground to such a shape that 
satisfactory tool life is obtained in conjunction with finish and 
size. If the tool shape is changed, the tool life will be changed 
and also the finish on the cut surface will be different. The 
different degrees of roughness will in themselves alter the size 
of the finished piece or the size may be varied by changing tool 
shape, which effects pressures on the tool and thereby causes 
it to spring more under one condition than under another. No 
attempt is made in this paper to present the optimum tool form 
for the materials studied in order that maximum tool life, 
least power, and best finish may be obtained simultaneously. 


Tue Testing MaAcuINES 


The testing machines used in conducting the tests for ma- 
chinability, as outlined, may be described briefly as follows: 
A specially designed dynamometer for measuring the force on 
a planer tool in the direction of cut was mounted on the 30-in. 
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Fie. 1 Line DiaGraM oF PLANER DYNAMOMETER 


by 36-in. by 8-ft. planer. Power was furnished to the planer 
from a main drive shaft, a satisfactory arrangement in that the 
horsepower output of the machine was measured rather than 
the input. The cutting speed for all of these tests was 20 f.p.m. 
No cutting fluid was used. 

Fig. 1 shows a line diagram of the dynamometer which con- 
sists essentially of a cast-iron bed B, weighing about 1300 Ib., 
mounted on seven 14 in. long horizontal knife edges C. The 
bed is prevented from moving sideways when a side-rake angle 
on the tool is used by the four horizontal floating pins shown 
in the plan view, supported by the brackets F. The bed is 
kept from being lifted by four knife edges shown at G. An 
initial load of 2000 lb., tending to force the bed to the left 
was put on the bed by compressing the loop spring D. This 
load keeps the whole mechanism in compression, thereby elimi- 
nating chatter during a cut, and also keeps the mercury-column 
gage under an initial load which is indicated as a zero point 
on the scale. The loop spring was made of */, in. square spring 
steel having major and minor axes to center of bar of 11'/ in. 
and 4°/, in., respectively. It had previously been calibrated 
on a Universal testing machine. This spring also served for 
calibrating the mercury-column gage N. For more detailed 
description of this equipment, see Trans. A.S.M.E., 1926, Vol. 48, 
p. 749. The depth of each cut in these tests was secured by 
lowering the planer head and tool vertically 0.010 in. as measured 


on the dial indicator P mounted on the right-hand side of the 
head. There were 6 to 12 consecutive cuts taken on each test 
piece, and an average was determined. This eliminated even 
very slight deviation from the 0.010-in. feed per cut which might 
occur for a single chip. 

The torque and thrust developed by the #/,-in. drill were 
determined by means of a torque and thrust dynamometer 
mounted on a manufacturing-type drill press. For detailed 
description, see Trans. A.S.M.E., Paper No. MSP-52-2. The 
press was driven by a 5-hp., 220-volt, 3-phase, 60-cycle motor 
through a short belt. The motor was mounted directly on the 
press column. All tests were run without a coolant or lubricant 
on the drill. 

The thrust on the drill was measured on a recording chart 
of a gage. This pressure was exerted directly on a steel plate 
bearing on a rubber diaphragm just above the dynamometer 
base. Water underneath this rubber diaphragm was compresse:| 
and the pressure was transmitted to the gage thrust pen through 
a'/,sin. pipe. The plate resting on the rubber diaphragm which 
carried the thrust load was made to form the lower race of a 
large ball bearing consisting of 64 '/;-in. balls, so that the 
table of the dynamometer was free to rotate except for an ex- 
tending arm which had a bearing against a piston resting on a 
second rubber diaphragm. The horizontal distance from the 
center of the drill to the support on the end of this arm was just 
1 ft. The pressure on this torque rubber diaphragm compressed 
water back of it. This pressure was transmitted through a 
1/,-in. pipe leading both to a mercury column and the gage. 
The mercury column calibrated against the gage gave a scale 
reading for check purposes somewhat larger than that obtained 
on the gage. 

To register the travel of the spindle the chart of the recording 
gage was made to rotate by means of a fine wire which passed 
from the upper end of the drill-press spindle over pulleys to a 
position vertically above the recording gage, thence downward 
making one turn about a special pulley on the shaft of the gage 
to a counterweight located below. 

For determining the drill penetration under a given load, 
a sensitive drill press was remodeled so as to carry on the upper 
end of the rotating spindle a weight of sufficient amount to cause 
the tool to dig in when the spindle was rotated. By trial and 
error, the weight of 93.75 lb., including the drill spindle and 
drill, was arrived at in order to cause a !/,in. twist drill to 
cut freely in various metals. A lighter load on the spindle 
or a larger size drill did not seem to give satisfactory results, 
as the drill could not be made to bite on some of the harder 
materials. This drill press also was driven through a short 
belt by a 5-hp. motor, a tight and loose pulley being provided. 
After mounting the specimen to be tested on the drill-press table 
or in a vise, the drill was first allowed to penetrate about ! s-in. 
By means of a beam-type indicator attached to a vernier height 
gage, the height of a particular point on the spindle was measured. 
With a speed counter attached to the spindle, the belt next 
was shifted from the loose to the tight pulley, causing the spindle 
to rotate. After 100 revolutions plus or minus, the spindle 
was stopped, and the height of the point on the spindle was 
again measured. The difference in measurements gave the 
penetration of the drill for the actual number of revolutions 
shown on the speed indicator. This was then reduced to 100 
r.p.m. 

This method of measuring the drill penetration was rather 
tedious and required considerable time; so in some subsequent 
tests the following method was used: Two beam-type indi 
cators were mounted on a vernier height gage so that the ver- 
tical distance between the two, as measured with Johansso? 
blocks, was just 0.250 in. The slide on the vernier scale ws 
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so adjusted that, after the drill had penetrated about !/, in. 
the upper beam indicator bearing on the end of the drill sleeve 
would indicate zero, at which time a stop-watch would be started. 
After drilling continuously until the second indicator showed 
zero, the stop-watch was stopped. This gave the lapsed time 
for the drill to penetrate the '/, in. These results checked 
remarkably well with those obtained by the first method out- 
lined. Averages of four to eight readings were taken for each 
test specimen. 

All of the drill-penetration tests related in this paper were 
obtained with the same drill and with one grinding, as it was 
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a chip of any given material is read directly. Ten readings 
for each test specimen were averaged for the final value. 


Tse MarTeriAts Testep 


The materials tested consisted of a variety of cold-drawn 
steels for use primarily in automatic screw machines. The 
bar numbers, together with the sizes and chemical analyses, 
are listed in Table 1. Table 2 shows the Brinell, Rockwell, 
and Shore scleroscope hardness values of the bars tested. 

The exact analysis of bar 414 is as given. The tensile strength 
of this particular specimen was 86,100 lb. per sq. in. This 


TABLE 1 COLD-DRAWN STEEL BARS TESTED FOR MACHINING PROPERTIES, WITH CHEMICAL ANALYSES 
-Chemical analysis, per cent 
Bar Chrome Vana- 
No. Material Carbon Manganese Phosphorus Sulphur? or nickel dium 
414 1'/,-in. round super-free cutting screw-stock steel.... 0.10 0.66 0.098 0.195 
415 1-in. round free-cutting screw-stock steel (imported).. 0.05 0.48 0.066 0.192 
416 1'/«in. square SAE 1112 cold-drawn, '/ye-in. draft... 0.09-0.13 0.70-0.90 0.08-0.11 0.085-0.12 
417 4/¢-in. square SAE 1120 cold-drawn, '/\e-in. draft..... 0.18-0.22 0.60-0.80 0.050 0.075-0.12 
418 1'/s-in. square SAE 1120 cold-drawn, '/ie-in. draft.... 0.18-0.22 0.60-0.80 0.050 0.075-0.12 
419 %/sin. square SAE 1112 cold-drawn, '/ye-in. draft.... 0.09-0.13 0.70-0.90 0.08-0.11 0.085-0.12 
420 1'/s round manganese screw-stock cold-drawn, '/i6-in. 
421 1-in. round SAE 1315 cold-drawn, '/je-in. draft (2)... 0.10-0.20 1.25-1.65 0.05 0.10 , 
422 1%/:¢in. round SAE 6140 cold-drawn, '/1e-in. draft... 0.35-0.456 0.50-0.80 0.04 0.04 0.80-1.0d 0.15 
423 1'/s-in. round SAE 2320 cold-drawn, draft.... 0.15-0.25 0.50-0.80 0.04 0.045 3.25-3.756¢ 
424 1'/«¢in. round manganese-carbon alloy cold-drawn, 
425 1-in. round special manganese-carbon alloy cold- 
426 1'/:-in. round SAE 1320 cold-drawn, ' ein. draft (3) 0.15-0.25 1.25-1.65 0.05 0.10 


® The sulphur on all the high-sulphur steels may run above the limits indicated. 


6 Actual carbon content, 0.336 per cent. 
© Actual carbon content, 0.365 per cent 


Chrome. 
¢ Nickel. 
TABLE 2 HARDNESS VALUES OF BARS TESTED 
Bar number 
No. Brinell Rockwell B Scleroscope 
414 207 93 29 
415 180 93 32 
416 196 94.5 30 
417 156 90 26 
418 163 85 28 
419 207 OS 34 
420 170 92 29 
421 179 92 28 
422 228 99.5 35 
423 205 96 33 
424 255 103 42 
425 199 96.5 33 
426 168 92 31 


found almost impossible to regrind the drill, even on a machine, 
to give results comparable with those of the first grinding. 
After all tests were completed, many duplicate tests were run 
to check the influence of the dulling of the drill. It was con- 
cluded, however, that the dulling from all of the tests was in- 
sufficient to affect materially the results. 

The energy absorbed by the single-tooth milling cutter, side- 
cutting (end-cutting) type, was measured on the machinability 
tester. This was constructed by Carl Oxford’ and is described 
in detail in the Trans. A.S.M.E., 1921, Vol. 43, p. 549. If the 
pendulum be allowed to fall freely from the top vertical posi- 
tion it will rise almost to the same height. A freely rotating 
pointer is carried forward with the pendulum and indicates on a 
steel disk the highest position to which the weight rises. This 
position is taken as the zero reading to allow for friction of the 
bearings. If the material is bolted to the bed and adjusted for 
depth of cut and feed, a subsequent fall of the pendulum will 
form a chip, and the pendulum will not swing as high after 
taking the chip as when taking no chip. This change in height 
iS a measure of the energy in foot-pounds given up in forming 
the chip. It is the same principle as is used in impact testing 
machines. The face of the steel disk is graduated at the periph- 
fry, so that the reading of the energy absorbed by taking 


*Chief Engineer, National Twist Drill and Tool Company, 
Detroit, Mich. 


material is purchased in accordance with the following specifi- 
cations: 

“Cold-drawn super free-cutting steel for serew-machine work. 
Carbon not over 0.18 per cent, with 0.10 to 0.18 per cent pre- 
ferred. Manganese not over 0.90 per cent, with 0.60 to 0.90 
per cent preferred. Sulphur not under 0.17 per cent, with over 
0.18 per cent preferred. Phosphorus not over 0.13 per cent, 
with 0.07 to 0.09 per cent preferred. Tensile strength to be 
not less than 95,000 Ib. per sq. in. for sizes */, in. and under; 
to be not less than 90,000 Ib. per sq. in. for sizes */s to 5/s in.; 
to be not less than 85,000 lb. per sq. in. for sizes 5/g to 1 in. 
The material must be sound with surface suitable for screw- 
machine manufacturing operations.” 

Bar 415 also has the exact chemical analysis given, but has 
additional physical properties as follows: Proportional limit 
65,600 Ib. per sq. in.; tensile strength 92,050 lb. per sq. in., 
elongation in 2 in. 11.5 per cent, and reduction of area 44.8 
percent. This steel was found by a large user to stand machining 
at 100 per cent faster speed than the usual commercial stock. 
An attempt was made to have steel made to this analysis, but 
its machining properties were greatly inferior to the imported 
steel. 

The carbon content of bars 422 and 424 appeared, from the 
photomicrographs, to be questionable, so that carbon analyses 
of these two bars were determined and found to be 0.336 per 
cent for bar 422 and 0.365 for bar 424, which conforms with 
the carbon range specified in Table 1. 

Photomicrographs at 100 magnifications of steel bars Nos. 
414 to 426, inclusive, are shown in Figs. 2 to 16, inclusive, except 
that Figs. 11 and 15 are of bars 422 and 424, respectively, at 
1000 magnifications. This higher magnification was used in 
these two instances better to show the structure involved, which 
was not clear at 100 magnifications. All of these specimens 
were etched in a 4 per cent nital solution. All photomicro- 
graphs were taken on a surface approximately */,. in. from the 
outside, running parallel to the length of the bar. These photo- 
micrographs represent fairly well the structure of the metal from 
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Fic. 2. Bar 414, 1!/ie-IN. Rounp Super-FrEE Cutting Screw- 
Srock STEEL X 100 
(Shows low carbon; banded inclusions; moderate grain size.) 


Fig. 3. Bar 415, 1-In. Rounp Importrep FREE-CUTTING ScREW- 
Srock STEEL xX 100 
(Medium grain size; slight banded structure.) 


— 


a 


Fie. 4 Bar 416, 11/¢In. SQuaARE SAE 1112 100 


(Medium grain size; shows considerable banded structure.) 


Fig. 5 Bar 417, #/-In. Square SAE 1120 xX 100 


(Small grain structure; pronounced cold-drawing structure.) 


= 
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Fie. 6 Bar 418, 1!/-In. Squarr SAE 1120 100 


(Medium grain size; banded structure.) 


Fic. 7 Bar 419, 3/¢In. Square SAE 1112 X 100 


(Small grain size; banded structure; pronounced cold-drawing structure.) 


Fic. 8 Bar 420, 1!/s-In. Rounp MANGANESE ScREW-STOCK STEEL 
x 100 


(Medium grain size, with large carbide areas.) 


Fic. 9 Bar 421, 1-In. Rounpy SAE 1315 xX 100 


(Small grain size.) 
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Fic. 10 BaR 422, Rounpn SAE 6140 100 Fig.13 Bar 425, 1-In. Spec1AL MANGANESE CARBON STEEL X 100 


(Appears not fully annealed before cold drawing, little banding.) (Fine-grain size; banded structure.) 


Fie. 11 Bar 422, 14/1-In. Rounp SAE 6140 X 1000 Fie. 14 Bar 424, 1°/¢In. Rounp MANGANESE CARBON STEEL 


(Shows laminated pearlite.) xX 100 
(Appears not fully annealed before cold drawing.) 


Fic. 12 Bar 423, 1!/-InN. Rounp SAE 2320 X 100 ‘ag. 15 Bar 424, 1'!/¢In. Rounp MANGANESE CARBON STEEL 
rain sizes well refined, remarkably free from banding for nickel steel.) x 1000 
(Shows some laminated pearlite; little banding 


Fic. 16 Bar 426, 1!/-In. Rounp SAE 1320 X 100 


(Small grain size.) 
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which the majority of the experimental data was obtained. 
Comments as to each photomicrograph are given in the caption 
of each figure. 


MAcHINABILITY Data 


The results of the various machinability tests are shown for 
the steel screw stock in Table 3. These data were determined 
by measuring the force on a planer tool, the torque and thrust of 
a */, in. diameter drill, the penetration in inches per 100 revo- 
lutions of a '/, in. diameter drill, and the energy in foot-pounds 
required to remove a chip by milling, as described. 

The total force F on a planer tool is the value in pounds actu- 
ally exerted in the direction of cut on the planer tool '/s in. wide 
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DRILLING TORQUE AND MILLING ENERGY, FT-LB. 
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MATERIAL BAR MARK, ARRANGED IM ORDER OF 
DECREASING FORCE ON PLANER TOOL 


Fie. 17 Macuinine Properties oF Screw-Srock STEELS 


when taking a depth of cut of 0.010 in. at a cutting speed of 
20 f.p.m. The unit force U is the number of pounds exerted 
on 0.001 sq. in. of cross-sectional area of the chip. 


1000WD 5 
in which W = width of cut 0.5 in. and D the depth of cut 0.010 
in. 
For bar 419, SAE 1112, 


288.8 Ib. 


U= 

This unit force of 288.8 lb. is equivalent to 288,800 lb. per 

sq. in. of chip area. The horsepower developed by the planer 

tool equals F'S/33,000, in which F is the total force on the tool 

in the direction of the cut in pounds and S is the cutting speed 
in feet per minute. As S equals 20, 


For SAE 1112, bar 419, the developed 


1444 
Hp. =< —— = 0.875 
1650 


The cubic inches of metal removed per minute = WDL 
0.5 X 0.010 X 20 X 12 = 1.2, in which L is the length of cut per 
minute in inches and equals 12S. The horsepower per cubic inch 
of metal removed per minute equals the total power developed 
divided by the cubic inches of metal removed per minute, or 


1.2 X 1650 1980 


For SAE 1112, bar 419, the horsepower per cubic inch of 
metal removed per minute is then 1444/1980, or 0.729. 

To reduce the experimental data for the drill torque and thrust 
to net horsepower per cubic inch of metal removed per minute, 
the following method may be used. The total horsepower de- 
veloped at the point of drill is the sum of that due to torque and 
thrust. The horsepower of the torque 


X 152T 
33,000 33,000 


Hp. = = 0.02894 T 
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in which 7 equals the torque in foot-pounds and N equals the 
actual revolutions per minute of the drill. The horsepower of 
the thrust equals the thrust times the distance traveled per 
minute divided by 33,000, or 


_ 0.012 x 152 Th 
33,000 33,000 X 12 


= 0.000004606 Th. 


in which Th equals the thrust in pounds, f equals the feed in 
inches per revolution of the drill, and N equals the revolutions per 
minute of the drill. The total net horsepower Hp. = 0.02893 T 
0.000004606 Th. 
The cubic inches of metal removed per minute equal 
ra a (3/4)? 


IN = 0.012 152 = 0.8068 


— 


in which d is the diameter in inches of the hole drilled, f is 0.012 
the feed in inches per revolution, and N is 152 the revolutions 
per minute of the drill. 

The net horsepower per cubic inch of metal removed per 
minute in drilling with a #/,in. drill rotating at 152 r.p.m. 
and having a feed of 0.012 in. per revolution, for SAE 1112, 
bar 419, of Table 3, for which there is a torque of 21.5 ft-lb. 
and a thrust of 1000 Ib., is 


0.6266 
0.8068 


0.028947 + 0.000004606Th 
0.8068 


_ 0,622 + 0.0046 
0.8068 


The influence of the thrust on power is so small that it may 
be omitted. 

For determining the horsepower per cubic inch of metal re- 
moved per minute in milling, using the experimental data, it 
is necessary to make the following assumptions, which include 
the conditions under which the experiments were run: 


d = the depth of cut = 0.125 in. 
w = the width of cut = 0.250 in. 
f =the feed pertooth = 0.010 in. 


A cutter is assumed to have 14 teeth and to rotate at 58.3 
r.p.m., giving 816.2 chips per minute. The horsepower devel- 
oped equals 

816.2 


33,000 * 


in which E is the energy in foot-pounds required to remove 
one chip. For SAE 1112, bar 419, the horsepower developed is 
0.024733 X 28.5 = 0.705. 

The cubic inches of metal removed per minute equals dwftN = 
0.125 & 0.250 x 0.010 X 14 X 58.3 = 0.255, in which ¢ is the 
number of teeth in the cutter and N is the revolutions per minute 
of the cutter. 

Therefore, the horsepower per cubic inch of metal removed 
per minute = 0.024733E/0.255 = 0.097 E. For SAE 1119, 
bar 419, this becomes 0.097 X 28.5 = 2.76, as shown in Table 3. 


Discussion OF MacuinaBiuity Data 


Certain machinability data on the steel screw-stock bars 
tabulated in Table 3 are shown graphically in Figs. 17, 17a, and 
18. In Fig. 17 the Brinell hardness numbers, the drilling torque 
and thrust, the planing force, the drill penetration, and two 
milling-energy values, for each bar, are plotted over that bar 
number. The bar numbers are arranged from left to right in 
order of decreasing force on the planer tool. 


MACHINE-SHOP PRACTICE 


TABLE 3~MACHINABILITY DATA ON STEEL SCREW-STOCK BARS 


-—Force of planer tool— —-———Drilling— Drill pene- —— Milling —— 
Hp. per Hp. per tration, “E,”” Hp. per Brinell 
Bar cu.in. Torque, Thrust, cu.in. in. ft-lb. cu. in. hard- 
No. Material total unit per min. ft-lb 1 per min. 100r.p.m. per chip per min. ness 
414 1' rd. super-free cutting....... 23.4 790 O.844 0.111 27.63 2.680 207 
415 l-in. rd. (imported). 1430 286.0 0.722 22.3 800 0.805 0.100 28.23 2.738 180 
416 1'/¢-in. sq. SAE 1112 cold- drawn, 
1/ye-in. draft. 1475 =295.0 0.745 24.5 1000 0.887 0.135 28.53 2.762 196 
417 3/e-in. sq. SAE 1120 cold- drawn, 
‘/ie-in, draft. 1717 343.4 0.866 26.0 900 0.938 0.127 27.99 2.718 156 
418 sq. SAE 1120 ‘cold- drawn, 
'/iein. draft. 1579 315.8 0.797 27.3 900 0.984 0.123 28.86 2.798 163 
419 3/e-in. sq. SAE ‘1112 ‘cold- -drawn, 
'/is-in. draft. . 1444 288.8 0.729 21.5 1000 0.777 0.131 28.50 2.760 207 
420 1'/s-in. rd. mang. screw stock cold- 
drawn, '/je-in. draft.. 1604 320.8 0.810 27.6 1050 0.995 0.123 27.51 2.670 170 
421 1-in. rd. SAE 1315. cold- drawn, 
E ‘/iein. draft.. 1561 312.2 0.789 26.5 860 0.955 0.139 27.42 2.660 179 
422 1*/16-in. rd. SAE 6140 cold-drawn 
‘/1e-in. draft. 1646 329.2 0.831 31.5 1250 1.138 0.091 30.45 2.950 228 
423 1'/sin. rd. SAE 2320 cold- -drawn, 
‘/1e-in. draft... 1656 331.2 0.836 30.0 1020 1.082 0.081 34.83 3.380 205 
424 11/4-in. rd. mang. carbon alloy, 
. draft. 1497 299.4 0.756 27.0 1250 0975 0.090 30.66 2.970 255 
425 l-in. rd. ‘special mang. ‘carbon alloy 
3 ‘/yein. draft.. 1534 306.8 0.775 25.2 1050 0.922 0.113 27.69 2.685 199 
26 1'/3-in rd. SAE "1320 cold- -drawn 
1/ye-in. draft...... 612 322.4 0.814 27.0 1050 0.975 0.124 29.73 2.880 168 
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In Fig. 17a the same values as represented in Fig. 17 are 
shown plotted over the bar numbers arranged from left to right 
in order of reducing “milling energy down.” The respective 
values have been joined by lines to indicate continuity. 

At first only the “milling-energy-up” curve was prepared. 
The cut by the milling cutter was taken upward or against 
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the feeding motion of the specimen. Subsequent tests on an- 
other project, however, showed that some materials yielded 
greater, equal, or smaller energy values when the direction of 
cut was reversed; that is, the cut taken down or with the feed 
of the material. It was thought desirable, therefore, to de- 
termine the values of milling energy on a down cut for these 
cold-drawn steels so as to make the information a little more 
complete. There are then two milling-energy curves, one 
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indicated by “up” and the other by ‘‘down,”’ indicating the 
method by which the values are obtained. 

In connection with another investigation, it has been found 
that, by tests cutting dry, some metals require as much as 30 
per cent less energy when the cut is taken down or with the 
feed than when against it. The power for feeding is not in- 
cluded. On the other hand, other metals require as much as 
25 per cent more energy when the cut is down or with the feed. 
A wide variety of metals fill in the range between these two 
extremes and some show no difference in energy for the two 
types of cuts. 

It also has been found that the introduction of a coolant or 
lubricant complicates this situation still further, as the saving 
in energy between dry and wet cutting accomplished on an up 
stroke frequently does not compare favorably with a similar 
saving between dry and wet cutting on the down stroke. 

Fig. 17 shows that in general the Brinell curve slopes up- 
ward to the right, which indicates that the greater the Brinell 
number the lower is the planing force. The “milling-energy- 
down” curve slopes downward to the left to bar 424, for which 
there is a rise, after which the curve again slopes to the right. 
The ‘‘milling-energy-up”’ curve slopes downward to the right 
up to bar 425 and is practically horizontal to the right of bar 
416. The drilling-torque curve, with a few inconsistent points, 
also slopes to the right. The thrust curve shows no particular 
trend, but might be considered as a horizontal line. The pene- 
tration curve shows perhaps a slight trend to increase to the 
right as might be expected in that the softer the metal the 
greater would be the drill penetration. In general, the various 
machinability and hardness curves of Fig. 17 do not agree favor- 
ably with the “planing-force” curve, as there are too many 
exceptional points on each curve. 

In Fig. 17a the machinability and hardness values have been 
plotted over the bar numbers arranged from left to right in 
order of reducing ‘‘milling energy down.’ On this new basis 
a general curve, representing Brinell numbers, may take two 
forms: the first, excepting values for bars 426, 420, and 417, 
a straight line would be obtained sloping downward from left 
to right; the second, if values for bars 422, 423, and 424 are 
omitted, would give a straight line sloping from bar 426 up- 
ward to the right. The ‘“‘milling-energy-up’ curve slopes 
downward from left to right across the figure, except for the low 
values for bars 420, 417, and 419. Neglecting the first four 
points, however, would leave a horizontal line representing the 
values of bars 420 and those to the right. 

Excepting points for bars 419 and 416, the drill-torque curve 
would slope gradually from left to right. The planing-force 
curve, excepting the values for bar 424 and 417, gives a satis- 
factory straight line sloping from left to right across the figure. 
The drill-thrust curve also gives a satisfactory general slope 
from left to right. The '/, in. diameter drill-penetration curve, 
however, seems to follow more closely the Brinell curve in that 
two possible curved lines may be obtained as representing 
smoothed-out values: the first, for bars 422 to 421, inclusive, 
omitting the low values of bars 415, 424, and 423; or a second 
curve sloping from left to right for bars 426 to 414, inclusive, 
with values for bars 416, 415, and 421 omitted. This second 
curve of drill penetration, sloping from left to right for bars 
426 to 414, inclusive, agrees favorably with a Brinell curve 
sloping upward from left to right for bars 426 to 414, inclusive. 
This is a satisfactory relation in that it naturally would be ex- 
pected that the harder the material the less would be the pene- 
tration per hundred revolutions. This, then, indicates that 
bars 422, 423, and 424 are out of order. 

Bar 422, SAE 6140, is shown in Fig. 10 to be not fully annealed 
before cold drawing. This structure undoubtedly plays some 


part in the odd results obtained. Bar 423 is the only 3'/, 
per cent nickel low-carbon steel bar in the group. This, too, 
may account for its unusual properties. Bar 424, a manganese- 
carbon steel bar, also appears not fully annealed before cold 
drawing, as shown in the photomicrographs in Figs. 14 and 15. 

Fig. 17a shows an interesting relation between bars 417 and 
418, each an SAE 1120 steel. It is seen that bar 417, which 
is cold-drawn to */, in. sq., has machining properties greater 
than 418, which is cold-drawn to 1'/; in. sq. The photomicro- 
graphs Figs. 5 and 6 indicate that bar 417 has received more 
cold drawing than bar 418. Similarly comparing bars 419 and 
416, both SAE 1112 steels, it is seen that bar 419, cold drawn 
to */, in. sq., has higher machining properties than bar 416, 
which is cold-drawn to 1'/, in. sq. The drill torque, however, 
is higher for bar 416 than for bar 419. The same relation holds 
for bars 417 and 418, which might indicate that the drilling 
torque is less the finer the grain structure. The planing force 
for these two sets of bars is just the reverse, being higher for the 
smaller bars. The Brinell numbers are inversely proportional 
to the torque and planing force for these four bars and vary 
directly with the thrust and penetration. 

Bar 417, SAE 1112, */, in. sq., is shown in Table 2 and in 
Figs. 17 and 17a as having the highest planing force. The 
value of 1717 lb. is high and apparently out of order. There 
may have been an error in copying this value from the data 
sheet, as it appears that 1517 lb. would be much more appro- 
priate. There was not enough material left in the bar to run 
check tests, however, so that no further light can be gained on 
this point. 

It is of interest to note the relative positions of bars 415 and 
414, supposedly super-free-cutting screw-stock steel. Bar 415 
has a low thrust, a low planing force, a low drill torque, 
an average “milling energy down”’ value, and an average Brinell 
for its position. The penetration, however, is low, whereas 
it should be high. Bar 414 has a Brinell number above the 
average for its position and has a low penetration. 

Fig. 18 shows, more for commercial use, the value of horse- 
power per cubic inch of metal cut per minute by milling, drilling, 
and planing, of the various steel screw-stock bars. These curves 
show the same general tendency as the force or energy curves 
of Fig. 17. 

It is realized that these tests have been performed some- 
what contrary to actual commercial practice. Drilling for 
torque and thrust with a */,-in. drill, for instance, has been 
done crosswise of the bars, whereas in most screw-machine work 
it is done lengthwise. The results of similar tests in drill- 
ing, however, have shown that the results in cross-drilling com- 
pare quite favorably with those of end-drilling. The force 
on the planer tool has been determined from a cut running 
lengthwise of the bar, whereas in turning the cuts are at right 
angles to the axis of the bar. No data are available to indi- 
cate whether one is higher than the other. All milling-energy 
values have been determined by taking cuts lengthwise of the 
bar. In several instances check tests have been made to show 
that the energy required to remove a chip lengthwise of the 
bar is equal almost exactly to that required when taking 4 
cut at right angles to the bar. For example, Table 3 shows 
the milling-energy value for the cut lengthwise of bar 418 to 
be 28.86 ft-lb. per chip. Tests taken crosswise at the same 
time show the results to be 28.95 ft-lb. per chip, or about one- 
third of 1 per cent greater. 

Chips From the */;-In. Drill and Planer Tool. All chips 
from the cold-drawn steels numbered 416 to 425, inclusive, 
for the */,-in. drill and the planer tool were retained and com- 
pared. 

The torque chips for bars 422, SAE 6140 steel, 423, SAE 
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2320 steel, and 424, manganese-carbon, were in the form of 
coils from 1 to 3 in. in length. All three chips were somewhat 
blued, indicating the development of heat. While all tests 
were run dry, none of the other chips was blue. The drilling 
chip of bar 425, a special manganese-carbon steel, was well 
broken up, but some of the chip particles were slightly blued. 
The drill chips from bars 416, SAE 1120 (°/, in. sq.), and 419, 
SAE 1112 (*/; in. sq.), were coiled up to 1 in. in length, whereas 
the balance of the chips were well broken up into parts not to 
exceed '/, to 3/s in. in length. 

The planer tool gave chips on bar 422, SAE 6140, which were 
slightly blued, very rough on the bottom, and compact into a 
coil */, inches in diameter and spiralled to */, in. in length. 
The length of each cut was about 12 in. Bar 424, man- 
ganese-carbon steel, had planer chips not colored, rough and 
in the form of a small coil */s in. in diameter and spiralled to 
1 in. in length. The planer-tool chip of bar 423, SAE 2320, 
was very slightly blued and very rough on the bottom (next 
to the tool face). It was small and compact, a coil 7/s in. in 
diameter. Bar 416, 1'/; in. sq. SAE 1112, and bar 419, °/, in. 
sq. SAE 1112, produced the smallest planer-tool chips of all, 
being in the form of a spiral '/, in. in diameter. Bar 417, */, in. 
sq. SAE 1120, and bar 418, 1'/2 in. sq. SAE 1120, gave planer- 
tool chips rougher than those for bars 416 and 419 and in a 


.coil 7/s in. in diameter. All planer-tool chips were continuous 


for the 12 in. length of cut, except those for bar 420, 1'/s in. 
round manganese screw stock. These were broken into two 
and sometimes three sections. In every instance there was a 
built-up nose left attached to the chip at the end of the cut for 
all bars. 


CoMPARISON OF SuRFACES Lert By SHAPER TOOLS 


It was thought that a study of the finish left on each bar 
might prove of interest when a finish produced under a given 
condition on one bar was compared with that similarly produced 
on the other bars. Specimens of each bar, therefore, were 
prepared, approximately '/, in. thick and 2 in. long. These 
small sections then were clamped together in the vise of a shaper 
and a roughing cut was taken across all sections so as to pre- 
sent a flat surface, the width of which was the length of the 
specimens and the length of which was the sum of the widths 
of the specimens. The cuts were taken lengthwise of each 
specimen, which was lengthwise of the original bar. The bars 
were arranged in numerical order, with bar 414 at the left end 
and bar 426 at the right end. For each test cut the pieces were 
clamped with parallels on the bottom and the front to insure 
rigidity. 

Fig. 19 shows the finished surface (X 1.8) on the various 
specimens left by a shaper tool. For the surfaces shown at A 
a tool was used having a zero degree front rake, a zero degree 
side rake, and a '/; in. nose radius. The cut was 0.005 in. 
deep and the feed was 0.013 in. per stroke. The shaper was 
set up to make 40 3-in. strokes per minute and the cut was made 
from right to left. The surfaces shown at B were made under 
the same conditions as those of A, except that the depth of cut 
was increased from 0.005 in. to 0.015 in. per stroke. There 
appears to be very little difference in the surfaces of cuts A and B 
for a single bar. Whether the surface B for bar 417 actually 
is smoother than that of A for the same bar is difficult to say. 
The photographs did indicate that B was the smoother. Also 
surface B of bar 418 appears to be smoother than surface A. 
On the other hand, surface B of bar 419 appears to be rougher 
than surface A for that bar, which might be expected because 
of the greater depth of cut. 

It was noticed that, in taking the depth of cut of 0.005 in. 


- with the zero degree front- and side-rake tool, the chips of bar 


424 were of the curled type, being approximately */s in. in 
diameter. The chips from all other bars, however, were straight 
and came off in one piece. When the depth of cut was increased 
to 0.015 in., using the same zero degree front- and side-rake tool, 
the chips from bars 422 and 424 were curled, while the rest 
were straight. 

Cut C was made following cut B, in which a 13-deg. front- 
rake- and a 16-deg. side-rake-angle tool having a '/,. in. nose 
radius was used with 0.005 in. depth of cut. This surface is 
shown at C in Fig. 19. Surfaces C are directly comparable 
to surfaces A, Fig. 19, except for the front- and side-rake angles 
on the tool. The surfaces shown for cut C give, in general, 
a smoother appearance than those for A. Bar 424 is a notable 
exception, whereas bars 414, 415, 418, 419, and 423 show con- 
siderable improvement. 

The chips from cut C were curled for bars 424 and 425, whereas 
all others were straight. © 

Fig. 20 shows the finished surfaces at 1.8 magnifications on 
the various specimens left by a shaper tool. At D is shown the 
surface left by the 13-deg. front-rake and 16-deg. side-rake 
tool having '/, in. nose radius with a feed of 0.013 in., a depth 
of cut of 0.015 in., while the shaper provided 40 3-in. length 
strokes per minute. The surfaces from cut D correspond quite 
favorably with those of cut C for the same tool, although cut 
D was taken with a depth three times greater than that for cut (. 
The surfaces of cut D show a marked improvement over the 
surfaces of cut B. This improvement is due to the front and 
side rake of the tool, as otherwise the cutting conditions were 
identical. 

Cuts E and F, shown in Fig. 20, were taken under the same 
conditions, except that in cut E the shaper made 40 3-in. strokes 
per minute, while in cut F 82 3-in. strokes per minute were made. 
In both instances the depth of cut was 0.010 in. and the feed 
was 0.027 in. The 13-deg. front-rake- and 16-deg. side-rake- 
angle tool having a '/\ in. nose radius was used in both 
instances. It seems apparent that the finish of cut F is bet- 
ter than that of cut E taken at the slower speed. The sur- 
faces of cuts D and F were enlarged another five times, making 
nine times natural size. It was thought that this magnification 
would bring out features of the surface not evident at the 
lower magnification. The results, however, were disappointing 
in that detail was lost due to the poor focus on the surfaces 
at different elevations. 

It also is realized that the method of securing finished sur- 
faces on these various bars by taking cuts 2 in. in length in a 
shaper was not the most desirable. Continuous cutting by 
turning would have been used had the specimens been adequate 
in size and amount for this purpose. This was not the case, 
however, so that the shaper had to be used. Just why some 
of the chips were curled while most of them were straight is 
not known. It is presumed that the formation of a built-up 
nose on the cutting edge of the tool varies with the material. 
The nature of the surfaces in all cases indicates the presence 
of this so-called built-up nose. 


STAINLEss STEEL 


In addition to the 13 cold-drawn steel bars reported on, various 
machinability tests also were run on two stainless-steel or stain- 
less-iron bars. Table 4 shows the chemical and physical proper- 
ties of these bars, which were numbered 412 and 413. Bar 
412 is called a stainless chromium iron and is in an annealed 
condition. Bar 413 is a free-machining rustless steel. The 
carbon content of both bars is low. 

Photomicrographs of these two bars are shown in Figs. 21 
and 22 at 100 magnifications. Bar 412, stainless chromium iron, 
has a very fine grain size and shows the results of the annealing, 


— 


while bar 413, the free-machining rustless steel, has the appear- 
ance of being cold drawn and has considerable banded sulphides. 
These specimens were etched with a standard ferric-chloride 
and hydrochloric-acid etch. 

The results of the machinability data on these stainless-steel 


TABLE 4 CHEMICAL AND PHYSICAL PROPERTIES OF STAINLESS STEEL 
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chips were spiral in shape with the whole length of cut in one 
piece. The chip itself was burnished smooth on the bottom 
where it rubbed over the face of the tool, but was built up of 
chip sections slightly less than '/i in. in width, which in them- 
selves were made up of numerous shear elements. The sections 


P ield Elonga- Reduc- 
No. Material Mn _ sw Phos Ss Si Cr Mo Tensile point tion tion area 


412 Stainless chromium iron annealed. 0.06 0.31 0.012 0.022 0.18 13.35 


50,000 30.0 60.0 


90,000 
413 Free-machining rustless steel..... 0.09 0.30 0.016 0.46 0.14 15.15 0.25 90,000 57,000 28.0 50.0 


TABLE 5 MACHINABILITY DATA ON STAINLESS STEEL 


-—Force on planer, tool— ~Drilling————. Drill pene- ——Milling——~ 
Hp. per tration, “E,” Hp. per Brinell 
Bar : F, U, cu. in. Torque, Thrust, cu. in. in. per ft-lb. cu. in. hard- 
No. Material total unit permin. ft-lb... lb. per min. 100 r.p.m. per chip per min. ness 
412 Stainless chromium iron annealed. 1586 317.2 0.961 49 1500 1.755 0.0444 59.1 5.730 
413 Free-machining rustless steel..... 1245 249.0 0.754 25 800 §=0.900 0.0837 34.16 3.304 


bars are given in Table 5. The force on the planer tool for 
the chromium-iron bar 412 was found to be 1586 lb., which 
compares favorably with the force for bar 418, the 1'/, in. sq. 
SAE 1120 steel. The chips from the '/; in. wide planer tool, 


3 
% an, y > % > 

=. ~ 


Fie. 21 Bar 412, Sraintess CuHromium Iron X 100 
(Very fine grain size; shows results of annealing.) 


Fic. 22 Bar 413, Free-Macuinine Rustiess Steet X 100 
(Has appearance of being cold-drawn; considerable banded inclusions.) 


in making this cut, resembled very closely the chip of a fully 
annealed low-carbon steel. There was a built-up nose on the 
cutting edge of the tool, causing the under surface of the chip 
to be rough with rather parallel continuous cross ridges (resem- 
bling the teeth of a file) approximately '/\. in. or more apart. 
The surface left on the bar was very rough and showed slip lines 
quite similar to those on the bottom of the chip; that is, rather 
parallel ridges running crosswise of the cut approximately '/j in. 
apart. The force on the planer tool for the free-machining 
Tustless steel, bar 413, is only 1245 lb., which is lower than those 
for any of the cold-drawn screw-stock steels reported on. These 


were jointed only at their ends into the whole chip which gave 
a ladder-like construction. The surface of the chip away from 
the tool face was rough and made up of definite sections consider- 
ably larger than those for the annealed chromium-iron bar 412. 
A close examination of the chip from the planer tool for bar 
413 does not show clearly any built-up nose on the cutting-tool 
edge. The surface left by the tool on bar 413 was considerably 
smoother than that on bar 412, but showed burnished lines, 
quite parallel across the cut !/s in. apart. 

The torque for bars 412 and 413 is seen to be 49 and 25 foot- 
pounds, respectively. The value of 49 for bar 412 is considerably 
higher than the drilling torque for any of the cold-drawn steels 
reported on, as seen in Fig. 17, while 25 ft-lb. for bar 413 is 
rather an average value. The drill penetration of the stainless 
chromium-iron bar 412 is only 0.044 as compared with 0.081 
for bar 423 which is the lowest in the group of steels. The 
drill penetration for bar 413, free-machining rustless steel, is 
0.0837, which is in the range of bars 422, 423, and 424 of Fig. 17, 
the hardest of the group. The “milling energy up” for bars 
412 and 413 is 59.1 and 34.16 ft-lb., respectively. The first 
value is much higher than any of the values for steel, while 
the second compares favorably with the values for the hardest 
steels. 


CONCLUSIONS 


The primary object of this paper has been to present certain 
machinability data obtained from a variety of cold-drawn steels, 
including two stainless steels. Because of the varied conditions 
under which these bars were manufactured and because of the 
differences in chemical analyses of supposedly similar bars, 
it is difficult to draw definite conclusions as to correlation between 
the machinability data, the structure, and the type of steel 
involved. Only by reference to the various tables and the 
texts can completely satisfactory conclusions be presented. 
Some conclusions, however, may be mentioned as follows: 

(1) Data as to cutting force or energy required in planing, 
milling, and drilling, under similar standardized conditions, 
for 15 different kinds of cold-drawn steels are given. These 
data are directly comparable with similar data obtained from 
18 ferrous metals and 21 non-ferrous metals, previously re- 
ported on in Trans. A.S.S.T., November, Vol. 16, pp. 659 to 710. 

(2) Data as to horsepower per cubic inch of metal per minute 
are presented for each of the 15 cold-drawn steels. 

(3) An attempt is made to determine the correlation between 
the machining properties of each cold-drawn steel and its hard- 
ness. A satisfactory correlation is obtained for some steels, 
but many show inconsistencies. 

(a) The machining properties of each steel depend upon 
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its chemical composition, its heat treatment and method and 
degree of cold working, as shown finally by the resulting struc- 
ture, and by its carbon content. 

(b) The alloy steel bars 422, SAE 6140, and 423, SAE 2320, 
obviously do not belong in the family of plain carbon or man- 
ganese steels so far as their position on the machinability dia- 
gram is concerned. 

(c) There appears to be little consistent correlation between 
the various machining properties of the steels as shown in Fig. 
17a. One bar may show a low torque but high milling energy 
or a low penetration and low planing force, etc. The size of 
the bar, resulting from more intensive cold working for materials 
of similar chemical analysis, does not seem to cause wide varia- 
tions in machining properties. Fig. 17a shows that bars 417 
and 418, which are SAE 1120 steels */, in. sq. and 1'/2 in. sq., 
respectively, have approximately the same machining and hard- 
ness values, in spite of their difference in size. Bar 417 has 
small grain size while bar 418 has medium grain size, which 
shows the effect of cold working. Also bars 416 and 419, which 
are 1'/, in. sq. and */, in. sq., respectively, SAE 1112 steel, 
show practically the same machining properties and hardness 
properties in spite of their difference in size. Bar 416 has medium 
grain size while bar 419 has small grain size, which shows the 
effect of cold working. The torque on bar 419, the smaller bar, 
is less than that for bar 416. The influence of size on tool life 
has not been investigated in this paper. 

(d) The finish produced on the high-sulphur screw-stock 
steels appears to be better (than the finish on the alloy steels 
or manganese steels) for both the tools having 0-deg. front rake 
and 0-deg. side rake and 13-deg. front rake and 16-deg. side rake. 
Under the same cutting conditions, the high-sulphur and high- 
manganese steels have the best finish, the SAE 6140, bar 422, 
and SAE 2320, bar 423, being the poorest with the 0-deg. front- 
rake and 0-deg. side-rake tool, while bar 424, manganese-carbon 
steel, has the poorest finish, with the 13-deg. front-rake and 16- 
deg. side-rake tool. 

(e) From Fig. 17a it is seen that, by omitting the first three 
steels at the right, which are SAE 6140, SAE 2320, and manga- 
nese-carbon steels, the Brinell curve slopes upward to the right, 
while the thrust curve slopes downward to the right; the pene- 
tration curve slopes downward to the right; the planing-force 
curve slopes downward to the right; the drilling-torque curve 
slopes downward to the right; and the ‘“milling-energy-down”’ 
curve slopes downward to the right. This indicates that the 
higher the Brinell hardness the easier the bar machines. 

(4) It is seen from Fig. 17a that each bar gives a certain 
energy required to remove a given chip by milling when the cut 
is “up” and a higher, equal, or lower value when the cut is 
“down.”’ This indicates that the chemical analysis and structure 
influence the energy required to remove a chip, rather than 
any inherent difference in cutting process. The ‘‘milling- 
energy-up”’ curve in Fig. 17a seems to indicate no correlation 
with other machining or hardness values. 

(5) The thrust curve seems to follow the Brinell curve almost 
exactly from point to point, as shown in Fig. 17a. 

(6) The planing curve seems to follow the Brinell curve 
inversely from point to point, as shown in Fig. 17a, as does 
the penetration curve with a few exceptional points. 

(7) The drilling-torque curve shows a reverse characteristic 
of the Brinell curve from point to point, as shown in Fig. 
17a. 
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Discussion 


M. N. Lanpts.‘ The writer has made a survey of the results 
obtained, taking into consideration a general knowledge of their 
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Fic. 23) MAcuINING PROPERTIES 


comparative machining properties from a production standpoint 
and has divided them into three groups: 

First Group. 
phur: 

414, 1'/\-in. round super-free cutting. 

415, 1 in. round (imported). 

416, 1'/,in. square 8.A.E. 1112 cold-drawn, draft. 

419, */;-in. square S.A.E. 1112 cold-drawn, draft. 


Bessemer steels with low carbon and high sul- 


Second Group. Open-hearth steels with high sulphur: 

417, */,-in. square S.A.E. 1120 cold-drawn, '/\-in. draft. 

418, in. square S.A.E. 1120 cold-drawn, in. draft. 

420, 1'/s-in. round manganese screw stock cold-drawn, ' 
draft. 


4 Landis & Landis, Chicago, Ill. 
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TABLE 6 MACHINABILITY DATA 


Drill pene- 


Milling, tration, ——— Drilling——-— tool, 

ft-lb. in. per Torque, force ‘‘F,"’ Average 

per chip, 100 r.p.m., ft-lb., Thrust, Ib., total rating, 

per cent per cent per cent per cent per cent per cent 

419 3/q-in. square S.A.E. 1112........ 85.46 86.20 100.00 54.35 95.02 84. 21 
415 1 -in, round (imported) . 89.10 32.90 92.00 
414 1'/\e-in. round super-free cutting 97.20 51.80 81.00 
421 1 -in. round S.A.E. 1315 : ‘ . 100.00 100.00 50.00 
416 1!/¢-in. square S.A.E. 1112.... 85.05 93.10 70.00 
418 1'/:-in. square S.A.E. 1120.... 80.60 72.40 42.00 
417 3/,-in. square S.A.E. 1120........ 92.34 79.30 55.00 
420 1'/s-in. round manganese screw stock....... 98.82 72.40 39.00 
425 1 -in. round special manganese carbon alloy. 96.39 55.20 63.00 
426 1!/:-in. round S.A.E. 1320................. : 68.85 74.20 45.00 
424 1'/-in. round manganese carbon alloy.... 56.30 15.70 45.00 
22 round S.A.E. 6140 59.13 17.40 00.00 
23 round S.A.E. 2320......... 00.00 00.00 15.00 


a This result estimated on basis of other tests for this sample to complete results. 


TABLE 7 VARIATION OF TEST RATINGS FROM GRAND AVERAGE 


Drilling Planer, : Milling, Total 
torque, Drill pene- total Drilling, ft-Ib.. variation 


ft-Ib., tration, force ‘“‘F,”’ thrust per chip, from 
variation, variation, variation, variation, variation, average, 
per cent per cent per cent per cent per cent per cent 
419 3/q-in. square S.A_E. 1112 15.79 1.99 10.81 29 86 1.25 59.7 
415 1 -in. round (imported) : 9.63 49.47 17.63 15.46 6.73 98.92 
414 1'/\e-in. round super-free cutting 1.00 28 20 00 00 20.00 17.20 65.40 
421 1 -in. round S.A.E. 1315..... 27.61 22.39 24 34 7.18 22.39 103.91 
416 1'/¢-in. square S.A.E. 1112.. 7.35 15.75 6.89 23.00 7.70 60.69 
418 1'/:-in. square S.A.E. 1120 21.83 8.57 15.79 12.26 16.77 75.22 
417 3/,-in. square S.A.E. 1120 5.55 18.75 60.55 15.54 31.79 132.18 
420 1'/s-in. round manganese screw stock....... 19.62 13.78 19.20 15.14 40.20 107 .94 
425 1 -in. round special ened carbon alloy 5.60 2.20 28.50 13.92 38.99 89.21 
26 1'/e-in. round S.A.E. 8.62 20.58 17.06 10 15.23 71.63 
424 1'/¢-in. round manganese carbon alloy 6.28 23.02 37 . 86 38.72 17.58 123.46 
422 14/\¢-in. round S.A.E. 6140... 20.25 2.85 4.48 20.25 38.88 71 
23 1'/s-in. round S.A.E. 2320 2.25 17.25 4.00 32.75 17.25 68.50 
Total variation from average 151.38 224 80 247.11 254.22 271.96 ee 


421, 1-in. round S.A.E. 1315. Atvan L. Davis. It would be interesting, and the writer 


425, l-in. round special manganese carbon alloy cold-drawn, _ believes valuable, if the author would add a brief appendix show- 
‘/\e-in. draft. ing the maximum deviation and also the average deviation from 
Third Group. Alloy steels: the mean for a series of, say, ten determinations, all on the same 

‘ : ‘ test material, for the planer, for drill torque, and for the miller. 


422, round S.A.E. 6140 cold-drawn, draft. 
423, 11/s-in. round 8.A.E. 2320 cold-drawn, in. draft. 
424, 1!/,in. round manganese carbon alloy cold-drawn, '/)¢-in. 


Such maximum and average deviations would allow an estimate 
of the probable error pertaining to the mean figures in the paper. 
draft In the absence of such means of arriving at the probable error, 
the writer has assumed that the figures are not to be relied upon 
Recapitulation of the machinability data obtained in the vari- further than two significant figures, and in order to simplify 
ous tests has been made on the basis of the best machining speci- discussion as much as possible, has used two significant places 
men being rated 100 per cent, the poorest 0 per cent, and the only in preparing the tabulation of horsepower per cubic inch of 
others graded between. These results are arranged in Table 6 metalremoved perminute. (See Table8.) An arbitrary separa- 
in the order of their comparative ratings. tion of the materials has been attempted into classes, according 
Analysis of these results, with the machinability calculated in to the power required for machining. The idea of this simplified 
percentages, indicates that the averages of the various tests table is to attempt to bring out more clearly the extent to which 
follow very closely the generally accepted production machin- the different kinds of machinability tests are in accord with 
ability rating. There is the exception of No. 421, which appar- each other, in classifying various steels as to machinability. 
ently has a high rating, but it has been the writer’s experience The writer attaches relatively small importance to the drill- 
that certain items of the manganese screw-stock steels machine penetration tests, because considerable experience with this type 
exceptionally well. In any one of the types of steel tested con- of test has led him to conclude that it is subject to rather wide 
siderable variation in machinability rating will be encountered, variations due to the metal loading on the bottom of the drill 
such as is displayed by the two samples of 8.A.E. 1112. and altering its rate of cutting. Nevertheless, the last column 
Analysis of the tests conducted, calculated by determining of the table does show the penetration, thus permitting compari- 
their variation from the average machinability rating for each son with the “horsepower required to remove 1 cubic inch per 
specimen, indicates that the torque results more nearly approach  minute.”’ 
the grand average, and the milling results are farthest from the Table 8 shows that all four methods of test are in agreement; 
average. These results are arranged in Table 7. that class 1 (which is ordinary stainless chrome iron) requires the 
The hardness tests have not been considered in analyzing the greatest power for machining, and that it yields the shallowest 
results, as it has been the writer’s experience that they are not penetration under constant load. Likewise, all four tests agree 
sufficiently indicative of the degree of machinability in testing that class 2 (comprising S.A.E. steels 2330 and 6140) stands 
screw stocks. The drilling tests, unfortunately, are dependent on next in point of resistance to machining operations; also, class 
the grinding, and, as stated by the author, it is “almost impossible 3 (made up of the high-manganese steels and the open-hearth 
to regrind the drill, even on a machine, to give results comparable screw stocks) requires still less power and yields deeper penetra- 
With those of first grinding.” If this variable could be overcome, tion under constant load. Passing by class 4 for a moment and 
the w riter feels that the drilling tests should give a very desirable © Research Engineer, Scovill Manufacturing Company, Water- 
indication of machinability. bury, Conn. Mem. A.S.M.E. 
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TABLE 8 


Class Type of steel Bar No. 

1 Ordinary stainless chrome iron....... 

2 S.A.E. 2320 ; 423 
S.A.E 6140... 422 

3 S.A.E. 1320 426 
S.A.E. 1310 420 
S.A.E. 1315 421 
S.A.E,. 1340 424 
S.A.E. 1120 418 
S.A.E. 1120 425 

4 Free-cutting stainless chrome iron. 413 

5 §.A.B. 1112... 416 
S.A.E. 1112.. 419 
Super-free cutting, imported. . 415 
Super-free cutting, domestic. . what 414 


considering class 5 (which comprises Bessemer screw stock and 
also more particularly the super-free-cutting steels, both im- 
ported and domestic), the table shows planer and drill in agree- 
ment in grading these steels as easier to cut than any of the fore- 
going classifications. The miller shows only very slight improve- 
ment, however, over class 3 steels, and the penetration test here 
fails wholly to denote the relative machinability. 

Class 4, the free-cutting stainless chrome iron, appears to be 
intermediate between classes 3 and 5 as measured by planer and 
drill. The miller, however, is not in accord in this respect, and 
would place this material along with S.A.E. steels 2320 and 6140 
in class 2. Why this should be so the writer is not in a position 
to state, but it presumably arises from the nature of the milling 
test itself, which apparently is influenced by other properties than 
those which control the results in planing and drilling. In com- 
mercial machining it has been observed (in the case of certain 
alloy steels and also tool steels) that the degree of annealing 
giving optimum results for drilling and planing will not always 
give the best results for milling. Also, thread tapping sometimes 
requires a still different degree of annealing to give the best re- 
sults. 

Thus there is found quite general agreement between the three 
tests based on cubic inches of metal cut. However, it is disap- 
pointing that there should be so little difference between the 
super-free-cutting steels (bars 414 and 415) and the ordinary 
open-hearth screw stock (bars 418 and 425), especially in view 
of the fact that actual shop tests have proved these two super- 
free-cutting steels to give about 100 per cent greater production 
on automatic screw machines than is possible with ordinary open- 
hearth screw stock. 

No stress in this résumé is placed upon hardness as indicated 
by the various tests recorded. This is partly because there is 
not complete uniformity in the different hardness tests reported 
for some of the specimens, but also because in the case of cold- 
drawn bars the hardness is built up out of two factors: first, 
the hardness of the bar before being subjected to cold drawing, 
and, second, the amount of hardness conferred by cold drawing. 
While the hardness resulting from cold drawing seems to pro- 
mote free cutting, the initial hardness acts in the reverse direc- 
tion. Therefore, no consistent results can be looked for, unless 
it is known how much of the final hardness is due to cold work 
and how much to initial hardness of the steel. 

The writer’s experience in testing machinability shows it to 
be an elusive factor, and he is not surprised to find lack of com- 
plete accord between different methods of measuring it. 


ALFRED V. DE Forest.’ This paper, as well as the author’s 
previous one on machining properties, well deserves the full at- 
tention of all those interested in problems of machinability. 
Speaking from the standpoint of the steel maker, particularly 
the cold-drawn and free-cutting steel industry, the question as to 
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HORSEPOWER PER CUBIC INCH OF METAL REMOVED PER MINUTE 


Penetration 
of drill under 
constant load 


Planer Drill Miller 

0.96 1.76 5.7 0 044 

0.94 1.08 34 0.081 

0.93 1.14 3.0 0.091 

0.81) _ 0.98 2.9 0.124) 2 

0.81) 1.003 2.7ho 0.139493 

0.79\s 0.96. 2.81% 0.139\s 

0.76/32 0.98/23 3.0/6 0.090 (3 

0.80) 5 0.98} 2 0.123) 5 

0.78, 0.92) ° 0.113) 5 

0.75 0.90 3.3 0.084 

0.75) , 0.89 0.135)... 

0.73 O81 (SS 0.100 (475 

0.00) 0.84) ° 2.7708 


whether an intrinsic property of the steel loosely covered by the 
term machinability can be reduced to some system of measure- 
ment is of great consequence. The measurements made by the 
author undoubtedly have a bearing on the problem, but the fac- 
tors which cause a steel to be successful or the reverse in actual 
practice are usually more complicated than questions of energy 
absorption. To get the best results out of a given steel, the shape 
and material of the cutting tools, the lubricant, and the type of 
machine used all play a very vital part, and usually in actual 
practice the machinability of a steel is judged by whether it 
works well under the cutting conditions which have been estab- 
lished by custom for some other materials. The supplier of 
steel must then endeavor to change the operation of the machine 
tool so as to get the best out of the material he supplies. In 
some cases this can be done. Frequently it cannot even be at- 
tempted, and the steel is blamed for any failure. 

The writer recently came across a good example of a case in 
which machinability was important. A vital part was being 
manufactured from screw stock on screw machines. Complaints 
as to quality caused the substitution of a low-carbon alloy steel 
without free-machining properties. Production immediately 
dropped to almost nothing, and the steel was pronounced un- 
machinable. However, with assistance and encouragement, it 
developed that if the steel were given an extra draft of cold work 
and the tooling and lubrication were changed, almost the same 
production could be obtained as with the free-machining steel 
previously used. In this case it is not doubted that a similar 
amount of attention bestowed on the free-machining steel would 
have raised the original rate of production far above that obtain- 
able by the alloy steel, but in this case a little attention and per- 
severance saved a job which from the protests of the manufac- 
turer appeared to be impossible. 

This case also brings out a point not very well covered in the 
paper, and that is that under certain conditions the additional 
hardaess due to cold work is of advantage in machining opera- 
tions. Probably conditions of this kind have discredited hard- 
ness tests as having any bearing on the machinability problem. 

If one separates hardness due to chemical constitution from 
hardness due to cold work and heat treatment, it is possible that 
a better correlation can be obtained. Hardness, however, is 
rather remote from the strength, hardness, and ductility of the 
metal just beyond the tool point at the temperature which exists 
during the cutting operation, and the properties at this point are 
undoubtedly those which control machinability. 

It is very much to be hoped that the machine-tool industry, tlie 
tool-steel manufacturer, and those interested in supplying steels 
for machining join together and clear up the lack of knowledge 
surrounding the whole subject. 


AvuTHOR’s CLOSURE 


The author is grateful indeed to those who have discussed this 
paper, as each discusser added a new viewpoint, together with 
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his different method of analysis of the experimental data. Each 
diseusser is well qualified to make comments in view of his years 
of experience with these problems. 

The author fully appreciates that the experiments involved 
in this study of machinability do not include all desirable meth- 
ods of tests. This work was done by the author and a few stu- 
dents with practically no financial assistance. 

The analysis by Mr. Landis is extremely interesting and valu- 
able. It would seem to the author in considering equipment, 
condition of tools, ete., that the planer tests would represent more 
nearly the machining properties, as far as power is concerned, 
of the various metals. The drilling tests, also, would seem to be 
quite reliable, inasmuch as a drill of a size of */, in. diameter can 
be reground on our grinding machine so that tests can be dupli- 
cated with a great deal of satisfaction. 

The author believes the quotation of Mr. Landis regarding the 
impossibility of regrinding a drill to give the same results with 
different grinds was made in the paper to apply particularly to 
the '/,-in.-diameter drill as used in the penetration test. The 


*/,-in. drill can be reground repeatedly to give practically the 


same experimental results. The author has conducted tests as 
to the influence of dulling on a drill in use and has found that, 
when cutting dry, after the first few inches drilled, there is little 
difference in the torque and thrust values in drilling an additional 
60 or 70 in. of metal. This dulling effect seems to be more per- 
ceptible, however, when a coolant is used. The cutting actions of 
the */,-in.-diameter drill and the planer tool seem to be quite 
similar and the results of the test in quite satisfactory agreement. 
p The drill penetration test, however, is obviously a different 
principle, as is that of milling. The author has considerable in- 
formation dealing with the results of milling different metals 
when the cut is with the feed and ‘against the feed of the work. 
For some metals the results are practically the same; on other 
metals there is quite a divergence. Some metals require as much 
as 25 per cent less power when the milling cut is taken with the 
feed rather than against the feed, while other metals require as 
much as 25 per cent more. This is brought out in Figs. 17 and 
17-a in which the milling-energy values for each material are shown 
when cutting up and when cutting down. By cutting down is 
meant cutting with the feed. . 

These differences are not as outstanding in Figs. 17 and 17-a as 
though there were a greater divergence in types of materials, al- 
though the divergence is due, in the author’s opinion, to the in- 
fluence of the material characteristic rather than through in- 
accuracy of the test methods. 

Mr. Davis raises the question as to the maximum deviation 
from the average of the results obtained by the different machin- 
ability tests. In determining torque and thrust with the */,-in.- 
diameter machinability drill, torque values from individual tests 
may vary 2 or 3 per cent in the same material. An average 
of three or four tests, however, will agree with the average of two 
or three other similar tests run at another time within 1 per cent. 
In obtaining the torque values for bars 417 and 419, each of which 
was */, in. square, two pieces of the same bar were clamped to- 
gether and then drilled with the point of the drill to one side of 
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the separating plane. The area of the cut, however, was approxi- 
mately two-thirds in one piece and one-third in the second piece. 
This would lead to a condition approximating intermittent cut- 
ting with the bumping effect eliminated. While the author has 
made no tests to compare the results obtained by this method of 
drilling with those obtained when drilling into one solid piece, 
yet it is believed that the error is not appreciable. 

The planer-force values tabulated here are an average of the 
readings on 10 successive cuts. The tool was fed 0.010 in. down- 
ward for each cut, using a dial gage attached to the planer head. 
While each cut was supposed to be 0.010 in. in depth, it may have 
been slightly less in one cut and slightly more in the following cut, 
so that maximum deviations between individual readings may be 
4 or 5 per cent. In taking 10 cuts, however, the accumulated 
depth of cut would be 0.100 in., as close as could be read on the 
dial indicator. The average of one set of 10 readings, however, 
will agree with the average of another set of 10 readings within 
1/, to 1 per cent. The drill penetrator tests will vary pos- 
sibly 12 or 14 per cent between individual tests, as a small error 
in time of starting and stopping the watch during the 0.15 to 
0.20 minute required to penetrate the 0.100 in. amounts to a 
large percentage. But again an average of 6 or 12 tests will 
agree with the average of another set of 6 or 12 readings within 2 
or 3 per cent. 

In obtaining the milling data, individual tests on these cold- 
drawn steels varied as much as 6 per cent, but by taking 10 con- 
secutive readings an average would be obtained which would 
agree within '/, to 2 per cent of similar average readings obtained 
from another set of tests on another bar. It seems, therefore, 
that where these different methods fail to confirm machining 
characteristics of a metal, the difference is due to the reaction of 
that metal to the particular machining process rather than ex- 
cessive errors in the test data. It is for just this reason that these 
four different methods of tests were all used in obtaining the in- 
formation reported on in this paper. 

The point brought out by Mr. Davis dealing with optimum heat 
treatment for best machining purposes is one on which further 
accurate information is needed. The influence of structure and 
grain size appears to be a point on which little agreement exists. 
Just why the methods of tests employed in this paper do not 
agree with the results of tool life cannot be explained here, inas- 
much as the author has no definite information on tool life. Not 
enough material was available to obtain data of this nature. 

Mr. Davis and Mr. De Forest both refer to the hardness of a 
piece of cold-worked steel as consisting of two factors: the initial 
hardness of the steel and the final hardness after being cold- 
worked. The author has no information to throw light on this 
complicated subject, but appreciates the value of more detailed 
information dealing with this subject. Mr. De Forest has raised 
the question of optimum tool size and shape and condition of the 
material being cut, as well as the best lubricant or coolant to be 
used. Data are now being accumulated dealing with the per- 
formance of various types of cutting fluids, which may help to 
explain some of these factors. Optimum conditions for cutting 
by any process do not seem to be available. 
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Mechanical Design of Electric Motors as Re- 
gards Standardization Interchangeability 


By J. L. BROWN,' EAST PITTSBURGH, PA. 


The electric motor has become a machine simply to do 
a job, and yet because it is vital and because the failure of 
a unit means its immediate replacement with a new one, 
there has been a growing need for uniformity in physical 
dimensions of units. The rapidity with which uses for 
electric motors are multiplying calls for the lowest pos- 
sible cost of manufacture of what may be called the stand- 
ard type, but also of the many variations necessary to meet 
various conditions. This dictates uniformity also of the 
many accessory parts. 


motor. The halo which it wore as 

it assumed form out of the mists of 

the nineteenth century has faded. The 

mantle of mystery has been transformed 

into the tunic of service. The child of the 

scientists has become the patient ox of in- 

dustry. No longer is the electric motor 

given a place of prominence and consid- 

eration, having subordinated to it the 

structure and characteristics of the driven 

machinery. It has become simply a ma- 

chine to do a job—any job; a tool for use—and abuse. In the 
vast variety of elements making up the modern world, it is but a 


"nae have changed for the electric 


cog in the wheels of industry—a thread in the fabric, a link in 


the chain, a bolt in the structure. Perhaps the keystone of the 
arch, but still only one stone among many. 

Yet because it is vital, and the failure of one unit grown old in 
service must be remedied instantly by replacing it with a new, 
there has been a growing need for agreater measure of uniformity 
in physical dimensions of units, which are otherwise sufficiently 
similar to do the same job, irrespective of the manufacturing 
plant in which they originate. Not only so, but the rapidity 
with which uses for electric motors are multiplying calls for the 
lowest possible cost of manufacture of not only what might be 
regarded as the standard type, but the many variations from this 
standard that are necessary to meet the various conditions of 
service. This dictates every possible measure of uniformity 
among the various standard and semi-standard accessory parts 
composing the variations of any given motor unit, in the interest 
of both the tooling equipment used in manufacture and the ease 
und rapidity of assembling from a given set of parts any type of 


! Mechanical Engineer, Industrial Motor Engineering Depart- 
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unit which may be required for any particular class of service. 

Standardization of a simple line of hardware such as bolts and 
nuts, though attended with many difficulties, is by no means the 
complex problem encountered in the standardization of motor 
dimensions. In addition to the necessity of effecting an agree- 
ment among motor manufacturers, it is necessary also to effect 
a compromise among types of motors which in many of their 
detail parts are essentially dissimilar. Consideration of details 
regarding the possible extent of standardization of external 
mounting dimensions of electric motors is beyond the scope of 
this paper. Nevertheless, it may be interesting and profitable 
to consider briefly the development of one of the newer lines of 
motors which demonstrates to what extent standardization as 
among dissimilar detail motor parts may be effected, thus result- 
ing in great flexibility in machining and assembly methods when 
producing units which, although similar in external dimensions, 
are essentially different in type. 

The simplest form of electric moter, and at the same time the 
one most widely used and manufactured in the largest quantities, 
is the so-called squirrel-cage induction type. The rotating ele- 
ment of this motor has been brought to the irreducible minimum 
in simplicity and economy of manufacture. Fig. 1 shows such 
a rotating element consisting of a shaft a, a stack of sheet-steel 
laminae b, and a grid of aluminum alloy c passing through slotted 
openings in the laminae and forming, with the continuous end- 
ring portions, the whole system of electrical conductors in the 
rotating element, as well as the necessary ventilating means, in 
the form of axially extending blades of the same die-cast struc- 
ture. It will thus be seen that there are three principal parts only 
—no commutator, no collector rings, no wire windings, no in- 
sulation, no band wires or slot wedges to retain otherwise unsup- 
ported parts of the structure, no supporting plates for the sheet- 
steel laminae; even core rivets to hold them in assembly are a 
superfluity. 

Not all applications for electric motors, however, are most satis- 
factorily served by a constant-speed, polyphase, alternating-cur- 
rent motor, and in meeting the requirements of certain applica- 
tions, types of motors must be used in which the simplicity of the 
squirrel-cage induction type is to some extent lost. Variable- 
speed induction motors, for example, require the insertion of re- 
sistance into the rotor winding circuit necessitating that these 
windings be insulated from each other and the core and con- 
nected together in such a way that terminals may be brought out 
and connected to the necessary resistance through collector rings 
and brushes. This chaage in the type of winding involves the 
addition of insulation, band wire, and slot wedges to hold the 
coils in place, separate clamping means for the core of sheet- 
steel laminae, and separate blowing means to secure ventilation, 
while the addition of the collector rings makes the rotor unsym- 
metrical about the center line. 

For a number of purposes the characteristics of direct-current 
motors outweigh in importance the simplicity and low cost of the 
induction motor. In this type the rotor windings are arranged 
much as are those of the variable-speed induction type, but are 
attached to a commutator instead of to collector rings. Fig. 2 
gives a comparison of the three types of rotors. It should be 
noted that in spite of their dissimilar electrical features, the 
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three are similar in diameter and length from the center line 
toward the right; that the two last are similar to each other from 
the center line toward the left; and that that part of the first 
from the center line toward the left is similar to that part of all 
three from the center line toward the right. 

Turning to a consideration of the stationary structures, Fig. 
3 shows that whereas a frame or stator portion of exactly similar 
description is suitable for both constant- and variable-speed in- 
duction motors, the direct-current motor-frame assembly is 
greatly dissimilar. The magnetic circuit in the stationary part of 
induction motors is confined to a stack of sheet-steel laminae 
carried in a frame structure which furnishes physical strength and 
means of attachment tothe driven apparatus or foundation. 
The laminated core structure is usually much smaller in diameter 
than the maximum diameter of the supporting frame, due to the 
necessity of providing passages for ventilating air. On the other 


Fig. 1 Rotor For SqurrrRet-CaGe INpucTION Motor 


Fic. 2 Comparison or Constructions oF RoTaTING ELEMENTS 
oF THREE Types oF ELectric Motors 


(A, squirrel-cage rotor; B, alternating-current wound rotor; C, direct- 
current armature.) 


hand, the direct-current motor requires no lamination of the ma- 
terial forming the stationary part of its magnetic circuit due to 
the fact that in this part the magnetic lines of force are unidirec- 
tional rather than alternating, but the diameter of the part 
carrying the magnetic flux must be relatively larger than in the 
case of the induction motor due to the salient pole construction 
required for most efficient design. Instead, then, of a separate 
laminated core carried in a frame structure as in the case of the 
induction motor, the frame structure of a direct-current motor 
must perform the additional functions of composing a large 
portion of the stationary part of the magnetic circuit and of sup- 


porting the pole pieces and the associated stationary windings 
which are employed in exciting the magnetic circuit of the ma- 
chine. 

The problem is that of suiting these essentially different sets of 
active elements with accessory mechanical parts necessary to 
form a motor unit which can be applied toa job. Fig. 4 shows the 
stationary and rotating parts of the three types being considered 
in assembled relation. At the right the journal portions of the 


A B 
Fic. 3 Comparison OF ALTERNATING-CURRENT AND DiREct- 
CuRRENT FRAME STRUCTURES 
(A, frame for squirrel-cage and wound-rotor alternating-current motors 
, frame for direct-current motors.) 
three shafts are in identically the same position from the center 
line of the machines. Also, the machined ends of both types of 
frames are identical in position and mounting detail. To support 
the rotating members from the several frames at this end, it is 
possible to design an interchangeable bracket structure, fitting 
and bolted to the frame ends and supporting at its outer end a 
bearing adapted to fit the journal portion of the shafts. 

In a similar way a bracket structure may be designed for the 
opposite end to serve both the wound-rotor induction motor and 
the direct-current motor, except that allowance must be made for 
the different types of brush rigging required for the collector and 
the commutator. The squirrel-cage induction motor, being sym- 
metrical about the center line, will use the same bracket structure 
at both ends. Thus, for all motors of a given size, only two dis- 
tinct bearing brackets are required to serve every electrical type, 
resulting in maximum activity and minimum cost for this im- 
portant accessory part. 

Electric motors differ not only in electrical type but in me- 
chanical type. Differences in mechanical type are occasioned by 
requirements of the service. The horizontal, open, ventilated 
type is the most widely used, but there are many others, differing 
in the relation of the shaft to the horizontal plane, the measure 
and method of enclosure, and the method of attachment to the 
supporting structure. Hence there are both horizontal and verti- 
‘al motors, open, totally closed, enclosed-ventilated, force-venti- 
lated, self-ventilated, explosion-proof, watertight, floor-mounted, 
end-mounted, built-in, overhung, etc. In addition, there are 
variations due to type of bearing and to facilities for mounting 
accessories such as brakes. 

Fig. 5 shows a longitudinal sectional assembly of a horizonta! 
open, sealed-sleeve bearing, squirrel-cage, induction motor. By 
removing the end brackets (which are shown also in dotted out- 
line in Fig. 6) and replacing them and the shaft with similar 
parts adapted to ball bearings, as indicated in full lines in Fig. ©, 
the motor becomes of the ball-bearing type without change i0 
mounting dimensions or overall length. 
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Referring next to Fig. 7, it will be clear that replacement of 
the brackets and shaft just shown and the addition of other ac- 
cessories results in an enclosed-ventilated motor in which the 
windings are completely protected from destructive elements 


CoMPARISON OF Rotor AND STATOR ASSEMBLIES OF DiF- 
FERENT Types oF Motors 

\, squirrel-cage induction motor; B, wound-rotor induction motor; 

C, direct-current motor.) 


Fic. 4 


permeating the surrounding atmosphere, yet ventilation is ef- 
fected by blowing air on the exposed portions of the enclosure. 
Again, the transformation is accomplished without change in 
mounting or overall dimensions and by using the same frame and 
electrical parts as in the original, open, horizontal, sleeve-bearing 
motor. 

In a similar way other types can be produced, so that it is 
possible from a limited number of parts to build any one of many 
different types or to convert any type into any other type at 
minimum cost. 

Many of the variations in type are accomplished by closure 
or partial closure of the handhole openings in the end brackets of 
the open motor, either with or without gaskets. Attention is 
directed to the end-bracket design in which plane surfaces are 
invariably employed for engaging the covers and their gaskets. 
Fig. 8 shows a drip-proof motor. In this, a louvered frame cover 
is used, while flat steel plates and sheet-cork gaskets effectively 
close the upper handholes of the end brackets. 

In the mechanical variations which must be used, some of 
which have been described in the foregoing, it is desirable to use 
identically the same parts as far as possible. If, however, it is 
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not possible to use exactly the same parts, it is still a great ad- 
vantage in manufacture if parts which must be different from 
others in some respects can be similar in form and size so that 
the same tools can be used for casting and machining with as 


Fic. 5 Loneiruptnat SgcrionaL ASSEMBLY OF OPEN SEALED- 
Stepve SqurrrRet-CaGe InpucTION Motor CompLete ENpb 
BRACKETS 


LONGITUDINAL SECTIONAL ASSEMBLY OF SQuUIRREL-CaAGE 
Motor SHOWING CONVERSION OF SLEEVE-BEARING 
To THE Bati-BEARING 


Fie. 6 
INDUCTION 


Fie. 7 LoneirupInat SecTionaL ASSEMBLY OF 
InNpUcTION Motor SHOWING CONVERSION OF OpEN-BALL-BEARING 
Moror To THE ENCLOSED VENTILATED 


little change in adjustment as possible. These advantages have 
been secured to a very large extent in the design of the parts form- 
ing the combinations described in the preceding paragraphs. 

Of recent years ball and roller bearings have gained favor in 
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Fig. 8 Drip-Proor Motor SHow1nc Srmpuicity oF Enp-BRACKET 
Cover Design RESULTING From PLANE-SURFACE BORDER OF HANb- 
HOLE OPENINGS 
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Fic. 9 Non-INTERCHANGEABLE AND INTERCHANGEABLE BALL- AND 
ROLLER-BEARING DESIGNS 


some quarters for motor application. The great variety of types 
and makes of these bearings, each with its following of proponents 
among users, has introduced many a problem in their application 
to motors, and has tended toward diversity of mounting, involv- 
ing unnecessary expense and delay in delivery of the apparatus 
to the user. In the design of the line of motors under discussion, 
the problem of standardization of ball- and roller-bearing hous- 
ings has been given careful attention. 


Ball bearings are made in single and double width by almost al! 
manufacturers. One manufacturer has an intermediate stand- 
ard. Roller bearings are made to all three standards by various 
manufacturers, and some differ only a small amount from the 
standard. Others are made in inch dimensions, whereas most 
ball and roller bearings have their outside diameters and bores in 
millimeters.. This great diversity in dimensions is one of the 
factors in making an interchangeable mounting difficult of 
achievement. A number of bearings of dissimilar width are il- 
lustrated in the left-hand column of Fig. 9. The right-hand col- 
umn shows the various makes of bearings reduced to interchange- 
ability. In this arrangement, the width of the double-row bal! 
bearing is adopted as standard. Single-row bearings are provided 
with an inner race extended at one side to give a total width equal 
to that of the double-row bearing. All makes of bearing can be 
obtained in the double-row width, thus making it relatively easy 
to serve customers with their preferred brand. 

The greatest bearing load occurs at the shaft extension end of 
the motor, the load at the opposite end being relatively light. 
To suit this disparity in loading, it has been customary to use a 
large bearing at the shaft extension end and a small one at the 
opposite end. This, however, results in two different end brack- 
ets for a squirrel-cage induction motor which is otherwise sym- 
metrical. In the new design, this difficulty is overcome and at 
the same time the bearing capacity is suited to the load by em- 
ploying the arrangement illustrated in the upper half of Fig. 10. 
Here a large capacity double-row bearing is used at the pinion 
end and a relatively lower capacity interchangeable single-row 
bearing with wide inner race is used where the load is relatively 
light. The relative simplicity of the new design as compared with 
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Fic. 11 MountinG Dimensions ror HorizontaL Motors 
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the old will be evident by comparison of upper and lower views of 
Fig. 10. 

As ball bearings have increased in capacity due to progress in 
the art, the contact with the shaft of the inner race of single-row 
bearings has become insufficient in some of the severe service 
conditions encountered. Increasing the width of shaft contact by 
extending the inner race is a means of keeping pace with the ad- 
vances made in internal design and manufacture of the bearings, 
without the questionable assistance of locking devices such as 
appear in the lower view of Fig. 10. It will therefore be seen that 
the same arrangement which results in the highest degree of uni- 
formity and interchangeability among detail motor parts is ideal 
in other respects as well. 

Important as is the internal design of electric motors, it is no 
less important that the attachment of the motor to the foundation 
or driven machine receive careful consideration. Interchange- 
ability from this standpoint has suffered a measure of neglect in 
the past, and is a feature that recently has been the subject of 
much profitable discussion. 


Fig. 12. Intustratina Fioor, WALL, AND CEILING MOUNTING FOR 
Evectric Morors 
1, left-hand wal! mounting; JS, right-hand wall mounting; 
mounting; D, floor mounting.) 


C, ceiling 


Fig. 13 Movuntinc DIMENSIONS FoR VERTICAL Motors 
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Fig. 14 Intimate Enp MountTINnG FoR HORIZONTAL OR VERTICAL 
Morors 
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Fic. 15 IntryMate Enp Mowuntina or ENcLosED VENTILATED 
Moror Wuere Driven Macuine Forms Rear Blower CasiIne 


The important dimensions affecting interchangeability of 
standard horizontal motors are the shaft and keyway dimensions, 
the distance from the face line of the pinion or pulley to the first 
pair of holding-down bolts, the distance between the first and 
second pairs of holding-down bolts, the distance between holding- 
down bolts at right angles to the shaft, the size of holding-down 
bolts, and the height of the shaft center line above the bottom of 
the motor feet. These dimensions are illustrated in Fig. 11. 

Motors having this mounting arrangement can be attached to 
a horizontal support below the motor or to the wall or ceiling 
with the shaft in a horizontal position, and can often be arranged 
for mounting in intermediate positions as indicated in Fig. 12. 
Oil-lubricated motors may be tilted so that the shaft makes an 
angle of 10 or 15 deg. with the horizontal. For greater inclina- 
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tion up to the vertical position, grease-lubricated motors are the 
common solution. However, for strictly vertical operation with 
inclination from the vertical not exceeding 15 deg., it is possible 
to obtain motors having specially designed oil-lubricated bearing 
assemblies. Fig. 13 shows the important mounting dimensions 
for vertical motors. 

It often happens that it is desirable to mount motors either 
horizontally or vertically in more intimate association with the 


PATH OF VENTILATIN 
AIR 


Fie. 16 Enp Mowuntina or Ex.ectric Motor WHERE 
Moror-DrivEN MacuHINE Provipes ReaR BEARING AND 
GvuIpESs 


Fie. 17 


driven machine than is possible using the more widely used stand- 
ard mountings. Fig. 14 shows how the driven machine may be 
substituted for the vertical base so that bosses on the end brackets 
are employed directly as the means of attachment. It will be 
readily seen that this provision incorporated in the brackets intro- 
duces no interference with machining operations arranged for 
brackets where this is not required. Indeed, the presence of these 
bosses in standard foot-mounted horizontal motors is in no way 


detrimental and may be useful in mounting brakes, gear guards, 
or other accessories. 

Fig. 15 shows an intimate mounting of an enclosed-ventilated 
motor in which a portion of the driven machine becomes the sub- 
stitute for the fan or blower casing. The motor is in this case sup- 
ported through the bracket to the frame ring, and a very neat 
and compact arrangement is obtained. 

In the case of open motors, the driven machine is sometimes 
formed to take the place of the end bracket, winding clearances 
and air guides being provided as required. In such cases a so- 
called ‘‘three-quarters’’ motor is provided, as illustrated in Fig. 
16. 

In some cases it is expedient, where the shaft of the driven ma- 
chine is relatively large and rigid, to overhang the motor rotor 
on an extension of such a shaft without an outboard bearing. 
The wound stator core may be supported in an extension of the 
frame of the driven machine, with the net result of great com- 
pactness and simplicity. The motor parts furnished in such a 
case are illustrated in Fig. 17. The wound stator without frame 
(which is shown in dotted outline), being a unit by itself, can read- 
ily be pressed into any frame structure provided, as long as it 
has the requisite machined fits, clearances for windings, and 
passages for ventilating air. 

Of necessity, in a short paper, a subject such as this must be 
treated rather sketchily, but it is hoped that this brief discussion 
will serve to show the efficiency possible in designing electric 
motors to fulfil in widely varying conditions their simple mission 
of “‘service.”’ 


Discussion 


GeoraGe A. Bouvier.? Evidently Mr. Brown has some quarrel 
with the term “flange-mounted motor.’’ Possibly he is reluc- 
tant to identify the types of motors generally designated as flange 
type for sound reasons; nevertheless, the writer is inclined to 
believe that the general use of the term justifies its continuance. 

Industry, as a whole, is wont to look upon an electric motor as 
a unit machine in itself, distinct and separate from other equip- 
ment. It is true that this is so when the motor is mounted on a 
ceiling, wall, or floor for driving machinery, lineshafts, ete. The 
electric motor in such cases is a machine unit used instead of some 
other power device such as a steam engine, gas engine, or water 
wheel because of its greater utility or convenience. The machine- 
tool industry 15 years ago was justified in regarding an electric 
motor in this way. It is now the general practice, however, in 
approximately 75 per cent of the cases to drive machine tools by 
individual motors, but unfortunately the practice of incorporating 
motors as component parts of the structure is not carried out in 
as many cases asis practicable. This is also true as to fuse panels, 
switches, starting equipment, wiring, etc., with the result that a 
machine, otherwise an engineering achievement to be proud of, 
looks as though a number of afterthoughts had been hastily in- 
corporated. 

Unquestionably the standardization of foot-mounted motors 
will aid considerably in the further application of built-in drives 
for machine tools and is a long step forward. Personally the 
writer would like to see a more intensive development of a cor- 
responding standard covering the flange-type motor mountings. 
As has been pointed out, these are already used by foreign manu- 
facturers and on many of our own machine tools, and the wri'er 
emphatically agrees that it results in a neater looking job and im- 
presses one as a better engineered job. It has been said that the 
flange-type motor costs more because there is only a small demand 


2 Development Engineer, Western Electric Company, Chico, 
Ill. 
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for them. On the other hand it seems that the demand is in- 
fluenced by the cost. However, the increased cost, relative to 
the cost of the general class of machines on which the flange motor 
is installed, is practically negligible and should not unduly in- 
fluence any but price buyers. It is the matter of delivery time 
that is particularly objectionable, and the writer has often been 
forced, because of the time involved, to use a foot-mounted motor 
when he would have preferred, for engineering reasons, to use a 
flange-t ype motor. 

It is remembered, when electrical starters and generators were 
first used on automobiles, that most of them were equipped with 
feet, which at that time were most convenient to use because of 
the tacked-on nature of the first installations. The quickness 
and skill with which the automobile industry incorporated the 
starter and generating units as built-in parts of the motor can 
very well be followed profitably by the machine-tool industry. 
The adoption of the flange, or what amounts to the equivalent of 
a flange for these installations, is good evidence of the value of 
this mounting, particularly for types of machines such as machine 
tools where the drive should be an integral part of the machine. 

The writer would like to see more built-in units—built-in not 
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as attachments or accessories to a machine, but designed to be 
just as much an integral part of the machine as the clutches or 
gear boxes. He personally would not have much objection to 
purchasing such a machine from a competent and reliable builder 
of machine tools. It would be enough to know that the supplier 
was as much responsible for this element of the machine as for any 
other. The writer is of course unfamiliar with the facts on which 
Mr. Brown based his statement that they had to be prepared to 
furnish motors with many different types of ball or roller bearings 
to suit the whims of the customer. It is thought that the 
majority of users could be satisfied if the maker of the motor 
would give assurance that he is using a ball or roller bearing as 
satisfactory for the purpose as any other part of his motor. 
The automobile industry is one that many older industries can 
emulate and are emulating to their advantage. No other indus- 


try has done so much in the way of standardization, yet this has 
not restricted it, either, to hide-bound practices of tradition. 
So by all means standardize motor dimensions, but do it with the 
thought that machine-tool engineers will regard this unit as re- 
quiring no more special consideration or pampered treatment than 
any other element of their machine. 
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Flange- Versus Foot-Mounted Motors 


Advantages in favor of flange mounting given by the 
author include: improved appearance, compact arrange- 
ment, more rigid mounting, saving in weight, less cost, 
better alignment, more easy attachment, and better pro- 
tection against oil, chips, and dirt. Full advantage can- 
not be taken of the benefits of flange mounting until 
some effort at standardization is made. Motor manu- 
facturers can easily bring about such a standard to their 
own benefit and to the benefit of machine manufacturers 
generally, and the latter, it is believed, will readily accept 
such a standard. 


reasonable consideration hardly can 
fail to arrive at the conclusion that 
flange-mounted motors present a number 
of advantages as compared with the ordi- 
nary féot-mounted type. It is far from 
being the author’s contention that the 
foot-mounted motor has no place in in- 
dustry, but careful analysis of the condi- 
tions involving motor applications to ma- 
pe chine tools and to other forms of industrial 
machines brings out at least eight advan- 
tages in favor of the flange-mounted type, whereas the disadvan- 
tages, in cases where they are applicable at all, are relatively few. 
Chief among these is a lack of availability from stock, a draw- 
back which would be overcome quickly, of course, once the 
flange-mounted type is standardized and when it has found more 
extensive use. 

It is not the contention that the base-mounted or foot-mounted 
motor should be displaced where it possesses any real advantage 
over the flange-mounted type, but rather that the subject of 
flange mounting should be giver more consideration than has 
been accorded to it in the past. 

The advantages in favor of flange mounting, as they already 
have been presented elsewhere? by the author, include the fol- 
lowing: 

| Improved appearance of the finished machine. The motor 
looks as if designed as an integral part of the machine, not as if 
added as an afterthought. 

2 Compact arrangement often reduces the floor space re- 
quired, 

3 Amore rigid mounting. Overhanging brackets are avoided. 

4 A considerable saving in combined weight of machine and 
motor. 

5 Less expense, since a separate bracket is not required. 

6 Correct alignment is readily secured, especially if the flange 
of the motor or the machine flange is recessed to pilot the mating 
member. 

* Attachment is more easily made, without shimming or 
other adjustment. 


who give the subject 


Associate Editor, Product Engineering and American Machinist. 
**Flange- or Foot-Mounted Motors?” Product Engineering, 
Feb., 1930, p. 84. 
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8 Often better protection is afforded against oil, chips, and 
dirt. 

As against these advantages, not all of which, of course, are 
likely to be realized in any one design, there is the disadvantage 
of relative unavailability. To date, the mounting flange has not 
been standardized, and ordinarily flanged motors are not carried 
in stock. Consequently, replacements, in the event of motor 
trouble, are somewhat less readily made than they would be with 
a base-mounted or foot-mounted motor. 

In this connection, however, it must be admitted that the foot- 
mounted motor is not completely standardized. Certain pro- 
posed standards for certain types of foot-mounted motors have 
been adopted, and motors made to these standards are shortly to 
become available commercially, but this standardization extends 
so far to include only squirrel-cage induction types. 

It is doubtful whether any two makers supply motors for 
flange mounting with the flange itself and its position in respect to 
the shaft and other parts of the motor the same. This means, 
of course, that a different connecting flange must be provided by 
the machine manufacturer if the machine purchaser is given an 
option as to make of motors, but a similar diversity exists also 
in respect to foot-mounted motors, as a variety of brackets is 
necessary to adapt these motors to the same make of machine. 
In many cases, also, the same make of motor is not interchange- 
able as between a.-c. and d.-c. types, but at least one company 
(Westinghouse) has standardized, so far as its own practice is 
concerned, a considerable group of sizes of flange-mounted motors 
in which both a.-c. and d.-c. types are interchangeable within 
certain limits. It has been found easier, in fact, to effect inter- 
changeability with the flange-mounted type than with the foot- 
mounted type. 

Generally speaking, a smaller and less expensive pattern is 
necessary to adapt a flange-mounted motor to a machine than 
is required to adapt a bracket for accommodating a foot-mounted 
motor. 

Today, motors for flange mounting usually cost somewhat more 
than the foot-mounted type, not because they are inherently 
more expensive to make, but because they are regarded as special 
and are made in smaller quantity. Many makers who build 
machines of various kinds in large quantities have adopted their 
own standard on flange-mounted types of motors in order to gain 
one or more of the eight advantages named as applying to this 
type. 

To establish further the case in favor of the flange-mounted 
motor, the advantages already enumerated will bear some elabo- 
ration. 

That improved appearance is realized will hardly be questioned 
by those who compare the aécompanying illustrations of flange- 
mounted motors with motors mounted in other ways, especially 
on the ordinary pedestal or base. Compactness also is evident 
from an examination of the designs here illustrated. It is easy 
to set the flange-mounted motor into the base of many machines 
and in some cases to house it entirely within the base. While 
this is true also with other types of mountings, in certain in- 
stances, the same degree of compactness is rarely obtained, except 
perhaps with the barrel-mounted types widely used in wood- 
working machinery. 

Reduction in floor space occupied is obtained in some cases by 
using a vertically mounted motor placed above the machine. In 
the opinion of some engineers, a flange is the logical form of con- 
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nection when a vertical motor is to be employed, but to the author 
it seems as illogical to employ a vertical bracket to mount a foot- 
type motor as to use a horizontal bracket when the same motor 
is horizontally mounted. In other words, it is equally logical to 
use the flange whether the motor is placed vertically or hori- 
zontally. 

In many installations of foot-mounted motors, overhanging 
brackets are required, or seem to present the best mounting ar- 
rangement forthat type. Substitution of a flange-mounted motor 
under similar circumstances usually will provide a more rigid 
mounting without the same degree of overhanging. Examina- 


Morors on Goutp & EBERHARDT SHAPER. 
(At the left, the flange-mounted motor; and at the right, a foot-type motor 


Fie. 1 


with special mounting bracket. Obviously the former is the neater and 


less expensive arrangement.) 


SECTIONAL VIEWS OF THE Two MowuntTinGs ILLUSTRATED 
In Fic. 1 


Fic. 2 


tion of accompanying illustrations will make this point clear. 
For similar reasons there is a marked saving in weight with the 
flange mounting because the heavy casting for the bracket is 
eliminated. 

On the same score, the cost of combined motor and mounting 
is less in the case of the flange-mounted type, assuming that an 
extra charge is not added for the flange motor merely because it 
is classified as a non-standard type. By countersinking the 
flange into the machine, or by providing on the flange or on the 
machine a centering boss which is recessed into the mating mem- 
ber, perfect alignment can be assured without any shim, a de- 
cided advantage compared to the average arrangement with 
foot-mounted motors. No shims are required to adjust the shaft 
height, and the end of the shaft remains in fixed relation to the 
flange itself. 

Better protection against grease, dirt, and chips is likely to be 
afforded with the flange-type motor, especially when it is placed 
at the top of the machine, as is done in many installations. 
It does not follow, of course, that a similar advantage cannot be 
secured with the foot-mounted type, but in general it is less 


likely, partly because the foot-mounted motor frequently is 
mounted on a base extension closer to the floor, where more dirt, 
oil, and chips fall upon it. 

Among machine-tool manufacturers there are already a large 
number of users of flange-type motors, despite the lack of stand- 
ardization. Many more certainly would be used if standardiza- 
tion had been effected and the price of the motor was not higher 
than for the foot-mounted type. Even so, the savings in a flange 
coupling as compared to a bracket sometimes more than offsets 
the difference in cost of the motor itself, and brings about a net 
saving in weight of the combined units. 

Ray Millholland, of the Millholland Sales and Engineering 
Company, is among the designers who have employed large 
numbers of flange-mounted motors. He mentions the following 
points as being highly desirable in designs using such motors: 
Proper protection against dust and chips and provisions for proper 
cooling. Accurate balance of rotating parts to prevent the trans- 
mission of vibration to the frame and tools of the machine. Mini- 
mum overhang of the motor. In such machines as the Millhol- 
land Company builds it is necessary, of course, to have a motor 
of ample power, even though the tool used may be dull. Much 
the same observations might be made concerning foot-mounted 


motors. It is, for example, just as undesirable to have a bracket 


with excessive overhang as to have a motor which overhangs 
more than necessary. 

The illustrations (Figs. 1 and 2) of motors mounted on a 
Gould & Eberhardt shaper afford an excellent opportunity for 
direct comparison between flange and foot-mounting, as this 
W. F. Zimmerman, chief 


machine is supplied in either way. 
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Fic. Ourtine Drawings oF MountTING AND OTHER DIMENSIONS 


(These are the interchangeable d.-c. and a.-c. flanged motors standardized 
by Westinghouse.) 


engineer of the company, points out that the flange typ of 
mounting is preferable from the standpoint of attaching, but 
says that, unfortunately, all motors cannot be mounted in this 
way because there is no part of the motor housing that can be 
machined so as to centralize the motor and at the same time se 
cure it to the attaching plate. Presumably this refers to motors 
with standard frames but without feet. It certainly does not 
apply to a motor designed for flange mounting. 

“The flange type is the neater mounting,” continues Mr. Zim- 
merman, “and by centering some portion of the motor frame 
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there is very little difficulty in attaching as compared with the 
foot-type mounting.”’ 

A flexible coupling is employed to connect the motor shaft 
and the driven shaft of the shaper. In the same machine, when 
it is fitted for pulley drive, the driven shaft is continued across the 
housing to a separate flange where a Timken bearing is employed. 
This arrangement appears to meet an objection raised by another 
engineer to the effect that a machine designed for use with a 
flanged motor is not readily adapted to a pulley drive. This 
may be true in some cases, but the substitution of a flange con- 
taining a bearing in place of the flange of the motor seems to 
afford a ready solution of this particular problem under certain 
conditions. 

Contrary to some assumptions, the flange-type motor fre- 
quently lends itself readily to a belt or chain drive or to the use 
of gear reduction. It is not a difficult matter to secure almost any 
reduction desired with either flange type or foot-mounted type of 
motors. Neither is it difficult to provide for belt or chain adjust- 
ment, if this is required, either by turning the flange-mounted 
motor about one of the flange bolts as a center or by sliding it 
bodily with its flange mounting in suitable ways. In the case of 
the gear burnisher made by the Cincinnati Shaper Company, a 
compact arrangement has been effected by removing one of the 
standard motor end brackets and substituting a flange with a 
recess adapted to the particular special bearing required. This 
works out nicely, but naturally requires a different flange cast- 
ing for different makes of motors. 

According to C. E. L. Dapprich, general engineer of the West- 
inghouse Electric and Manufacturing Company, interchange- 
ability as between a.-c. and d.-c. types of motors is readily ac- 


Two Views or a Barnes Dritt With FLaAnGep Moror 
MowuntTep INsIDE THE COLUMN 
(Openings for ventilation are shown.) 


complished by the use or flange mounting. This is borne out 
by the practice of the Westinghouse company, which has stand- 
ardized a ball-bearing and sleeve-bearing series of flange-mounted 
motors arranged in four groups covering a wide range of power. 
Each frame in each a.-c. group of this make is interchangeable in 
tnounting dimensions with every other frame in the same group, 
ani also with the frames of motors in the corresponding d.-c. 
group. The various dimensions involved in this standardization 
are shown in an accompanying illustration (Fig. 3). 

That it is an easy matter to provide complete enclosure 
of « flange-mounted motor, as well as proper ventilation, is 
indicated by the illustration (Fig. 4) of the Barnes drill. In this 
instance, if the machine is ordered for belt drive instead of for 
motor drive, a plain column is substituted for that shown. An- 
other illustration of the use of a flange-mounted motor that is 
built into a machine is that of the Pratt & Whitney jig borer. 
In this case a vertical motor is employed, the lower end frame 
being a part of the housing of the head of this machine. 
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In some respects, European machine-tool manufacturers have 
gone farther in the use of flange-mounted motors than have 
American manufacturers. This applies in particular to their 
use on radial drills, in which considerable overhung weight is 
added to the arm by placing the motor on the arm and close to 
the point at which the power is to be applied. An alternative 
construction used in the Cincinnati-Bickford radial drill is shown 
in Fig. 5. In this case a flange-mounted motor is employed, but 
it is placed on the opposite side of the column from the arm, and 
thus tends to counterbalance rather than to add to the weight of 


» 
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Fig. 5 Moror on 


(Considerable weight is saved and the arm is partly counterbalanced by 
this location.) 


this arm. This same radial drill is furnished, when desired, with 
a foot-mounted motor, but in that case a heavy and rather ex- 
pensive bracket is required to hold the motor. 

Several manufacturers of machine tools incorporating drilling, 
milling, and tapping units today are employing flange-mounted 
motors driving direct to the spindle. In some cases the unit is 
arranged to be swung through a considerable angle. Among the 
advantages of the flange-type motor for this type of application 
is that it gives a compact and self-contained unit. In some such 
drills built by the Kingsbury Machine Tool Corporation three 
or more flange-type motors are employed (Fig. 6), and in another 
arrangement the same motor is used with a belt drive, in which an 
idler is employed to facilitate speed changes. A small pulley at 
the lower end of the same motor drives the coolant pump. 

Various engineers have pointed out that considerable care is 
necessary when flange motors are employed to avoid unbalance 
which produces vibration, not only in the motor itself, but in the 
machine to which it is attached. Undoubtedly this is true, but 
it is equally true that many manufacturers require considerable 
care in balancing motors of any type that are mounted on the 
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machine, for otherwise the motors are likely to be noisy and to 
transmit vibration. 

A rather unusual form of flange-mounted motor is that em- 
ployed by the Porter Cable Company in its horizontal disk 
grinder. In this case the motor is built in as part of the column 
of the machine, being placed between the grinding wheel and 
the column. 

Another and somewhat similar vertical arrangement of the 
motor is used in the Gorton milling machine illustrated in Fig. 7. 
In this case, however, the motor is placed on top of the machine 
and drives the head through a four-step grooved pulley and belt. 
The motor itself is not flanged, but is provided with what amounts 
to a flange in the form of a split ring machined inside to fit the 
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VertTiIcaL Motor MowunNTING ON GorTON MILLER 
(This incorporates two flange-mounted motors.) 


Fic. 7 


motor housing and outside to fit into a recess on the supporting 
bracket. This bracket forms part of a slide which can be moved 
back and forth to tighten the belt. The same machine employs 
a small flanged blower motor driving an impeller which provides 
a current of air for blowing chips off the work. 

A number of manufacturers of tools in England and Germany 
employ motors with flange mountings for much the same reason 
that the same type of motor is being used in this country. Some 
of the illustrations given (Figs. 8 and 9) show slight differences in 
practice, but basically the designs are similar to those in American 


tools. 


Although most of the illustrations apply to machine tools, it 
need hardly be said that similar applications of flange motors are 
easily made to machines of other types. Many are now used 
extensively on small machines built in large production, such as 
vacuum cleaners, pumps, and gear reducers. Naturally these 


Fie. FLanGep Motor on Dean, Smita & Grace Latue 
(This is used to traverse the carriage on a 25-ft. bed.) 


Fic.9 German Rapiat 
(This has three motors of the flanged type.) 


applications differ in detail from those described, but they in- 
volve similar conditions and advantages. 

In cases where the machine manufacturer requires very larze 
numbers of identical motors he can purchase these with flange 
mounting when desired. However, each purchaser designs !'s 
own “standard” flange, except in the case of the Westinghouse 
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company, already cited, and in this case the standard refers 
primarily to motors of quite large size. 

Naturally, full advantage cannot be taken of the benefits 
of flange mounting until some effort at standardization is made. 
Just so long as machine-tool and other machine manufacturers 
are willing to put up with the unnecessary expense of special 
mountings, so long will somebody pay the necessary extra expense 
of special brackets or flanges. If machine manufacturers would 
get together, however, and cooperate with the motor manufac- 
turers in bringing about motor standardization, including, let 
it be hoped, a flange-mounted type, both groups would reap con- 
siderable advantages, as also would the purchasers of the ma- 
chines. It is time that this subject of standardized mountings 
and mounting dimensions for motors be given the attention it 
evidently demands. 

Several motor manufacturers already have their own standards 
for footless motors. To make such a motor into a flange-mounted 
type it is necessary only to add a flange to the casting for the 
drive-end bracket. The dimensions and drilling of such a flange 
could be standardized easily in such a way as to make it adaptable 
to any of these motors, without interfering in any way with the 
design of other portions of the motor than the drive-end bracket. 
It would remain then only to standardize the drive end of the 
shaft and the position of the standard flange with reference to the 
end of this shaft to make all such motors completely interchange- 
able, at least for all overhung applications. 

Motor manufacturers could easily bring about such a standard 
to their own benefit and to the benefit of machine manufacturers 
generally. The latter group, it is believed, would readily accept 
such a standard, thereby relieving themselves and the motor 
manufacturers of needless delays and expense incident to the 
production of special flanges. 


Discussion 


A discussion of this paper jointly with the popes of J. L. Brown 


[NoTE 
the latter paper. | 


by George A. Bouvier will be found with the discussion o 

J. W. Harper.* The question of standardizing a flange- 
mounted motor, as suggested by the author, already has been 
given considerable thought by -electric-motor manufacturers. 
At the present time there is before N.E.M.A. a proposal out- 
lining certain dimensions for a flange-mounted motor to be used 
in connection with the dimensions already standardized for foot- 
mounted motors. 

live principal dimensions are being considered in this proposed 
standardization: 

(1) Distance from face of flange to shoulder on the shaft 
(distance from shoulder to end of shaft has already been 
standardized) 

(2) Outside diameter of flange 

(3) Diameter of bolt circle in flange 

4) Thickness of flange 


(5) Size and number of bolts in flange. 


The type of construction proposed would be similar to that 
shown in Fig. 4 of the paper. By machining both sides of the 
flange, the motor can be mounted either inside the machine, as 
shown by Fig. 4, or with the motor outside, and only the pulley 
end shield inside. Machining the outer periphery of the flange 
permits it to be used as a rabbet for locating if this should be 
necessary, 

While such a mounting has numerous advantages, there are 
also several disadvantages. In the first place, if the motor is 
mounted with the pulley end shield inside the machine, the 
Ventilation on that end is likely to be very much restricted 


* General Electrie Company, Schenectady, N. Y. 
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or cut off altogether, unless the machine designer makes pro- 
vision in his base castings for louvers or the like, as was done in 
Fig. 1 (left). Another disadvantage is that different flanges are 
usually required for each different diameter. In order to obtain 
proper bolt clearances, etc., the bolt circle must be based on the 
largest diameter frame, so that if the same flange is used for 
smaller diameters, it becomes abnormally large. 

Both these disadvantages can be overcome by still another type 
of flange where the face of the flange, instead of being located 
near the end frame of the motor, is located near the nose of the 
bearing housing. By having the flange thus spaced away from 
the motor proper, provision can be made by the motor manufac- 
turer for adequate air supply. Furthermore, since the motor 
diameter does not figure in so prominently, the same flange 
mounting can be used for more than one diameter of motor. 

A disadvantage of type 2 is that the overhang is increased ma- 
terially over that of type 1. In the latter it is desirable to keep 
the flange as far from the bearing nose as possible to minimize 
the overhang. In the former the flange should be spaced away 
from the bearing nose a distance approximately equal to the 
thickness of the machine frame. This is to allow mechanical 
clearance for a chain or belt drive inside the machine if such is 
used. Type 2 mounting is the one principally used by European 
manufacturers, as evidenced by the two examples given by the 
author. 

Still another mounting which might be considered of the flange 
type is where the motor, usually without feet, is furnished less 
pulley end shield. Under such conditions the end shield is in- 
corporated into the machine design itself, and of course must be 
furnished by the machine builder to meet his own particular 
requirement. Usually some special form or feature peculiar to 
that design is required. An example is where the end shield 
might be combined with a chain guard or support, or where the 
end shield would be part of a gear case. Such a construction 
naturally results in the minimum overhang and most compact 
arrangement, and for these reasons kas found considerable use 
in this country. 

Unquestionably, flange mounting in any of the forms outlined 
is coming more and more to the front, and its more general use 
will be hastened by standardization of mountings on the part of 
the electrical manufacturers. 


J. L. Brown.‘ In commenting on this excellent paper, the 
writer wishes to offer a few comments which have to do with some 
of the problems and difficulties encountered in the attempt to 
make this type of monting practical. These are as follows: 

1 Question as to the field for the flange-mounted type of 
motor. 

(a) Westinghouse has a line of flange motors available, 
yet there is no great demand for them, and at the same 
time there is some demand for other types of end mount- 
ing, where an external flange on the motor is not suitable. 

(b) Machine-tool speeds are usually either higher or lower 
than available motor speeds requiring some sort of 
speed reduction drive, rather than direct coupling and 
rendering end mounting of any kind less advantageous 
than it otherwise would be. 

(c) Foot-mounting standardization is in process of devel- 
opment. It may be suggested that after its advantages 
are fully available and in profitable use, the field for 
end mounting will be more clearly defined. 


2 Type of end mounting to be standardized. 
(a) If and when end mounting is standardized, the type 


4 Industrial Motor Engineering Department, Westinghouse Elec. 
& Mfg. Co., East Pittsburgh, Pa. Mem. A.S.M.E. 
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should be such as to be applicable to the standard motor 
parts with minimum addition of material and machin- 
ing operations to avoid penalizing this tvpe of mounting 
with large additional motor cost 

(b) The design should, as far as possible, dovetail into 
already existing designs to avoid adding to the number 
of types of motor, as this tends to reduce the activity 
of each type, and this, in turn, increases costs 

(c) It may be suggested that when a real flange mounting 
makes the most efficient design, a steel ring may be 
provided and bolted to the motor end bracket and the 
driven machine, respectively. 


R. E. W. Harrison.’ The author brings up an interesting 
subject at an opportune moment, having regard to the efforts 


LA. 


Fig. 11 


now being made by the motor manufacturers to accomplish 
standardization of all those important dimensions of electric 
motors which affect the type and method of mounting. 

In his enthusiasm for the subject, the author, however, has 
drawn a number of conclusions with which issue can be taken, 
and based on an experience with close on to one-thousand applica- 
tions of end- or flange-mounted motors, the following data are 
offered, taking the list of eight advantages which the author at- 
tributes to the flange mounted motor in the order in which they are 
presented: 

1 Improved appearance of the finished machine. 


(a) It is readily agreed that the flange-mounted motor 
presents a better appearance than any other type of 
mounting. However, the disadvantages of lack of 
flexibility in securing alignment between the driving 

_ pulley of the motor and the driven member frequently 
lead to a condemnation of the flange method of mount- 
ing the motor 

(b) With a flange mounting the inner bearing of a motor is 
often in a difficult place to reach for inspection, oiling, 
and eventual replacement 


® Chief Engineer, Cincinnati Grinders, Inc., Cincinnati, Ohio. 
Mem. A.S.M.E. 


(c) The average maintenance foreman and mechanic to- 
day frequently expresses the desire for a motor which 
can be slid into its operating position and then bolted 
down when the niceties of alignment have been obtained. 

2 Compact arrangement often reduces floor space required. 
While this is true, there is available an alternative method of 
mounting the motor which gives precisely the same advantages 
as regards consumption of floor space without many of the incon- 
veniences inseparable from the flange-mounted motor. 

3 A more rigid mounting. It is readily granted that a prop- 
erly designed flange mounting constitutes one of the most rigid 
forms of mounting which can be devised. However, when this 
degree of rigidity is secured at the expense of convenience of 
operation, its merits are likely to take on a diminished importance, 
having regard to the improvements affected in motor manufac- 
ture during the last few years. Such improvements include im- 
proved dynamic balance, closer fitted bearings, and improvement 
in constancy of torque. 

4 A considerable saving in combined weight of machine and 
motor. This saving in weight is apparent only in those cases 
where a relatively clumsy shovel-type bracket is the alternative 
method of mounting under consideration. 

5 Less expense. Practical experience in both the engineer- 
ing department and the works and a survey of the final costs 
indicate that with the facilities for end mounting or flange mount- 
ing now available, it is very definitely much more expensive to 
mount a motor by this method than the alternative foot-mount- 
method. Numerous patterns have to be kept readily available 
to accommodate the varying sizes and types of motors of different 
makes, and these patterns have to be duplicated over and over 
again to accommodate the peculiarities of the individual motor 
maker’s designs. 

6 Correct alignment is readily secured. Agreed, providing 
that the flange or mounting ring is designed to suit each individ- 
ual make and size of motor likely to be mounted on any one 
of a variety of machines. 

7 Attachment is more easily made. The consensus of opinion 
of a number of maintenance departments of the leading manufac- 
turing concerns is to the effect that the job of attaching a barrel- 
type flange-mounted motor is more costly in time and effort than 
is the case when the motor is equipped with feet. 

8 Often better protection for the motor is obtained. While 
this in a measure is true, it is possible to obtain all the advantages 
of adequate protection with a properly designed shelf-type flange 
mounting of the general proportions shown in Fig. 10. Further 
development of this type of mounting is shown in Fig. 11, whereon 
it will be noted that the shelf mounting is provided with a hinge 
pin so that the motor may be tilted in such a way that the driving 
belts can be readily removed from the pulley. 

The chief difficulty up to date which has been experienced 
with motors of the flange type is their relative unavailalility 
at short notice, and this has necessitated manufacturers who use 
them carrying comparatively large stocks of expensive e()\\\)- 
ment, which is often slow moving on account of the great variety 
of electrical circuits in general use. 

It is therefore the writer's recommendation that, in the present 
state of the art, extreme caution be used in making a general 
recommendation in fawor of flange-type motors. 

There are and there always will be drives on machine tools 
and other mechanical equipment where the flange-type motor }§ 
the only logical way of securing a mechanical drive which }8 
soundly designed in accordance with the best engineering pri! ice. 
These instances, however, are relatively few, and until the leading 
motor manufacturers can get together and standardize on {anges 
with a guaranteed interchangeability, it is suggested that se be 


’ continued of the foot-mounted motor with all its shortcomings. 
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A typical example of where it would be difficult to improve upon 
the foot-mounted motor is provided by the modern milling machine 
where a standard foot-type motor is mounted in the base of 
the column, from which position it can be readily drawn out and 
serviced whenever the necessity arises. Furthermore, the motor 
in this position is thoroughly protected against chips, oil, and 
dirt. 

The writer submits the following recommendations as regards 
procedure: 

Suggest that the motor manufacturers carry through and in- 
tensify their efforts toward the standardization of foot-mounted 
motors, but that, concurrent with this, a study be made by all 
the leading electrical-equipment manufacturers of the possibilities 
of interchangeable standards of flange mounting, so that no con- 
sideration of mounting design will deter the designing engineer 
from using either the flange-mounted or foot-mounted motor 
whenever he is convinced that the overall efficiency of his prod- 
uct will be improved by the use of either one of these two types 
of mountings. 


J. D. Riaes.* In an intricate machine of course it is the sum 
total of the various elements that determines its merits, but in an 
analysis of the same machine we necessarily consider and discuss 
one element at a time together with some others closely related. 
In the present case it seems the author might have extended his 
discussion to include some consideration of the means for con- 
necting the motor shaft with the driven machine. 

The direct connection through a flexible coupling certainly has 
its merits, but does not always give the required speed. Certain 
forms of roller drive seem to have been used in Sweden on cen- 
trifugal machines running at high speed; in England, the Garrard 
toothless; gear has been applied in various ways with apparent 
success; and in France, it is learned the Soci¢éte Anonyme has at 
least got into the patent records with a roller drive of some con- 
siderable merit. 

If some form of roller transmission can be brought out to serve 
as a speed increaser in some places and as a reducer in others, and 
also function as a flexible connection, then it seems the flange 
mounting for motors might become the common practice. But 
as one purchaser can see only the merits of toothed gearing, an- 
other the reliability of the leather belt, a third wants steel belt, 
a fourth insists on the short-center silent chain, a fifth wants 
tex-rope drive, and a sixth intimates that the machine-tool 
builder should have already established some standard drive, 
so long as such a variety of demands has to be met it is not easy 
to standardize on a motor mounting with any hope of having the 
standard generally accepted. 


C. E. L. Dappricn.’ In order to place flanges on two or more 
circular or approximately circular motor frames and have the 
complete motors interchangeable in regard to mounting it is 
necessary to control only three or four major dimensions. This 
compares with five major dimensions which must be controlled 
on foot-mounted motors. The four major dimensions on flange- 
mounted motors are: 


(1) The diameter of the bolt circle for the mounting bolts 

(2) Size of mounting bolts ; 

(3) The axial distance from the face of the flange to the 
nose of the rear bracket on the motor; and also, if 
accurate centering is required, as is usually the case 

(4) A pilot fit on the flange which is to register with a 
corresponding fit on the mounting surface. 


* Designer, Indianapolis, Ind. Jun. A.S.M.E. 


7 General Engineer, Westinghouse Elec. & Mfg. Co., East Pitts- 
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If complete interchangeability is desired instead of only inter- 
changeable mounting, then the shaft extension and its keyway 
dimensions also must be specified. 

When a flange is to be added to the frame or bracket of a motor, 
it seems quite natural that a circular one, or, more accurately 
expressed, an annual disk flange, should be used. This is quite 
in line with old-established practice on flanged pipe. But the 
conditions surrounding the mounting of a motor on a machine are 
very different from those which govern the coupling of flanged 
pipe. The fundamental difference is that the pipe coupling is 
to make a joint tight against heavy internal fluid pressure, 
whereas on the motor it only has to resist the motor torque and 
keep the pilot fits in engagement. This very moderate require- 
ment combined with the fact that in many applications it is 
desirable or even necessary to place motors close together or 
immediately adjacent to some obstruction, shows that although 
the annular disk flange is satisfactory in many cases, the 
“squared” disk is better. As long as four symmetrically spaced 
mounting bolts are used, it is advantageous to “‘square’’ the 
disk. The ‘squared’ disk flange furnished at least as good a 
support as the circular disk, and it allows several motors to be 
mounted together with the minimum possible center distances. 
From this viewpoint the extra material in the annular disk flange 
in every case is not only wasted, but on short-center jobs where 
this extra material must be machined off it causes an even greater 
waste in labor. 

The German standards on flange-mounted motors are available 
and have been issued in leaflet form (DIN-VDE 2941), which 
shows that they use the annular disk flange and on the larger 
sizes use eight mounting bolts instead of four. Placing the flange 
on the bracket has the advantage that it can be kept within the 
frame diameter. 

As far as strength is concerned, the writer believes that on 
small and medium sizes of motor frames which are to be standard- 
ized four mounting bolts are quite sufficient and that even where 
severe vibration is encountered four bolts will still be sufficient 
if the pilot fit is snug. 

A full and detailed discussion of a subject as important as 
standardized dimensions on flange-mounted motors is very de- 
sirable, and following that a careful approach to standardization 
is also very desirable, since all realize that a standard once set is 
a rigid and almost immovable thing. 


Rosert C. Deate.§ While flange-type motors have un- 
doubted advantages for many applications, particularly for 
special machinery, it is believed that the foot mounting lends 
itself better to general use, such as a standard machine tool, which 
must be adaptable to varying service conditions. It is known 
that the first machine-tool manufacturer to make extensive use 
of the flange mounting for motors became very much discouraged 
because of the difficulties encountered, and the chief engineer 
expressed the opinion to the writer that the company was just 
about ready to abandon that type of mounting, after a trial 
that covered several years. 

Most machines, particularly machine tools, must be adaptable 
for motors of several different horsepower to suit the varying 
conditions under which the completed machine is to be used. In 
addition, because of the different frequency conditions found in 
practice, driving motors of different speeds must be used, while 
it is usually necessary to hold spindle speeds constant. As a re- 
sult, changes must be made, either in a pair of gears, or in a belt 
or chain drive, between motor and spindle, in different machines. 
For manufacturing reasons this change is usually made in a pair 
of gears outside the machine proper, or in the motor pulley or 
sproeket. It is believed that these changes are easier to make 


§ The Norton Company, Worcester, Mass. 
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with a conventional foot-type motor than with a flange-type, 
because of the greater accessibility of the motor spindic. Some 
years ago the writer was interested in a machine that had a motor 
bracket which covered the spindle end of the motor, and conse- 
quently gave an effect similar to that of a flange mout ting, al- 
though standard foot-type motors were used. It was found that 
there was considerable difficulty in lining up the first pair of 
driving gears, of which the pinion was mounted on the spindle, 
so that they would run smoothly. Unless all gear reductions 
are built inside the machine and a flexible coupling is use1 be- 
tween motor and machine, it is believed that there will be more 
or less difficulty in lining up the motor and the machine. In the 
past it has been found that the standards of accuracy to which the 
average motor builder works are not such as to allow a motor 
of any type to be mounted without a considerable amount of 
time being spent in aligning it. It is believed that the foot- 
type motor lends itself to such alignment much better than the 
flange-type. 

There is some question whether a flange-type motor mounted 
horizontally is stiff enough for the ordinary machine. When a 
vertical motor is so mounted, the line of action of the weight 
falls within the base and helps to hold the motor in place. On the 
contrary, the weight of a horizontally mounted flange-type motor 
introduces a bending action that it is believed would be undesir- 
able and would make the machine particularly susceptible to 
the setting up of vibrations. In the case of most machines this 
would be very serious particularly for the driving motors of metal- 
cutting machines. 

There would seem to be no inherent difference as far as pro- 
tection of a motor from oil, chips, etc., between the two types. 
It is believed that most of the differences found are caused by 
differences of design. With an equal attention to this detail, it 
is believed that one type would be as satisfactory as the other. 

Where all shafts of a machine are necessarily vertical, as in 
the jig borer mentioned in the paper, or in a drill, the vertical 
motor eliminates the use of bevel gears, that are usually less satis- 
factory than the spur or spiral gears generally used. 

In conclusion, it is believed that it is unwise to attempt the 
general use of flange-type motors, particularly for general pur- 
pose machinery, unless such use is clearly called for, as such use 
will be very likely to cause difficulty. 


Dr. Inc. Max KronenserG.’ The writer notes that also in 
the United States the flange motor is receiving more attention 
than before. 

Among the advantages justly attributed by the author to the 
flange motor, there still is missing a very important viewpoint. 
Through use of the flange motor not only are extending parts, floor 
space, etc., saved, but also a great amount of machine parts. In 
the horizontal flange motor-driven boring machine, in use here, 
the short driving distance is evident. The flange motor allows 
for installation close to the working place, and this the writer 
considers its best characteristic. No more complicated trans- 
mission of the developed power is necessary; the source of power 
is mounted directly on the spindle box. In preceding designs 
much superfluous intermediate gear was necessary to transmit 
the power to this point. Hence, the advantages are: 

(a) Short-distance drive in the machine and consequently 
improved efficiency, thus increased utilization of the initial power. 

(b) Omission of shafts, flat circular and conical gears, bear- 
ings, etc., and also simplified construction, making for less ex- 
pensive manufacture and better accessibility. Furthermore, the 
easy interchangeability of flange-motor and single-pulley drive 
is of advantage. As a further advantage of the flange-motor 
standardization, existing already in Germany, one will recognize: 

(c) The easy interchangeability of the various methods of 
driving. The drive may be installed after sale according to the 
desire of the purchaser. 

Allow the writer to add a few words to another point in the 
paper. On the fourth page the author states that the motors for 
radial boring machines in the United States are installed as a 
counterweight on the arm, whereas in Europe they are installed 
on the drill head. The author considers the American method 
to be more advantageous. However, the writer wishes to state 
that the motor “as counterweight’? would be correct only in 
case the machine is not working. As soon as the radial boring 
machine works, an upward-directed force is applied on the axis 
of the drill which tends to bend the arm upward. Hence, if 
the motor is installed as a ‘‘counterweight,” then it assists in this 
upward bending. However, if the motor is installed on the drill- 
ing head, then this bending is counteracted. Hence the addi- 
tional weight of the motor is no disadvantage, but an advantage. 
* Consulting Engineer, Berlin, Germany. 
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Fundamentals of Machine Polishing 


The success of machine polishing depends on the proper 
coordination of the variables present in the work itself, 
in the polishing wheel, in the abrasive, in the machine, 
and in the glue used in setting up the polishing wheel. 
These variables are discussed in detail, and their relation 
to each other are set forth. Typical polishing machines 
are described, as well as examples of successful machine 
polishing. 

N NO INDUSTRY is there so much 
misunderstanding, due to improper 
use of terms, as exists in the polishing 

and metal-finishing industry. In order to 
avoid confusion in the present paper, there- 
fore, it will be well to establish a few 
fundamental definitions. 

Polishing is the art of producing a 
smooth uniform surface on metal by means 
of an abrasive wheel, of greater or less 
flexibility, the abrasive being glued to the 
face of the wheel. Polishing begins where 
grinding leaves off, and should more properly be termed flexi- 
ble grinding. 

Buffing is the art of putting a luster or “color” on a polished 
surface. It is done by means of an abrasive composition bonded 
with a wax or grease, smeared on the face of a buffing wheel, 
made up of a series of cloth disks. The terms polishing and 
buffing are frequently interchanged by misinformed persons, and 
this interchange is often the cause of confusion and expense. 

A polishing wheel is a flexible wheel with abrasive grain glued 
to its cutting surface. It may be of many different forms and 
materials, as described in detail later in this paper. 

A polishing or buffing machine is a machine for presenting the 
work to be polished or buffed to’the polishing or buffing wheel. 
The machine may be a separate piece of apparatus from that driv- 
ing the wheel or the wheel may be integral with the machine. 
Polishing machines are frequently called automatic machines. 
This is incorrect, as the present machines are not automatic in 
their action, but require manual control and loading. Usually 
they also require manual unloading, although sometimes auto- 
matic unloading is possible. The full-automatic machine is 
possible but is still in the future. 

The success of machine polishing depends on the consideration 
and coordination of all the variables that may affect the condition 
: the final surface. These variables may be enumerated as 

ollows: 
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1 Variables of the Work 
a Material, as iron, steel, brass, copper, aluminum, etc. 
b Condition of original surface, as hot rolled, cold rolled, 
ground, machine finished, i.e., showing tool marks, pitted, 
scaled, etc. 
e¢ Condition of final surface, i.e., degree of luster desired, 
whether edges must be held sharp, whether or not holes 
must be free from dragging or rounding over, whether or 
not the finished surface must be held within close toler- 
ances 
d Contour of work. 
2 Variables of the Polishing Wheel 
a Type of wheel, as disk, clothflex, compress, etc. 
b Material of the wheel, as canvas, muslin, leather, walrus 
felt, sheepskin, paper, etc. 
c Density, as soft, medium, hard, superhard, etc. 
d Cushion of the wheel, i.e., the depth of the flexible portion 
of the wheel. 


3 Variables of the Abrasive 
a The kind of abrasive, as natural abrasive, such as Turkish 
emery, or manufactured abrasive, as Alundum, Crystolon, 
Carborundum, Aloxite, etc. 
b The grain size of abrasive. 
4 Variables of the Machine 
a The peripheral speed of the polishing wheels 
b The speed at which the work is fed past the wheels 
c The pressure of the wheels on the work 
d The provision, or lack of provision of oscillation, in either 
the work or the polishing wheels, in order to avoid straight- 
line polishing marks in the surface 
e The cushion under the work as it passes beneath the polish- 
ing wheels 
J The tendency of the machine to set up vibration in either 
the work or the polishing wheels 
g The type of fixture used for holding work in the machine. 


To these variables, there may be added another set, namely, 
the variables affecting the glue with which the abrasive is bonded 
tothe wheel. These variables are as important as, if not more im- 
portant than, any of the others. They are, however, completely 
covered in B. H. Divine’s paper, “Prerequisites of Successful 
Polishing,’’? and further reference will not be made here to them. 

These variables are all more or less interrelated. For instance, 
the character of the material will determine the character of abra- 
sive. A sharp, hard, abrasive that fractures along definite planes 
as it wears, such as Alundum, is the proper abrasive to use for 
steel. Such an abrasive is unsuitable for cast iron that requires 
a mirror finish. This material calls for an abrasive such as Crys- 
tolon that will crush rather than fracture. Then, too, the condi- 
tion of the original surface influences the size of the abrasive grain 
that is to be employed. The initial abrasive should be large 
enough to cut down to the bottom of the deepest pit, and to re- 
duce the metal surrounding that pit to the same level. This 
is followed by abrasives that are successively finer, until the final 
one produces the desired surface. On the other hand, it will be 
a mistake to use an abrasive coarser than necessary on the initial 
wheels, as its effect will be to put scratches in the work that the 
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following wheels and finer abrasives must remove. Much money 
may be wasted in initial investment and in operating costs, by 
unwise selection of the sequence of abrasives. 

The contour of the work will influence the selection of the type 
of wheel. Work with a plane surface calls for a hard, somewhat 
rigid wheel. Work that has a curved contour calls for a softer, 
flexible wheel that will fit itself to the surface to be polished. The 
degree of finish to be obtained also influences the speed of the work 
past the polishing wheel, as the slower the speed of the work past 
the wheel the better will be the finish. 

One factor in machine polishing that is frequently overlooked is 
the fact that in a machine, once the work has passed the wheel, 
that wheel is finished with it. In hand polishing, if the surface 
formed is not satisfactory, the work can be applied again and 
again to the wheel as often as may be necessary. Hence, machine 
polishing usually calls for a larger number of wheels than hand 
polishing. For example, if a hand polisher obtains a satisfactory 
finish by passing work four times over a wheel set up with No. 90 
abrasive, and finishes it with two passes over a wheel set up 
with No. 120 abrasive, the indications are that a six-wheel 
machine will be required to simulate the hand operation. This, 
however, may be modified by the differences inherent between 
machine and hand work. It is at this point that experience fails 
to be a guide, and the laboratory should take charge. 

With the interrelation of the several variables in mind, and also 
the limitations of machine polishing as outlined, a detailed dis- 
cussion of the variables affecting the application of the machine to 
polishing may be undertaken. 


VARIABLES OF THE WORK 


a Material. The material of which the work is composed de- 
termines the character of abrasive that must be used. Alundum 
or any manufactured abrasive of similar characteristics is ‘suit- 
able for steel and brass. These materials require sharp cutting 
edges to be continuously presented to the work. The abrasive, 
therefore, should fracture in such a manner, and along such frac- 
ture planes, as to form cutting edges that are always of the same 
character. An abrasive that fractures in such a manner as to 
cause splinters and slivers will prove unsuitable, as these splinters 
will put scratches in the work that will later have to be removed. 

Soft cast iron presents an entirely different problem, due to 
the difference in metallurgy between it and steel. The sharp-cut- 
ting grains tend to dig the iron particles out of the softer carbon 
matrix and to roll them along the work under the wheel. This 
produces deep scratches in the finished surface, and attempts to 
remove them with following wheels set up with the same abrasive 
only tend to aggravate the difficulty. A solution is found in the 
use of an abrasive that will crush instead of fracturing. An ex- 
ample of this type is Crystolon. The importance of the selection 
of the proper abrasive for the material is indicated by the fact 
that much time and money were spent in attempting to machine 
polish the cast-iron parts of a certain article that is in wide house- 
hold use. The attempts were a consistent failure until the labora- 
tory discovered the unsuitability of the sharp cutting abrasives 
for this material and substituted Crystolon. 

Space will not permit a detailed discussion of the selection of 
abrasives suitable, not only for the different metals, but also for 
the alloys and grades of those metals. The following is an ab- 
breviated list of abrasives that have proved suitable for the 
metals indicated, and under the conditions under which the work 


was done: 


Steel ...... Alundum Cast iron... .Crystolon 
Aluminum.. Turkish emery Duralumin. . Turkish emery 
Brass...... Alundum Copper ..... Turkish emery 


Another factor that depends on the character of the material 


is the horsepower required. Brass requires several times the 
horsepower that steel does. Other materials require still differ- 
ent amounts of power. Research has not yet progressed to the 
point where it can be stated definitely what power is required 
over a certain range of conditions to polish the different materials. 
One fact, however, can be stated with certainty: The size of 
motor in a hand lathe that will produce a desired finish is absolutely 
no criterion of the size of motor that should be installed in a polishing 
machine. There are a number of reasons for this fact, but they 
may all be summed up in the statement that there are inherent 
differences in the action of the wheel on the work in the two 
methods. 

The practice of the company with which the author is connected 
is to simulate in the laboratory the actual conditions under which 
the work will be done in the machine, and then to take watt- 
meter readings of the power required. It is believed that this is 
the only safe method to use in powering polishing machines. 

b Condition of the Original Surface. The condition of the sur- 
face of the work as it comes to the polishing machine falls under 
several heads. The work may come directly from the forge shop 
or rolling mill, as in the case of automobile bumpers or steel 
shapes. It then will be coated with mill scale, and perhaps be 
deeply pitted. The mill scale will be hard and difficult for the 
polishing wheel to break. Furthermore, it will clog the wheel and 
render it ineffective in a short time. Deep pits require that the 
polishing wheels remove all the surface metal down to the bottom 
of the deepest pit and may impose a wholly unnecessary burden 
on the wheels. Tumbling or pickling may improve both of these 
adverse conditions, but if not carefully done may enhance the 
difficulty. 

The surface may be ground or it may be machine finished. 
In either event, the polishing wheels must first remove the metal 
down to the bottom of the deepest grinding scratch or deepest 
tool mark. The surface may be uniformly coated with a hard 
scale or oxide through which the polishing wheel must break 
before it can actually begin its true work of polishing. This 
scale may dull or clog the wheel, greatly reducing its efficiency, 
or even putting it out of business in a very short time. 

The condition of the original surface is an item of major im- 
portance in machine polishing. It is axiomatic that the polish- 
ing wheel will work best on a clean, uniform surface. If that 
surface is not provided for it in the beginning, the polishing wheel 
must make it. It follows then that the better the original sur- 
face, the lower will be the investment in machinery, in polishing 
wheels, and the lower will be the labor cost of the polishing opera- 
tion. 

A case in point is the experience of a large company making 
automobile bumpers. A machine was installed for polishing 
these, the number of wheels being determined by tests on produc- 
tion quantities of the regular run of steel used by the bumper 
manufacturer. After the machine had been in operation for some 
time, complaint was made that it was not cleaning up the ars, 
and that they required a second and third pass through the ma- 
chine. An examination of the steel as it came to the machine 
showed that it was much inferior, so far as surface was concerned, 
to the steel in the reference sample from the test run. Inquiry 
revealed that the bumper manufacturer had changed his source of 
supply. An insistence on adherence to steel specifications, rigid 
inspection, and liberal rejections of poor steel, shortly theres‘ter 
caused the polishing operation to resume its original efficiency: 

c Condition of Final Surface. The condition of the fina. sur- 
face of the work dictates both the number and character of 
polishing wheels that must be used in a machine. Severa! con- 
siderations enter into the final surface, one being its appearance OF 
“color,” and the other the dimensional characteristics of the work 
itself. By the latter is meant the closeness to which the work 
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must be held to dimensions, and also whether corners and edges 
must be held sharp and square. Quite frequently work that is 
susceptible to machine polishing in all other respects presents con- 
siderable difficulty, for the reason that its contour is such that the 
polishing wheel will round edges as it passes over them, or drag the 
edges of drilled holes until the holes are elliptical. When such 
difficulties are encountered, they may be overcome in several 
ways. A proper selection of the wheel may obviate some of them. 
A change in the design of fixture may eliminate others. A change 
in the direction or rotation of a wheel quite frequently offers a 
solution. A soft polishing wheel striking against a sharp edge 
or corner will invariably round it over. If each wheel be made to 
trail over the edges with which it comes in contact, it is possible to 
hold the edges square and sharp. 

Frequently polished work must be held within tolerances some- 
times as fine as plus or minus 0.001 in. Such close tolerances call 
for micrometer adjustments in the machine and a careful selec- 
tion of the wheel. They also call for extreme care in setting 
up the wheel and making it truly cylindrical at operating speeds. 
The wheel should be of hard density, as a soft wheel will flex on 
the work, and thereby cause lack of uniformity in the contour of 
the surface polished. 

Too much stress cannot be laid upon making the wheel truly 
cylindrical at operating speeds, particularly where the surface to 
be polished is relatively wide. It is a comparatively easy matter 
to make a wheel truly cylindrical when truing it up in the lathe 
preparatory to applying the abrasive head. However, it should 
be borne in mind that in the ordinary wheel-dressing machine or 
engine lathe, which is sometimes used for the purpose of truing 
wheels, the speed of rotation is relatively low. When in opera- 
tion, the polishing wheel rotates at from 1800 to 2500 r.p.m., 
depending upon the diameter. The wheel will become distorted 
at these high speeds, and the surface that comes in contact with 
the work is no longer cylindrical. After considerable difficulty, 
due to the failure to produce a uniform finish upon wide areas, 
it was discovered that the cause of the trouble was the distortion 
of the polishing wheel at operating speeds. To correct this condi- 
tion, a machine was developed to true the wheels at the same 
speed at which they were to be used. The wheel, when at rest, 
would not be truly cylindrical, but would take this form when 
brought up to working speed. Thereafter there was no difficulty 
obtaining truly plane surfaces over wide areas. 

If the work is to be held within close tolerances the material 
entering into the construction of the wheels must be considered. 
As indicated, a soft wheel will flex on the work and produce un- 
even surfaces. This immediately rules out a large number of 
materials, and limits the choice of the wheel to practically two 
types, the compress-leather or the compress-canvas wheels. 
Since both of these wheels can be made to extremely hard den- 
sities, it is a comparatively simple matter to maintain tolerances 
with them. 


VARIABLES OF THE POLISHING WHEEL 


_@ Type of Wheel. Probably the oldest type of polishing wheel 
's a wooden disk made in one piece, or built up of laminated sec- 
fons with a strap of leather glued and pegged to the face. Such a 
wheel produces a high-class finish upon almost every type of 
metal, but it is rapidly passing out of use for a number of reasons 
which need not be enumerated here. In general, it may be 
stated that this wheel is poorly or not at all adapted to use in a 
polishing machine. 

The type of polishing wheel that has been in most general use 
up to a few years ago is what is technically known as the cloth- 
flex wheel, consisting of sections of ordinary cotton buffs glued or 
sewed together to form a wheel of the requisite width of face. 
These wheels were frequently home-made, in that the polisher 
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bought the buff sections, and glued them together to fit his needs. 
Wheels made in this manner possess many defects, as they usually 
are out of balance, lack uniform flexibility and cushion, and pos- 
sess other defects that render them unsuitable for use in the polish- 
ing machine. As polishing has gradually gained recognition in 
the industry as a precision operation with considerable engineering 
behind it, the fact has become recognized that good work could 
not be obtained with crude tools. The clothflex wheel, as today 
manufactured for precision work, as in the polishing machine, is 
made from carefully selected buff sections properly balanced, and 
with the sewing of the buff sections themselves, and the sewing 
and gluing of one section to another, so designed as to give a 
wheel exactly suited for the work that it is to do. 

Many manufacturers even today have the idea that a buff is 
a buff, and a polishing wheel is simply a collection of buffs glued 
together. To illustrate the fallacy of this idea, it is only neces- 
sary to state that eight different grades of cloth are used in the 
manufacture of buffs which enter into polishing wheels. Every 
one of these grades is selected because it is particularly adapted 
to one class or another class of work. Furthermore, the buffs 
made from these different grades of cloth may be sewed in several 
different ways. They may be spirally sewed over the entire sur- 
face, at wide or narrow intervals, or they may have two or many 
rows of concentric sewing from the center hole out to the periph- 
ery. Each class of sewing is dictated by the character of work 
that the wheel is to do, and a wheel that is eminently fitted for 
one job will prove a hopeless failure on another. Furthermore, the 
various buff sections of which the clothflex wheel is composed may 
be glued together from the center hole clear out to the circum- 
ference of the wheel, or the gluing may stop at 3 in., 2 in., or any 
other distance from the circumference, depending upon the hard- 
ness and the cushion desired in the wheel. Ifa very soft wheel is 
required, the gluing may be omitted altogether, and the various 
buff sections hand sewed together with two or more rows of con 
centric sewing. 

The foregoing are but a few of the variables entering into the 
clothflex wheel. The fact that there are so many variables, 
each one of which has its influence upon the character of work 
done by the wheel and on the efficiency of the wheel, is sufficient 
indication that the selection of the proper wheel for the work is 
a most important item in machine polishing. 

Another type of wheel which is largely used in machine polish- 
ing is the compress wheel. This wheel is constructed of blocks 
of material set on edge, clamped between two steel flanges, and 
compressed radially, circumferentially, and longitudinally. It 
is essentially different in its action from the clothflex wheel, in 
that the cutting edges of the fabric in the clothflex and other disk 
wheels run parallel to the movement of the work across the wheel. 
In the compress wheel, the cutting edges are transverse to the 
movement of the work, and the effect of this change in direction 
is most important. One advantage of the compress wheel that is 
possessed by no other type of wheel is that the cushion and density 
of it can be exactly controlled. By cushion is understood the 
depth of flexible material projecting out from the rigid part of the 
wheel, in this case from the steel flanges. 

By density is meant the degree of hardness of the wheel. Vari- 
ous jobs require different depths of cushion and different densities, 
in order to produce satisfactory work. The compress wheel can 
be made in all depths of cushion up to 3 in., and in certain cases, 
up to 4in. Within certain limits of diameter and cushion, the 
density can be varied from super-soft to super-hard. A super- 
soft wheel is so soft that a person can push his thumb into the 
surface of the wheel, while a super-hard wheel is so dense that it is 
difficult to drive a nail into it with a hammer. The compress 
wheel can be made of many different materials. The most com- 
mon are heavy canvas and bullneck leather, although other ma- 
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terials sometimes used are walrus, sheepskin, paper, and felt. 
The characteristics of each of these materials vary from the 
characteristics of each other in a given density and cushion. The 
proper selection of the material, of the cushion, and of the den- 
sity in a compress wheel will determine whether or not a machine- 
polished job will be a success or a failure. 

Another type of wheel that is commonly used is the disk type, 
built up of disks of canvas or bullneck leather, wool felt, walrus 
hide, and other materials that are homogeneous in structure and 
can be cut into disks and glued or clamped together. Each of 
these wheels has its own special field on the polishing machine. 
For instance, for roughing out work, such as automobile bumper 
bars, the disk canvas wheel, headed with the coarser abrasives, 
is superior to any other type of wheel. It is highly unsuited, 
however, for finishing, and for this purpose the compress-canvas 
wheel of medium density and 2-in. cushion has shown itself su- 
perior to any other. 

It is impossible in the space available to give a complete list 
of the uses to which the several types, grades, and densities of 
wheels available are adapted. The following notes are merely 
indicative of some of the fields in which these wheels may be 
successfully used: 

The disk canvas wheel is especially adapted to roughing work, 
with the coarser grains, say up to No. 60. It is flexible and can 
be used on work with curved contours such as agricultural machin- 
ery parts, plowshares, oval or straight-faced automobile bumpers, 
ete. 

The clothflez wheel is used for contour work, similar in character 
to the disk canvas wheel, but with the finer grains. It may be 
made highly flexible and will adapt itself to curved surfaces such 
as shovels, automobile bumpers, and more or less irregular shapes. 

The compress wheel is a precision polishing tool of the highest 
order. It is an all-around wheel that can be used for practically 
every purpose that any other wheel can be used. Its face can 
be formed to fit contour surfaces, and by the possibility of regulat- 
ing its cushion and density it can be made exactly to fit the job it 
is to do. Due to its high first cost, it is in some cases not the 
most economical wheel for roughing with the coarser grains, but 
for all other work up to the finest finishing it is believed to have 
no equal. Its high first cost is counterbalanced by its extremely 
long life. Wheels that have remained in service for upward of 
20 years are not uncommon, and one instance is known of a wheel 
that was taken off the polishing lathe after 31 years of continuous 
use. 
The compress-canvas wheel is extensively used in the polishing of 
cutlery, flatirons, shears, skates, golf-club heads, bicycle and 
automobile parts, machine parts, and similar work. 

The compress-leather wheel has its field in the initial operation 
on flatirons, the polishing of carpenter's chisels, plane blades, axes, 
ete. It is used where edges have to be held sharp, and holes 
kept free from dragging. 

The compress-felt wheel is employed on work where a high color 
is required, such as surgical instruments. 

The compress-sheepskin wheel is comparatively little used, ex- 
cept in those cases where a flexible wheel that will give a very 
fine super finish is needed. 

The compress-paper wheel is adapted to rough work. It has 
little flexibility, and approximates in its action the solid grinding 
wheel. 

The solid felt wheel is used for polishing glass, and for greasing 
and coloring operations where a high color is required. It 
has a distinct field in the polishing of formed surfaces of stainless 
steel. 


VARIABLES OF THE ABRASIVE 
The variables of the abrasive as they affect the operation of 


the polishing machine have been discussed in general in the pre- 
ceding paragraphs. They will not be further discussed here. 


VARIABLES OF THE MACHINE 


a The Peripheral Speed of the Polishing Wheel. The polishing 
machine should be designed, wherever possible, to maintain a 
constant peripheral speed of the polishing wheel as close as pos- 
sible to 7500 lin. ft. per min. In general, the higher the peripheral 
speed, the more efficient 1s the action of the abrasive. The figure 
7500 ft. is chosen because this speed is about the maximum at 
which the glue holding the abrasive to the surface of the wheel 
will maintain its strength under the action of the heat generated 
by the operation of the wheel upon the work. An increase in 
the speed of the wheel would increase the efficiency of the cutting 
momentarily. It would, however, generate sufficient heat to 
soften the glue, and thereby permit the abrasive to be torn from 
the wheel before it had rendered its full service as a cutting me- 
dium. The overall efficiency, therefore, would be less than it 
would be were the wheel operated at a lower speed. 

If the peripheral speed of the wheel is decreased below 7500 
ft. per min. the cutting action of the abrasive is less efficient 
and a longer time is required for the removal of a given amount of 
metal. The general rule, therefore, for wheel operation is to 
drive the wheel at the maximum speed that is possible without 
softening the glue. With the best grades of glue, this has been 
demonstrated to be in the neighborhood of 7500 lin. ft. per 
min. 

Another factor, however, enters into the question of speed in 
its relation to heat generated. This is the work itself. Speeds 
that may be entirely safe from the standpoint of the wheel may 
be ruinous to the work, for the reason that the heat generated 
will have adverse effects upon the metal of which the work is com- 
posed. For instance, in die castings or other alloys of zinc, if 
the wheel speed is so high as to generate sufficient heat to distort 
or melt the metal, the speed must be decreased even though it 
means lowering the speed below the ideal speed for maximum ef- 
ficiency of the wheel. Other metals may suffer changes in tem- 
per, hardness, etc., as a result of the heat generated by excessive 
wheel speed. All of these things must be taken into considera- 
tion in fixing the speed at which the wheel spindles of a polishing 
machine shall operate. Here again the laboratory is the safest 
guide in determining the proper wheels and wheel speeds, and 
also the speed at which the work passes under the wheel. 

The polishing wheel, when correctly built and properly main- 
tained, should not decrease appreciably in diameter with use. 
The wheel should never be operated after the abrasive head has 
worn through to the fabric of which the wheel is composed. 
Otherwise, it will burn and require trimming, which means a 
reduction in diameter, with a consequent reduction in peripheral 
speed. In setting up the wheel, a protective head of glue should 
be placed on it before the glue that holds the abrasive is applied. 
As soon as the wheel wears down to this protective head, it should 
be removed from service, the old abrasive removed, and a new 
head applied. Given this treatment, the diameter of the wheel 
should be maintained fairly constant for a period of years, and 
no provision, therefore, need be made for a change in spindle 
speed due to wheel wear. On the other hand, if the polishing 
machine is to be used for a variety of work requiring different 
sizes of wheels, and therefore, different spindle speeds, provision 
should be made for changing the spindle speed with change in 
wheel diameters. This has proved a more or less difficult matter 
until recently, but the advent of flexible endless-belt drives has 
made it a comparatively easy matter to change spindle speeds 
by a change in the pulley diameters in the drive. In the design 
or selection of a polishing machine, attention should be given to 
the ability to change the spindle speed if the character of work is 
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such that there will be a change in the wheel diameter from time 
to time. 

b Speed of the Work. The speed of the work past the wheel is 
an important consideration in machine polishing. The speed 
depends upon the material of which the work is composed and 
the degree of finish that is required. It varies between wide 
limits. For instance, strip zinc can be fed past the wheels at 
the rate of 200 lin. ft. per min., whereas 15 ft. per min. is a high 
rate of speed for stainless steel. Another item entering into the 
speed at which work can be done in machine polishing is the 
speed at which separate pieces can be loaded on the machine. 
Usually this is a limiting factor in the capacity of polishing ma- 
chines. It frequently happens that a polishing machine has a 
capacity of from 200 to 300 pieces of a given size and shape per 
minute, but it is manifestly beyond the ability of an operator 
to feed work at this rate, particularly where the work must be 
more or less accurately placed in work-holding fixtures. It some- 
times is possible to arrange a machine so that two or three opera- 
tors can load it, the unloading being taken care of by an equal 
number of operators, or automatically. Sometimes the shape 
of the work permits the provision of mechanical feed, but such 
cases are the exception, rather than the rule. 

Another factor governing work speed is the degree of finish 
required. A polishing wheel requires a definite interval of time 
in which to do its work. The work must remain under the wheel 
long enough to permit the wheel to get a bite upon the metal 
and to remove it. While it is entirely possible to design machines 
that will feed the work past the polishing wheel at rates of 200 
ft. per min., or even higher, it is hardly feasible to operate at 
this speed. The polishing wheels would merely ride over the 
work without removing metal. Then, too, the slower the work 
speed the higher the luster that will be obtained with any given 
size of abrasive grain. The overall finishing time for a given 
piece of work may actually be reduced by the adoption of a 
lower work speed, in that this lower work speed will give the 
desired finish which otherwise might require an additional opera- 
tion to obtain. Again, the choice of work speed is, as a rule, best 
determined in the laboratory, rather than in the shop. 

c Pressure of the Wheels on the Work. Ability to regulate the 
pressure with which the polishing wheels bear on the work is 
highly important from two standpoints: first, the effect on the 
wheels, and second, the effect on the work. Excessive pressure 
causes rapid destruction of the abrasive head, excessive heat, 
aod eventual burning of the wheels. As regards the work, the 
heat engendered by the high pressure in some classes of work may 
change the character of the metal and render it useless for its 
purpose. In any event, excessive pressure greatly increases 
the operating cost, as it wastes grain, glue, and labor for the set- 
‘ting up of wheels, and it also requires more operations on the work 
due to the inefficiency of highly heated wheels. In the design 
or selection of polishing machines, attention should be given to 
the possibility of adjusting the pressure, either manually or auto- 
matically, A machine that has no provision for this regulation 
should be rejected forthwith, since it will be nothing but a con- 
Stant source of trouble and expense. 

d Provision for Oscillation. In hand polishing the workman 
handles his work in such a manner as to “cross the scratches.” 
That is, he presents the work to the wheels at varying angles, 
80 that wheel marks intersect, and thus tend to obliterate each 
other. In most cases of machine polishing, and particularly in 
straight-line work, it is desirable to approximate this effect by 
moving either the wheel or the work transversely to the line of 
travel of the work past the wheel. This is done by means of an 
oscillator on the wheel spindle or a mechanism that oscillates the 
table. The resulting wheel marks then take the form of a sine 
curve, which is a much more desirable surface than one with 
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straight-line marks, parallel to the direction of motion of the work. 
The reason for this is that, without oscillators, each wheel tends 
to follow in the wheel marks left by the preceding wheel and to 
deepen them instead of cutting them out. If the final surface of 
the work requires the appearance of parallel lines, oscillation may 
be omitted on the last one or two wheels. As a general rule, 
however, oscillation is a desirable feature in nearly all classes of 
machines. 

e The Cushion Under the Work. In some classes of work it 
may be desirable to divide the cushion required for flexible grind- 
ing between the wheel and the work. The wheel is made of the 
proper density and cushion to give the desired finish, and a cush- 
ion surface is provided under the work to enable it to give suf- 
ficiently to take care of slight variations in contour that would 
cause the wheel to cut deeper were the work not able to recede 
somewhat from the wheel. The cushion can be provided by 
means of a resilient material, such as a canvas or leather belt, or 
springs. The greater the cushion the less accurate will be the 
surface so far as dimensional properties are concerned. Hence 
it follows that on highly accurate work, where the dimensions 
must be held within close limits, or corners and edges held up 
sharply, little or no cushion should be provided under the work. 
On the other hand, where the work does not have to be held to 
close limits, and where the shape may be slightly irregular, pro- 
duction is facilitated by some cushion under the work. For 
instance, in polishing cylindrical work, which may be slightly 
out of round, cushion under the work will permit it to recede 
slightly when the longer diameter comes under the wheel. Were 
this not possible, a flat spot might be ground on the work, the 
work might be burned, or the abrasive stripped from the wheel. 
Cushion under the work is not so important a factor as some of 
the others enumerated, but, nevertheless, lack of proper cushion 
may be the cause of failure in adapting a certain class of work to 
machine polishing. 

Jf Vibration in Machine or Work. Vibration in a polishing 
machine produces the same evil effects that it does in any other 
kind of machine, except that these effects are magnified due to 
the very nature of the work that the machine is called upon to 
do. The object of polishing is to provide a smooth uniform 
surface on the work. Vibration causes the polishing wheel to 
put chatter marks in the work and thus destroys the very object 
aimed at. Due to the high speed of the polishing wheel, vibra- 
tion is more easily set up than in machinery operated at lower 
speeds, and consequently must be guarded against more care- 
fully. 

The more common causes of vibration are: Inadequate ma- 
chine foundations, improperly or lightly constructed buildings, 
light floors, machines improperly located on upper floors, in- 
sufficient weight in machine bases, shafts too light, or with bear- 
ings too far apart, giving them a tendency to whip at high speeds; 
insufficient bearing surfaces; improperly braced machine mem- 
bers, or members whose vibration period corresponds to some 
recurrent motion in some moving part of the machine; and un- 
balanced polishing wheels. One of the mistakes made in the 
design of earlier polishing machines was the provision of light 
frames. Some were made of structural sections riveted or 
bolted together. Most of these machines have failed in one re- 
spect or another. The present-day polishing machine is a rugged 
structure, with heavy box-type frames, ball or roller bearings in 
the moving parts, massive spindles, and automatic lubrication. 

Vibration can also be caused by the work being improperly 
seated in the fixtures, although such vibration usually is local, 
and confined to the work itself. A good machine should be suf- 
ficiently heavy to absorb such local vibration, although its effect 
on the polishing operation may be just as serious as vibration in 
the machine itself. 
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Too much cushion also may tend to set up vibration in the 
polishing wheel. An extreme example of this is the polishing of 
automobile bumpers. The springiness of the bumpers them- 
selves furnishes a particularly resilient cushion, and at times the 
vibration period of the bumpers is such as to amplify the move- 
ment and actually to cause the wheels to bounce off the bumpers 
as they pass over them. In this case, the cushion is lessened by 
providing supports at two or three points under the bumper, and 
attaching dash pots to each wheel spindle to damp the vibration. 


Fic. 1 MAcHINE FoR FINISHING THE INTERIOR SURFACE OF HEAD- 
LIGHT REFLECTORS 


g Types of Fixtures. Properly designed fixtures are a prime 
essential in machine polishing. Their function is to hold the work 
firmly, to present it in the correct position to the polishing wheels, 
and, in such cases as may be necessary, to provide a certain 
amount of resiliency and automatic adjustment of the work to 
the wheel. Fixtures must have certain characteristics embodied 
in their design and construction. First, and most important, 
they must hold the work so that it cannot be dislodged when it 
comes in contact with the wheels. It is just about as safe to 
stand in the path of a rifle bullet as to stand in the path of a 
piece of work thrown out of a fixture by a polishing wheel. Many 
jobs that are otherwise ideal for the polishing machine are im- 
possible because of the impossibility of safely holding them in any 
practical type of fixture. 

Another important point is ease of loading and unloading the 
fixture. A polishing machine that is capable of passing 60 
pieces of work per minute under the wheels is badly handicapped if 
the fixture is designed so as to require two or three seconds for 
loading. In many cases the fixture is attached to the machine, 
and must be loaded and unloaded ‘‘on the run” as it were. It 
therefore must be easy to load and unload, and free from com- 


plicated locking devices. In other cases, the fixture is detachi- 
able, is loaded at the bench, and transferred loaded to the ma- 
chine. Such fixtures should be light, yet rigid. All fixtures 
should have provision for compensation for wear, and in those 
cases where the fixture masks a portion of the work for one reason 
or another, the masking part must be capable of easy replacement. 
The fixtures should be made so that they can be placed on the 
machine in one position only. Otherwise the work may be 
ruined or thrown from the machine, or the fixture itself may be 
thrown. Several serious accidents have occurred through neg- 
lect of this precaution. 

Where the shape of the work precludes the use of mechanical 
fixtures, substitutes may sometimes be employed. For very 
flat work such as ornamental plates or spherical or similarly 
shaped work that is to be polished on the inside, and which is 
impossible of gripping in any type of mechanical chuck, a vacuum 
chuck frequently will prove to be feasible. For articles made of 
steel or iron the magnetic chuck is sometimes employed, although 
for polishing operations it possesses certain disadvantages. For 
flat strips or sheets, pressure rolls on either side of the polishing 
wheel frequently may be substituted for fixtures. 

The success or failure of many machine-polishing jobs more 


Fic. 2. PotrsHinGc MAcuINe For Heaps or Bo ts, ETc. 


often than not depends on the ability to design a fixture that will 
properly hold the work. There is a wide field for ingenuity and 
real engineering in this one phase of polishing alone. 

TypicaL PotisHinc MACHINES 


Polishing machines may be divided roughly into two classes: 
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MACHINE-SHOP PRACTICE 


those which rotate the work in contact with the polishing wheel, 
and those which pass it in a straight line past the wheels. Ex- 
amples of the former class are shown in Figs. L to 5 inclusive. 

Fig. 1 is a machine for finishing the inside of headlight re- 
flectors and similarly shaped articles. The reflector is placed 
in the chuck, which is set at an angle from the vertical. The 
chuck is mounted on a slide which is moved forward to bring 
the work in contact with the wheel, being actuated by the handle 
in the foreground. When in contact with the wheel, the work 
is rotated by means of the small motor shown above the slide, 
working through a bevel-gear train. 

Fig. 2 shows a machine for finishing the heads of bolts and other 
objects which have a long stem. It consists essentially of a drum 
containing a number of chucks which rotate about their own axes 
while the drum itself is rotated about an axis parallel with the 
axis of the polishing wheel. The operator of the machine drops 
the work to be finished into the holes in the chuck, which lock 
on the work as it approaches the polishing wheel. After the work 


Fic. 3. Four-SprnpLte Macuine For Work 
has passed the polishing wheel, the chuck opens and the work 
drops out when it comes to the lowest position on the drum. 

Fig. 3 is a four-spindle polishing machine for finishing small cir- 
cular objects, such as hub caps, ete. The work is carried on 
chucks mounted on spindles projecting from the face plate. 
Each spindle is rotated about its axis as it comes in contact with 
the polishing wheel. The machine is so arranged that the face 
place indexes at definite predetermined intervals, thus allowing 
the work to remain in contact with the polishing wheel for a suf- 
ficient length of time to obtain the finish desired. Machines of 
this type are frequently provided with chucks which automatically 
unload the work when the spindle is in the lowest position. 

Fig. 4 illustrates a machine for polishing long circular work. 
The work is mounted upon a chuck, supported at the outer end 
by the overhanging arm, and rotated against the wheel. At the 
same time, the spindle is reciprocated back and forth so that the 
polishing wheels cover the entire cylindrical surface. 

Many variations of the foregoing machines are made to adapt 
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them to different classes of work. The illustrations are merely 
typical of the varieties of work that are possible in this type of 
machine. 


Fie. 5 Rop anp MACHINE 


Fig. 5 shows a machine for finishing tubes or other long cylin- 
drical objects. The work is carried upon the two longitudinal 
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rollers in the foreground, and is moved past the wheels by the 
belts shown immediately behind the rollers, these belts being set 
at an angle to correspond with the speed of longitudinal movement 
desired. The belts are driven from the motor shown at the rear 
of the slide, through a worm gear. In operation, the polishing 
wheel is set immediately opposite the belt, which acts as a brake to 


Fic. 6 


Earuier Type or Continuous Srraicut-Ling MacHINE 
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Fig. 6 shows one of the earlier types of continuous straight- 
line polishing machines. Originally designed for polishing long 
flat bars or strips, it has been found adaptable to the finishing of 
a great variety of work of many shapes and sizes, some of which 
are illustrated elsewhere in this paper. The principal feature of 


this machine is the carrying of the polishing wheels upon a 


Fic. 7 Present Form or Continuous Srraicut-Line PonisHinc MACHINE 


* prevent the work rotating at the same speed as the polishing 
wheel, and also causes it to move past the wheel. In the illus- 


tration, the relative position of the polishing wheel and the belt is 
The polishing wheel opposite the 


shown on the second machine. 
first belé has been omitted in order to show the details of the 


machine. 


swinging arm, which has a movement about the spindle A, per- 
mitting the wheel to rise and fall with change in contour of the 
work. Each wheel is driven by a motor directly connected to the 
wheel spindle. Wheels and motors are balanced by means of 
counterbalance weights shown at the left of the illustration. 
The work to be polished is placed upon the conveyor belt, and 
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Fic. 14 Bicycte Rim Pot- 
ISHED IN CONTINUOUS STRAIGHT- 
MAcuHINE 


Fic. 9 VerticaL DouBLE- 
Heaper Po.isHinG MACHINE 


Fic. 13 Avromosie Fenner Guarp Po.isnep Continuous 
Srraicut-Ling MAcHINE 
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Fie. 11 


12 Parts Po.LisHeD 
Srraicut-Ling MAcHINE 


IN CONTINUOUS 
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carried underneath the wheels which are set up with such differ- 
ent abrasives as may be necessary to secure the desired finish. 
The machine is built on the unit system, and as many wheel 
spindles are provided as are necessary to give the desired finish 
on one pass of the work through the machine. The feed belt is 
driven through a variable-speed drive, permitting the speed to 
be changed to suit the conditions of the work. The pressure of 
the wheel on the work can be varied by shifting the counter- 
weights, and micrometer adjustment is provided for the wheels in 
order to permit of precision work. 

This machine is in extensive use for the polishing of work 
ranging in size and contour from as large as automobile bumpers 
to as small as the smallest link in use in the construction of adding 


Fig. 15 Macuine, PouisHep With FormMep-Face WHEELS 


Fic. 16 Typewriter Sipe FramME—THE DesiGn or Fixture Was 
THE Major Factor 1n Piece 


machines. Fig. 7 shows the evolution of the continuous straight- 
line machine to its present form. The direct-connected motor has 
been replaced by a motor mounted upon the opposite side of the 
swinging arm from the polishing wheel, the wheel being driven 
from the motor by means of a Texrope drive. The base of each 
unit of the machine forms an oil tank, in which is a large float 
almost completely filling the tank. A heavy rod on the float, 
projecting through the base terminates in a ball-and-socket joint 
underneath the center line of the wheel spindle. The float is 
adjusted so that it bears the entire weight of the wheel and swing- 
ing arm, thus bringing zero pressure upon the work. Any desired 
pressure then can be secured by a simple shifting of the weights 
on the arm. The float also acts as a dashpot to damp any ten- 
dency to vibration on the part of the polishing wheels. The 
wheels can be set at an angle to the work, if so desired, the entire 
head swiveling around the supporting rod on the float. 

Fig. 8 illustrates a machine for polishing sheet metal. The 
machine in question was built for sheets up to 50 in. wide. The 
sheets are carried by the conveyor belt A, underneath the polish- 
ing wheel B. Pressure rolls C, on either side of the polishing 
wheel, provide the necessary pressure of the work on the con- 
veyor belt to furnish traction, and also hold the work in position 
to pass under the polishing wheel without lifting. 

Fig. 9 illustrates a vertical double-header polishing machine 
for finishing putty knives, spatulas, and similar flat work, where 
the polishing marks should run in a direction parallel to the 
length of the work. The work to be finished is suspended from 
a holder at A, and is lowered by a crank motion between the 
polishing wheels. As the lower edge of the work approaches the 
line joining the centers of the wheels, a cam motion closes the two 
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wheels upon the work. It passes down between them and is 
then withdrawn, being in contact with the wheels during the entire 
time of passage. As the work leaves the wheels the cam motion 
moves them apart ready for the entrance of the next piece. Usu- 
ally these machines are operated in pairs, the first machine carry- 
ing the roughing wheels, and the second the finishing wheels 
The machine can be arranged to stop at the end of the upward 
stroke, or it can be set to run continuously. With a skilled opera- 
tor, continuous operation is the rule, as he can detach finished 
work from, and insert new work in, the holder without stopping 
the machine. 

Fig. 10 is a machine for the finishing of axe heads, which oper- 
ates somewhat on the same principle as the double-header ma- 
chine just described. It is manual in its operation, instead of 
automatic as in the case of the double header. 

Fig. 11 shows a machine for finishing strip brass. The polish- 
ing wheels are mounted on the spindles whose ends project 
through the large drum-shaped structure at the top of the ma- 
chine. Each wheel is driven by a 50-hp. motor through a Texrope 
drive, and oscillation is provided on each wheel spindle. The os- 
cillator is driven from the Texrope drive shown projecting above 
the top of the machine. The brass strip is fed from a coil, passes 
over pressure rolls underneath each polishing wheel, and is coiled 
by means of a friction winder at the opposite end of the machine. 
These coiling devices are not shown. The two handles project- 
ing upward operate a quick release for the pressure rolls, to 


Fic. 17 Trre-Vatve Parts PouisHep in Rotary Type oF 


permit dropping the work out of contact with the polishing wiice!s, 
if for any reason it is necessary to do so without stopping the 
machine. The two hand wheels at the front of the machine are 
for the purpose of raising or lowering the pressure rolls, to prove 
variations in pressure of the wheel on the work, and also to «o™- 


pensate for wear of the wheels. 


TypicaL MAcHINE-POLISHING JOBS 


A few typical machine-polishing jobs are illustrated in Figs. 12 
to 17 inclusive. Fig. 12 illustrates parts of Stillson wrenches 
which have been finished in the continuous straight-line machine. 
These are typical examples of small jobs that can be handled in 
large quantities by the machine, and form a splendid example of 
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work for which the capacity of the machine exceeds the ability 
of the operator to load. In the case of these wrench parts, this 
difficulty was overcome by providing an extension end table, and 
putting two operators to work loading the conveyor belt. The 
parts were unloaded automatically as the conveyor passed over 
the tail pulley. 

Fig. 13 is an automobile fender guard also polished in the 
continuous straight-line machine. The polishing wheel followed 
the curve of the fender guard from end to end, with the exception 
of a short space near the eye. The same machine also polishes 
automobile-bumper rails, from 16 to 18 units being employed for 
this purpose. 

Fig. 14 represents an extreme case of straight-line machine 
polishing. This is a bicycle rim which was required to be polished 
on the inner surface. This feat was accomplished by fitting the 
conveyor belt of the continuous straight-line machine with a 
track, and mounting the rim in a fixture which held it in the 
proper relation to the polishing wheel while resting on the track. 
The movement of the conveyor belt and its track caused the rim 
to rotate in the fixture while in contact with the polishing wheel, 
and thus completely polished it around the entire circumference. 
Two operations were necessary, formed face wheels being used. 

Figs. 15 and 16 are other examples of work that is adaptable to 
a straight-line machine. Fig. 15 shows the shoe for an ironing 
machine which required polishing on the inner concave face. 
This was accomplished by means of formed wheels. Fig. 16 
is the side frame of a typewriter, which was polished with hard 
compress-leather wheels. This piece is a first-class example of 
a job wherein the proper design of the fixture was essential to 
the final solution of the problem. The piece is a difficult one to 
hold under the polishing wheel, and at the same time obtain the 
precision that is required in the finishing of this particular part. 

Fig. 17 shows a job that was done in the four-spindle machine 
illustrated in Fig. 3. The upper piece is an automobile-tire-gage 
casing, While the two lower ones are automobile-tire valve caps. 


Economics oF MACHINE POLISHING 


Little has been said heretofore about the economics of machine 
polishing. It is difficult to lay down any general rule covering 
this phase for the reason that many different factors enter into it. 
Where the machine is adapted to the work and can eliminate 
hand operations, and where there is sufficient production to 
keep the machine busy a fair proportion of the working day, ma- 
chine polishing usually will prove economical. Where, how- 
ever, the time required to load and unload a piece for machine 
polishing is equal to the time in which a polisher could finish the 
work by hand, machine polishing would prove uneconomical. 
Where conditions are right, however, the substitution of machine 
polishing for hand work represents a tremendous saving in the 
cost of manufacture. Each case should be investigated on its 
merits, and the possible economies worked out before the decision 
is nade either for or against machine polishing. 

As an example of the saving possible by machine polishing, in 
one installation a single polishing machine displaced 30 hand pol- 
ishers. The machine required four men to operate it, three of 
these men being used for loading it. In the case of the ironer 
shoe, Fig. 15, with hand polishing the number produced per man 
was three shoes per day of eight hours. The polishing machine, 
operated by two men, produces a completely finished shoe every 
three minutes. 

Up to within a few years ago, the polishing department in 
nearly every industry was regarded, as has been very aptly ex- 
pressed, as the ‘Cinderella of the works.’’ Within the past 
lew years, however, it has been recognized that there is no de- 
partment of the manufacturing plant in which greater savings 
can be effected per dollar of investment than in the polishing de- 
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partment. There is a vast amount of engineering and research 
work to be done before polishing is on the same technical plane 
as other departments of the metal-working industry. It is, 
however, a field which merits the study and best efforts of the 
engineering profession. 


Discussion 


FLoyp T. Taytor.* The paper makes a notable contribution 
to the literature on polishing, at a time when such contributions 
ought to be very welcome. A number of points naturally arise 
in the minds of those who have had contact with hand or ma- 
chine polishing. 

Polishing, at the present time at least, can be described as 
an art guided by a science. The line of demarcation between 
the art of polishing and the scientific guide now being applied 
to it is somewhat indefinite. 

From the mechanical engineer's standpoint, polishing may be 
considered as the transfer of a portion of the energy in a revolv- 
ing polishing wheel into luster on the work, and it should be 
noted that this transfer takes place across a coating of adhesive 
and abrasive. Heat losses, inherent with a transfer of energy, 
must be dissipated from the face of the polishing wheel and 
from the work. The polishing wheel itself is a poor conductor 
of heat, and consequently there can be little relief through the 
conduction of heat away from the face by the polishing wheel. 
Means of cooling the face of the wheel are therefore of para- 
mount importance, and yet up to the moment, except as on such 
types of polishing machines as employ a ‘‘coolant” on all the 
wheels, little attention has been paid to this point. 

It is also obvious that an improvement in the efficiency of 
polishing, through the use of abrasives which cut and do not 
drag, will reduce the heat losses at the face of the polishing 
wheel. 

There are two distinct actions in polishing—one a cutting 
action which tears off metal and the other a burnishing action 
which flows the metal. The cutting action is a high-speed opera- 
tion at light pressure. The burnishing action is a slow-speed 
operation at considerably heavier pressure. 

The author has used the word ‘color’ without defining color 
as applied to polishing. Color may be defined as a condition 
of the surface where the average depth of the defects has been 
reduced to a point which causes almost all of the light striking 
the surface to be totally reflected. Through the use of a photo- 
electric cell, definite measurements of color can now be made, 
and therefore the degree of color need no longer be a matter 
of individual opinion, based on eyesight alone. 

The author states that the power required to drive a hand- 
operated polishing lathe is no criterion for the size of motor which 
should be installed on a polishing machine. This statement 
leads to the observation that machine polishing is very much 
more of a continuous load than hand polishing can possibly be. 
In addition to a difference in power requirements, there is a very 
considerable difference in the use and behavior of wheels and 
abrasives. A further point in connection with power supply is 
that the polishing wheel, whatever its linear speed may be, 
should be run at a constant linear speed, and therefore polishing 
machines will be much improved when synchronous motors are 
applied to them. Where it is necessary to use induction motors, 
the low-resistance end-ring type should be used, since these 
motors give a considerable closer speed regulation than the so- 
called high-torque types. 

The author has aptly stated that the condition of the material 
when it comes to the polishing room has a vital and important 
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bearing on the polishing operation. When iron or steel is cov- 
ered with black magnetic heat scale, the first polishing operations 
are not polishing operations at all. They are very costly and 
inefficient grinding operations done with polishing wheels. Pol- 
ishing wheels should never be required to do grinding. More- 
over, grinding, sand-blasting, or pickling, plain or electrified, will 
not remove this black heat scale thoroughly and successfully. 
Electrolytic treatments have been devised, however, which re- 
move this black scale completely and cheaply. 

The author cites the case of polishing bumper bars, and in 
this connection it should be pointed out that in one of the large 
bumper-bar plants, where originally an effort was made to polish 
bumper bars before the black heat scale had been completely 
removed, wheels coated with these abrasive grain sizes were 
used, in succession, Nos. 30, 60, 90, 120, 150, 180, and grease. 
When, however, the bumper bars were completely free from 
scale, they were satisfactorily polished, beginning with the No. 90 
wheel. 

The elimination of polishing wheels set up with the coarser 
grain sizes makes another saving, namely, that of frequent wheel 
changing, because coarse grains are much more readily ripped 
from the face of the wheel than the fine grains. 

In discussing the condition of the finished surface, the author 
states that the finish desired determines the number of wheels 
required. This statement should be qualified, because actually 
the number of grain sizes required is determined by a double 
consideration; namely, the condition of the surface at the be- 
ginning of the polishing operation and the final finish desired. 

In speaking of the density of polishing wheels it should be 
pointed out that no measure of density has been standardized; 
therefore, what one might think is a hard wheel another might 
think is a soft wheel. A standard of wheel density should be 
sought and established. Furthermore, the density may vary 
considerably with the reduction of diameter as the wheel wears 
down and also with the aging of the adhesive used to hold lami- 
nated wheels together. 

Under “Variables of the Abrasive,” the author states that these 
variables are discussed generally in the fore part of the paper, 
but variables of the abrasive are so important that it would seem 
well to have a discussion of them and their effect on polishing in a 
section of the paper set aside for this purpose alone. The first 
question that arises is, Are the present standard grain sizings 
correct for polishing and are the tolerances within these sizings 
close enough? 

Since it would be a great advantage if wheels could be run under 
water instead of oil as a coolant, the availability of the so-called 
water-dispersed rubber cements for facing polishing wheels 
should be checked. A final point in connection with the variables 
of abrasives on machines is this: Not nearly enough care has 
been taken on automatic machines thus far produced to see to 
it that the coarse grains detached in operation are completely 
removed from the work before it passes under a wheel of finer 
grain set-up. 

Under “Peripheral Speed of the Polishing Wheel,” the author 
states that, where it is possible, polishing wheels should be run 
at a surface speed of 7500 ft. per min. He gives as a reason that 
this speed is about the maximum which can be used on account 
of the holding power of glue. He further states than an increase 
of speed would increase the efficiency of cutting momentarily, 
but that this cutting efficiency would promptly become lower 
due to overheating. No mention is made at this point of the 
fact that pressure is also a factor. Furthermore, it seems worth 
while to point out that the polishing wheels generally used are 


12, 14, 16, or 18in. in diameter. At 7500 ft. of surface speed these 
diameters correspond to the following revolutions per minute: 


The interesting point about these rotating speeds is that a great 
percentage of the modern polishing machines are run from 60- 
cycle circuits, and therefore the 16-in. wheel is the only one that 
can be run direct-connected if this linear speed of 7500 ft. per 
min. is to be maintained. 

Under the heading of ‘“‘Pressure of the Wheels on the Work,” 
a statement should be made that the pressure should remain 
constant, and furthermore that it should be light to give the 
abrasive a real opportunity to cut. When a wheel is used for 
burnishing, however, the pressure must be heavy to flow the 
metal. 

In the section on “Provision for Oscillation” the statement 
is made that unless the wheels oscillate they are likely to track, 
and when they track, the tendency is to deepen the scratches 
instead of cutting them out. It is doubtful if the scratches will 
be deepened on account of the reduction in grain size of the 
wheel facings as the work passes from one to another. 

Under “Vibration of Machine or Work,’’ it should be pointed 
out that soft wheels are freer from vibration than hard wheels, 
and this is particularly true of the cloth and canvas types. 

Under “Machine Design,” it should be noted that up to the 
present time little or no attention has been paid to designs which 
make the changing of wheels a quick and easy job. Too little 
attention has been paid to the protection of the machinery from 
the damage caused by its own abrasive, and too little attention 
has been paid to the cooling of the surface of the wheels. 


AvTHOR’s CLOSURE 


The author finds himself in agreement with practically all 
of the statements made by Mr. Taylor. All of the points raised 
are fruitful suggestions for further experiment and development. 
It is well recognized that means of dissipating heat from the 
polishing wheel would greatly prolong its life and increase its 
cutting efficiency. The engineering difficulties of accomplishing 
this, however, have put it some distance in the future as a prac- 
tical addition to polishing machines. 

So far as the use of the photoelectric cell for the determination 
of finish is concerned, this device has not proved as useful as 
may have been anticipated. It has failed to detect the difference 
between surfaces of widely different finish. After numerous 
experiments, this method of measuring finish or “color’’ re- 
luctantly has been abandoned. The method developed by RK. F. 
W. Harrison and described at the Annual Meeting of the Society 
in December, 1930, gives more promise of success, and experi- 
ments are still being carried out along these lines. 

The author is in complete agreement with Mr. Taylor’s state- 
ments concerning the removal of scale, the standardization of 
grain sizes and wheel densities, protection of machines and work 
from abrasive dust, and the regulation of pressure of wheels 
on the work. These and other matters are all highly desirable 
developments for the future. It should be remembered, how- 
ever, that commercial considerations also must be taken into 
account. The polishing industry has not, as a whole, been 
educated to the point where it realizes that refinements are 4 
profitable investment, and where it is willing to pay for these 
refinements. 
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Transmission of Torque by Means of 


and Shrink Fits 


The most important formulas for calculating the 
stresses existing in press and shrink fits are presented, 
together with charts for readily obtaining numerical 
results when steel shafts and cast-iron or steel outer 
members are used. Equations and charts also are given 
for determining the pressure existing between fitted parts. 
From the records of a number of fits observed by the 
author and others, values of coefficients of friction are 
suggested for use with the pressure in computing the 
probable tonnage required in making a fit and the torque 
capacity of a fit when no key is used. Equations are given 
for the tonnage and torque capacity. 


ITH the increasing use of press 
Wie shrink fits without keys for 

the transmission of power and the 
more general realization that high localized 
stresses are produced at the corners of key- 
ways and keyseats, such fits have become 
of considerable importance. In some cases 
keys are necessary to locate parts in par- 
ticular positions on their shafts, but there 
are many instances in which keys may be 
dispensed with, and press or shrink fits, per- 
haps slightly heavier than would be used 
with keys, will be adequate to transmit the torque. The elimi- 
nation of keys, keyways, and keyseats reduces manufacturing 
costs, removes the danger of failure from concentration of stress, 
and permits the use of smaller shafts than would be possible if 
they were keyseated. 

For street-railway gears, which are subjected to reversing 
loads, it has been found that keys become pounded over on the 
corners and eventually work loose, and the majority of these 
gears are pressed on the axles without keys. 

It is certain that keys quite often serve no useful purpose and 
are a constant source of trouble. 

A great deal has been written about press and shrink fits; 
yet unfortunately the material presented is not in too good 
agreement and is not always in such a form that it can be readily 
used. In this paper the more important formulas and other 
data will be given in a manner that the author has found con- 
venient to use. 
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STRESSES 


A number of formulas based on the theory of thick cylinders 
subjected to internal pressure are in use for the determination 
of the stresses in the outer ring of a press or shrink fit. Among 
these formulas are those of Lamé, Clavarino, and Birnie. Ac- 
cording to several authorities Lamé’s theory takes no account 
of lateral contraction as expressed by Poisson’s ratio. The 
equations of Clavarino are derived for a cylinder with closed 
ends, and while they have been used considerably in the design 
of hooped guns, they are not applicable to the usual case of a 
machine fit. Birnie’s formulas are for cylinders with open 
ends, and also are employed for the design of large guns. An- 
other formula used to some extent is Barlow’s. This expression, 
however, applies only to thin cylinders. The subsequent 
equations likewise are attributed to Lamé and are probably 
the best for the determination of these stresses. 

When a hub or ring of appreciable thickness relative to its 
diameter is forced or shrunk on a solid shaft of larger di- 
ameter than the bore of the ring, two principal stresses are 
produced in the ring: a tangential tensile stress S; and a radial 


d 
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compressive stress S.. (See Fig. 1.) If the shaft and ring 
are of the same material, the maximum value of the tangential 
or hoop stress, which occurs at the bore, is 


Ee 


where E is the modulus of elasticity of the material, e is the fit 
allowance per inch of shaft diameter, d is the shaft diameter, 
and D is the outside diameter of the hub. If the shaft and ring 
are of different materials, the maximum tangential stress at the 


bore is 
d 
i-(#) 
E, E, E 


where E and E, are the moduli of elasticity of shaft and ring, 
respectively, V and V, are Poisson’s ratio for shaft and ring, 
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and e, d, and D are the same as in Equation [1]. The maximum 
radial stress, also at the bore, when the material in the shaft 
and ring are the same is 


When the material in the shaft and ring are different, the 
maximum radial stress is 


where the symbols have the same meaning as in the preceding 
equations. 
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The statement will be found quite often that the tangential 
stress, which is always greater than the radial stress, is the stress 
upon which the safety of the fit depends. In any case where 
more than one principal stress exists, however, these stresses 
must be combined according to one of the “theories of strength,”’ 
and the equivalent stress thus found will be the criterion of 
strength of the part. 

For steel and other ductile materials the maximum shear 
theory is commonly accepted at this time as being most nearly 
correct. According to this theory the maximum equivalent 
tensile stress in the ring due to the combined effect of S; and S. 
is 


This stress, which is at the bore, is also the maximum stress 
in the fit; therefore, this equation determines the fit allowance 
that can be used when the same ductile material is used in both 
ring and shaft. It will be noted that when the frequently 
specified allowance of 0.001 in. per inch of shaft diameter is 
used the maximum equivalent tensile stress for steel is 30,000 
Ib. per sq. in., which approaches the yield point of annealed 
medium carbon steel. If the yield point is exceeded, a per- 
manent set will be produced and a light fit will result. Stresses 
much above the yield point will cause the outer ring to fracture. 

For brittle materials, such as cast iron, it is generally agreed 
that the maximum stress theory is the correct theory of strength. 


The critical stress according to this theory is the maximum 
principal stress, which, as has been seen, is the tangential stress 
at the bore of the ring as given by Equation [2]. If the shaft 
is steel and the ring is cast iron and it is assumed that Poisson's 
ratio is the same for steel and cast iron and that the modulus 
of elasticity of cast iron is half that of steel, this equation re- 
duces to the simpler form of 


3+V+(1—V) (5) 


This stress is the greatest stress in the fit. For an allowance 
of 0.001 in. per inch of shaft diameter, this maximum stress is 
between 9000 and 15,000 lb. per sq. in., depending upon the 
ratiod/D. For ordinary cast iron this stress is near the breaking 
strength, but for the high-strength cast irons now being produced 
it is well within the limits of safety. 

For a complete analysis the stress due to the fit must be com- 
bined with the stress at the bore due to the transmission of 
power, which stress is difficult to determine and is usually quite 
low, and for very high speeds with the stress due to centrifugal 
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force, which tends to relieve the pressure between the fitted 
parts and destroy the effectiveness of the fit. The stress due 
to centrifugal force? will usually be of no consequence, how- 
ever. 

In most instances it will be found that an allowance greater 
than 0.001 in. per inch of shaft diameter is unnecessary 
provide capacity for transmitting the torque. 

If a thin ring, such as a bushing, is shrunk or pressed on 8 
shaft or into a thicker ring, the equations given heretofore, 


2S. Timoshenko and J. M. Lessells, “Applied Elasticity,” first 
edition, p. 303. 
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AC = (6) 
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which are derived from the theory of thick cylinders, need not 
be employed. In this case the theory of thin cylinders will be 
used. This theory assumes that all the deformation occurs in 
the thin ring and that the tangential stress is uniform over its 
cross-section. This tangential stress determines the safety 
of the ring and is S = Ke whether the ring is on a shaft or inside 
another ring. In the first case S will be a tensile stress and in 
the second case a compressive stress. This formula is the same 
as Equation [5]. 

Figs. 2 and 3, which are charts plotted from Equations [5] 
and [6], respectively, are useful for quickly determining the 
critical stresses. If the ring is a gear, a flywheel, or any part 
in which there is metal outside the actual hub, such as arms 
and a rim, an equivalent value of D larger than the hub diameter 
must be used in Equation [6] and the chart. The error that 
results from estimating this equivalent outside diameter will be 
usually only a few per cent. 


Torque Capacity 


The torque that a press fit or a shrink fit can transmit is 
obviously the product of the unit pressure existing between the 
shaft and the ring, or hub, the coefficient of friction between the 
two surfaces, and the area of the surfaces in contact. 
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The pressure has the same value as the radial stress at the 
bore and may be determined from Equation [3] or Equation 


[4]. If the shaft and ring are of steel, Equation [3] must be 
used. The unit pressure is therefore 


If the shaft is steel and the ring cast iron, Equation [4] becomes 
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(5) | 


if the same assumptions are made as in deducing Equation 
[6]. The charts, Figs. 4 and 5, plotted from these two equations 
will be found convenient in determining pressures. As with 
Fig. 2, an equivalent hub diameter must be used for D when 
the diameter of the actual hub is not the outside diameter of 
the outer member. 

If the shaft is hollow, Equations [7] and [8], and also Equa- 
tions [5] and [6], are not exact. If the diameter of the hole 
is less than 25 per cent of the shaft diameter, however, the 
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shaft can be considered solid and these formulas be used with a 
maximum error (when d/D is zero) of about 7 per cent. The 
error decreases as d/D increases. 

A number of factors affect the coefficient of friction between 
the fit surfaces, and among these the most important are the 
finish of the surfaces, the roundness of bore and shaft, the straight- 
ness or taper of bore and shaft, and, in the case of a press fit, 
the lubricant. 

Views held on the effect of the finish of the fit surfaces are in 
direct contradiction. One contention is that the better the 
finish the lower the coefficient of friction. The opposite view 
borne out by the experiments of N. N. Sawin’ is that the co- 
efficient is larger with finer finish because the minute ridges 
on the metal are smaller and the actual contact area more nearly 
equals the theoretical area of the surfaces in contact. Values 
that the author calculated from the results of more than a 
hundred press fits in which one of the members was finished by 
grinding and the other either by grinding, finish-turning, or 
rough-turning show practically no effect of this difference in 
finish. It is to be expected, however, that there is a limit 
beyond which the ridges on rough-finished parts will shear off 
during assembly and a low tonnage will result. It is probable, 
also, that the force required to press the members apart will be 
less if the finish is poor than if it were good, even though the 


3 N. N. Sawin, American Machinist, May 31, 1928, p. 889. 
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force required to press them together were the same in both 


cases. For this reason and because grinding allows closer 
tolerances and more accurate measurement and seems to produce 
greater uniformity of results, ground surfaces are preferable. 

After a shaft is pressed into a hub, the lubricant in time 
tends to squeeze out and the metal surfaces to freeze together, 
and a greater force will be required to press the shaft out if the 
fitted parts are allowed to stand for several days. A greater 
force will be required also to press a shaft out of a ring that 
has been shrunk on than if a press fit has been made with the 
same allowance. This fact is due, probably, to some lubricant 
remaining between the surfaces of a press fit and to the wearing 
of a path in the metal when the shaft is forced into the hub. 

One of the laws of friction for partially lubricated surfaces 
is that the coefficient of friction increases with increase of pres- 
sure per unit area. The pressures between fitted surfaces in 
practice range from about 2000 lb. per sq. in. for very light fits 
to more than 15,000 lb. per sq. in. for heavy fits. For this 
range variations in pressure seem to exert no effect on the co- 
efficient of friction between the surfaces—probably because the 
pressures are so high. 

The hardness of the metal, its chemical composition, and 
whether it is cast, forged, or rolled appear to have much less 
effect on the friction coefficient than the other variables. 

Actual coefficients of friction in pressing a shaft into a hub 
may vary from about 0.040 to 0.340. The coefficient in pressing 
the shaft out of the hub is usually greater with a minimum 
value of about 0.10. 

The author found coefficients of 0.10, 0.11, 0.11, and 0.14 
in pressing 5'/,-in. diameter oil-quenched steel shafts of about 
175 Brinell hardness into hardened cast-steel spiders of 160 
to 260 Brinell hardness. When the shafts were pressed out 
after the fits had stood for 24 hours or more, the respective 
coefficients of friction were 0.14, 0.14, 0.12, and 0.15. Co- 
efficients in pressing apart shrink fits were 0.16 and 0.17, about 
25 per cent greater than the corresponding values for press fits 
made with the same shafts and hubs. In another series of 15 
press fits for which the author recorded data, the coefficients 
of friction in pressing in the shafts ranged from 0.075 to 0.25, 
with an average value of 0.15. In these cases the shaft was 
6'/is in. in diameter and of medium carbon steel quenched in 
oil. The ring was a pinion of the same material treated in like 
manner. The hardness of both shaft and pinion was about 170 
Brinell. As in the cases cited heretofore the lubricant used in 
making the press fits was a mixture of white lead and light machine 
oil and the fit surfaces were ground. In all cases, also, great 
care was taken to obtain correct measurements of shaft and 
bore, readings being taken on a number of diameters in several 
planes and the micrometer calipers being checked against each 
other and against a standard gage. 

In tests‘ with a tapered, ground, hardened steel shaft of 6'/. 
in. mean diameter and a hardened steel pinion with a ground 
bore the coefficients of friction in forcing out the shaft were 
0.15, 0.17, and 0.21. The coefficients in forcing out the shaft 
after shrink fits had been made with the same allowances were 
0.21, 0.22, and 0.23, respectively. The average shrink fit 
coefficient is about 25 per cent above the average press fit value. 

In extensive researches on force fits N. N. Sawin’ pressed long, 
tapered steel shafts through thick steel and cast-iron rings, 
thus gradually increasing the fit as the shaft was forced through 
the ring. The shafts and ring bores were ground, and when the 
fits were made, rape oil was used as a lubricant. While few 


‘This work was done by J. G. Ritter, Mechanical Engineer, 
Westinghouse Electric and Manufacturing Company. 
5 N. N. Sawin, loc. cit. 


numerical values were published, certain test data sent to the 
author yielded coefficients of friction for hardened steel shafts 
and rings of 0.054 to 0.22, with an average of 0.11. The di- 
ameters of the shafts used were 0.315 to 8.2 in. In some cases 
the coefficient of friction decreased as the shaft progressed 
through the ring; in other cases it remained practically the 
same. 

Records of over two-hundred press fits published by C. F. 
MacGill® gave coefficients of friction for steel shafts and steel 
hubs ranging from 0.077 to 0.33 and for steel shafts and cast- 
iron hubs from 0.053 to 0.30, the average of all values being 
0.17. The finish of the surfaces was not mentioned. 

Coefficients of friction were computed by the author from data 
on 123 press fits, about half of which were made with both 
bore and shaft ground and the remainder with either the shaft 
turned and the bore ground or the shaft ground and the bore 
rough or finish-bored. Shafts were of heat-treated medium 
carbon or alloy steel, and outer members, which were gears or 
pinions, were of heat-treated medium carbon cast, rolled, or 
forged steel. The values of the friction coefficient varied from 
0.03 to 0.25, the lower values being undoubtedly due to yielding 
of the soft steel around the bore because of too large fit allow- 
ances. The average coefficient where either bore or shaft 
was not ground was 0.091, while for ground shafts and bores 
the average was 0.086, about 6 per cent lower. It would seem, 
therefore, that the method of machining the fit surfaces has 
little effect on the coefficient of friction and the tonnage necessary 
to make the fit. 

Except for the classic experiments of Wilmore,’ the author 
knows of only one series of tests of fits in torsion. Four shrink 
fits were made® with shafts 2'/, in. in diameter, and the coeffi- 
cients of friction ranged from 0.25 to 0.33. 

A general average of the coefficients of friction realized when 
pressing in shafts would be probably in the neighborhood of 
0.15. For pressing out shafts the coefficients are somewhat 
higher than for pressing in, and for twisting the shafts in the 
fits the values are greater still. Therefore, in the determination 
of the torque that a press fit will transmit and the force that 
should be required to press the parts together, it is reasonable 
to use a value of 0.10 for the coefficient of friction in torsion 
and 0.075 in making the fit, and these values have been found 
to give satisfactory results. 

Since the torque that the fit is capable of transmitting de- 
pends on the coefficient and the area of the fit surfaces in contact, 
this torque may be expressed as 


T = =f (9) 


where 7’ is the torque in pound-inches, f is 0.10 for a press fit 
and 0.125 for a shrink fit, P is the pressure obtained from Figs. 4 
or 5, L the actual length of the fit, and d the shaft diameter. 
While it is fairly certain that the values suggested for / are 
conservative, they are based largely on coefficients realized 
in pressing shafts and hubs together; consequently, it is ad- 
visable to allow a safety factor in Equation [9]. However, 
for the common fit allowances and the usual proportions of bore, 
hub length, and hub thickness it will be found that there !s 
ordinarily a generous factor of safety; in fact, in medium ind 
large-size machinery it is surprising how seldom a key is neces=\") 
to transmit the power. 


*C. F. MacGill, A.S.M.E. Journal, November, 1913, p. 1657. 

7 John J. Wilmore, American Machinist, February 16, 1899. 

* These experiments were made by 8S. Timoshenko and L. 
Jacobsen, then of the Engineering Department, Westin 
Elec. & Mfg. Co. 
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In a similar manner the average force in tons required to 
force the parts together may be stated as 


In this equation 0.075 may be used as an average value of fi. 
Values of f;, however, may vary from a minimum of about 0.05 
to a maximum of about 0.30, so that the tonnages also will vary 
within wide limits. P, L, and d are the same as for Equation 
{9}, and it will be observed that the force of pressing is in direct 
proportion to L, the length of the fit. In case a key has been 
used, the area xd must be reduced by the area of the key- 
way. 

With the equations presented every important question 
concerning a fit can be determined in advance. Furthermore, 
if the force required to make a press fit be recorded, an excellent 
estimate can be had of the torque that the fit will transmit. 
It is to be hoped also that more experimental data will soon be 
available on coefficients of friction for fits subjected to torque; 
and if so, perhaps designers will be inspired with more confidence 
in press fits and shrink fits and the use of keys will be confined 
to the few cases of necessity. 
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Discussion 


D. V. Waters. This paper is one that we can use in our 
every-day life. However, where mating parts are made in quan- 
tities not sufficient to justify the use of gages, it would seem that 
the safest plan would be to use keys, as we cannot always depend 
upon the man in the shop giving us the fit we should have. It is 
true that the stress concentration due to keyways is undesirable, 
but it may be somewhat minimized if they are cut with a disk- 
type cutter instead of an end mill, and if care is taken that the 
keyways do not extend clear to any shoulder that may be turned 
upon the shaft. ° 

This is not intended in any way as a criticism, as for parts made 
with gages to interchangeable limits a good shrink or press fit is 
no doubt entirely adequate to transmit the torque required. 


E.O. Waters.” Designers have grown used to employing the 
press fit and shrink fit as a means of securing rigidity in an as- 
semblage of parts, without regard to the possibility of trans- 
mitting torque. It is fortunate that the author of this paper has 
seen fit to call attention to this possibility, and there can be no 
doubt that his straightforward analysis of the stresses and pres- 
sures involved, leading up to a simple method for calculating the 
torque capacity of one of these tight fits, will prove very useful 
in future design and construction. 

However, it appears that the author, in his enthusiasm for 
press and shrink fits, has treated the keyed fastening with some- 
what less than justice. Is it generally true that the elimination 
of keys and keyways reduces manufacturing ‘costs? It would 
Seem self-evident that, if the fit is relied upon to transmit the 
torque, the manufacturing tolerances must be held within much 
closer limits, and special equipment will be needed to make the 
assembly, Moreover, the process of disassembly becomes more 
difficult. 

, * Development Engineer, in charge of Machine Design Division, 
Western Electric Company, Chicago, Ill. Mem. A.S.M.E. 

_'° Associate Professor of Mechanical Engineering, Yale University, 
New Haven, Conn. Assoc-Mem. A.S.M.E. 
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In the second place, what may be called the “space efficiency”’ 
of a keyed joint is much greater than that of a press fit. Assume 
for example, that a steel hub of diameter 2d is keyed to a steel 
shaft of diameter d with a steel key of width '/,d. Then, if S, 
represents the shear stress in the key, the torque transmitted per 
inch of length is 

d? 
Vd X'/d XS, = 

Compare with this a friction fit in which the shear stress at the 

bore of the hub also equals S,. Then, in the author’s notation, 


S, = and S. = S,[1 — (d/D)?] = 4/8, 


With a coefficient of friction of 0.10 and a factor of safety of 2 
against slippage (roughly equivalent to the factor of safety against 
overstress that would probably be used in the case of the key), 
the torque per inch of length is 


0.10 d? §, 
1 /S,xX da = — 
X 2 xX X i7 
If the hub is made of cast iron with an assumed maximum ten- 
sile stress of '/,S,, then 
1 — (d/D)? 
“1+ @/D)? 


and the torque per inch of length is 


x 1/8, = 0.38, 


aS, 


0.10 


In one case, the friction fit would have to be over twice as long, 
and in the other, over five times as long as the keyed fit, to trans- 
mit the same torque. This would indicate that the force or 
shrink fit is best suited to transmitting torque when the hub takes 
only a small portion of the maximum torque capacity of the 
shaft—a condition excellently exemplified in the street-railway 
application cited by the author. 


A. M. Want." The author deserves credit for presenting a 
fairly simple means for evaluating shrink and press-fit allow- 
ances, together with convenient graphs for the use of the prac- 
tical designer. In looking over the paper, the writer noted the 
statement on the second page to the effect that, if the yield point 
of the material were exceeded, a light fit would result. Assuming 
that we have a ductile material, so that yielding occurs under 
practically constant stress, it is not quite clear to the writer just 
why this loss of fit would occur. Possibly an explanation of this 
phenomenon would involve plastic after-effects or the shape of 
the stress-strain diagrim on removal of load. The writer was 
also wondering whether this loss of fit due to yielding had actually 
been observed in practice, although it appears to be the general 
opinion among engineers that this will occur. Of course, where 
brittle materials, such as cast iron, are involved, it is clear that 
too high a stress will result in fracture, with consequent loss in 
fit. If this loss of fit actually occurs for steel shrink or press fits, 
when the allowance is such that the yield point is exceeded, the 
writer would be interested in obtaining a rational explanation. 


Sanrorp A. Moss. The formulas for stress which the author 
uses are all correct, regardless of any comparison with Lamé, Cla- 
varino, and Birnie. However, as an actual fact, the formulas pro- 


11 Research Engineer, Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh, Pa. Jun. A.S.M.E. 

12 Mechanical Engineer, Thomson Research Laboratory, General 
Electric Company, Lynn, Mass. Mem. A.S.M.E. 
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posed by those three gentlemen are also all correct and in agree- 
ment with Mr. Baugher’s formulas. All of the formulas take 
proper account of the lateral contraction expressed by Poisson's 
ratio. Lamé’s formulas only go as far as giving internal stresses. 
The Birnie final form uses the stresses as given by Lamé or Mr. 
Baugher, but adds them together so as to obtain a criterion for 
failure according to the maximum strain theory. The Clavarino 
final form is for a cylinder with internal pressure with heads, 
and also on the basis of the maximum strain theory. Mr. 
Baugher gives reasons which seem to be correct for using the 
maximum shear theory instead of the maximum strain theory. 
So far as is known, this was applied to force fits for the first time 
in the General Electric Review paper which Mr. Baugher mentions. 
A rational derivation of all of these formulas is given in a paper, 
“Increase of Bore of High-Speed Wheels by Centrifugal Stresses,”’ 
Trans. A.S.M.E., 1912. This paper gives an explicit and easily 
followed demonstration of two fundamental principles applying 
to any sort of stresses in thick cylinders, called Lamé’s laws. 
These are: 

(1) The sum of the values of radial and tangential stresses at 
any radius has a constant value. 

It follows that the longitudinal strain (which is the sum of the 
lateral contractions due to radial and tangential stresses) is the 
same at all radii. 

(2) The difference between the values of the radial and tan- 
gential stresses at any radius varies inversely as the square of 
the radius. 

This statement of Lamé’s laws is based on the convention that 
tensile stresses are positive and compressive stresses negative. 
On this basis, all of the author’s compressive stresses should have 
& minus sign, which seems to me to be the most consistent way of 
handling the matter. The writer has not seen Lamé’s original 
paper, but has understood that he does not give a thorough deri- 
vation of his laws. The laws are correct, however, based on the 
use of Poisson’s ratio, and, as stated, are rationally deduced in 
the 1912 A.S.M.E. paper. 

Mr. Baugher is of course aware that the transmission of torque 
by means of a shrink fit, as he proposes, is standard practice in 
many cases, and the advantages he claims for it have been found 
to be true. However, Mr. Baugher introduces a number of 
numerical values which have not been before brought together. 
It would be desirable if he would give a value of f for his Equation 
[9], which has a proper factor of safety for a specified case, so 
that Equation [9] will give a value of torque which will be trans- 
mitted with a factor of safety proper in Mr. Baugher’s judgment. 


Joun Mawnsa.'* The author presents formulas and graphs 
for determining the maximum tensile stress in a hub and the ra- 
dial pressure per unit surface of a fit. The formulas are clearly ex- 
plained and the graphs are very convenient to use. The paper 
is therefore a help for the designing engineer. 

However, when one reviews his friction data, it will be seen 
that there is a rather discouraging variation in the observed fric- 
tion coefficients. The writer is of the opinion that this might 
be because the calculation of the friction coefficients have been 
based on assumptions which do not represent true conditions. 

An example will show more clearly what is meant than an ab- 
stract treatment. 

In Fig. 6, S is a shaft fitted ina hub H. The fit is transmitting 
a torque 7. Mr. Baugher assumes that each unit of the fit sur- 
face is transmitting an equal part of the torque 7. As the in- 
ternal torque in the shaft is 7 at the beginning of the fit (section 
A-A) and zero at the end of the fit (section B-B), then the average 
torque in the part of the shaft within the fit is '/, T. The angu- 

13 Qil-Engine Designer, Ingersoll-Rand Company, Phillipsburg, 
N. J. Mem. A.S.M.E. 
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lar distortion of section A-A relatively to section B-B will be 


T x L 


(radians) 
/ 32 


where 7’ is the total torque transmitted through the fit, L the 
length of the fit, d the diameter of the fit, and G the shearing 
modulus of elasticity for the shaft material. 

This proves that for the assumed torque distribution there is 
a definite angular deformation of the shaft between the sections 
A-A and B-B. If now, and that will practically always be the 
case, the elasticity of the hub is different from that of the shaft, 
then a relative movement between the shaft and the hub must 
take place somewhere in the fit. But a sliding in some parts of 
the fit will destroy the joint, and therefore the assumption of 
uniform torque transmission cannot be correct. 
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The correct torque distribution must be determined by assum- 
ing no relative movement between shaft and hub in any part of 
the fit. This problem is practically the same as to find the stress 
distribution in a torque-transmitting shaft of varying diameter. 
A solution of that problem is given by F. A. Willers.'* 

Fig. 7 gives the approximate picture of the “torque flow” 
through a fit from a shaft to a hub. The lines a are equiino- 
mental lines; one-quarter of the torque is flowing between the 
surface and the line a;, another quarter of the torque is flowing 
between the lines a; and a, and so on. The lines b are called 
equiangular lines; they are connecting points with the same an- 


14 Zeitschrift fir Mathematik und Physik, vol. 55, 1907, pp. 225-263. 
Porter has used the same method for determining the stiffness of 4 
shaft with varying diameter. Trans. A.S.M.E., paper APM-50-5. 
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gular distortion. It will be seen that for this special fit one- 
quarter of the torque is transmitted through one-twentieth of 
the surface (located between section A-A and C-C). If a joint 
like this is twisted to the point of sliding, then the friction coef- 
ficient calculated by Mr. Baugher’s Equation [9] (in the following 
referred to as the ‘apparent friction coefficient’’) will be five times 
smaller than the true friction coefficient, existing between section 
A-A and C-C. 

If the true friction coefficient always was five times the appar- 
ent, then the error would be of no importance. However, the 
relative values of the fillet radius R, the diameters d and d,, 
the length L, and the outside diameter of the hub D have an over- 
whelming influence on the ratio between the apparent friction 
coefficient and the true one. The ratio varies from 1 to 10, or 
even more for fits of commonly used design. 

From this it is obvious that for the calculation of a fit the 
knowledge of the torque distribution over the surface of the fit is 
as important as the knowledge of the friction coefficient. The 
large variation of the friction coefficients determined by the 
author might more or less be due to the disregarding of the torque 
distribution in the different fits tested by him. 

The writer has referred only to torque-transmitting fits. Of 
course, similar conditions take place when a fit is subject to a 
force in axial direction. 


CuaARLEs JaABLOW.“ The paper is a concise and useful treatise 
for any engineer in making or using press or shrink fits. Some 
of the suggested methods of calculation have been given the 
acid test over a period of years and this has resulted in entire 
satisfaction. 

In reading the paper there are several points that suggest them- 
selves. One thing is that it is not only important to know the 
torque that a fit will transmit, but of greater import is it to arrive 
at the true value of torque that the fit will be called upon to 
withstand. Many loose fits, of course, can be traced to the vari- 
ous factors enumerated. The writer wishes merely to point out 
that the normal duty of the fit will be only a fraction of the oc- 
casional duty, and therefore it is desirable to predetermine the 
maximum possible rates of acceleration or retardation and the 
inertia of the connected masses. “The writer has in mind a pinion 
fit of a car or locomotive motor during an emergency brake appli- 
cation or perhaps a flashover in the motor. Under such condi- 
tions, the normal duty of the fit falls far short of requirements. 

It is hardly conceivable to imagine a key working in parallel 
or as an aid to a fit. The writer’s experience includes sheared 
keys that failed at about six times the maximum torque for which 
they were designed. Had a fit alone been used in this applica- 
tion, it is probable that the shrink fit would have been adequate. 
In spite of the admission that keyways are not always cut ac- 
curately in the plane of the axis of the shaft, many designers are 
prone to insist upon their use, and in the case of an electric motor, 
where a loss of a fit without a key might result in excessive over- 
speed, causing failure of the motor, these keys may be justi- 
fied. 

The lubrication of a press fit has been referred to, but few con- 
sider the lubrication in a shrink fit. It has been our experience 
with a ground shaft and ground bores that where extreme care 
was taken with the ring gage to check the shaft and a plug gage 
to check the pinion, the resulting lubricant remaining in the bore 
due to the prussian blue check resulted in just a sufficient film 
of lubricant to seriously affect the holding power. With the 
method of heating formerly used in the particular case referred 
to, this lubricating film was not removed. Subsequent heating 
with a gas torch in the bore, to the same temperature as previously 


‘* Railway Equipment Engineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. Mem. A.S.M.E. 


used, resulted in very much higher tonnages. It is therefore im- 
portant to notice that the character of the machine fit is not the 
all-important thing it seems. 

It is the practice among certain manufacturers to specify ton- 
nage instead of fit allowance. If, as the author indicates, the 
lubricant is squeezed out in the fit, this would seem to be a great 
fallacy, and it is more important to make sure that the fit allow- 
ance is had. It is no secret among men operating a press that 
they will obtain the tonnage required almost in spite of the fit 
allowance. 

The author is to be commended for clarifying the points in- 
volved in making press and shrink fits. 


AvuTHOR’s CLOSURE 


The point raised by Mr. D. V. Waters regarding the use of 
keys where mating parts are made without gages is well taken. 
The author’s experience, however, has been largely with mis- 
cellaneous gears, quite often fitted without keys and for which 
gages usually were not used, and there have been practically 
no cases of trouble resulting from insufficient fit allowances. 

What Professor Waters says of the increased cost brought 
about by closer tolerances and special equipment necessary in 
employing press and shrink fits is probably true in many in- 
stances; yet it is the author’s belief that, in the majority of 
cases where keys are used, a press fit or a shrink fit also is used, 
as Professor Waters brings out, to secure rigidity. 

The second point raised by Professor Waters is very interesting, 
although the author cannot agree with the conclusions. Several 
errors seem to have been made in deducing the equations, so 
that a true comparison cannot be made with the equations as 
presented. 

First, in the expression d?S,/8 in his first equation, S, is the 
shearing stress in a steel key (see Fig. 8); whereas in the third 
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equation S, is the maximum shearing stress in a steel hub (see 
Fig. 9). A comparison of the two equations becomes, therefore, 
a comparison of the allowable shearing stress in key steel with 
the allowable shearing stress in the steel of which the hub is 
made. Obviously, the two allowable values are seldom the 
same; and as key stock is usually low-carbon steel, the ad- 
vantage will most often be decidedly in favor of the material in 
the hub, especially if it is heat-treated. Therefore it cannot 
be said that for a steel shaft and hub the “space efficiency” of 
a press fit is only half that of a keyed joint, since for many cases 
it may be equal or greater, depending upon the materials used. 
Second, a safety factor of two is used in the third equation, but 
none is used in the first equation. This factor alone accounts 
for the difference in torque capacity represented by the two 
equations. 

These discrepancies apply also to the comparison of the first 
and fifth equations. In addition, the assumption made in 
deducing the fourth equation—i.e., ‘‘cast iron with an assumed 
maximum tensile stress of '/, S,”—is open to question, since 
the failure of cast iron in torsion is actually a tensile failure. 
Most published data give the maximum tensile strength of cast 
iron as 0.83 to 0.90 of the maximum strength in shear. If the 
lower value were used, the fourth equation would become S. = 
0.5 S,, and the right-hand side of the fifth equation would be- 
come d*S,/25. If the safety factor were then omitted, as in 


, 
Se Se 
c 
WN YS 4 
Fig. 8 
: 


92 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


the first equation, the right-hand side of the fifth equation would 
become d?2S,/12.5. A fair comparison may then be made be- 
tween the first and fifth equations. It must be remembered, 
however, as before, that the values of S, in the two equations 
are not the same. 

The author is convinced, also, that when more comprehensive 
results are available on the behavior of fits in torsion, the safe 
value of f will be found to be several times the figure of 0.10, 
which is recommended in this paper and used in Professor 
Waters’ third and fifth equations. If this proves to be true, 
the third equation will become at least equal to and perhaps 
greater than the first equation, even though the other points 
are neglected. 

Therefore it seems to the author that Professor Waters’ equa- 
tions really show that the “space efficiency’ of a press fit is 
greater than that of a keyed joint when the hub is steel and is 
nearly equal to that of a keyed joint when the hub is cast iron. 
There is considerable proof in practice that this is true for a 
steel hub. 

The author was fortunate in being able to consult Dr. A. 
NAdai, an authority on the plastic state of metals, with regard 
to the question raised by Mr. Wahl. The answer to this ques- 
tion is, as Mr. Wahl suggests, the plastic flow which occurs 
when the material in the hub is stressed beyond the yield point. 
If a straight bar is stressed above the yield point and the load 
is then held constant, the bar will continue to stretch a small 
amount. The same action takes place in a plastically over- 
stressed hub of a press fit. Therefore what the author has 
called a decrease in the coefficient of friction is really a decrease 
in the pressure between the two parts. If, in such a case, Equa- 
tion [10] be reversed in order to determine the friction coefficient 
fi: from actual data observed in making a fit, the theoretical 
value of P obtained from the pressure chart will be greater 
than the pressure which actually existed between the fitted 
parts, and the error will show in a decreased value of fi. The 
author has observed such a result a number of times when the 
fit allowance was so high that there was little doubt that the 
yield point of the metal in the hub had been exceeded. 

The comments of Dr. Moss are a valuable contribution in 
clarifying the questions which the author was unable to explain, 
regarding the formulas given by the various authorities. In 
a number of texts on machine design and mechanics of materials, 
however, there does seem to be a lack of agreement concerning 
the form of the equations attributed to the different authorities. 

Regarding the value of f which has a proper safety factor for 
use in Equation [9], the author believes that 0.05 represents the 
minimum value that need be used on the basis of present knowl- 
edge of press fits. The use of this value, of course, is equiva- 
lent to incorporating a factor of safety of 2 in the equation, the 
other values remaining as recommended on the fourth page. 
With what may be termed standard proportions of machine parts 
in use at present, the factor of safety above the torque to be 
transmitted usually will be considerably greater than 2 for a 
value of f equal to 0.10 and a value of e equal to 0.001 in. per in. 


16 Research Engineer, Westinghouse Electric and Manufacturing 
Company. See paper “On the Mechanics of the Plastic State of 
Metals,”" presented at annual meeting of the A.S.M.E., December, 
1929, and others. 


of shaft diameter. As stated before, the author believes that 
when more data are available on the behavior of fits in torsion, 
the safe value of f will be found to be much greater than 0.10. 

Every one who has compiled results of a large number of press 
fits has observed a great variation in the coefficient of friction. 
The author does not feel, however, that Mr. Mansa’s explanation 
offers a complete solution, because he does not believe that the 
case of axial force in making or disassembling a fit—from which 
practically all the data given in this paper are taken—is similar 
to the case of twisting. The former is a case of constantly 
increasing area of contact—in pressing two parts together— 
accompanied by a proportionately increasing force, while the 
latter is a case of non-uniform distribution of torque. 

Mr. Mansa’s discussion of the correct torque distribution is 
of great importance. The author is familiar with Willers’ 
method of determining the stress distribution in a shaft of vary- 
ing cross-section. In fact, Timoshenko and Jacobsen applied 
this theory in 1924 to the case of press and shrink fits in the un- 
published report to which the author referred on the fourth page. 
This report brings out several interesting facts. One is that 
slippage starts at one end of the fit—at A-A in Fig. 6, for ex- 
ample—and progresses with increase of torque until the entire 
fit slips. This result, of course, is to be expected. The torque 
required to produce the initial slip does not increase as the length 
of the fit is increased beyond a length of about half the shaft 
diameter. The torque required to produce complete slip does 
increase, however, directly in proportion to the length of the 
fit. The coefficients of friction at the instant of complete slip, 
as computed from an equation similar to [9], were found to be 
in the neighborhood of 0.30, as noted on the fourth page. Ac- 
cording to Willers’ theory, the torque required to produce 
initial slip will decrease, as Mr. Mansa suggests, as the fillet 
radius—R in Fig. 7—is decreased. Since in the majority of 
fits in practice the hub is pressed directly on a straight shaft 
so that there is no fillet, it is to be expected that initial slip of 
such fits takes place at very low values of torque. There seem 
to be no serious results of such conditions, however, and hun- 
dreds of cases can be cited where the fits are performing satis- 
factorily. 

As the analysis given by Mr. Mansa assumes that there is no 
slip between hub and shaft, it would seem that a solution by 
this method would yield only the torque necessary to produce 
first slip, which in most cases is probably quite low in comparison 
with the ultimate torque capacity of the fit. Practical experience 
proves that it is not necessary to limit the torque to be trans- 
mitted to the initial slip value. Therefore, in view of these 
facts, it seems to the author that there is considerable justi- 
fication for a simple statement of the ultimate torque capacity 
of a fit, as expressed by Equation [9], in which the value /, is 
admittedly an average coefficient of friction. 

It is unnecessary for the author to emphasize the importance 
of Mr. Jablow’s statement with regard to the correct deter- 
mination of the maximum torque that a fit will be called upon 
to transmit. In many applications the maximum torque can 
be easily computed, but in others it cannot. Unless it is known 
quite exactly, however, similar safety factors must be used for 
the fits as are used in determining the design of the other parts 
of a machine. 
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Cutting Tools 


By W. A. BECKER! ano E. E. GORDON,? KOKOMO, IND., ano W. A. WISSLER,? LONG ISLAND CITY, N. Y. 


This paper describes briefly the physical properties of 
Haynes Stellite and gives the more important details of 
several types of machining operations on which it is being 
successfully used. Its most important property is red 
hardness. Measurements of hardness were made by an im- 
proved method up to 1100 deg. cent. The resulting data 
show that the cobalt-chromium-tungsten alloy is harder 
than high-speed steel at temperatures above 500 deg. cent. 
This is believed to account for its superior cutting quality. 

When used for milling, three typical jobs on cast iron 
show 87, 100, and 27 per cent increased production, re- 
spectively, on high-speed steel. On boring cylinder blocks 
the increase was 64 per cent. Turning operations in cast 
iron show 33, 35, and 60 per cent increase in production, 
and on steel, 123 and 93 per cent. 

In general, Stellite bits and blades can be used economi- 
cally on all operations on cast iron, semi-steel, malleable 
iron, bronze or similar 
metals, and on mild steel 
if the section is heavy and 
the tools are rigidly sup- 
ported. It has not been 
successful on automatic or 
semi-automatic machines 
for cutting steel. 


AYNES STELLITE 
is a non-ferrous alloy 
consisting essentially 

of cobalt, chromium, and 

tungsten, invented and 
patented by Elwood Haynes, 
who is also credited with having built one of the first successful 
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W. A. Becker 


‘ Sales Engineer, Haynes Stellite Company. Mr. Becker spent 
five years in the employ of several of the large machine-tool and 
motor builders, actively engaged in research on the fundamentals 
of milling, boring, turning, ete., studying from both the practical 
and theoretical angles. Immediately following this work, in 1920 
he became a sales engineer for the Haynes Stellite Company, con- 
nected first with the Detroit office and then in the Chicago territory. 

? Sales Engineer, Haynes Stellite Company. Mr. Gordon has 
been a sales engineer for the Haynes Stellite Company since 1922, 
working in both the Cleveland and Detroit offices. Immediately 
Prior to this he was engaged for six years in production work, time 
study and research on problems relating to the most efficient use 
of steel and alloy tools in one of the large automobile shops. The 
practical experience gained by this work was supplemented by tech- 
nical training along the lines indicated. 

* Metallurgist, Union Carbide and Carbon Research Laboratories, 
Inc. Mr. Wissler became metallurgist for the Haynes Stellite Com- 
pany in 1917 and was closely associated with Elwood Haynes during 
the development period of the company. In 1923 he was transferred 
to the Union Carbide and Carbon Research Laboratories in charge 
of research and experimental work on alloy cutting tools. Prior to 
the connection with the Haynes Stellite Company he had secured 
degrees in chemistry and electrometallurgy and had held several posi- 
tions more or less closely connected with the non-ferrous alloy industry. 

Contributed by the Special Research Committee on Cutting of 
Metals and presented at the Annual Meeting, New York, N. Y., 
— 1 to 5, 1930, of Tae American SocreTy oF MECHANICAL ENGI- 

ERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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automobiles. The early experiments were directed toward the 
development of a non-tarnishing alloy for use in the manufac- 
ture of cutlery, but it was soon found that the addition of tung- 
sten conferred a high degree of hardness; the resulting alloys were 
tested and found satisfactory as cutting tools in the Haynes 
automobile plant. The superiority of the alloy over cutting tools 
then in use was very striking, and its introduction into the ma- 
chining industry progressed more or less rapidly until the war, at 
which time the alloy took its place as an important factor in the 
rapid production of war supplies. Its widespread use in sub- 
sequent years needs no description. 

It is obvious that the properties of these alloys will vary con- 
siderably, depending upon their relative compositions. Some 
of them are soft enough to be forged and rolled to a very limited 
degree; these grades are used for knives and similar purposes. 
As more tungsten is added the hardness increases, reaching 
its maximum in grade No. 3, which is used largely for machine 
tools. Grade No. 1, furnished 
as welding rod, is almost 
equal to No. 3 in hardness, 
but has been especially 
adapted for welding on ma- 
chine parts subject to abra- 
sive wear. This paper will 
be confined to No. 3, and 
all data and figures given 
refer to this grade of metal, 
which must be cast to shape 
and finished by grinding. 

Aside from the cutting 
quality of the tool, which at 
the present time must be de- 
termined by an actual cutting test, there are a few physical 
properties that are of sufficient interest to the subject at hand 
to be tabulated herein. Comparative strength figures, deter- 
mined by a cantilever method duplicating rather closely the 
conditions under which a lathe tool operates, show that Stellite 
is admittedly weaker than high-speed steel; this is, however, 
compensated for in the design of tool holders and tools, and 
causes but little trouble in operation. 

TABLE 1 PHYSICAL PROPERTIES 


High-speed steel, 
Stellite No.3 hardened and drawn 


W. A. 


Hardness cold: 
Rockwell 


Tensile strength, lb. per sq. in 
Compressive strength, Ib. per sq. in.... 
Cantilever strength ('/3 in. sq., 1 in. 
overhang), Ib 

Haynes Stellite is usually thought of as being an extremely 
hard alloy, but its hardness when measured cold is not unusually 
great, as will be seen in Table 1. This fact makes it difficult 
to account for the superiority of the alloy as a cutting tool until 
it is realized that the cutting edges of tools in operation are 
heated to surprisingly high temperatures. It is very seldom 
that a visual examination of a lathe tool in operation gives any 
indication of a red heat, but Mr. E. G. Herbert, who has carried 
out extensive researches in England on the mechanism of cutting, 
has given definite determinations of cutting-tool temperatures.‘ 
By using a set-up in which the tool and the billet are made the 


4 American Machinist, Feb. 18, 1926, p. 281. 
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elements of a thermocouple, and using very sensitive instru- 
ments for recording by photographic methods, Mr. Herbert 
determined that cutting-edge temperatures vary from 250 to 
700 deg. cent. while cutting dry and from 100 to 525 deg. cent. 
when using a coolant, the temperatures being higher with greater 
cutting speeds. Obviously, if the tool does its work at such 
high temperatures, the effective hardness is the hardness of the 
tool within that range of temperatures. Mr. Herbert carried 
on experiments correlating the cutting quality and red hard- 
ness of different high-speed steels heat-treated by different 
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methods, and concluded that high-speed steel tools could be 
evaluated by a “figure of merit’’ consisting of a certain hard- 
ness at a certain temperature, the temperatures being some- 
where in the neighborhood of 600 deg. cent. For these experi- 
ments the pendulum hardness tester was used. 

In view of the importance of the red hardness property in 
cutting tools, the Union Carbide and Carbon Research Labora- 
tories has investigated hardness from ordinary temperatures 
to as high as 1100 deg. cent. After quite a number of experi- 
ments it was decided that the Monotron hardness-testing machine 
(Fig. 1) would be most readily adaptable for the purpose. This 
machine can be equipped with a furnace so designed that the 
hardness of a bar may be determined without removing it from 
the furnace, thus eliminating heat losses with the exception 
of those occurring by conduction through the penetrator, and 
by making the determination as quickly as possible these losses 
can be reduced to a minimum. Using this apparatus, data 
have been secured from which curves (Fig. 2) have been drawn 
showing the average hardness of Haynes Stellite and several 
makes of high-speed steel from room temperatures to 1100 deg. 

5 Cutting Tools Research Committee, Institution of Mechanical 
Engineers, London, Dec. 2, 1927. 


cent. At temperatures of 500 deg. cent. and higher, Haynes 
Stellite is harder than any steel tool or ferrous alloy as yet ex- 
amined. This property is believed to be the dominating factor 
in the values of Haynes Stellite—supporting evidence being 
offered in that the successive development of plain carbon steel, 
Mushet steel, chromium-tungsten and chromium-tungsten- 
cobalt high-speed steel has resulted in every case in the produc- 
tion of a tool having greater hardness at higher temperatures. 

The large majority of Haynes Stellite cutting tools are furnished 
in the form of bits and blades of solid Haynes Stellite, but for 
certain purposes it is advisable to use a welded tool consisting 
of a tough steel shank and a Haynes Stellite tip. It is recom- 
mended that solid tools be used in every case where it is possible 
and economical and that welded tools be used only on jobs where 
there is considerable overhang and when the size of the tool 
would result in extremely high costs if it were made solid. On 
practically all production jobs today tools of cross-section 1 
in. sq. and under are made solid. Solid tools possess maxi- 
mum cutting quality. They are cast in a special manner with 
chilled cutting surfaces. The excessive heat of the welding 
operation incident to the manufacture of welded tools destroys 
some of the outer chill and slightly impairs the cutting quality. 
Extensive tests in large production shops have proved conclu- 
sively that solid tools of Haynes Stellite are 10 to 15 per cent 
more efficient than welded tools. 


TABLE 2 RECOMMENDED GRINDING PRACTICE 
For Machine Grinding 


Ingersoll Gisholt Sellers Lumsden 
Carborundum... 401-A V-S 401-A V-S 36-N.L. 24-R.L. 5 Vit 
8 Alox. Vit. 
Hampden...... 3346-K.Sil. 3346-H.Sil. 3336-J.Sil. 3336-J.Sil. 
3846-K.Sil. 3846-H.Sil. 3836-K.Vit. 3836-I.Sil. 
Precision....... 4623-K.Sil. 4623-H.Sil. 36-K.Sil. 3618-J.Sil. 
Hand Grinding 

Vit. 

46-M-Vit. 


Speeds: 3000 to 4000 ft. per min. 


All cutting tools must be properly ground, and it is natural 
to expect that the proper practice for alloy tools would differ 
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from that for high-speed steel. Experience gained over a period 
of years in our own and customers’ shops enables us to make 
the recommendations listed herewith. In addition to using the 
proper wheels, care should be exercised that the tools are not 
overheated and checked in the grinding operation. The genera- 
tion of sudden heat should be avoided and the tool be heated 
gradually. If heat is suddenly applied, the alloy has a tendency 
to check and crack. : 

No one tool alloy has as yet been found to be the most econom- 
cal on all types of operations. General rules are always ot 
some value, although they always have exceptions, and it is 
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believed the following should be borne in mind in regard to 
Haynes Stellite tools. Machining may be divided into four 
general divisions. One of these consists of the machining of 
cast iron, semi-steel and malleable iron. The second division 
consists of the machining of mild steel when the operation is 
done under conditions having a considerable degree of rigidity, 
by which is meant that the steel casting or forging is of a rigid 
section, the number of tools used is small, and the machine is 
heavy and in good condition. The third type may be said to 
include the machining of light steel parts on automatic or semi- 
automatic machines and the machining of alloy-steel parts. 
The fourth class would consist of a miscellaneous heading, cover- 
ing such materials as chilled iron, brass, bronze, aluminum 
alloys, hard rubber, fiber, mica, and similar materials. These 
materials are grouped not because of similarity, but because 
of their minor importance. It may be said that Haynes Stel- 
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lite cutting tools are nearly always successful on the first and 
second classes, that they have met with but little success in the 
third class, and that they have come into wide use on some 
of the materials in the fourth class. 

Specific applications will be discussed under three general 
headings—milling, boring, and turning. Many of these jobs 
are being done exclusively with Haynes Stellite, and it was 
found necessary to go back a number of years and present the 
data obtained when the alloy was introduced on the job. In 
some instances these records are eight years old. In such cases 
there has been shown the comparison between Haynes Stellite 
and high-speed steel at the years indicated and there has been 
tabulated also the performance of the former at the present 
time. The percentage increase of production is shown based 
on the original figures, inasmuch as it is not possible to esti- 
mate the exact superiority under present conditions. It will 
be noted that a marked increase in the rate of production has 
taken place during the periods shown. This is due partly to 
the extensive experimental and development program carried 
out jointly by the Haynes Stellite Company and the Union 
Carbide and Carbon Research Laboratories, and to a lesser de- 
gree to improved machinery, better material to work upon, 
and to increased knowledge and skill as to how to secure the 
best results. Inasmuch as the authors cannot with accuracy 
estimate the increased production given by high-speed steel 
tools in the same period of time, it has been preferred to base 
the increase in production on the original figures and to 
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show what Haynes Stellite is doing on these jobs at present, 

The authors also have refrained from going into tool cost, 
and in some instances pieces per grind. Tool cost is figured in 
different ways in different shops, and a quotation of such figures 
might be misleading. If tool costs were to be determined with 
a high degree of accuracy, it would be necessary to consider the 
following items: first cost; scrap value, if any; number of times 


_ reground and total cost of regrinding; cost and loss of produc- 


tion due to changing tools. These items divided by the total 
number of pieces produced per tool will give an accurate figure on 
tool cost per unit of production. It is also difficult to give in all 
cases the number of pieces per grind. Some users will continue 
to operate tools that other men would change, and in other 
cases the material being machined varies so greatly that figures 
from day to day are not consistent. It is believed that the 
data given in this paper will enable production men and engi- 
neers to estimate reasonably closely the savings they may ex- 
pect to make in their own shops. 


MILLING OPERATIONS 


Haynes Stellite used for milling has been most successful on 
cast iron, including all grades from grey to semi-steel, and pro- 
duction figures will be confined to examples on this material. 
In the last few years, however, owing to improvement in strength 
and cutting quality, a few milling operations on steel have been, 
and are being, successfully done with Stellite. Although at 
the present time the extent to which steel is milled with Stellite 
is very limited, there is reason to believe that applications of 
this kind will increase greatly in the near future. 

Milling has been divided into three classes—heavy, medium, 
and light; the first two classes being done on jobs such as cylin- 
der blocks, cylinder heads, and crankcases and the latter on 
chain-case covers, manifolds, bearing cups, and other small 
parts. A typical example of each of these classes of operations 
is given. 

Table 3 contains data on the rough milling of cylinder blocks. 
It will be noted that the tools were introduced on a showing of 
an 87 per cent increase in production. Since that time a secon- 
dary increase of 27 per cent has been made, which would give 
an increase of 138 per cent for Haynes Stellite in 1930 over 
high-speed steel in 1922. 

TABLE 3 HEAVY MILLING, CAST IRON 
Rough Cylinder Block, Top and Bottom, Manifold Bearing Cap Slots and 
Valve-Cover Pads; Machine, Line Type Mill 
High-s steel Haynes Stellite 
1922 1922 1930 
Depth of cut, in 
Surface speed, f 


8 
> 10.7 
Increased production, per cent. . 87 


per hour 


An example of medium milling is given in Table 4, which 
shows roughing and finishing the top and bottom of a cylinder 


TABLE 4 MEDIUM MILLING, CAST IRON 
Rough and Finish Cylinder Block, Lae Bottom; Machine, Drum-Type 
1 


High-speed steel Haynes Stellite 
Depth of cut, in 

Surface speed, ft.... 

Feed per minute, in 

Pieces per hour 

Increased production, per cent 


TABLE 5 LIGHT MILLING, CAST IRON 


Manifold; Machine, Vertical Mill 


High-speed steel Haynes Stellite 


Depth of cut, in 

Surface speed, ft. per min 

Feed, in. per min 

nes 
Floor to floor time 

Pieces per hour 

Increased production, per cent.... 


f 
3 
13.6 
1/ 1/ 
119 148 se 
min., sec sec. ‘a 
5 sec. 37 sec. 
: 


TABLE 6 
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MISCELLANEOUS MILLING OPERATIONS 


Cutting speed, Feed, Pieces "a Floor to floor time, 
‘ft. per min. in. per min. grin min. and sec. 
High- High- High- High- Increased 


Haynes speed Haynes speed Haynes speed Haynes speed production 


Part Operation Machine Stellite steel Stellite steel Stellite steel Stellite steel per cent 
Cylinder head..... Rough and finish top and bottom Double-spindle vertical 114 92 15 12 173 30 6’0” 7'30” 25 
Cylinder block..... Profiling base Single-spindle vertical 88 63 5.6 3.7 80 30 9’0” 13’11” 46 
Transmission case. Mill top and side : Line type 126 68 8 5 200 80 1°25” 2’13” 56 
Cylinder block... Rough and finish mill top and NHouybie-spindle rotary’ 104 73 10 7 120 80 1/30" 2'8” 42.5 
Cylinder block..... Finish mill top, bottom and sides Line type, eight-spindle 120 47 7 3.5 250 50 4’5” 7'55" 93 
Crankcase, lower.. Rough and finish mill Line type 7 98 54 16 9 240 100 1’55” 2’55” 52 
Flywheel housing.. Mill joint surfaces Double-spindle rotary 104 73 10 7 100 50 2°30" 3'34” 42.8 
Transmission case. Rough mill top and two sides Single-spindle rotary 125 94 12 9 500 200 3’0” 4’0” 33 
Cylinder head..... Rough and finish mill bottom Double-spindle rotary 126 59 17.5 12 268 200 1’25” 1’54” 

Cylinder head..... Rough mill top, bottom and side Planer type 85 50 5 3 70 30 7'19” 11°30” 57 
Transmission case. Generate flange Single-spindle rotary 100 50 12 6.0 50 30 6’0” 10’0” 67 
Crankease........ Mill top and bottom Two-spindle line type 128 70 5.0 100 20 4’40” 8’30” 82.5 
Crankease........ Mill gear end Plain horizontal 126 75 4.5 150 80 2’0” 3'34” 78.5 
Cylinder block..... Rough mill top, bottom and sides Ten-spindle line type 125 57 8 4.0 100 50 3’33” = 6’51"—s «93 
Cylinder block.... Rough mill bottom Two-spindle line type 75 66 10.5 6.8 100 50 3’0” 420” 44 
Crankcase........ Mill joint Single-spindle line type 125 62 11 5.5 50 20 3’30” 6’0” 71 
Cylinder block..... Mill top bottom and side Three-spindle line type 94 «668 6 4.5 100 50 7’0” 9/15” 32 
Electric flatiron.... Mill bottom Single-spindle rotary 79 #866 7.5 6.0 125 40 0’32” 0'40”" 25 
Solenoid frame.... Mill pad Plain horizontal 79 #841 6.8 2.5 125 30 2'6” 3’52° 84 
Cutting speed, Feed, Pieces 
ft. per min. in. per min. grin 
High- High- High- Increased 
Haynes speed Haynes speed Haynes speed production, 
Stellite steel Stellite steel Stellite steel per cent 
59 139 


TABLE 7 MILLING OPERATIONS, PRESENT PRODUCTION WITH HAYNES STELLITE TOOLS 


Cutting 
in. per 
Part Operation Machine min. min. 
. Rough and finish mill top, bottom bearing cap slots, 

Cylinder block... manifold and valve-cover pads Line type 110 10.5 
Cylinder block... Boneh sae — mill top, bottom, valve-cover and Line type 120 9 
Crankcase...... . Rough and Bnish mill top and bottom Drum type 120 18 
Cylinder block... Rough and finish mill bottom and valve-cover pad Line type 110 8 
Cylinder block... Rough and finish mill top Rotary 91 12 
Cylinder block... Rough and finish mill top and bottom Drum type 92 17 
Cylinder block... Rough and finish mill top and bottom Drum type 91 14.4 
Cylinder block... Rough and finish mill top and bottom Drum type 104 13.8 
Cylinder block... Rough and finish mill ends Drum type 102 12 
Cylinder block... Rough and finish mill ends Drum type 110 15.5 
Cylinder head.... Rough and finish mill top and bottom of cylinder head Line type 90 11.5 
Cylinder head.... Rough and finish mill cylinder contact faces Drum type 124 9.3 
Cylinder head.... Rough and finish mill top, manifold and cover pads Line type 142 13.3 
Cylinder head.... Rough and finish mill cylinder contact and surface Rotary 86 13.5 
Cylinder head.... Rough and finish mill top and cover side Rotary 132 14 
Crankcase....... Rough mill top face Line type 99 13 
Crankcase....... Rough and finish mill lower face Rotary 111 15 
Gearcase cover... Rough and finish mill face (1 cut) Line type 122 8 
Crankcase....... Rough and finish mill Line type 109 9 
Water manifold.. Rough and finish mill six pads Double-spindle horizontal 172 24.3 
Manifold........ Rough and finish mill contact face Double-spindle horizontal 126 13.8 
Manifold........ Rough and finish mill contact face Single-spindle vertical 114 18 
Manifold........ Rough and finish mill contact face Double-spindle horizontal 104 13.8 
Bearing cap..... Rough and finish mill sides Double-spindle horizontal 232 14 
Clutch housing... Rough and finish mill face and recess Drum type 166 31 
Cylinder head... Rough and finish mill pump end Drum type 225 28 
Gearcase cover... Rough and finish mill contact face Double-spindle horizontal 166 15.5 


block. It will be noted that the speed was increased from 60 
to 120 ft. per min. and the feed from 9 in. to 18 in. per min., 
resulting in a 100 per cent increase in production. 

Table 5 represents comparative time-study data on a light 
milling operation on a cast-iron manifold. In this case the 
cutting speed was increased from 119 ft. to 148 ft. and the feed 
was increased from 8'/, to 15'/, in., representing a reduction 
of 46 per cent in machining time and 27 per cent increased pro- 
duction. 

Table 6 is a tabulation of miscellaneous milling operations, 
covering practically every phase of milling on which Haynes 
Stellite tools are used. These figures represent operating con- 
ditions when Haynes Stellite was demonstrated and adopted 
as standard cutting tools on these jobs. Cutting speeds, feeds, 
and production vary according to the kind of material machined, 
size and shape of the casting, type of machine, cutter set-up 
and other operating conditions. A comparison with other 
tools indicates average increases of 63 per cent in cutting speed, 
59 per cent in feed per minute, 139 per cent in pieces per 
grind and 55 per cent increased production. 


Table 7 is introduced to show speeds and feeds at which similar 
milling jobs are being run today. It is impossible to summarize 
these data, but the individual figures will indicate what may 
be expected on jobs of these types. 

The successful application of Haynes Stellite tools on milling 
operations, and in fact all machining operations, depends upon 
the proper ratio of speeds and feeds and methods of application. 
Hardness of material machined, kinds of fixtures used, condi- 
tion and strength of machine, nature of castings, proper selec- 


TABLE 8 BORING, CAST IRON 


Cylinder Block; Machine, Six Spindle Vertical 
High-speed steel Haynes Stellite 
1922 1930 


Surface speed, ft. per min........ . 45 66 75 
Feed, in. per min............... 21/5 41/3 74/4 

Increased production, per cent.... .. 64 .* 


tion of cutters, and proper cutting and clearance angles all have 
an important bearing on the final results. As a rule 3 deg. 
on the face and 5 deg. on the diameter are used. 
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MACHINE-SHOP PRACTICE 


BorinG OPERATIONS 


The rough-boring of cylinder blocks is no doubt the largest 
single item of boring operations on which Haynes Stellite tools 
are used. There has therefore been selected a typical example 
of boring cast-iron cylinder blocks of a popular make of auto- 
mobile. Table 8 lists comparative data showing that the cutting 
speed was increased from 45 ft. to 66 ft. per min. and the feed 
was increased from 2'/, in. to 4'/, in. per min., representing an 
increase in production of 64 per cent. More recent figures, 
as given, show an increase in production of 143 per cent over 
high-speed steel tools in 1922. 


Fie. 5 Turntnc Beartnc RETAINER 


Table 9 gives the operating data on eight cylinder-boring jobs 
as they are being run at the present time. As a general rule 


TABLE 9 ROUGH BORING, CYLINDER BLOCKS 
Haynes Stellite Tools 


Cutting speed, 
Blades in bar R.p.m. ft. per min. Feed, in. per min. 
6 50 52 41/3 
6 100 104 7.3 
6 90 98 7.6 
6 63 63 8.5 
4 48 41 2.9 
4 65 55 3.3 
4 100 74 63/4 
4 85 75 7/4 


cutting angles of 6 deg. without any back slope are recommended 
for this kind of work. Cutting speeds range from 41 ft. to 104 
ft. per min. and feeds from 2.9 to 8.5 in. per min. 
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TURNING OPERATIONS 


Turning operations with Haynes Stellite tools cover a larger 
range of work than either milling or boring. Milling and bor- 
ing are generally done on machines designed especially for that 
purpose. Turning operations are done on various types of screw 
machines, lathes, and semi-automatics. As is true on milling 
operations, speeds and feeds for turning with Haynes Stellite 
tools largely depend upon the hardness of the metal machined, 
condition of the machine, shape of the casting, class of work, 
number of tools in the set-up, nature of the cut, and other operat- 
ing conditions. 

In regard to the materials being machined, it is of course 
well known that Stellite is successful on cast iron under almost 
any conditions, assuming only that the machines used are in a 
reasonably good condition. It should, however, not be for- 
gotten that the first use of Haynes Stellite cutting tools on a 


Fie. 6 MILune 


large scale was in turning steel shells during the war. Many 
steel jobs can be successfully and economically machined with 
these tools, especially if the work consists of roughing cuts with 
round-nosed tools when the work is rigidly supported and it 
is not necessary to machine sharp corners. The specific appli- 
cations shown will include cast iron, steel, and bronze. 

Table 10 gives comparative results on turning a cast-iron 
ink roll. On this job the speed was increased from 55 ft. to 87 


TABLE 10 TURNING, CAST IRON 
Ink Roll, 6*/, In. Diameter by 71 In.; Machine, Engine Lathe 
High-speed steel Haynes Stellite 


Surface speed, ft. per min,.............. 551/3 87 
Feed per revolution, in...............+. 0.050 0.050 
Floor to floor time, min................. 56 42 
Increased production, per cent.......... “e 33 
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ft., with a resultant saving in machining time of approximately 
34 per cent. The cutting angles used on this tool were 5 deg. 
top side slope, 6 deg. side clearance, and 6 deg. front clearance. 

Table 11 is a rough turning, boring, and facing operation on 
cast-iron bearing retainers on an automatic lathe. With Haynes 


TABLE 11 TURNING, CAST IRON 
Bearing Retainer, 11!/g In. Diameter by 2 In.; Machine, Semi-Automatic 


Lathe 

High-speed steel Haynes Stellite 
Surface speed, 115 
Feed per revolution, in. 0.023 
Ee re 2 min., 44 sec. 1 min., 55 sec. 
cscs 3 min., 9 sec. 2 min., 20 sec. 
19 26 
Increased production, per cent......  .. 35 


Stellite tools it was possible to increase the speed of the job from 
80 ft. to 115 ft., using the same feed as previously used with 
other tools. This increase in cutting speed resulted in an in- 
crease in production of approximately 35 per cent. The cutting 
angles used on this job were 10 deg. side clearance and 6 deg. 
front clearance, with no top side slope. 

Table 12 is a turning operation on a flywheel on a vertical 
turret lathe. The cutting speed of the roughing operation was 
increased approximately 50 per cent and of the finishing opera- 
tion approximately 40 per cent. The feed per revolution of 
the roughing operation was increased 50 per cent and of the 
finishing operation 100 per cent. The increase in speed and 
feed on this job resulted in an increase in production of 60 per 
cent. The cutting angles on these tools were 5 deg. top side 
slope, 6 deg. side clearance, and 10 deg. front clearance. 


TABLE 12 ROUGH AND FINISH TURNING, CAST IRON 


Flywheel, 15.075 In. Diameter by 4/4 In. Wide; Machine, Vertical Lathe 
High-speed steel Haynes Stellite 


3/ 3 
Depth of cut, in........... 
Surface speed, ft. per min.. 

Rough 12 18 

Feed per revolution, in..... 
RE rE 12 min., 20 sec. 7 min., 20 sec. 
13 min., 20 sec. 8 min., 20 sec. 
Increased production, per cent...... ae 60 


Table 13 gives the comparative results of a turning opera- 
tion on 8.A.E. 3115 steel gear blanks on a vertical turret lathe. 


TABLE 13 TURNING, S.A.E. 3115 ROLLED STEEL 


Gear Blank, 25'/: In. Diameter by 3!/4 In.; Machine, Vertical Lathe 
High-speed steel Haynes Stellite 


Surface speed, ft. per min........... 471/23 95 

Feed per revolution, in............. 0.027 0.033 
18 min., 30 sec. 7 min., 30 sec. 
20 min. 9 min. 

Increased production, per cent...... .. 123 


This job is representative of the type of operation referred to 
in the second of the four general subdivisions of Haynes Stellite 
machining operations. It consisted of machining a steel part 
rigidly supported, of heavy section, where the number of tools 
was small and the machine was heavy and in good condition. 
The cutting speed in this case was increased 100 per cent and the 
feed was increased approximately 22 per cent, resulting in an 
increase in production of 120 per cent. The cutting angles 
used on this job were 22 deg. front clearance and 20 deg. side 
clearance. The tool was hollow-ground on top parallel to the 
cutting side with a '/,-in. land. 

Table 14 gives the comparative results on turning and cham- 
fering an 8.A.E. 1020 rear-axle shaft. On this job the cutting 


speed was increased from 66 ft. to 110 ft. and the feed was in- 
creased from 0.015 in. to 0.021 in. per revolution. This increased 
speed and feed resulted in an increased production of 93 per 
cent. The cutting angles used on the turning tool were 10 deg. 
top-side slope and 7 deg. side and end clearance. 


TABLE 14 TURNING, S.A.E. 1020 STEEL 


Straight-End and Chamber Rear-Axle Shaft 1'5/ In. Diameter by 67/15 In 
Long; Machine, Special Lathe 


High-speed steel Haynes Stellite 
Surface speed, ft. per. 66 110 
Feed per revolution, in... 0.015 0.021 
Pieces per grind...... 35 
Machining time................... 2 min., 36 sec. 1 min., 6 sec 
Floor to floor time................. 3 min., 6 sec. 1 min., 36 sec 
Pieces per hour 19'/; 
Increased production, per ‘cent...... ; 93 


Table 15 shows the comparative results on a rough turning 
operation on a bronze bushing. Cutting speed was increased 
from 78 ft. to 131 ft., and in this case the same feed was em- 
ployed. On this job production was increased 50 per cent by 
the use of Haynes Stellite tools. The cutting angles used on 
this tool were 10 deg. top-side slope, 10 deg. front and side clear- 
ance, and 5 deg. drop grind or negative back slope. 


TABLE 15 TURNING, BRONZE 


Bushing, 2'/: In. Diameter by 3 In.; Machine, Turret Lathe 
High-speed steel Haynes Stellite 


Surface speed, ft. per min..... 78 131 
R.p.m. ; 112 187 
Feed per revolution, in . 0.021 0.021 
Pieces per grind..... : . 9 40 
Machining time......... : ..++ 1 min., 15 sec. 45 sec 
Floor to floor time....... 1 min., 30 sec, 1 min 
40 60 
Increased production, per 50 
SuMMARY 


It would be difficult and perhaps of little value to attempt 
to make a mathematical summary of the data presented in this 
paper. Figures of this type but covering a much larger number 
of jobs indicate that the use of Haynes Stellite on operations 
now being done with steel tools will result in increased produc- 
tion and increased life per grind within minimum and maxi- 
mum figures as follows: 


Increase in Increase in number 
production, of pieces per grind, 
Cast Iron: per cent times 
2to5 
25 to 110 2to6 
20 to 140 2to5 
Mild Steel: 
2to3 
30 to 120 to 5 
15 to 125 11/3 to 6 
Discussion 


A. K. Dean. The papers on cutting tools by d’Arcambal and 
by Becker, Gordon, and Wissler are each so comprehensive and 
authoritative that the writer does not propose to attempt to 
refute any statement, but can only heartily agree with each. 

This paper will be confined to a discussion of some practical 
methods of procedure in the selection and adaption of the proper 
cutting tool for the job, and will try to emphasize one or two 
points in the light of experience. 

All will agree that there are four distinct steps in cutting 
material: (1) Carbon steel, (2) high-speed steel, (3) Stellite 
(4) cemented tungsten carbide. While each class may be termed 
an advancing step as to hardness over the preceding class, yet no 
one of the groups has replaced any of the others. There is still 4 
place for each. 


* American Laundry Machinery Company, Rochester, N % 2 


MACHINE-SHOP PRACTICE 


The initial cost and the ultimate life must be considered in this 
selection. There is no justification for using a material which 
costs $450 per lb. if a carbon steel will do the work nearly 
as fast 

The writer’s first introduction to high-speed steel was in a 
railroad shop about the year 1904, and the excitement caused 
recently by the advent of cemented tungsten carbide was mild as 
compared to the rush then to change from carbon to high-speed 
steel; and the results obtained on tire turning, cylinder boring, 
driving-box bronze turning and boring, etc., led to a sweeping 
change for all classes of work. 

In our brass shop where we had 15 brass finishers making 
injector nozzles, blowoff cocks, drain cocks, gage cocks, lubri- 
cator parts, and other red and yellow brass parts, we soon dis- 
covered that carbon steel was far superior to high-speed steel and 
has not yet been replaced. 

About a year ago the writer asked a man whose duty it was to 
select machine tools and cutting steels for a large manufacturing 
concern, with shops located in several cities, what he was doing 
with cemented tungsten carbide. His reply was that they had 
spent about $8000 for Carboloy, Widia, and other makes, but 
that he had found as he visited the different shops that generally 
it was on the shelf and the better understood high-speed steels 
were in use. 

That is a good demonstration of how not to begin the change 
from one cutting material to another, which differs so radically 
in character. Trying to gorge a shop with a large quantity 
generally spells failure so decisively that it is hard to get a good 
start again. 

In 1914 the writer has his first introduction to Haynes Stellite, 
and noting its remarkable performance turning steel high- 
explosive shell bodies in munition plants, he tried to adapt it to 
general work, principally turning cast-iron gear blanks, pulleys, 
and general lathe work, most of which had intermittent cuts. 
The results were so poor that not until 10 years later, in 1924, 
was he induced to again try Stellite. This time the results were 
highly satisfactory, no doubt largely due to the improvement in 
Stellite, but also in large measure due to a much more intelligent 
approach to the job. 

This time our procedure was as follows: The selection of a 
department manned by a foreman Who was interested in getting 
the highest possible production, as a laboratory or proving 
ground; and then by taking one job at a time and carefully 
selecting the proper size and shape of tool coupled with correct 
speeds and feeds, we learned how to adapt it to other jobs, so that 
now this material has earned a permanent place in our shop, 
but has by no means replaced high-speed steel, which is still 
supreme on many jobs. 

We are using this material in two forms: (1) Square cast bars, 
principally for turning 65 per cent carbon spindle steel, a step-up 
from 80 f.p.m. to 140 f.p.m. (2) Machine steel shanks with 
Stellite tips. These tipped tools are splendid in design for 
general cast-iron turning, and in cost figure lower than high-speed 
steel when labor of forging and heat treating is considered. 

The writer first saw a demonstration of cemented tungsten 
carbide about three years ago, and it was a really remarkable 
performance. Among other things, he saw it turning glass, 
porcelain, hard rubber, manganese bronze, etc. He also saw the 
operator chuck a sash weight (and any one who is familiar with 
the foundry practice in vogue in making sash weights knows that 
they are not meant to be machined and that there is no cutting 
material that will successfully machine one except cemented 
tungsten carbide), so that it ran eccentric */s in., and take a cut 
; : in. deep, so that at each revolution the cutting tool had to cut 
into the seale and sand inclusion at a cutting speed of 350 f.p.m., 
and after taking a cut 14 in. long, the tool showed no abrasion or 
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dulling. This was the most impressive test because best under- 
stood. 

We have now spent two years fitting cemented tungsten carbide 
to some 12 or 15 jobs. During that time we have abandoned 12 
or 15 other jobs as not suited for cemented tungsten carbide and 
have gone back to high-speed steel. 

All of this cutting and trying has been done in this same de- 
partmental laboratory or proving ground, and we now feel as 
though we have learned the fundamentals of this latest addition 
to cutting tools, and are ready to make many further applications 
as soon as normal production will permit. 

While our experience as to cutting tool design, machine tools, 
and care of tools in operation and grinding checks generally with 
that of Mr. St. Clair, we wish to emphasize one or two points. 


1 Design of a cemented tungsten-carbide tool. 

(a) Tools of ample size should be used. Owing to the 
relatively high initial cost compared to high-speed 
steel, there is a temptation to attempt too small a tool 
for the job. This is false economy and generally spells 
defeat. 

(b) Do not be afraid to do a little experimenting on your own 
account. While sales engineers for cemented tungsten 
carbide generally recommended a tool that is flat on top 
and with a large radius at cutting edge, we have ob- 
tained better results in some cases with top and back 
slope and a radius of as little as '/;, in. This top slope 
gives better shearing action and cuts down the power 
required, and is thus easier on the machine tool. Any 
cutting tool should be set slightly above the center in a 
turning operation, but this is especially important with 
cemented tungsten carbide. If tool is below center, 
the chip pressure tends to pull the cutting edge rather 
than push it, and fails to take advantage of its com- 


pressive strength. Care should be taken, however, 
so that work will not rub the tool, with 4 to 6 deg. 
clearance. 
2 The machine tool. 
(a) It is not necessary to await the purchase of new rigid 
superspeed tools to cash in on cemented tungsten 


carbide. Much can be done with our present tools. 
We have made successful applications of cemented 
tungsten carbide to jobs on lathes that have been in 
constant heavy duty use for eight years, and we are 
showing a 30 to 50 per cent saving over any previous 
performance. However, any one purchasing new tools 
should do so with a view to getting cutting speeds, 
rigidity, and power that will stand up under heavy 
cuts with cutting speeds of 250 to 300 f.p.m. on cast-iron 
turning and not less than 125 f.p.m. on planing. 


Early in November the writer saw a planer on the test floor of 
& prominent manufacturer of planers, which was the largest tool 
ever turned out by that manufacturer, with a table 10 ft. wide and 
30 ft. long, arranged for cutting speeds of 20 to 120 f.p.m., and 
in the same shop he saw a planer at work on regular production 
work, cutting cast iron at 120 f.p.m. 

The manufacturers of cemented tungsten carbide have said 
that they were not ready for planer application, but from what 
we can see around the corner, they are about ready now, and any 
planer with a cutting speed of less than 125 f.p.m. may soon be 
in the obsolete class. 

With regard to the power requirements on machine tools, when 
using cemented tungsten carbide, that is, the high-speed in-put 
required, this does not seem to be in direct ratio to the results, 
as the cemented tungsten carbide will hold a much keener cutting 
edge, and thus the removal of the metal is a clean cutting oper- 
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ation requiring less power than if a tool with a more blunt edge 
were used. 

Owing to its ability to resist sand inclusion and hard spots in 
cast iron, cemented tungsten carbide is an ideal material for the 
new semi-automatic machine tools with complicated set-ups 
where tool grinding is an expensive operation, due to disturbing 
an expensive set-up. In cases of this kind, the high initial cost is 
justified even if there is not much gain in speeds and feeds. 

As to the care of tool in operation, our practice when starting a 
new job on cemented tungsten carbide is to double the feed 
and speed as standard for Stellite, and then make gradual changes 
from that point until we get best results. Experience shows this 
to be about the correct speed and feed for new rigid tools, but on 
old machine tools, higher speeds with lighter feeds seem to work 
better. 

As to grinding, we have found hand grinding to give best 
results owing to the more sensitive control. Any attempt to 
force the grinding operation beyond the cutting capacity of the 
wheel only results in rapid wheel wear. 

On the 12 per cent cobalt material we are using a 60-grain I- 
grade wheel for roughing, and finishing on a 120-grain I-grade 
wheel. On the 50 per cent cobalt material, we are using much 
harder wheels. 

Honing the cutting edge between grinds has increased time 
between grinds by as much as 300 per cent. 

We believe 5000 f.p.m. surface speed to be the maximum, and 
better results are generally obtained below this speed. 

All our applications of cemented tungsten carbide so far have 
been turning operations, but we are planning on some boring 
jobs, not so much to increase quantity as to improve accuracy. 
Boring with our present method generates so much heat in the 
part that it is hard to handle in the unloading operation, and 
thus varies in size when cool. 

If we duplicate our turning experience on boring operations, we 
will find the heat in the chip rather than in the work. On our 
heaviest cuts, such as */;, in. depth of cut and '/j9 in. feed at 200 
f.p.m., on cast iron, the work was not over 110 deg. fahr., while 
the chips were red. 


In closing the writer wishes to say that every job is a law unto 
itself, but these laws are constantly changing with new develop- 
ments in cutting steels. One of our largest production jobs is 
planing gray-iron with about 20 per cent steel. For this job 
nothing works as well as 18 per cent tungsten high-speed stee|. 
Another job is turning steel pipe, and here again high-speed stee| 
is still on top, although both Stellite and cemented tungsten 
carbide have been tried : 


AvutTuors’ CLOSURE 


By W. A. Wisster. Mr. Dean’s discussion outlined a very 
rational method of undertaking the introduction of a new cutting 
material into one’s own shop; such a plan is particularly appli- 
cable and desirable if the tool in question is a new and as yet 
unproved product. Usually it is most satisfactory and economi- 
cal to proceed slowly until the new material has definitely proved 
its value. The final answer may, however, be obtained more 
quickly if the experience and knowledge of the maker's service 
department are fully utilized. 

As Mr. Dean states, no new tool metal produced since the 
beginning of the steel age has displaced entirely any tool already 
in use. The introduction of a new tool either has permitted 
old operations to be done more economically or has made pos- 
sible the working of materials theretofore considered unmachin- 
able. There is a decided possibility that tungsten-carbide tools 
will permit the use of steels much harder than at present. 

The difference in results obtained from Haynes Stellite tools 
in 1914 and 1924 can be explained partly by the improved ma- 
chine tools available to the latter date, but largely by ,the fact 
that intensive and continued research will improve any product. 
During the period mentioned, the major improvements in Haynes 
Stellite tools consisted of an increase in strength and a great 
increase in the ability to cut cast iron and similar materials. 
Both of these improvements were the direct result of research 
and development directed toward those ends. If Haynes Stellite 
produced in 1931 were compared with that made in 1924, addi- 
tional increases in quality and uniformity would undoubtedly 
be noticed. 
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Tool-Steel Tools 


By A. H. pb) ARCAMBAL,' HARTFORD, CONN. 


Metal-cutting tools offered the trade today are vastly 
superior in quality to tools of a decade ago. The factors 
that govern the life of metal-cutting tools made from car- 
bon, alloy, and high-speed tool steels, namely, design, 
steel, and treatment, are discussed in this paper, par- 
ticular stress being laid on the importance of correct 
design. 

The important role played by cutting fluids or coolants 
as affecting the life of the tool, as well as the necessity of 
employing the proper grinding wheels and correctly using 
them, are also covered in some detail. 


HE quality of metal-cutting tools 
such as drills, reamers, taps, dies, 
cutters, hobs, etc., in use today is 
vastly superior to that found in tools manu- 
factured a few years ago. Marked im- 
provement in machine-tool design, tougher 
materials to machine, together with the 
demand for greater accuracy and economy, 
“7 all have been contributing factors in the 
development of more efficient small tools. 
ae ONY This paper covers only cutting tools 
made of carbon, alloy, or high-speed tool 
steels. Tungsten-carbide tools and Stellite tools are being cov- 
ered in other papers. 

The following three factors govern the quality of metal- 
cutting tools: (1) Design, (2) quality of steel used, and (3) hard- 
ening treatment. It will be noted that two of these three factors, 
namely, raw material and hardening treatment, are metallurgical 
problems. For this reason plants manufacturing metal-cutting 
tools should maintain a well-equipped metallurgicel depart- 
ment. This department not only should prepare specifications 
for the different types of steels employed, inspecting all material 
when received, but also have full control over all hardening opera- 
tions. Improved steels and treatments will be developed from 
time to time by a properly conducted metallurgical department, 
keeping pace with the increasing demand for better cutting tools. 


DEsIGN 


To cover properly this factor of design it is necessary to consider 
the various types of tool-steel tools most commonly used. 


DRILLs 


Twist drills have been standardized so well in regard to angle- 
of-lip clearance, point angle, etc. (see catalogs of drill manufac- 
turers), that time will not be taken to discuss tools of this de- 
scription in detail. 

The high-speed steel twist drill of today is in every sense of the 

' Consulting Metallurgist, Pratt & Whitney Company. Graduated 
from University of Michigan in 1912 with degree of Bachelor of Chemi- 
cal Engineering and entered service at Detroit Copper and Brass 
Rolling Mills, Chalmers Motor Co., and Dodge Brothers as Chief 
C hemist. Was employed at Wright-Martin Aircraft Co. for a year 
as C hief Metallurgist. Joined Pratt & Whitney Co. in 1919. 

Contributed by the Special Research Committee on Cutting 
Metals and presented at the Annual Meeting, New York, N. Y., 
Dec. 1 to 5, 1930, of Tae American Socrety oF MecHanicat ENat- 
NEERS. 

Nore: Statements and opinions advanced in papers are to be 


understood as individual expressions of their authors, and not those 
of the Society. 


word a production tool. In special demonstrations at machine- 
tool exhibits twist drills have performed in a truly remarkable 
manner. One-inch high-speed steel drills have penetrated cast 
iron at the rate of over 100 in. per min. and steel at over 50 
in. per min. with practically no effect on the drill point after 
drilling a number of holes under such grueling conditions. 


REAMERS 


Reamers are used to produce smooth round holes that are as 
close to the desired size as it is possible to obtain. Many types 
of reamers are in use today, the following being the types most 
commonly employed: 


Hand reamers (solid and adjustable) 
Shell reamers (solid and adjustable) 
Chucking reamers (solid and adjustable) 
Expansion chucking reamers 

Expansion hand reamers 

Jobbers reamers 

Locomotive taper reamers 

Bridge reamers 

Taper-pin reamers 

Taper reamers for standard tapers. 


Number and shape of lands, relief, back taper, finish, all are 
factors that must be carefully controlled. It is the usual prac- 
tice to design reamers of various types with staggered flutes, 
or what is more commonly called uneven spacing of flutes, 
resulting in a freer cutting tool with chattering reduced to a 
minimum. Smooth true holes usually are obtained from reamers 
so designed. 

The most efficient type of adjustable-blade shell reamer is of 
the serrated-blade design. The blades in this type of reamer 
are held securely over their entire length. Adjustment to the 
maximum diameter can be made without reducing the strength 
of the reamer. There is an increasing demand for expansion 
chucking reamers. Reamers of this type should be provided 
with a lock nut, the same to be located inside the reamer so as to 
permit its use on bottoming holes. 

The helical or fast-spiral taper-pin reamer is rapidly supplant- 
ing the straight and slow spiral-fluted types. These fast-spiral 
reamers are very free cutting, producing smooth round holes. 
One or two designs on the market can be used successfully 
when either driven by machine or used by hand. Other designs 
possess such an extreme spiral that they can be used successfully 
only under power. 

The duplex-spiral taper reamer (see Fig. 2), a fairly new design 
of tool, is meeting with favor by the trade. In this interesting 
design, one or two flutes cross the path of the other flutes re- 
sulting in the production of extremely smooth and round tapered 
holes. One manufacturer offers a spiral-fluted taper reamer 
with one straight flute; this design of reamer also produces very 
satisfactory holes. 

The four-grooved high-speed steel twisted-type locomotive 
taper reamer has lost its popularity during the past two or three 
years, the majority of railroad shops now using the milled-type 
high-speed steel locomotive taper reamer with six to eight spiral 
flutes, depending on the diameter of the tools. While the 
twisted type of reamer is somewhat less expensive than the milled 
type, the latter reamer not only gives considerably more service, 
but produces a more accurate hole. 

As in the case of taps, the size cut by a reamer is dependent to 
a considerable extent on the type of material being machined. 
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Asa proof of this statement holes were recently reamed in several 
different kinds of materials, using a 2-in. serrated-blade reamer 
with a peripheral speed of 180 ft. per min., and a feed of 0.011 
in. per revolution. The following results were obtained: 


Machinery steel and heat 
treated S.A.E. No. 6150 

The 2-in. standard cylindrical plug 
gage just entered hole 

Gage fit sloppy. (Holes from 0.001 
to 0.002 in. larger than gage) 

Plug gage would not enter hole 


Annealed high-speed steel. . . 
Cast iron and bronze 


Taps 


The different types of taps most widely used include machine- 


Demand for greater accuracy has resulted in the use of ground- 
thread taps by the majority of the automotive plants, as well 
as by other large manufacturers. These taps are ground on 
the outside diameter, root diameter, and in the angle of the 
thread. The shanks also are ground concentric with the threads. 
These taps produce threads that, under satisfactory operating 
conditions, will meet the N.S.T.C. Class 3 tolerance. Many 
Class 2 jobs can be produced satisfactorily with cut-thread taps. 
Unless great accuracy is desired, the high-speed steel cut-thread 
tap should be specified, due to these cut-thread taps in the ma- 
jority of cases threading at least as many holes per grind as the 
more expensive ground-thread tap. 

It must be borne in mind that the same tap will not produce the 


Fie. 1 


screw taps, hand taps, nut taps, tapper taps, pulley taps, boiler 
taps, pipe taps, coupling taps, and staybolt taps. 

The following variables affect tap life and so must be kept under 
careful control: (1) Number of flutes, (2) shape and depth of 
flutes, (3) width of lands, (4) chamfer, (5) relief, and (6) back 
taper. 

Taps designed for work in steel will not always give satis- 
factory service when used on other metals such as brass or alumi- 
num. Care also should be taken to see that taps designed for 
through-hole jobs, such as spiral-pointed taps that force the 
chips ahead of the tap, are not used on blind holes. Difficult 
blind-hole jobs that cannot be threaded satisfactorily with the 
regular design of straight-fluted tap often can be successfully 
tapped with a spiral-fluted tap, the direction of spiral being the 
same as the cut. Taps of this design bring the chips out of 
the hole, thus preventing chipping of the threads and breakage. 


REPRESENTATIVE Group OF TooL-STEEL TooLs 


same size thread on all different types of material. The type 
and condition of the machine and tap holder used also will affect 
the size of the thread. The use of sulphur-base oils will result 
in a different sized tapped hole than when soluble oil is used, 
this being especially marked in the case of bent-shank tapper 
taps used in full-automatic tappers. With these facts in mind, 
it is not difficult to understand the reason for the tap manu- 
facturers’ refusal to guarantee the size of the tapped hole. 

It is not uncommon today to find high-speed steel taps being 
run at drill speeds in many automotive plants. Taps which will 
operate successfully under such severe conditions must be cor- 
rectly designed, made from a good quality steel, and be properly 
hardened. 


Dies 
The most commonly used types of dies are: Inserted-chaser 
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dies, adjustable round split dies, spring screw-threading dies, 
solid square-bolt dies, solid square-pipe dies, and hexagon re- 
threading dies. 

The inserted-chaser die is the type most generally employed 
today for threading bolts, screw-machine parts, etc. The 
adjustable round split die or button die finds wide use in the 
threading of smaller sizes of threads. Dies are so well standard- 
ized as regards design that it is not necessary to go into details 
at this time. 


CuTTEerRs 


Rapid strides have been made during the past few years in 
cutter design, due principally to the machine-tool builders 
bringing out heavier and more powerful milling machines. 
The modern milling machine provides quicker change of speeds 
and feeds, improved mechanical control, etc. Increased de- 
mand for parts made of heat-treated alloy steels also has been 
a contributing factor in the vast strides made in the improvement 
in cutter quality. A few of the more popular types of cutters 
are: Plain milling cutters, side milling cutters, half-side milling 
cutters, staggered-tooth milling cutters, inserted-blade cutters, 
end mills (shell and shank type), formed milling cutters, thread 
milling cutters, metal slitting saws, screw slotting cutters, in- 
volute gear cutters, and helical cutters. 

Number and shape of teeth, helix angle, rake, clearance, hole 
diameter, etc., are all important factors that govern cutter 
design. Plain milling cutters for heavy production work are 
provided today with a high helix angle, rake of 12 to 15 deg. 
sometimes greater, with just enough clearance to prevent rubbing 
back of the cutting edge. Helical mills of this design will take 
cuts at least '/, in. in depth in ordinary steel, the abundant 
chip room found in this design taking care of chip disposal. The 
high helix angle results in the production of smooth surfaces 
due to the shearing action. Fairly recent developments in 
cutter design have brought out many efficient types of cutters. 


Hatr-Sipe Mitts 


These cutters have spiral teeth, the face of the teeth being 
undercut, resulting in freer cutting than is obtained with the 
older type side mills. These half-side milling cutters give much 
greater service than can be obtainéd from the usual design of 
side mills due not only to a longer life between grinds because 
of the shearing action, but also to the greater number of grinds 
possible because of the deep recess on the cutting side. Half- 
side mills are ideal for straddle-milling jobs and similar opera- 
tions, 


STaGGERED-Toota CuTTrers 


Cutters of this design have teeth cut at alternate right- and 
left-hand spiral angles. This construction, together with the 
considerable angle of undercut, produces cutters which can 
remove large amounts of metal without excessive chatter and 
vibration, producing a smooth, clean finish. These cutters are 
very efficient for milling deep cuts or slots in metal. The side 
teeth act as chip removers. 


Enp MILLs 


Shell-and-shank-type end mills offered the trade today are of 
the deep-recessed type. Mills of this design have more chip 
clearance than the older design, as well as possessing consider- 
ably greater life due to the large number of re-grinds possible. 


INSERTED-BLADE CUTTERS 


A large number of railroad shops in this country have installed 
during the past few years modern milling machines, resulting 
in the demand for inserted-blade cutters of a more rugged and 
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efficient design. Cutters with correctly hardened high-speed 
steel blades securely locked in heat-treated alloy-steel bodies, 
provided with large bores, are giving remarkable service in 
slab milling, channeling, shoe and wedge jobs, and similar opera- 
tions. In properly designed slab-milling cutters the sections 
are so designed as to give either a continuous or herring-bone 
spiral, permitting cutters to be resharpened as a gang instead of 
individually, thus insuring a continuous smooth surface on the 
work. The majority of inserted-blade cutters offered the 
trade are so designed as to permit easy replacement by the custo- 
mer of worn-out blades with new blades. 


Saws 


Just a few years ago there was offered the trade only one 
simple design of metal-slitting saw to be used on all types of 
material. Today there are several de- 
signs, the type to be used depending on 
the nature of the material being machined. 
Saws designed for slitting steel will not 
give the best of service when used on non- 
ferrous metals such as copper, aluminum 
alloys, non-metallic materials, and the 
like. Saws used on non-ferrous and non- 
metallic materials have fewer teeth, 
greater rake to cutting edges, and higher 
polished surfaces. A still different design 
works more efficiently on cast-iron jobs. 
Number and shape of teeth, amount of 
concavity, rake, and finish, all are factors 
that must be carefully controlled. 


Form Cutters 


Form milling has today been placed on 
a production basis due to the introduction 
of spiral-fluted form cutters eccentrically 
relieved and provided with rake-tooth 
form. The shearing action due to the 
spiral-flute form results not only’ in a 
longer life for the cutter, but also pro- 
duces a smoother finish, all with less strain 
on the machine tool. Pieces so thin as to 
bend under the cut when straight-fluted ~~ 
form cutters are used, can be form-milled par-Tarper REAMER 
successfully with the spiral-fluted cutter. 

Spiral-fluted thread milling hobs also are rapidly replacing 
the straight-fluted thread hobs on many operations. Increased 
speeds and feeds together with a longer life between grinds are 
obtained through the use of these spiral-fluted thread hobs. 

There is an increasing demand for high-speed steel ground- 
thread milling hobs where great accuracy is necessary. As 
high-speed steel cut-thread hobs mill approximately the same 
number of pieces per grind as the expensive ground-thread hobs, 
the latter should be used only where the accuracy of the products 
demands this additional expense. Improved methods of thread- 
ing hobs and the employment of modern heat-treating methods 
result in the production of high-speed steel cut-thread hobs of 
marked accuracy as regards thread form, lead error, etc. 

It should be remembered that fine-edged metal-cutting tools 
designed for use on ferrous materials such as cast and malleable 
iron, machinery steel, alloy steels, etc., not always will give 
satisfactory service when used on non-ferrous materials such as 
brass, bronze, copper, aluminum alloys, and the like. General- 
purpose tools such as are usually listed by most tool manu- 
facturers work fairly well, however, on most of the materials 
mentioned. Where production requirements warrant the use 
of a tool designed especially for the job, considerable savings 
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can frequently be realized through the use of such special tools. 
The increased inventory cost is often found to be more than 
compensated for by the greater efficiency obtained through using 
tools properly designed for the material being fabricated. 


Quatity or Stee, Usep 


The second factor that governs the life of metal-cutting tools 
is the quality of the steel used in the manufacture of the tool. 
During the past 10 to 15 years many interesting types of steels 
have been introduced by the steel mills, the big majority of these 
steels not finding wide favor due to tools made from the same 
not performing more efficiently than tools made from steels 
of the more common types. The various types of steel most 
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tools are as follows: 


PLAIN CARBON TOOL STEEL 


Carbon Manganese Phosphorus Sulphur 
Per cent Per cent Per cent Per cent 
1.10-1.20 0.30 max. 0.020 max. 0.020 max. 
ALLOY CARBON TOOL STEELS 
Carbon Manganese Phosphorus Sulphur Silicon 
Per cent Per cent Per cent Per cent Per cent Per cent 
1.05-1.15 0.30 max. 0.020 max. 0.020 max. 0.25 max. None 
1.10-1.20 0.30 max. 0.020 max. 0.020 max. 0.25 max. 0.40-0.60 
0.85-0.95 1.20-1.40 0.020 max. 0.020 max. 0.25 max. 0.40-0.60 
0.85-0.95 1.60-1.80 0.020 max. 0.020 max. 0.25 max None 
0.85-0.95 1.60-1.80 0.020 max. 0.020 max. 0.25 max None 


The first type of alloy steel mentioned is excellent for tools 
where breakage is the usual cause of failure. This vanadium 
tool steel is also recommended for so-called shock tools. 

The second type under the heading “Alloy Carbon Tool Steels” 
is at times used for tools where a slightly greater depth of hard- 
ening than can be obtained from the plain carbon tool steel is 
desired. Chromium also silkens the grain to quite an extent, 
thus producing a much more velvety type of fracture after cor- 
rect hardening than is to be found in the simple carbon tool 
steel. 

The last three types of alloy carbon tool steels are commonly 
known as oil-hardening, non-deforming steels. Tools that will 
permit of a minimum size change in hardening usually are made 
from one of these three types. Experience has shown, however, 
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Fie. 3 MiIcrkosTRUCTURES OF PLAIN CARBON TooL STeEEL—aT LEFT, IN PropeER CONDITION FOR MACHINING AND HARDENING: 
aT Rieut, Fintsh WorKeEpD aT Too High a TEMPERATURE BY MILL AND IMPROPERLY ANNEALED 


commonly used today in the manufacture of metal cutting give satisfactory service when used under normal conditions, 


Chromium Vanadium Tungsten 


that the usual types of water-hardening tool steels stand up 
better in service than the oil-hardening brands. 
Hiau-Seprep STEELS 
The big majority of high-speed steel metal-cutting tools in use 


today are made from high-speed steel of the following average 
composition: 


Carbon Chromium Vanadium Tungsten 
% % % % 
0.70 4.00 1.00 18.0 


This type of steel is the simplest to harden of all the different 
kinds of high-speed steels offered the trade. Tools made from it 


regardless of the type of material being machined. There has 
been an increasing demand during the past 
two or three years, however, for 18 per cent 
tungsten high-speed steel containing from 5 
to 10 per cent cobalt, especially for use in 
lathe tools, boring tools, tool bits, etc. Tools 
made from this cobalt steel must be ground 


Silicon 
Per cent 
0.30 max. 


Per cent Per cent 
0.15-0.20 None all over after the hardening operation, due 
one None 


0.15 


None  0.40-0.60 to the deep soft skin produced in hardening. 
Turning tools made of this high-cobalt high- 
speed steel give excellent service on all dif- 
ferent types of materials, but especially when used on heat- 
treated alloy steels and other materials that are difficult to ma- 
chine. 

There continues to be a slight demand for the so-called low- 
tungsten, high-vanadium type of high-speed steel (13 per cent 
tungsten, 2 per cent vanadium), especially for turning tools of 
various types. This steel is considerably more difficult to 
harden properly than the more commonly used 18 per cent 
tungsten material, its general use therefore being somewlhit 
restricted. 

The high-carbon, high-chromium type of steel is being used to 
a great extent today for blanking and lamination dies, as well 
as for parts where resistance to wear is of primary importance. 
This material contains from 1'/, to 2'/, per cent carbon and 
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11 to 13 per cent chromium. This high-chromium alloy does 
not possess the toughness, red hardness properties, and cutting 
qualities of high-speed steel, so is not recommended as a sub- 
stitute for high-speed steel for metal-cutting tools. 

Practically all carbon, alloy, and high-speed tool steels are 
melted today by the electric-furnace process, using the Heroult 
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to furnish semi-high-speed steel tools. A careful study of a 


large number of the various types of steels introduced by the 
steel companies during the past few years shows no steel possess- 
ing the necessary properties for this purpose. Just because a 
low-tungsten steel tool (1'/. per cent to 2 per cent tungsten) 
gives a red spark when touched to the grinding wheel is certainly 


Fic. 4 Microstructures or Higu-Sprep STEEL QuENCHED From Proper TeMPERATURE—aT Lert, Not Drawn; at RIGHT, 
By A 1100 Decree FAHRENHEIT Draw 


Fic. 5 Microsrrucrures oF LONGITUDINAL Sections Cut From DIAMETER Stock—at Lert, Hicu-Speep STEEL ForGEepD 
Buanxk; at Riegut, Street Bar Srock 


three-electrode type furnace. Ten years ago the crucible process 
was the one employed by the mills in this country for the melting 
of these high-grade steels. It is the opinion of the author that 
the electric-furnace-melted material is of a uniformly higher 
quality than the crucible-melted steel, this being especially 
noticeable in the alloy and high-speed tool-steel types. 

From time to time, the small-tool manufacturer is requested 


no reason for expecting the tool to have high-speed steel proper- 
ties. In fact, tools made from this low-tungsten tool steel 
cannot be run at any higher speeds, feeds, etc., than can plain 
carbon-steel tools and moreover do not possess as great toughness, 
due to the increased hardness penetration. These remarks 
regarding red-hardness properties and toughness apply equally 
well to many other so-called semi-high-speed steels tested. 
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Incoming shipments of tool steel should be given a careful 
microscopic inspection. A lot of steel may be of the correct 
chemical composition, have the proper hardness, and possess 
a satisfactory fracture after the standard hardening treatment, 
but unless the structure as revealed by the microscope at magnifi- 
cations from 100 to 1000 times is satisfactory, tools made from 
this material will not give satisfactory results. Figs. 3, 4, and 5 
are representative of the important information one obtains 
only through the proper use of the microscope. Figs. 5 and 6 
illustrate the necessity of using high-speed steel forgings instead 
of bar stock for the manufacture of cutters, hobs, etc., in the 
larger diameters. It is not possible at the present writing 
for the steel mills to produce high-speed steel-bar stock in the 
larger sizes that is free from harmful segregations, etc. The 
fracture of tools made from these larger bars is extremely coarse 
as compared with the velvety type of fracture obtained when 
forgings are used. 


with the hardening of carbon-steel tools such as taps, dies, drills, 
reamers, etc. The temperature used varies from 1440 to 1500 
deg. fahr., brine being the quenching medium most commonly 
employed. The oil bath, salt bath, or oven-type furnace may be 
used for the tempering of the tools after the quenching operation. 

High-speed steel tools of the 18 per cent tungsten type should be 
hardened as follows: They should be preheated to a temperature 
of 1500 to 1600 deg. fahr. and then transferred to the high-tem- 
perature furnace, the temperature of which is approximately 
2350 deg. fahr. As soon as the tool reaches the furnace tempera- 
ture it should be quenched in oil. 

Drawing should be from 1050 to 1200 deg. fahr., depending 
upon the type of tool, and then they should be air cooled. High- 
speed steels containing cobalt must be quenched from a tem- 
perature of approximately 2400 deg. fahr. to obtain the most 
satisfactory results. 

High-speed steel containing the proper percentage of carbon 


Fic. 6 Asove, Fracrure or a 5!/-INcH DrtameTerR HarpENED Steet Foretne—Nore Fine Porcenanic Srructure; 
Betow, Fracture oF a HarpENED Disk Cur From a 5!/-INcH Diameter Bar or Hiocu-Speep Steet—Nore 
Woopy Srrucrure 


The importance of using only steel of the best quality in 
the manufacture of high-grade metal-cutting tools cannot be 
stressed too strongly. So much depends on the kind of raw mate- 
rial used that every precaution should be taken to insure the 
use of only carbon, alloy, and high-speed tool steels of the highest 
quality obtainable. 


HARDENING TREATMENT 


Often one hears the statement, “a tool is no better than its 
heat treatment.” A very true expression, indeed. The harden- 
ing room of a small-tool plant is one of the most important de- 
partments in the factory. Expense should not be spared in 
equipping this department with the best types of hardening 
and drawing furnaces, pyrometers, quenching baths, etc. All 
furnaces should be provided with automatic temperature control, 
time and program clocks for each operator should be furnished, 
quenching baths should be maintained at the correct temperature 
through efficient cooling systems, and all pyrometers should be 
frequently checked against master instruments, etc. Proper 
hardening instructions should accompany each order of tools, 
these instructions preferably being issued by the metallurgical 
department. Guesswork by the man at the fire thus is done 
away with. After hardening and drawing, the tools should be 
checked carefully for hardness, using special files provided for 
this purpose in conjunction with the Rockwell hardness tester. 

The lead bath is used by most manufacturers in connection 


and quenched from 2350 deg. fahr. will show the same hardness 
after a 1050 deg. fahr. draw as in the undrawn condition. Con- 
sidering that high-speed steel tools properly hardened and high 
drawn possesses twice the strength of tools in the undrawn 
state, without any sacrifice of hardness, it is the practice of 
most manufacturers to give all high-speed tools the high-draw 
treatment. It is important that high-speed steel tools be heated 
to a temperature in excess of 2300 deg. fahr. when open-fire 
hardened, as the cutting efficiency of a high-speed tool increases 
with increased hardening temperature up to the temperature 
where slight coarsening of the grain takes place. 


GRINDING oF TooL-Steet Toots 


A few years ago an article appeared in one of the trade journals 
in which the statement was made that more tools are spoiled 


in the grinding operation than during hardening. While this 
statement is somewhat exaggerated, in the author’s opinidn, 
it is true that many tools are ruined daily due to improper grind- 
ing. The use of too hard a wheel, a loaded wheel, or improper 
cooling during the grinding operation, are all contributing factors 
to grinding checks, soft skin, and similar evils. Fig. 7 shows 
three tools purposely ruined through improper grinding, then 
given a hot-acid etch treatment to make the lacework of grind- 
ing checks more visible. It is more economical to use a few addi- 
tional wheels of the proper grain and grade monthly than to 
attempt to economize through the use of harder wheels mere!y 
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because they do not wear away so rapidly. The grinding-wheel {z Deg. Cast’ Iron 0 Deg. Cast Iron 
salesmen are in a position to instruct the manufacturer as to Deg. Stee! De on 
the different types of wheels best suited for the various grinding Top Clearance te 
operations 

In connection with the grinding of high-speed steel tools, a few 
grinding-room foremen share the opinion that a straw or blue A 
color appearing on the tool after the grinding operation will 
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not affect the performance of the tool, considering that the 
tool had passed through that range when being high drawn. 
While it is true that a 1100 deg. fahr. draw is a much higher & 
temperature than the blue color would indicate, frequently a 
high-speed tool showing color after the grinding operation can 
be filed readily along the cutting edges. This means that the 
cutting edges of the tools were heated to a temperature in ex- 
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cess of the 1100 deg. fahr. draw during the grinding operation, 
thus ruining the tool. 
Curttine Fiuips 


The cooling and lubrication of cutting tools is of such impor- 
tance that The American Society of Mechanical Engineers ap- 
pointed a sub-committee several years ago to prepare a report 
on this all-important subject. This committee has not completed 
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its work as yet, but a progress report was presented about two 
years ago. 

The failure of many metal-cutting tools is due to the coolant 
used. Some machining operations such as threading and milling 
require a good grade of sulphur-base oil as the cutting fluid; 
other types of jobs, a soluble oil; some special operations call 
for pure lard oil; aluminum-alloy jobs, kerosene plus a small 
amount of machine oil, etc. A generous flow of the cutting 
fluid should be directed properly on the work at all times. The 
kind of cutting fluid used not only affects the life of the tool, 
but has an important bearing on the finish obtained. On 
some threading jobs the size produced is dependent in some 
degree on the type of cutting fluid used. 


CONCLUSIONS 


The three factors that govern the life of tool-steel tools, 
namely, design, steel, and treatment, have all been covered in 
detail in this paper. The necessity of grinding tools correctly 
as well as the importance of employing the correct cutting fluid 
are also touched on. 

Machine tools rightfully have been called, ‘“The Master Tools 
of Industry.” Of what use would these master tools be without 
their metal-cutting tools, unfortunately named “Small Tools.” 
Many concerns, after careful study, will purchase a machine 
tool at a price running into four or five figures, and then use any 
make of small tool on this expensive machine that might be 
handy or that can be purchased at a deceptive price. ‘‘A machine 
is no better than its tool equipment,” is a true statement, worthy 
of the careful consideration and study of the metal-working 
trade. While tremendous progress has been made in developing 
and improving metal-cutting tools during the past ten years, 
the author feels confident that proportionally greater improve- 
ments will be made during the coming decade. 


Discussion 


Freperick 8S. BuacKkauu, Jr.2 The d’Arcambal paper is an 


2 Vice-President and General Manager, Taft-Peirce Mfg. Co., 
Woonsocket, R. I. Mem. A.S.M.E. 
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interesting survey of the high lights of the small-tool field. 
Because of the breadth of the subject, any brief comment must of 
necessity be specific rather than general. 

It is refreshing to hear as eminent a metallurgist as Mr. 
d’Arcambal scouting the alleged merits of some of the so-called 
“alloy carbon tool steels.” Where surface wear is a factor, many 
of these latter-day developments have distinct merit; but it is 
the writer's opinion and experience that for cutting tools any 
compromise between a true high-speed steel and a straight-carbon 
steel yields little if any better results than the straight-carbon 
steel itself. For cutting tools, the writer has always regarded 
the so-called semi-high-speed steels (and particularly the lower 
tungsten grades) as simple delusions. 

The engineering department of the company with which the 
writer is associated has recently made extensive studies in the 
field of thread milling-cutter design. Mr. d’Arcambal’s paper 
touches on the superiority of the spiral-fluted thread milling 
cutter over the conventional straight-fluted design. Our experi- 
ence has further indicated that existing designs lack sufficient 
chip clearance, due to the narrow gashes which are necessary 
where a large number of flutes is used, and that cutters possessing 
fewer cutting teeth with wider gashes and lands are giving in- 
creased production and prolonged tool life. This is an entirely 
logical conclusion, corresponding as it does with the improved 
results obtained with the conventional coarse-toothed spiral- 
fluted milling cutter; and it is our opinion that the superior 
thread milling cutter of the future will possess spiral flutes in 
somewhat reduced number from the conventional design of the 
past with increased chip clearance. 

The writer would like to have seen Mr. d’Arcambal’s paper 
extended to include a discussion of gages. The heading of his 
paper would warrant such inclusion; its omission from such an 
otherwise encyclopedic survey of the small-tool field may have 
been due to the fact that the problem of design has been thor- 
oughly covered by the work of the American Gage Design Com- 
mittee or that the author desired to purposely limit himself to 
those tools which actually remove metal. In any event, Mr. 
d’Arcambal’s wide experience in the metallurgy of gage steels 
might have shed some interesting light on one or two other 
controversial points. 

Experience of recent years points to the superiority for gage 
purposes of tool steels over the milder carbon grades, and the 
development of thread grinding has made it possible to utilize 
the superior qualities of tool steel even in thread gages, which 
were formerly made almost exclusively of carburizing steels, 4 
desirable forward step. A few years ago, several concurrent and 
extensive studies were undertaken of gage-wear factors. [From 
the mass of data collected and the rather widely divergent results, 
one would conclude that the testing apparatus used in the more 
theoretical tests could hardly have approximated the conditions 
existing in actual production. It was the conclusion of certain 
tests, conducted, it is believed, by the Army Ordnance Depart- 
ment, that the so-called ‘‘ball race” or “ball bearing”’ steel of the 
following approximate analysis gave the best wear results: 
Carbon, 1.00; manganese, 0.30 max.; silicon, 0.25 max.; chro- 
mium, 1.40; phosphorus and sulphur, 0.040 max. 

The disadvantage of this type of steel is its tendency toward 4 
superficial surface softness—appropriately described as a soapy 
condition—which made gages of this material not only unpopular 
with the trade, but, in the writer’s opinion, inferior to tools 
possessing a glass-hard surface. The painstaking if highly 
theoretical experiments of Messrs. French and Herschman, of the 
Bureau of Standards, produced an even more startling conclu- 
sion—namely, that a file-soft gage is superior to a file-hard gage. 

Extensive study of the subject, corroborated by wear tests in 
production, which, in the writer’s opinion, are the only wear 
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tests yet devised which yield accurate and anywhere near con- 
sistently uniform results, leads to stating the unequivocal 
opinion that the hardest gage is the best gage where wear factors 
alone are considered. Rockwell readings of C 63 to 65 for plain 
gages, C 60 to 62 for ordinary thread gages, and C 58 to 60 for 
pipe-thread gages appear to be desirable minima. A certain 
sacrifice of hardness is necessary in thread gages, where the ele- 
ment of toughness is necessary to prevent chipping. 

For those who favor the chrome manganese steels for gage 
purposes, the second analysis under the heading “Alloy Carbon 
Tool Steels” in Mr. d’Arcambal’s paper will be found to produce 
a very satisfactory steel, possessing the wearing qualities of ball 
race steel without the latter’s tendency to soapy hardness. 
The chromium content should be kept nearer 0.40 than 0.60 for 
best results. 

For thread gages, where lead changes must be minimized, the 
conventional oil-hardening tool steels prove quite satisfactory. 


MSP-53-11b 109 


The higher manganese, tungsten-free type has proved superior to 
the tungsten grade in our experience. 

No discussion of gages at this juncture of engineering history 
should close without a fervent plea for the universal adoption of 
the gage design standards of the American Gage Design Com- 
mittee, which have been recognized by this Society. 


{[Nore: A discussion of this paper jointly with the paper of Becker, Gordon, 
and Wissler by A. K. Dean will be found with the discussion of the latter 


paper.) 


AvTHOR’s CLOSURE 


Mr. Blackall’s comments were very much appreciated. The 
author agrees with Mr. Blackall that the value of this paper 
would have been materially increased should the discussion have 
included the all-important subject of gages. The author was 
requested, however, to confine his remarks to metal-cutting tools 
made of carbon, alloy, and high-speed tool steels. 
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A Survey of Surface Quality Standards and 
Tolerance Costs Based on 1929-1930 


Precision-Grinding Practice 


In an earlier paper presented at a meeting of the Chicago 
Section of the A.S.M.E. on March 18, 1929,’ the author 
reviewed the process of evolution through which the art 
of precision of cylindrical grinding had passed up to that 
date. This paper reviews some of the defects which exist 
in the present-day accepted standards of finish of mechani- 
cal components, and represents an endeavor to maintain 
continuity by carrying the discussion through to the pres- 
ent-day standards of finish attainable by the abrasive 
process. It is pointed out that it is useless to specify ex- 
tremely close limits of accuracy unless the measurements 
are made across basically plane surfaces. 

Size control and its effect on cost of production, as well 


By R. E. W. HARRISON,' CINCINNATI, OHIO 


as the length of useful life, is discussed, and better finishes 
are advocated as a means of reducing the ill effects of high 
initial wear. A scheme for the establishment of definite 
standards of finish is put forward, and a finish-calibrating 
instrument is described. Emphasis is laid on the fact that 
there is no available short-cut method of obtaining ultra- 
fine-finished surfaces with a minimum of initial wear, and 
the author points out that standardization of finishes can 
be attained at low cost with little disruption of present 
methods; also that the subject of longer useful life to me- 
chanical components is closely interlocked with the pro- 
vision of a better standard of finish and the attendant bene- 
fits derived from close adherence to true limits of accuracy. 


to perfection brings our past per- 
formances under the most critical re- 
view. Sometimes this is the result of fail- 
ure measured in terms of longevity or the 
inability of some mechanical piece of work 
to fulfil its function; sometimes it is the 
urge of the designer to produce a more me- 
chanically perfect and lasting job; some- 
times it is the desire of the production en- 
gineer to excel in his art and produce some- 
thing better than that which has gone 
before; and it is often the urge brought about by intensive 
competition which makes it a commercial necessity for one in- 
dividual or concern to produce something better than that which 
has hitherto been presented in an endeavor to capture a market 
and its attendant profits. 

Whatever the cause may be, the fact remains that the world 
is marching steadily forward. While the credo of many manu- 
facturers is to make and produce within the widest permis- 
sible limits of accuracy and finish consistent with the established 


Engineering Director, Cincinnati Grinders, Inc. Mem. A.S.M.E.; 


Chairman, Cincinnati Local Section. Mr. Harrison received his 


‘ky urge for betterment which leads 


education at Grove House High School and Crescent College, both 
of Manchester, England, after which he attended Manchester College 
of Technology, where he took a regular course in mechanical engineer- 


ing, including heat engineering. Mr. Harrison then entered the 
employ of the Churchill Machine Tool Co., Ltd., at Pendleton, Salford. 
Here he received training in erecting and machine-shop departments 
on regular schedule, and during 1911 he was appointed foreman of 
the turret-lathe and automatic-screw-machine department. Mr. 
Harrison held this position for about 18 months, and later was given 
charge of the jig-tool and work-progressing department, which position 
he held until the outbreak of the World War in 1914. In 1923 Mr. 

arrison was appointed assistant works manager of the Churchill 
Machine Tool Co., Ltd., and was given the assignment of building and 
— the company’s new works erected at Broadheath, Man- 
chester. 

Mr. Harrison was responsible for purchases, supervision, and all 
contracts, and generally functioned as assistant to the general works 


111 


standards of efficiency for their product, there are others, and 
these latter probably constitute the majority, who, with a 
genuine desire to produce a better job, strive all the time to 
improve on past performance. 

Ever since the first lathe and the first boring machine, and 
in fact the first tool of any of the now-established types, were 
put into operation, the finish and accuracy of their product 
have been matters of speculative discussion. 

There of course has always been a compromise between the 
practical and the ideal. But although it is invariably con- 
ceded that perfection is unattainable, this fact has never pre- 
vented striving for that goal. 

This paper represents an endeavor on the part of the author 
to record, in a useful way, some of the progress which has been 
achieved up to date. 


SECTION A 


1 Surrace IRREGULARITIES ON GROUND AND LAPPED WoRK 


The fact that so many engineers supplement their eyesight 
with eyeglasses and spectacles is in itself evidence of a growing 


manager. He was made special technical representative of the 
Churchill company to spend six months in the United States and 
Canada, surveying the two countries as a possible outlet for British 
machine tools. During the remainder of 1923, Mr. Harrison visited 
France, Holland, and Belgium in a similar capacity. In January, 
1924, he was appointed commercial manager of the Churchill com- 
pany with responsibility for sales. Mr. Harrison joined the engineer- 
ing staff of the Cincinnati Milling Machine Co. in July, 1926, and on 
the formation of the company’s subsidiary, Cincinnati Grinders, Inc., 
he was made a member of the board of directors and assigned the 
duties of chief engineer. 

2 “Precision Cylindrical Grinding,’ Trans. A.S.M.E., Sept.-Dec., 
1929, MSP-51-18. 

Contributed by the Machine Shop Practice Division and pre- 
sented at the Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, 
of THe American Society oF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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dissatisfaction with the limitations of the naked eye. Hence 
the author feels confident that no one will feel that the dis- 
cussion is being made of too academic a nature if the micro- 
scope is accepted as a highly desirable and, in many cases, 


Fie. 1 THe Same Piece or Work 
(A, as viewed with the naked eye; 


necessary tool in the inspection department; for without 
the aid of this tool, the naked eye is insufficient to gage 
qualities of surfaces called for by present-day standards. 

A simple experiment with a camera, photographing a 
piece of ground work, will be sufficient to convince the 
most skeptical that the sight of the average individual can 
be deceived to a surprising and disconcerting extent. 

The outside diameter of an 8-in. diameter ball race, when 
viewed by the naked eye, appeared to have a highly satis- 
factory surface, as shown at A in Fig. 1. It, however, 
took on a quite chattered or broken appearance, as shown 
at B, when photographed. This photograph is not an 
enlargement and represents the actual size of the work. 

It might be argued that in the quest for the true plane 
surface, one is getting out of the realm of practical work- 
shop possibilities and introducing laboratory methods and 
discussions. But, in the author’s opinion, the answer to 
this is the increased mileage available on the modern auto- 
mobile due to the higher initial finish and accuracy built 
into the components generating the power and carrying the 
load, as compared with the relatively short total of mileage 
and noisy, inefficient performance of the automobile of even 
three years ago. 

That there is an appreciation of the fact that minute 
surface irregularities result in rapid wear, irrespective of 
lubrication, and that there is a definite though now limited 
market for the near-perfect piece of mechanism, is borne 
out by the fact that there are a few automobile manu- 
facturers who have built up a profitable business by build- 
ing this type of mechanism only. 

It is generally known and accepted that the method of re- 
moving metal which involves the use of a hardened tool, the 
nose of which penetrates the surface to be machined to the re- 
quired depth, leaves a relatively torn and disrupted surface 
which has a high coefficient of friction and a relatively high 
initial wear. 


B, defects revealed by the camera.) 
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It is not proposed in this paper to discuss the relative merits 
of machined and ground work, but to deal with the finer ir- 
regularities produced by the accepted finishing operation of 
today, i.e., grinding. Whether the work be hardened or soft, 
or cast iron, steel, or bronze, it has been 
proved that the cheapest way of securing 
accuracy within the closely specified limits 
and finish, up to an acceptable standard, is 
by means of the precision grinding machine. 

This, then, is the starting point. 

The modern grinding wheel, which is built 
up from an accurately sized, accurately 
spaced, and carefully bonded abrasive, is in 
itself a tool of precision, produced by its 
makers to within limits of accuracy controlled 
within thousandths of an inch. Examined 
by the naked eye after being mounted and 
trued in a modern precision machine, the 
working surface of this wheel presents a 
smooth and precise appearance. However, 
when this wheel and the work on which it is 
operated are viewed through the microscope, 
it will be realized that modern precision grind- 
ing is nothing more or less than a closely con- 
trolled milling operation in which each of the 
particles of abrasive presented to the work 
plows its quota of metal and leaves its result- 
ing furrows. 

While one may overlap and overlap the 
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Fie. 2 X 75 
(Surface of cylinder ground to generally acceptable finish with 80-grit whee!.) 


path taken by succeeding particles of abrasive, the resultant 
surface under a powerful microscope has much in common with 
a plowed field, Fig. 2. Sharp ridges of steel or iron exist on the 
surface of the work, and these must be removed before one can 
arrive at a plane surface which will have a maximum resistance 
to wear. 

Some few years ago the research engineer of one of the auto- 
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mobile concerns making cars in the highest price class, in a 
fit of discontent with his company’s product, inserted an electro- 
magnet in the oil stream while a standard engine was under- 
going its dynamometer test. The result of this simple little 
test was so startling that this concern almost ceased manufactur- 
ing until means could be found to solve the problem which 
was thus so suddenly thrown up to them. The electromagnet 
had drawn a considerable quantity of ferrous particles from 
the oil stream, and this was proof positive that the initial 
wear on all contacting mem- 
bers was astonishingly high. 
The remedy was obviously 
a better quality of finish 
than any which had hitherto 
been considered acceptable. 

It was realized that a 
lapping compound com- 
posed of particles of iron, 
steel, and bronze was a 
dangerous element to in- 
troduce into any piece of 
high-class, high-speed ma- 
chinery. 

A world-famous maker 
of Diesel engines, of both 
the marine- and the land- 
operating type, found that 
reduction in initial wear due 
to bettered methods of 
finishing enabled him to con- 
trol his sizes so accurately 
that he reduced the run- 
ning-in time of his engines 
to one-third of that pre- 
viously found necessary, and 
at the same time increased 
the power-producing effi- 
ciency of his product by 8 
per cent. 

A world-famous builder 
of locomotives made a test 
on a locomotive equipped 
with one cylinder which 
had been bored and another 
which had been bored and 
afterward ground. The lo- 
comotive was put on the 
road, and the cylinder heads 
were not removed for 14 
months. Within two days 
of the inspection of this 
locomotive the process of 
finishing cylinders was 
changed to embody the im- 
proved method of finishing. 

Much is heard about the appalling cost of rust or oxidation. 
Optimistic statisticians have even dared to put a figure on this 
wastage, which runs into billions of dollars. In the author's 
opinion it is not an exaggeration to say that this figure is at 
least equaled by the cost of largely avoidable wear. Hence 
there is what appears to be a sufficient and valid reason for 
the time given to the consideration of a subject, the economics 
of which involves such an immense sum of money. 

Consider, for example, surfaces produced on cylindrical work, 
and discard for the moment the questions of accuracy as re- 
gards roundness and parallelism. 
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Fie.5 Lappep SurFACE 


(A good job of grinding, with no defects visible to the 
naked eye; ground with an 80-grit wheel.) 
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Fig. 3 shows a representative plan view of an automobile 
wristpin ground to a finish which is generally considered good 
and acceptable by manufacturers who judge their product 
only by the naked eye. The finish-grinding operation was 
performed with an 80-grit grinding wheel. 

Fig. 4 shows the same piece reground with a 500-grit grind- 
ing wheel. 

Fig. 5 shows the same piece after being put through a lapping 
operation in which the pin is held on a spider between abrasive 


Fie. Typicat oF A WORKING SURFACE 


Fic. 4 A Workine SurFace Propucep WITH A 
500-Grit X100 


Fic. 6 APPEARANCE OF WoRKING SuRFACE AFTER 
LAPPING AND SuBSEQUENT GrinpING Wits 500-Grit 
WHeet X100 


disks that were mounted on vertical spindles. 

Fig. 6 shows the same piece after being again passed through 
the grinding machine following on the lapping operation. It 
will be noted that the grinding operation with the 500-grit 
grinding wheel has not been continued long enough to remove 
all the marks left by the laps. 

The hitherto frequent renewal of automobile wristpins re- 
sulted in intensive study being given to this member, with the 
result that a very large percentage of pins built into new auto- 
mobiles and those used as replacements are either ultra-finish- 
ground with a 500-grit grinding wheel or are lapped. 
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The surfaces on automobile crankshafts also have come in for 
much critical review, and at the instance of one of the leading 
automobile manufacturers, Dr. C. B. Sawyer, of Cleveland, 
has made some interesting cross-sections which emphasize the 
necessity for better methods of finishing. (See Appendix 1.) 

The method of obtaining these interesting specimens was to 
immerse the samples in a copper-cyanide plating bath and 
give an initial coating. This is followed by immersion in an 
acid copper-plating bath where a heavy deposition of copper is 
made. The samples are then removed and cut, using a hacksaw, 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


the cutting being Py performed that the copper is forced toward 
the iron or steel. 

These samples clearly illustrate the amount of irregularity 
which must be removed from the surface of an automobile crank- 
shaft before the pin can establish a smooth and unobstructed 
path. (See Appendix 1.) 

Experience indicates that there is no royal road or shortcut 
to a really high finish. Such finishes must necessarily be built 
up by successive stages. 

Grinding wheels designed for producing the highest class of 
finish are incapable of an attractively high rate of metal re- 
moval. Hence, a practice has grown up whereby the bulk 
of the grinding allowance is removed with a wheel of from 60 to 
80 grit. An intermediate finishing operation utilizing a wheel 
of 120 to 250 grit is interposed to top off the ridges caused by 
the grain depth of cut of the roughing wheel, and the final finish 
is imparted to the work with a wheel which may vary from 250 
to 500 grit, the final result depending upon the standard of 


Fie. 7 Rack or Piues Usep as REFERENCE STANDARDS OF FINISH 


finish necessary for the satisfactory accomplishment of the work. 

Attempts have been made to effect a shortcut, but these have 
all resulted in the building up of a false finish. In other words, 
the ridges are turned over into the hollows, and in actual service 
the results obtained are unsatisfactory. 


2 ScHEME FoR EsTABLISHING STANDARD FINISHES IN GENERAL 
ENGINEERING PRACTICE 


Through the period of years in which mechanical processes 
have been developing, no satisfactory method of gaging finishes, 
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FINISH #20 


PoOIL HARDENED FINISH #34 


other than with the eye, has Leen developed. This means, also, 
that there is no definite standard of comparison on either 4 
world, a national, or even a local basis. 

It is unfailingly true that, in those countries where high stand- 
ards of workmanship have been established, engineers are more 
critical and demand a higher finish, but this in turn is again, 
and has always been, a matter of mental comparison, with no 
established basis on which to allocate a place to any one par- 
ticular finish. 

This matter has exercised some of the keenest minds in the 
industry and has been given very careful consideration by the 
American Standards Association. 

In an attempt to obtain a solution to this problem in a prac- 
tical workshop way, the author has adopted the following pro- 
cedure: 

A small rack, Fig. 7, carrying 1-in. diameter cylindrical plugs 
ground to the various progressive standards of finish has been 
placed in each of the following departments for reference: ¢D- 
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gineering, grinding, inspection, standards, and laboratory. 

The question at once arises as to how these standards are 
established, and this has been accomplished in the following way: 

A finish-measuring device has been put into use, embodying 
an electromagnetic type sound detector or pickup as used in 
the better makes of electrically operated gramophones. 

This instrument is connected up with a radio-amplifying 
unit and records minute vibrations caused by irregularities on 
the surface of the work to be inspected, reproducing them through 
a loud speaker. 


THREE-STAGE 
AUDIO-FREQUENCY AMPLIFIER 


MAGNETIC PHONOGRAPH PICKUP 


3 To Light Socket 
“= 10 Volts AC. 


with a piece to be tested, the loud speaker, and the millivolt- 
meter unit. 

Fig. 9 shows a diagrammatic view of the instrument. 

Attempts to measure the finish obtained on ground work 
by means of instruments based on the ability of the work to re- 
flect from a measured source of light have proved inadequate, in- 
asmuch as it is too easily possible to obtain false readings from 
surfaces which, while having the appearance of being highly 
polished, nevertheless contain comparatively deep furrows or 
scratches. 
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Fic. 9 DiaGramMatic View oF Finish CALIBRATOR 
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The contact with the work is made with a chisel-edged sap- 
phire, and a millivoltmeter records the amplitude of a current 
which is directly proportional to the vibration, and which passes 
across the grid of a supplementary radio tube. 

Work which is relatively roughly ground produces a deep, 
harsh vibration in the loud speaker and a relatively large move- 
ment of the needle on the millivoltmeter scale. A finely ground 
piece of work produces a keen high note characteristic of minute 
vibration, and results in a relatively small swing of the milli- 
voltmeter needle. 

From the foregoing description, therefore, it will be seen that 
there is available both sound and visual measurement on a 
definite scale to supplement the microscope and the naked eye. 

The instrument is extremely sensitive and particularly well 
Suited to picking out that class of unsatisfactory work which, 
in the every-day phraseology of the mechanic, is “highly pol- 
ished and deeply scratched.” 

Fig. 7 shows the rack of finished samples, with three tiers 
each, containing soft, case-hardened, and oil-hardened steel 
samples, 


Fig. 8 shows the work-finish-testing instrument in contact 
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Fie. 10 Cost D1iaGram Repucep Cost oF 
ImpROVED FinisHes Dus to Improvep METHODS 


(Substitution of high-production grinding operation in place of lapping 

and polishing; use of heavier and mechanically improved machines; use of 

greatly improved fine grit grinding wheels; improved methods of truing 
grinding wheels.) 


3 Revative Costs or Present-Day STANDARDS OF FINISH 


It being accepted that there is no available shortcut to high 
finish, it logically follows that the higher the finish the higher 
the cost on any given piece of work. However, much has been 
done in an endeavor to improve the standard, and the diagram in 
Fig. 10 serves in a general way to indicate what has been accom- 
plished during the last year or eighteen months. 

Case-hardened finish No. 3, which is equivalent to what is now 
generally known to the trade as a commercial finish, is accom- 
plished on either the centerless or center-type cylindrical grind- 
ing machines, by rough and finish grinding the work with the same 
wheel, dressing the grinding wheel openly for the roughing op- 
eration and closely for the finishing operation. 
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Finish No. 2 is obtained in an identical way, but calls for the 
expenditure of from 15 to 20 per cent more time in the finish- 
grinding operation only. 

Finish No. 1 is a refinement of finish No. 2 and calls for an 
additional grinding operation with a wheel of approximately 250 
grit. This finish doubles the time required for the previous 
finishing operation, but does not in any way affect the time 
required for the rough-grinding operation. 

The ultra-fine finish represented by the samples in the top row 
of the case calls for still another grinding operation, utilizing a ma- 


Uitra-Finish, / 
500 Grit 


finish No.1, 
250 Grit 


Finish M2, 
60 fo 80 Grit 


Finish No.3, 
60 to 80 Grit 


Rough 
60 to 8 Grit 


(36 to 60 Grit) 


3 4 5 6 7 
Unit Cost in Dollars 
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chine designed and closely adjusted for this work. This finish 
is obtained by using a wheel of approximately 400 grit. 

To state the matter in another way, finish No. 3 calls for two 
grinding operations with the same wheel. Finish No. 2 calls 
for two grinding operations, also with the same wheel. Finish 
No. 1 calls for three grinding operations using two different 
wheels. The ultra-fine finish calls for four grinding operations 
involving the use of three different wheels. All the finish- 
grinding operations occupy about the same length of time and 
the cost of production is in proportion to the finish produced. 

This is illustrated graphically by Fig. 11. 


SECTION B 


1 Accuracy CONSIDERED AS A COMMERCIALLY ATTRACTIVE 
Factor In Works MANAGEMENT 


The relationship between quality and finish, as discussed 
in the foregoing section of the paper, and accuracy, considered 
as a commercially attractive factor from the point of view of the 
works management, may at first appear to be somewhat obscure. 

However, experience indicates that the two subjects are very 
closely related by that relatively indeterminate factor known 
as initial wear. Until one is in a position to commercially pro- 
duce work with practically no initial wear, it might justly be 
said that he is being deceived in the belief that work is being 
held within the specified limits of accuracy stated on the draw- 


ing. 
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The effects of this knowledge of the existence of high initia! 
wear can be seen on every hand. 

(a) Designers frequently tighten up their limits in the hope 
that when the initial wear has taken place they will still have 
mechanisms which operate without shake or without losing 
gas, air, or oil pressure. 

(b) Designers frequently call for extremely expensive hand- 
lapping operations, knowing that this, being a slow process, 
offers maximum insurance against the assembly of parts which 
would otherwise retain possibilities of high initial wear. 

(c) Makers of twist drills and plug gages insure that their 
products have a maximum useful life before the fuzz is worn 
off them and they are reduced to the low limit. 

(d) Engine builders make their pistons larger in diameter 
in relation to the bore to insure that when the engine comes 
off the dynamometer test it will not have too much piston slap. 

(e) The preloading of anti-friction bearings is another effort 
in this direction. 

(f) Builders of high-class machinery erect, dismantle, in- 
spect, reerect, run, dismantle, inspect, reerect, and run again 
to check up the results of initial wear known as the bedding- 
in process on their shafts and bearings. 

In other words, it might truthfully be said that the test run 
of any piece of high-class machinery is a species of teething 
period during which its whole future lies in the balance. 

That the commercial hazards of this process are to some 
extent recognized is evidenced by the rapid increase in the use 
of high-class honing equipment. 

A high-class company has built up an attractive and economi- 
cally sound business in lapping machines. Another company 
has put on the market specially equipped grinding machines, 
the sole function of which is to produce an ultra-fine finish on 
the work. All of which is proof conclusive that accuracy of 
product in which measurements are taken between plane sur- 
faces and not over rough ridges of material is recognized by the 
discriminating engineer as a commercial necessity. 

The practice, however, is by no means general, and so far 
has been restricted to relatively few of the many thousands 
of manufacturers producing what they honestly believe to be a 
quality product. 


2 Tue Cost or Accuracy in Grounp Work 


One of the factors most closely affecting the manufacturing 
success of any modern organization is the intelligent use of 
the limit system, for in the specifying of close or wide limits 
the engineering department either can make or break the suc- 
cessful operation of any plant. 

It is obviously most sound for the designer to specify the 
widest possible limits of accuracy consistent with the satis- 
factory functioning of the piece or mechanism under considera- 
tion. 

There is evidence, however, that the question of initial wear 
does not always receive the consideration which its impor- 
tance entitles it to, and it is becoming increasingly necessary 
for designers also to specify the class of finish on the bearings 
and sliding surfaces which operate under load. 

The absence of a definite standard of finish has been a great 
obstacle, but it is hoped and anticipated that research work 
will shortly clear away this barrier. _ 

Unfortunately, the subjects of finish and accuracy within 
closely specified limits have been somewhat confused in the 
minds of many designers, and this has led to the belief in many 
quarters that because, say, a locomotive is built up of parts 
with wide limits of accuracy as compared with, say, 4 printing 
machine or a machine tool, the finishes on locomotive work ca? 
be relatively rough. 
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No greater fallacy exists, and although it is readily admitted 
that wide clearances are necessary to enable the motion gear of a 
locomotive to accommodate itself to a non-precision roadbed, 
the effects of high initial wear, due to lack of finish, are so costly 
and serious that it might be said that the bearings and wearing 
surfaces of a modern locomotive, while operating with greater 
clearances, at the same time demand on the score of economics 
a higher degree of finish than almost any other piece of mecha- 
nism. 

Where the load as measured in pounds per square inch is 
intensive, initial wear can easily develop into permanent and 
continuous wear if the mechanism is not started out right in the 
first place. 

In these days when a variance of sizing within 0.0002 in. 
may mean the difference between automatic assembly and hand 
selection, and this in turn may mean the difference between 
success and failure to make a profit, and therefore for the firm 
to remain in business, it logically follows that the problem of 
accuracy and automatic sizing control has been put up to the 
machine-tool manufacturers in a very intensive way. 


CONCLUSION 


The conclusions which the author wishes to draw from the 
foregoing notes, data, and records of experiments are the fol- 
lowing: 

1 It is desirable that our efforts to work to close limits of 
accuracy be strengthened and improved by taking measure- 
ments across basically flat surfaces rather than across sur- 
faces which have a relatively high factor of initial wear. 

2 To enable this to be done, standards of finish should be 
established and these standards accepted in at least a national 
way. 

3 The author submits for consideration a means whereby 
finishes can be calibrated and easy and accurate duplication of 
results be obtained. 

4 A practical scheme applicable to most organizations 
carrying on engineering work is discussed and provides a basis 
on which refinement and special applications can be worked 
out. 

5 A general guide to the requirements as regards the number 
of machine-shop operations to secure the different qualities 
of finish is discussed and submitted as representing the best 
available practice of today. 

6 An endeavor has been made to show that there is at pres- 
ent no available shortcut to high-quality work with a low 
factor of initial wear. 

7 The various means whereby surfaces with low initial 
wear can be obtained are indicated. 

8 Finally, the author has shown that standardization of 
finishes can be attained at low cost and with practically no 
disruption of present methods; also, that limits of accuracy 
which control length of useful life are interlocked with the 
obtaining of a better quality and standardized finish. 


Appendix 1—Microscopical Examination of 
Cross-Section of Surfaces 


By DR. C. B. SAWYER,* CLEVELAND, OHIO 


N the recording of the shape of design of objects in general 
it has been found most practical to take a series of cross- 
sections of the object on different planes through it. The 
number of such cross-sections necessary is determined by the 
irregularity of the object and the detail required. Such cross- 


* President, The Brush Laboratories Co. 


sections may be made by a draftsman and filed away as blue- 
prints. 

When it is desired to obtain a similar record of a surface 
filled with very fine scratches or surface irregularities, it is 
necessary, first, mechanically to section such surface and, sub- 
sequently, to magnify and photograph its cross-section. Where 
ground surfaces are concerned, two or three sections are generally 
adequate to give a very fair idea of the dimensions and nature 
of irregularities existing thereon. For many purposes a single 
cross-sectional photomicrograph is adequate. A method for 
obtaining photomicrographs at magnification up to 1000 diame- 
ters of cross-sections of surfaces produced by grinding, honing, 
polishing, and the like is here described. 

So far as is known to the writer, the method was first em- 
ployed by the famous metallurgist, Walter Rosenhain, in his 
study of the dimensions of slip planes produced on polished 
metallic surfaces during deformation of the metal. For a gen- 


Fic. 12) MAGNIFICATION SHOWING Stipe Banps as True, THoves 
MINUTE, STEPS 


eral description of the method it would be difficult to find better 
words than those of Rosenhain himself,‘ as follows: 


Still more conclusive, . . . is the demonstration of the nature 
of slip bands which has been obtained by the author by means of 
actual cross-sections of a surface on which slip bands had been de- 
veloped. The difficulty in obtaining such a cross-section lay not 
alone in the minuteness of the surface features looked for, but also 
in the fact that, when a specimen is cut and polished, the edges of 
the surface are always more or less damaged and rounded off. Sharp 
images at high magnifications, therefore, could not be obtained by 
simply cutting a previously polished and strained specimen through 
at right-angles to the original surface and then polishing the cross- 
section thus obtained. The author overcame this difficulty by first 
coating the surface on which slip bands had been formed with a 
thick layer of electrodeposited copper. When subsequently a section 
was cut through the compound mass—in this case of iron and cop- 
per—the boundary on this section, between copper and iron, gave 
the exact outline of the section of the original surface. When ob- 
served at a high magnification, such a section shows the slip bands as 
true, though minute, steps. The appearance, under a magnification of 
1200 diameters, is shown in Fig. 106. [See Fig. 12, which is Fig. 106 of 
the Rosenhain work.] It is of interest to note that the approximate 
depth of the minute slip-band steps seen in Fig. 106 is '/59,99¢ of an inch, 
which is about the length of a wave of sodium (yellow) light. 


For the practical examination of iron or steel surfaces pro- 
duced by grinding, it is first necessary to obtain a small sample 
of such surface, measuring perhaps an inch square, and as thick 
as general conditions may require. Such sample must have 
been preserved from rusting, corrosion, etc., after grinding. 
Before copper plating can be commenced, the surface of the 
sample must be freed from every trace of dirt and grease, with- 
out, however, damaging the surface. Cast-iron cylinders which 
have been subject to oil lubricants or preservatives present 


4 “Introduction to Physical Metallurgy,’’ Rosenhain, 1914, p. 245. 
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Ground Surfaces 


Fic. 13 PxHoromicroGrapus oF SurFrAcE Cross-SEcTIONs 


the most difficult cleansing problem, for the oil enters the gra- 
phitic pores and is very difficult to wash out. Long soaking in pe- 
troleum ether or pure ethyl ether is effective, or the sample may 
be placed beneath a reflux condenser so that freshly distilled 
clean ether is constantly dropping on its surface. It may be 
necessary to continue such treatment for 24 hours. Even 
when so cleaned the surface may still be covered with a very 
thin film of oil, and is best dipped in a hot (not boiling) dilute 
solution of sodium carbonate or sodium hydroxide. Such sam- 
ple is then transferred quickly to distilled water before the 
caustic solution can evaporate. After rinsing in distilled water 
the sample is ready for copper plating. Non-porous materials, 
such as steel, are much more easily cleaned. 


Polished Surfaces 


xX 200 
The copper plating is carried out with two baths. Were 
a steel sample to be dipped at once into the ordinary acid plat- 
ing bath, “plating by contact’’ would ensue, and a non-adherent 
coating of copper would result, with corresponding solution 
of the steel sample and blurring of the minute outlines of 
scratches, etc. Consequently, it is necessary to start the plating 
operation in a cyanide bath in which “plating by contact” 
will not take place. Unfortunately, it does not seem possible 
to obtain, with a cyanide bath, a sufficiently thick coating of 
copper to serve the whole purpose. Therefore, the cvanide 
plating must be followed by plating in the ordinary acid bath. 
A suitable cyanide bath is obtained by dissolving cuprous 
cyanide in potassium cyanide to form about a 5 per cent solu- 
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tion, with the addition of about one-half of 1 per cent of sodium 


carbonate. Plating is carried out at a temperature of about 
50 deg. cent., and with the usual copper anode. The current 
density should be sufficient to produce a considerable evolution of 
gas. After about an hour, and while the surface is still smooth 
and uniformly salmon-colored, the sample is lifted from the 
Copper cyanide and quickly washed in distilled water, before 
the adhering solution has time to evaporate. It is then at once 
transferred to the acid plating bath, where the plating is con- 
tinued without danger to the surface, because of the protective 
Coating of copper laid down in the cyanide bath. A suitable 
Composition for the acid bath is that used for copper coulombme- 
ters, as follows: 1000 grams of water, 150 grams copper sul- 


phate, 50 grams concentrated sulphuric acid, and 50 grams 
alcohol. 

Plating takes place at room temperature, and is greatly ex- 
pedited if the solution is strongly and continuously stirred, 
as by an electric motor. Deposition continues until the thick- 
ness of copper overlaying the surface to be examined is about 
1/, in. The time required varies from two days to a week, 
depending on the degree of stirring, which in turn controls 
the maximum current density at which adherent copper is 
deposited. 

When the copper coating is of adequate thickness, the sample 
is removed, washed, and cut with a hacksaw along the plane 
desired. As the copper coating is not extremely adherent, 
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it is best to have the saw teeth move from copper toward steel, 
thus avoiding as much as is possible any tendency to tear the 
copper away from the surface. After so cutting, the specimen 
is polished by the usual metallographic methods. As copper 
is very much softer than steel, there will result at best an in- 
equality in the level of the copper surface and the steel sur- 
face, but this can be reduced by the use of emery paper as much 
as possible in the polishing operations. 

Results obtainable with this method are illustrated by the 
accompanying photomicrographs made several years ago in 
studying the bearing surfaces on two crankshafts. The sur- 
faces on the one crankshaft were finished by grinding; on the 
other by “polishing.’”’ Three samples from the bearing sur- 
faces of each crankshaft were copper-plated and prepared as 
described. 

Each group of three samples was photographed at a magnifica- 
tion of 200 diameters (Fig. 13) and at a magnification of 800 
diameters (Fig. 14). The first group of photomicrographs are 
at 200 diameters. They comprise samples G1, G2, and G3 from 
the ground surfaces and P1, P2, and P3 from the polished sur- 
faces. The second group at 800 diameters is similarly designated, 
G1’, G2’, and G3’ and P1’, P2’, and P3’. 

In these cross-sectional photomicrographs the copper plating 
appears white, while the steel is black, due to etching in the 
usual nital to accentuate the contrast between the steel and the 
copper. 

As before stated, there is a slight difference in level between 
copper and steel, which results in a blurred appearance of the 
steel structure, as the camera was necessarily focused on the 
copper. Nevertheless, all boundaries, even at 800 diameters, 
are sharply defined and give the exact shape of scratches as 
little as 0.00001 in. in depth. 

In the case of these crankshafts it is evident that the polishing 
operation produced a more uniform product. The ground 
surfaces varied from bearing to bearing, probably with the 
truing of the wheel. Sample G3 was probably produced with 
a freshly trued wheel, which became somewhat glazed by the 
time it reached Gl. Such a partially glazed or filled wheel 
polishes somewhat as it grinds, and the surface produced by it 
approaches a polished surface. 


Fie. 15 Crrcurr Usep MAKING VisuAL AND Sounp REcoRDSs 


Appendix 2—Circuit Diagram of Finish 
Comparator 


The diagram (Fig. 15) represents the circuit used when 
making the visual and sound records. A further refinement 
and a permanent record can be obtained by connecting an 
oscillograph instrument to this circuit. 


Appendix 3—Oscillograph Records 


Fig. 16 shows oscillograph records made from a set of plugs 
similar to those shown in Fig. 7. It was ultimately found ad- 
visable to include a set of plugs of cast iron in addition to the 
soft-steel, case-hardened steel, and oil-hardened steel plugs. 
These records clearly show the varying equality of finish in each 
material, and are of great value in those cases where it is con- 
sidered desirable for a record of the quality of surface to be kept 
for future reference. 


Discussion 


CuristorpHer H. Brersaum.' This paper is certainly timely 
and interesting, since further improvements of machine tools 
and their operation necessitate a higher grinding practice, es- 
pecially so for bearing surfaces. 

The photographic method for determining the roughness of 
a ground surface is not at all conclusive; it leads to many in- 
accuracies and incongruities, for the reason that it is subject 
to so many variations and interdependent factors. Of these 
the illumination is of primary importance; its intensity, direc- 
tion, and degree of diffusion all have a very material bearing 
upon the final result. The inherent degree of contrast in the 
photographic plate and also that of the printing paper are very 
distinct factors, as well as the personal equation and chemicals 
used in their developing; all affect the final result in a marked 
degree. The procedure for determining the smoothness of 
ground surfaces presented in this paper overcomes all of the 
photographic difficulties and seems altogether practical and 
accurate. 

In the present grinding of metallographic specimens a high 
degree of grinding perfection has been attained. This work 
has clearly shown that for economy an increasing degree of 
fineness of abrasive is necessary for successive grindings and 
that for the greatest accuracy of finish a final material must 
be used that is both sharp and cutting. This work also shows 
that the directions of grinding should be continuously changed; 
this, however, is not readily possible in the grinding of cylindrical 
surfaces. The value of more accurate and perfect grinding 
cannot be overestimated; it reduces the time for the running-in 
of bearings; it reduces the aggregate amount of wearing down 
that is necessary during such running-in, thereby very materially 
reducing the liability of introducing inaccuracies in the bearing 
surfaces during the period of running-in. 

Many manufacturers have found that the highest degree of 
accuracy of finish in their bearings is an economic investment. 
This is especially true for bearing alloys that cannot be finished 
as easily as steel by grinding, and for that reason they have 
resorted to finishing with a diamond cutter, taking a depth of 
final cut of 0.001 in. or less, at a very high speed, and thereby 
leaving all of the bearing crystals upon the surface in an unidis- 
turbed condition, leaving these hardest crystals flush with 
the finished surfaces, that is, in a state that most nearly ap- 
proaches a run-in surface. By such procedure they have found 
that bearings can be produced which require very little or no 
preliminary running-in. This, together with the further im- 
provement of the grinding of steel journals, should have a very 
marked effect upon the success of sliding-surface bearings. 


Joun Gattuarp.? The paper makes it clear that a high 
quality of surface finish should not be confined to fits requiring 


5 Vice-President and Consulting Engineer, Lumen Bearing Com- 
pany, Buffalo, N. Y. Life Mem. A.S.M.E. 

A.8.M.E. Trans., Dec., 1919, pp. 799-802. 

7 Mechanical Engineer, American Standards Association, New 
York, N. Y. Mem. A.S.M.E. 
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small allowances and close tolerances, but that it should also 
be applied to less exacting fits in cases where strong initial wear 
of the mating parts is to be avoided. This view accentuates 
the fundamental difference, too often disregarded, between 
the concepts “quality of fit’’ and “quality of surface.’’ The 
quality of a fit depends on the ratio between the maximum and 
minimum permissible clearance or interference, or in other words, 
on the permissible variation in looseness or tightness. This 
again depends directly on the sum of the tolerances on the mat- 
ing parts. The quality of a surface depends among other things 
on the maximum variation of its points from a true cylindrical 
plane. One could say that for a specific quality of finish all 
points of the surface concerned must lie within a definite “finish 
tolerance.”’ For a surface of high quality this “finish tolerance”’ 
is of a smaller order of magnitude than the tolerances on the 
size of the parts. Dr. Sawyer’s micrographs with a magnifica- 
tion of 800 times illustrate this. Although, in principle, quality 
of fit and quality of surface are different concepts, there is a 
practical relationship between the two. Close tolerances natu- 
rally demand a good quality of finish. The opposite is not neces- 
sarily true, however. Fits with large clearances and tolerances 
may be established without the parts receiving a high-grade 
finish. However, as the author points out and illustrates by 
practical examples, it often will be desirable, if not necessary, 
to give the parts a high-grade finish anyway in order to prevent 
rapid initial wear. 

The paper shows that the art of producing good fits is pro- 
gressing consistently along lines leading to greater refinement. 
Without being able to forego high speed of output, mass pro- 
duction has arrived at an accuracy of sizing parts and at a quality 
of surface finish that would have been impracticable in the work- 
shop a few years ago even for serial production. The indica- 
tions are therefore that the time is near when specification of a 
definite quality of finish by the designer will be regarded as just 
as necessary as the specification of tolerances on the sizes of the 
parts. It will not be sufficient to state, for example, that a 
part should be ground, but it also will be necessary to mention 
by class the quality of surface desired, and this again raises the 
problem of classifying surface finishes. This requirement is 
analogous with the necessity of standardizing classes of fit based 
on definite values of allowances and tolerances. So long as the 
nature of a fit is merely expressed by such terms as “snug,” 
“wringing,” “push,” or “tight,’’ no fit can be definitely specified. 
These terms have different meanings in different shops, and even 
with different individuals. If they have the same meaning, 
their interpretation is still dependent on the personal factor. 
A fit defined as a “wringing” fit by a husky fellow may feel 
like a “tight” fit to a man with less manual “torque.” 

The first step taken to eliminate the human factor in deter- 
mining the class of a fit was to use a “standard” plug and ring 
giving practically a ‘‘metal to metal’ fit together. That is, 
a physical example of a fit was created which could be imitated 
(or at least approximated) or varied from in a definite direction, 
as the case may be. The author's first step toward standardizing 
the class of a surface has been a similar one. Sets of plugs 
finished with different qualities of surface were established to 
serve as visual guides. However, in addition to this, the author 
struck upon the very ingenious idea of translating the frequency 
of unevenness of a surface per unit of length into frequency of 
sound waves per unit of time—that is, into the pitch of tone. 
This method has the great advantages of being easily applicable 
and of giving an immediate answer to the question what the 
quality of a surface is. The author must be congratulated on 
the simplicity and originality of this development. In addi- 


tion to establishing a basis of measurement with consequent 
possibility of standard classification of surface finishes, it has the 
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charm of containing a promise that in the future the surfaces 
of component parts may literally be tuned together for greater 
harmony in the assembled product. 

As stated in the paper, the need for a basis of classification 
has been growing in recent years. Investigation of the nature 
of different surfaces was a basic requirement in trying to solve 
the problem. Different methods for doing this have been 
worked out. One of these, developed by Professor Berndt, 
of the Engineering Academy, Dresden, Germany, whom the 
writer visited this summer, may be of interest here. It com- 
plements Mr. Harrison’s method in a remarkable manner and 
shows again how the existence of a problem may lead to its 
solution by independent experts at almost the same time. In 
the present case the solutions are different, but they show a 
similar basic feature. 

Professor Berndt has developed a method of recording the 
minute irregularities of the profile of a finished surface. He 
lets a fine needle (so far he has used a gramophone needle) trave! 
over the surface at such a slow rate of speed that the point follows 
all of its ups and downs. To do this, the part whose surface 
is being investigated is moved and the device carrying the need|« 
is stationary. The needle is attached to a spring on which is 
mounted a small mirror. A beam of light is thrown on the 
mirror through a very fine slot and is reflected on a slowly mov- 
ing film of sensitive paper. The beam thus traces a latent curve 
on this strip representing the magnified outline of the surface 
investigated. The strip is developed and oiled to become 
printable. The graphs thus obtained which were shown to the 
writer represented the outline of the surfaces investigated to 
the scale of either 400 to 1 or 1000 to 1. 

One of Professor Berndt’s students has used this method in 
the investigation of a large number of surfaces finished by 
different methods of machining, such as turning, grinding, 
lapping, broaching, and honing. Also the surfaces of parts 
tapped with cut taps and with ground taps were investigated. 
The study formed part of a “doctor of engineering’’ disserta- 
tion, and no details are as yet available for publication. The 
writer hopes to be able to report about the details in the near 
future when they are released. 

Professor Berndt said that the needle method had given very 
good results, but that with increasing precision in surface finish- 
ing a point sharper than that of a gramophone needle was now 
required. Before developing this method, he had used two 
others. One of these, invented by a British expert, consists 
in making gelatin casts of the finished surfaces. These are cut 
to very thin slices, which are viewed under the microscope. 
This method appeared to be unreliable, as the casts warped 
when and after being removed and therefore did not represent 
true negatives of the surfaces. The interesting method of mak- 
ing the outline of the surface visible in cross-section described 
in Dr. Sawyer’s paper, appended to Mr. Harrison’s, marks 
great progress in this respect. The other method applied by 
Professor Berndt consists in measuring the maximum angle 
at which the surface still gives a fairly sharp image of a series 


of geometrical figures placed in a comparator, the surface under 
investigation deflecting the rays of monochromatic light sent 
out by the figures. Past a certain angle the image becomes 


decidedly blurred. This method has been checked by Professor 
Berndt with the needle method, with satisfactory results. Of 
course, the reflection method does not give details of the surface 
as the needle method does. In this connection it is interesting 
to note that Mr. Harrison refers to the occurrence in practice of 
“highly polished and deeply scratched” work possessing rather 
smooth surfaces located between pronounced ridges, which work 
gives a higher rating when subjected to the reflection test than 
it really merits from the viewpoint of quality of surface. 
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The practical solutions of the problem independently arrived 
at by Mr. Harrison and Professor Berndt are different and com- 
plementary. Mr. Harrison’s method makes it possible to get 
an immediate but general answer regarding the quality of a 
surface. Practically, such an answer will probably be quite satis- 
factory in the large majority of cases. The application of Pro- 
fessor Berndt’s method requires considerably more time and 
effort, but it gives a detailed and permanent record of the sur- 
face investigated. There will be cases in which one of the two 
methods should preferably be applied, and other cases where 
both should be used for the sake of completeness. Viewing 
in general the art of finishing surfaces and classifying their quality, 
both developments constitute a genuine contribution to the art 
by laying a basis for the substitution of judgment by measure- 
ment and consequent possibility of standardizing the practice. 

The writer has followed the developments in this field with 
the deepest interest, both as a mechanical engineer and as a 
staff member of the American Standards Association (A.S.A.). 
When the time is ripe, in the opinion of the experts in this field 
to discuss the matter with a view to the possibility of establishing 
a national standard method of classifying surface finishes, the 
AS.A. will be very glad to lend its assistance in organizing the 
work. For the present the writer wishes to congratulate Mr. 
Harrison on the great value to industry of his findings and on 
the exceedingly lucid manner in which his presentation has 
been made. 


Sanrorp A. Moss. Mr. Harrison properly distinguishes 
between truth of a surface and finish of a surface. A surface 
may have a low grade of finish and yet the high spots may be 
on a surface which is flat or true within a few tenths of a thou- 
sandth. On the other hand, the surface may have a high-grade 
finish according to Mr. Harrison’s standards, and yet it may be 
out of round or out of truth by 0.0005 in. or even 0.001 in. Is it 
not possible that some of the benefits due to wearing-in are due 
to correction of errors of truth rather than errors of finish? 
In case of perfect film lubrication, there is supposed to be a 
layer of oil separating the surfaces. If the surfaces are perfectly 
true, it would seem that the finish is not a major item. There 
is of course another class of lubrication where there is not a per- 
fect film, but merely a sliding of two greasy surfaces. For this 
sort of thing the finish is no doubt highly important. Of course, 
a first step toward finding out the cases where the finish is the 
major matter and the cases where truth rather than finish is 
the major matter, is the standardization of quality of finish, 
just as Mr. Harrison proposes. It is to be expected, therefore, 
that the pioneer work which Mr. Harrison has done will be fol- 
lowed up to a conclusion. 


G. A. Bouvier. The electrical method described in the 
paper, of calibrating the character of a surface, is not only new 
and novel, but apparently promises greater opportunity for 
general use in industry than methods suggested heretofore. 
While the author has stated that his work can only be regarded 
as preliminary, it is hoped that other investigators will take 
part in further research work. No doubt Mr. Harrison himself, 
if he has not already done so, will discover further advantages 
of the method. 

A number of limiting factors have occurred to the writer 
which affect the method and which should be evaluated for a 
complete understanding of the subject. ® 

Fundamentally, the proposed scheme consists of the genera- 
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tion of electrical energy by the movement of a phonograph 
needle over the surface whose character we are interested in. 
The phonograph needle, in this instance, is attached to an ordi- 
nary magnetic pick-up as used on phonograph records; in other 
words, a type of electrical generator. The movement of the 
needle over a hill-and-valley surface at a definite rate will of 
course result in the output of an electric current having a cer- 
tain frequency relation to the number of hills and valleys over 
which the needle moves. Obviously, the power or energy 
generated will also have a definite relation to the character of 
the surface, because the hills and valleys not only differ in spac- 
ing but also in depth. The frequency would show up on the 
loud speaker as a complicated pitch or tone, and the energy 
as volume. Obviously, such a complex audible sound made up 
of overtone and discords can give to the investigator only a 
very rough indication of the real character of the surface. The 
writer would like to learn the results of further investigations 
of this method made with a recording oscillograph. This would 
supplement, in greater detail, the millivoltmeter readings which 
average the electrical output and hence give an index of the 
average roughness. 

In ordinary ground work, as illustrated in Fig. 2, the scratches 
all run in the same direction. These scratches constitute the 
major surface imperfections, so that drawing the needle point 
at right-angles to them, as done by Mr. Harrison, would give 
the maximum energy output and the best index of surface rough- 
ness. On certain types of surfaces, however, such as the lapped 
surface shown in Fig. 5, the surface scratches possess no definite 
direction. On a surface of this type it appears that millivolt- 
meter readings should be taken for needle movements in two 
directions at right-angles to each other, and the results averaged. 

It is apparent that such factors as the type of point, the weight 
on it, and the electrical constant of the amplifier will affect the 
results obtained. These factors must be standardized to make 
the device of general utility to the industry. The development 
of more knowledge concerning the limitations of this new method 
and the establishment of standards certainly will result in its 
ordinary and regular use in the shop for controlling the char- 
acter of the finish on a definite standard basis instead of by the 
visual determinations now attempted. This method is es- 
pecially suitable for measuring finishes so fine that methods 
employing the reflection of light cannot be applied. The writer 
hopes that Mr. Harrison will continue without interruption 
the development of this idea. 


The presentation of this valuable 
paper emphasizes the fact that there has in recent years been a 
transference of skill from the workman to the machine so that 
precision work and that having a high degree of finish and ac- 
curacy, emphasized by Mr. Harrison, can be produced commer- 


Luter D. BurLINGAME.”® 


cially. In the early days of grinding, the producing of such 
results depended on the skill of the workman. 

In investigating historical matters relative to the origin and 
early use of grinding processes, it has come to attention that 
in those days grinding was done on an engine lathe with a grind- 
ing wheel mounted on the carriage, and personal skill was re- 
quired in order to produce the desired grade of work; one of the 
workmen being so expert in this that he commanded a wage 
which placed him with the proprietors of the business, so that 
he came to the shop, as did they, in a tall silk hat. Skill in those 
days depended on knowing where to stand on the floor and where 
to tap the machine in order to secure satisfactory results. 

This led Joseph R. Brown to invent the universal grinding 
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machine, which he brought out in 1875 and which was first 
shown at the Centennial Exposition in 1876. 

During the period since that time continued improvements 
have been made in the grinding art and in the machine con- 
nected therewith, so that today results can be obtained such as 
those pointed out by Mr. Harrison in his comprehensive paper. 


AvuTuor’s CLOSURE 

By Dr. C. B. Sawyer.'"' Mr. Gaillard’s remarks concern- 
ing the appearance of a technique for studying production re- 
sults at such time as the demand for better control arises in the 
producing industry itself seems well illustrated in the present 
case. The work on microscopical examination of cross-section 
of surfaces here described was completed some five or six years 
ago, and has lain dormant from that time forward, until brought 
to the attention of Mr. Harrison. It now appears that the de- 
mand for better production control of surfaces has resulted not 
only in the appearance of the two methods described in this 
paper, but also of Professor Berndt’s, and doubtless of others 
to be heard from later. 

With reference to the time required for copper plating sur- 
faces, two days is probably the minimum so far attained, but 
new methods for copper plating are accelerating the rate of de- 
posit, and doubtless such time can be further very considerably 
reduced. Probably the time required for copper plating and 
examination of the surfaces can ultimately be reduced to an 
amount at least comparable with that required for an ordinary 
metallographic examination of steel structure. 

From the photomicrographs shown, it is apparent that the 
method of copper plating surfaces gives details in contours at- 
tainable by no other method so far suggested. It is therefore 
at once evident that the copper-plating method should be very 
useful in correlating or calibrating the indications obtained by 
other methods which may be much quicker. 

Further, it is evident that with the lessening of time required 
for preparing copper-plated cross-sections, the method becomes 
more and more useful for routine control of machine-shop pro- 
duction. It approaches the type of control furnished by ordi- 
nary metallographic examinations. Such type of examination 
may be applied to specimens selected from a run of any specified 
number of units. 

Mr. Harrison has asked me to make a few observations on 
the acoustic method described by him, and in this connection 
it is well to consider the characteristics of the human ear. 

In the perception of quality of tone, the human ear is truly 
remarkable. It possesses the ability to resolve a complex tone 
into its various components, and for a true qualitative match 
of electrical impulses derived from ground surfaces of repetitive 
characteristics by Mr. Harrison’s phonograph pick-up and am- 
plifier, the ear is probably irreplaceable by any instrument such 
as an ammeter, or even recording oscillograph, because this 
latter requires time for the development of images. Unfortu- 
nately, on the other hand, the human ear is not especially sensi- 
tive to changes in tone intensity. At fair volume proceeding 
from a radio speaker, the ear can, under most favorable condi- 
tions, detect a minimum of a 10 per cent difference in intensity, 
but the attainment of this minimum requires instantaneous 
switching from one tone to another at least once a second, and 
preferably four or five times a second. Moreover, there should 
be a low level of extraneous noise. Such low level of sound 
would be difficult to obtain in an ordinary machine shop, and 
the requirement for quick comparison of tones predicates a 
more elaborate apparatus than that described by Mr. Harrison. 

Probably under most conditions of use with apparatus like Mr. 
Harrison’s, the ear would do well to detect a 50 per cent dif- 
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ference in sound intensity, this arising in turn from like differences 
in the ground surfaces. In a sense, this is advantageous, as 
any real difference detected by the ear will certainly proceed 
from a very real difference in the surfaces. 

With proper precautions, such as a soundproof room, two 
phonograph pick-ups adapted to be drawn at identical speeds 
over the samples under comparison, and mechanical motorized 
switching devices, Mr. Harrison’s method could be refined to 
give very quick and accurate comparison of surfaces. How- 
ever, for the great differences prevailing in ground surfaces at 
present, the method just as described by him is very useful, 
and it can be borne in mind that, when conditions warrant, 
refinements such as indicated can be worked out. 

The question has been raised as to the effect of harmonics 
introduced by amplifier and speaker. In my opinion, the per- 
fections lately incorporated in phonograph pick-ups, amplifiers, 
and loud speakers should eliminate cause for worry on this point 
when the application is limited to simultaneous comparison of 
samples. 

For those further interested in the effect of sound on the human 
ear, reference can be made to “Speech and Hearing,’”’ by Harvey 
Fletcher, Ph.D., published by D. Van Nostrand Company. 


By Mr. Harrison. The author readily agrees with Mr. Bier- 
baum regarding the limitations which apply to the photographic 
method of recording imperfections in machined surfaces. 

He was particularly pleased to see the reference to the effect 
that, in the preparation of metallographic specimens, the material 
used for the final finishing operation must be both sharp and 
cutting. This is additional confirmation of the author’s invariable 
claim that finish should never be obtained other than with a 
sharp and precise tool, as otherwise the surface produced has a 
false finish and is untrue either as a cylinder or a plane. 

There are of course many applications where precision is not 
of prime importance, but in those cases where precision require- 
ments are paramount, there can be no compromise, i.e., the final 
operation, either grinding or polishing, must be performed with 
a tool which is just as precise as the finest limit required on the 
work, and this tool must be held with maximum rigidity and 
guided with an accuracy which will permit the desired degree of 
tolerance to be maintained. 

Mr. Bierbaum’s remarks under the heading of artificially 
matured bearing surfaces also are of special interest, inasmuch as, 
in the author’s experience, a considerable number of very ac- 
curate and high-finished spindles have been ruined in a short 
time by inserting them in bearings which have been scraped in 
such a way that the actual contact points between spindle and 
bearing have been the hard crystals in the bronze. 

This has resulted in high unit pressure, disruption of the oil 
film, and all the troubles which go with excessive heating and 
carbonization of the lubricating oil. 

The diamond boring tool seems to offer the solution, as it will 
perform the same function as a properly graded grinding wheel, 
and instead of exposing the hard crystals, will leave them flush 
with the surface where they properly belong and where they can 
exert their best influence in supporting the spindle. 

Mr. Gaillard’s remarks regarding the experimental work carried 
out by Professor Berndt are also extremely interesting, and it 
is a remarkable coincidence that Professor Berndt should be 
engaged in an endeavor to find a solution to this problem simul- 
taneously with ourselves. 

It has been the author’s endeavor to devise an instrument 
capable of practical workshop application, the principle on W hich 
this instrument is designed being capable of expansion to take 
care of the greater refinements which are desirable and per 

missible in a laboratory investigation. 
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MACHINE-SHOP PRACTICE 


The main virtue which might be claimed for the author’s 
scratch test is the ability of the instrument, both visually and 
orally, to detect and record the spurious finish, i.e., the one with 
high luster but serious mechanical imperfections. 

It is the author’s hope that the American Standards Associa- 
tion will continue to give practical expression to its interest 
in this subject to the point where national standards can be set up. 

In reply to Mr. Moss’s contribution to the discussion, the 
author would state that he considers it a major requirement that 
any piece of work should have ali practical mechanical imper- 
tections removed before there is any discussion with regard to its 
finish. The question of finish is raised in conjunction with dur- 
ability of accuracy. 

In other words, it has been repeatedly proved that extremely 
fine limits of accuracy, with their proportionately increased cost, 
are wasted on articles produced with a coarse finish, this being 
due to the high initial wear inseparable from a coarse finish. 

The author readily agrees with Mr. Bouvier that the method 
which is put forward is not free from technical imperfections. 
However, as pointed out by Dr. Sawyer in his joint closure, the 
method of calibration has proved sufficiently accurate to enable 
a control to be set up which is generally commercially accept- 
able. 

In line with Mr. Burlingame’s comments, the development of 
the grinding wheel has been concurrent with that of the grinding 
machine. However, despite the high standard of attainment 
which has been reached by both elements, so far no definite stand- 
ard of performance has been set up for either. 

The author appreciates and acknowledges the enormous value 
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of the pioneer work accomplished by Mr. Burlingame’s company. 

The author gratefully acknowledges the encouragement con- 
tained in these discussions, and in reply to the hopes that have 
been expressed that experiments will be continued, advises that 


Fic. 17 New INSTRUMENT 


work on both the instrument itself and the technique of finish 
calibration has gone forward to the point where an instrument 
has been produced, as shown in the accompanying illustration, 
Fig. 17. 

The instrument shown at the left of this illustration is portable 
and durable, and it is anticipated that it will shortly be made 
commercially available to all concerns having an interest in thie 
subject. 
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Refinements in Finishing Cylindrical Bores 


T= limitations of boring, reaming, burnishing, and 

broaching as finishing operations on cylindrical bores 
have led to the general use of abrasives for such work. Im- 
provements in manufactured abrasives and study of 
operating data, together with improved methods of appli- 
cation, have made grinding a precision process. The cost 
of operation and the difficulty of bearing maintenance of 
planetary-type grinders have brought about the use of the 
expanding grinder or so-called ‘honing’? method. The 
latter method has the advantage of speed, improved ac- 
curacy and finish, and low cost. It also makes possible 
the precision grinding of long tubes, gun-barrel rifling, 
and bores with ports, keyways, and relieved portions. 


closer limits of accuracy and finish has given industry no 

little concern. The bore produced must not only be 
round, straight, and smooth, but also of even texture with full 
metal surface, as nearly as possible identical with a run-in bore. 
A thorough discussion of the finishing of cylindrical bores by 
means of the expanding grinder or honing method must neces- 
sarily make reference to other practical methods of finishing and 
to the limitations of these methods. 
p Boring, reaming, burnishing, broaching, grinding, lapping, and 
the so-called honing method have been used with varying de- 
grees of success. 


die problem of producing cylindrical bores held to ever 


Lim1TaTIONS OF BorinG, REAMING, BURNISHING, AND 
BROACHING 


Boring, although indispensable for the rapid removal of large 
amounts of stock, has been practically discarded as a finishing 
operation where close limits are required. Although the use of 
tungsten-carbide cutting tools has made it possible to produce a 
much better finish on many boring operations than was formerly 
possible, the nature of the operation itself prevents it from be- 
coming a satisfactory finishing method. 

The surface generated by boring is always a helical groove, 
varying in depth according to the overlap of the tool, the condi- 
tion of the cutting edge, and the evenness of the metal. Such a 
surface has a series of ridges or crests, commonly termed “fuzz,”’ 
which shear off or wear down quickly, causing excessive initial 
wear. 

The accuracy of the bore as to straightness and roundness is 
also dependent upon the accuracy of the piloting, the evenness of 
the metal, the condition of the tool, and the skill of the operator. 

Reaming is subject to a less degree to many of the limitations 
of boring. Out-of-roundness and taper are quite common, and 
considerable difficulty is found in producing cylinders of uniform 
size, 

Burnishing or rolling has been used quite widely on metals 
which lend themselves to cold working, and on these it gives a 
smooth, hard surface. 
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When used on cast iron the fuaz is merely pressed into the wall 
and does not become an integral part of the surface. Bores are 
frequently out of round, especially when not having uniform ex- 
ternal support over the entire length or circumference. Walls 
of varying density are necessarily produced as the metal is not 
displaced, the irregularities being pressed into the walls. 

Broaching has found many applications where walls are heavy 
and uniformly supported. When properly fixtured, accuracy is 
not dependent upon the skill of the operator. As with other 
cutting tools such as in boring and reaming, the uniformity as 
to size and finish is influenced by the wear of the tool. 

Broaching has not proved satisfactory for finishing bores with 
thin walls, or those having varying support such as cylinders with 
ports, cut-away sections, or flanges. The metal being pushed 
out under high pressure, rigidity of material is essential. 

The limitations of the above methods of finishing cylindrical 
bores have led to the constantly increasing use of abrasives for 
that purpose. 

GRINDING PRACTICE 


Engineers and others who have followed manufacturing meth- 
ods over the past 25 years will have noticed the ever-widening 
scope of grinding. Confined at first almost to the cutlery trades, 
and to the comparatively few parts which required precision, its 
machining value was not understood, nor its application to mass 
production appreciated. This of course was very largely due to 
the fact that in the early days of grinding, artificial abrasives 
were unknown, and quarried stone and emery so limited the choice 
that to obtain a really suitable abrading agent for every opera- 
tion was impossible. 

The wide range of carefully graded wheels and stones now avail- 
able, and the data obtainable on speeds, feeds, etc., have changed 
practically all grinding operations from speculation to certainty. 
In addition to this the value of grinding as an agent for removing 
stock has been realized, and as the need for refinements and closer 
limits has been developed and demanded, machines have been 
evolved to meet the growth and perform an increasing range of 
operations. 

Maximum speed for production and accurate working to 
limits is now possible with suitable grinding equipment, so that 
grinding is an essential factor in the manufacture of standardized 
duplicate parts. In the enormous field of mechanical industry it 
is being daily demonstrated that greater speed, closer accuracy, 
and reductions in operating costs can be obtained by introducing 
the most up-to-date grinding equipment, and this is possible and 
noticeable in every phase of manufacture. 

The manufacture of abrasives and grinding wheels, and the 
several factors affecting their selection, would require a paper in 
themselves, but these subjects must be briefly dealt with in order 
to bring out the applications of grinding touched upon in the 
present paper. 

Grinding wheels, distinct from natural grit stones, are usually 
manufactured from two types of abrasives, an aluminous abra- 
sive, with bauxite as a base, and a silicon abrasive, with silica 
sand and coke as a base. 

The bonding of abrasives is done by varying processes, and at 
least 75 per cent of the manufactured wheels and sticks are vitri- 
fied. It was found necessary to vitrify abrasives in order to 
remove metal quickly, and the amount of metal removed per 
cubic inch of wheel wear is very high due to porosity and strength 
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of the bond. Vitrified wheels are not affected by water, acids, 
or changes of temperature. 

Aluminous-abrasive grains are much tougher than silicon car- 
bide grains, do not break apart easily, and withstand greater 
stress and are used on materials of high tensile strength. 

In describing grinding wheels they are sometimes compared to 
milling cutters having a greater number of teeth or cutting points, 
and on a normal-size grinding wheel, millions of grains act each 
minute. 

It is customary for wheels to cut freer after wearing down a 
little; this is explained by the reduction in the are of contact, 
which results in the grains leaving the bond more quickly as the 
strain increases—for by maintaining the same surface feed, each 
grain has to do more work in a given time and that wears down 
more quickly. 

Correct wheel selection is all-important, an error in one or two 
grades in density or bond having an enormous bearing on produc- 
tion, the latter being sometimes doubled by the difference of a 
grade or so in hardness of bond. 

The advance of precision grinding machines in recent years is 
one of the important developments in present-day production 
methods, for in order to produce the greatest number of parts the 
exact limits for size and finish must be set, and modern produc- 
tion grinding has to conform to given rules and standards of pre- 
cision. 

The most common form of precision grinding is the grinding of 
cylindrical parts. In studying cylindrical grinding it is necessary 
to remember the close connection of previous operations. Often 
the grinding operation will correct imperfections, but careless 
use of this rule leads to excessive wheel costs, and where materials 
are hardened there is danger of surface cracks and local heating, 
resulting in inferior products and often heavy increases in scrap 
percentages. 

There are a number of high-grade cylindrical grinding ma- 
chines, of which several features worthy of mention to production 
engineers are: massive wheel spindles, ample speed changes, 
table and work speeds controlled independently, and rapid power 
traversing, operating in either direction. Some machines are 
fitted with an oscillating table motion that preserves the wheel 
face for form grinding. Other machines operate on a different 
principle, the wheels traversing the work, which latter rotates in 
a fixed position. As to the relative merits of traveling work 
tables or traveling wheel heads, there is room for discussion. 

The introduction in quite recent years of hydraulic drives for 
grinding machines has also resulted in more convenient control 
mechanisms for all classes of grinding machines. 

Some useful points to note for cylindrical grinding are: Be sure 
the speed is right; tap new wheels to be sure of soundness; never 
force wheels on to spindles, and where lead bushes are used, these 
should be a sliding fit on spindles, and thin rubber or thick paper 
washers should be fitted between the wheel faces and flanges; 
always watch the speed as the wheels wear down; and it is better 
economy to change to the right grit and grade of wheels, as the 
time required for changing is very soon made up on quantity 
production. 

Automatic feeding insures economy in wheel wear, allowing 
regular advancement of the wheel and thereby permitting it to 
act under normal effective conditions. Highly skilled operators, 
however, exercise great care in applying cuts by hand, and are 
successful in preserving wheel wear. 

The strengths of abrasive grains and bonds are effective only 
to the limit of their ability to withstand the shock forced upon 
them in grinding. By overloading or forcing, the grains become 
loose before actually serving their real purpose as a cutting me- 
dium, and correctness of the wheel face is lost. 

Any wheel that is correct as regards its speed and that of the 


work piece being ground, will stand a given amount of feed, and 
can be automatically fed that amount with each stroke of the 
traverse. 

It is fairly well agreed that production is at its highest point 
and quality when automatic feeding of abrasive wheels is adhered 
to. Excuses are made that automatic mechanisms get out of 
order; however, attention to the upkeep of these mechanisms 
reduces errors to the very minimum. Lack of lubrication is often 
the greatest cause of improper functioning of automatic feeds and 
mechanisms. 

Truing up the faces of the wheels is a matter neediag careful 
attention and study. A very light cut with a diamond is suf- 
ficient to true wheels that have been properly used, but by 
rough usage of wheels considerable abrasive is wasted; for ex- 
ample, the loss by removing, say, twenty thousandths from the 
face of a wheel 20 in. X 2 in. is 2'/, cu. in. Diamonds passed 
quickly over the faces of the wheels break up the surface for rough- 
ing, leaving the abrasive grains somewhat irregular, but for 
finishing, light cuts with the diamond over the wheel faces gradu- 
ally wear the grains down to uniformity in height. 

Copious flow of lubricant is essential for the precision grinding 
of cylindrical work; it serves to reduce the heat generated by the 
work and wheel, carries away the dust, and reduces the friction 
of the cutting particles of the wheel. 

The correct use of steady rests is essential in the eylindrical 
grinding of many types of parts, and care should be taken that 
these are set right. The type of steady rest used varies with the 
work being done; often hardwood blocks suffice, but sometimes 
hardened steel shoes are necessary. Efficient steady rests insure 
high production, accuracy, good finish, and ease in operating. 
Incorrect supporting of the work sets up chatter in the wheels 
quite as much as do incorrect work speeds. 

Attention should also be given to the driving units or dogs, as 
torsion in the driver when heavy cuts are taken will set up vibra- 
tion, and when the chatter marks appear in spiral form the cause 
is usually traceable to vibration of the work spindle. 

Chatter is also caused by glazed wheels and uneven thicknesses 
of driving belts, and wheels often glaze because of incorrect rela- 
tion of the wheel and work speeds. 

Care must also be taken with the tapers for work centers; 
sometimes larger center holes will overcome chatter, but it is im- 
portant always to see that the tapers on the machine centers 
correspond absolutely with those in the work centers. 

.When chatter takes place after every precaution has been 
taken to insure perfect machine conditions and the wheels have 
been dressed and balanced, then inefficient supporting of the 
work is invariably the cause. 


CENTERLESS GRINDING 


Centerless grinding has made enormous strides in recent years. 
The principal elements are a grinding wheel, a feed wheel, and 
a work rest. The advantage of this method is the continuous 
passage of work pieces across the wheel, with the elimination of 
centering and driving units. 

The work rotates at the speed of the feed wheel, this wheel 
being an abrasive bonded with shellac or rubber and having & 
coarse surface to prevent slipping. 

In cutting, the grinding wheel keeps the work firmly against 
the feed wheel, and traversing is controlled by setting the feed 
wheel at a slight angle so that the centers of the feed and grinding 
wheels do not fall in the same plane; by slightly changing this 
angle and the speed of the feed wheel the traversing speed may 
be varied. 

A great advantage of centerless grinding is that a smaller grind- 
ing allowance is possible as compared with the ordinary cylinder 
grinder, owing to the fact that the centerless grinder works to the 
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nearest fuil diameter, whereas the center-driven machine works 
from aradius only. Because of the rigid support given the work, 
heavy cuts are possible and uniformly accurate work assured. 
The increase in production on many parts now centerless-ground 
over the output of the ordinary cylindrical grinder is several 
hundred per cent. 


WHEEL GRINDING AND [ts LIMITATIONS 


Every one is more or less familiar with the operation and ap- 
plications of the planetary-type grinder. It is widely used and 
has many advantages over boring, reaming, burnishing, or broach- 
ing. Bores can be held to size and free from appreciable taper, 
and a smooth finish obtained. Where the stock to be removed is 
not too great, it is frequently used to correct or produce the axis 
of the bore. Although it has been almost entirely replaced by 
honing in the finishing of internal-combustion engines, it is still 
the means used in finishing many sizes and types of cylinder 
bores which are not adapted to honing. 

There are, however, objections to ground bores. The finish 
produced by an abrasive wheel rotating at high speed and fed 
slowly through the bore is a helical groove, the pitch of which is 
the amount of wheel advanced per revolution of the cylinder. 
The fuzz so generated is usually so minute that its shearing off 
on initial wear does not prove detrimental except in cases where 
a tight working fit 1s required. In such cases it is often followed 
by a honing or lapping operation. 

The accuracy of this form of grinding depends considerably 
upon the skill of the operator and the condition of the machine. 
Owing to the difficulty of protecting spindle bearings from abra- 
sive grit, it is extremely difficult to maintain them in condition to 
avoid play, resulting in out-of-round cylinders, where hard spois 
are encountered, and a tendency to chatter. Chatter marks 
may also be produced by glazed or unbalanced wheels. 

A further objection lies in the operating cost, a fairly high de- 
gree of skill being required for operation of the machine. This 
type of grinding does not lend itself well to multiple operating as 
do boring, reaming, burnishing, or honing, so that work on 
multiple bore blocks is relatively slow and correspondingly 
costly. 


OssEecTIONS TO LAPPING 


Lapping has been generally used to produce cylinder bores to 
the closest possible limits in accuracy and finish, but it is always 
slow and costly, and to a great degree dependent upon the skill 
of the operator. It has the additional disadvantages attendant 
upon the use of a free abrasive, and great care must be exercised 
in order to prevent cylinder walls from becoming enlarged with 
the grit. Its best application is in lapping two parts together. 
Honing, however, is the more satisfactory practice where parts of 
uniform size are to be produced independently of the piston or 
fitted part. 


Tue ExpaNDING GRINDER OR HONE 


One of the most interesting developments in the finishing of 
cylindrical bores has been the introduction of the expanding 
floating grinder or so-called hone. The type of tool generally 
used is in the nature of an expanding segmental wheel, the grind- 
ing surface being composed of a series of abrasive stones placed 
longitudinally upon the circumference of a metal body with an 
adjusting means for expanding the stones to the walls of the cyl- 
inder being ground, and holding them under pressure against the 
wall, the tool itself being rotated and reciprocated simultaneously. 
A positive backing is given to the stones to prevent their con- 
traction when meeting some resistance such as a high or hard 
Spot in the bore, as spring-tension tools would ride over the high 
Spots and dig into low or soft spots. Some idea of the extent 
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of the application of this method can be gained by noting the 
type of work for which it is used. 

At the present time the bores of nearly all internal-combustion 
engines are so finished, as are compressors of all sizes, in both 
household refrigerating units and large refrigerating plants, as 
well as commercial compressors of various types. 

It is also widely used for finishing bushings, bearings, hydraulic 
cylinders, a variety of pumps, push-rod guides, connecting rods, 
gear hobs and bores, wristpin holes in pistons, long tubes, pneu- 
matic drills and hammers, and air motors. 

Although not yet the generally accepted method, it is finding a 
rapidly increasing use in finishing locomotive cylinders of numer- 
ous types, such as piston valves, air compressors, reverse-gear 
cylinders, fire-door closers, link-moiion bushings, etc. It is not 
limited to cast iron, being used as well for grinding various steels, 
bronze, brass, aluminum, ebonite, stellite, and numerous alloys. 


ADVANTAGES OF Honinac MEeTuHops 


The chief advantage of the expanding-grinder or honing method 
is the ease with which close limits of accuracy are maintained, 
giving any desired finish at a high production rate and at a low 
cost. The accuracy of the work is not dependent upon the skill 
of the operator, and the method lends itself readily to multiple 
operation. It has a wide range of application as regards size of 
cylinders finished. It is being used for finishing the rifling of 
large guns as large as 16 in. in diameter and 65 ft. in length; 
seamless steel tubing 3 in. in diameter and 20 ft. in length, also 
push-rod guides '/; in. in diameter, cornet valves, and slide trom- 
bones. It has proved especially applicable to the grinding of 
bearings having oil grooves, cylinders with keyways such as 
bores in gear hobs, cylinders with ports such as Diesel-engine 
liners, rotary valves, sleeves for sleeve-type motors, two-cycle 
engines, large air compressors, slotted push-rod guides, etc. 

The successful finishing of such cylinders has been due to the 
type of construction employed, tools for such work having a 
minimum of six stones, so that while any one stone is passing over 
a keyway or port it is supported by the stones on either side of 
it, thus preventing its dropping into such depression. With this 
type of construction, tolerances of 0.0005 in. are easily maintained 
on most bores, and on many bores tolerances of 0.0002 in. are 
held. 

Another type of work for which this type of tool has been found 
peculiarly suited is that of obtaining alignment between two bores 
such as in the finishing of piston bosses, machine-tool bearings, 
headstock bearings (plain bearings and seats for roller or ball 
bearings), piston-valve bushings, and printing-press bearings. 
This result is obtained by the use of a single grinder with a set 
of stones at either end, or by two independent grinders rigidly 
connected and used for grinding two cylinders of either the same 
or different sizes. 


COMPENSATION FOR UNEVEN STONE WEAR 


In order to obtain cylinders both straight and round some 
means must be provided for taking care of uneven stone wear, 
as it is evident that even though the abrasive be absolutely uni- 
form and the stock to be removed be evenly distributed (either 
of which conditions seldom obtains), in the grinding of long bores 
the end of the stone in the direction of travel is worn down the 
more. This is compensated for by the use of floating cones which 
feed out the stone, keeping the grinding faces parallel. Accurate 
work with this type of tool has often been obtained when one end 
of each stone has been worn away '/;. in. more than the other. 

In the operation of this type of tool it is necessary to reciprocate 
the head while rotating it, a ratio of reciprocating to rotating 
speed of roughly 1 to 3 having been found the most suitable for 
cast iron (65 to 70 actual surface feet per minute reciprocation 


3 
ae 
4 
A 
4 
| 


130 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


to 200 feet rotation). The purpose of combining these motions is 
to obtain greater cutting speed, the action of the stick being in 
a number of respects similar to that of a file in that by rotating 
the grinder only the stones will load with metal and glaze. The 
same would be more or less true of reciprocation only, as would be 
the case if a file were pushed straight across the work either side- 
wise or lengthwise. By combining these motions a shearing 
action takes place which produces faster and easier cutting, at 
the same time cleaning the face of the stone and preventing its 
glazing. 

It has been quite consistently noted that if a stone is a little 
hard for the work and starts to glaze, it can be made to break 
down and cut freely by increasing the ratio of reciprocating to 
rotating speed. This of course, within certain limits, applies 
only to stones ordinarily suited for the particular type of work 
and does not make it possible to employ stones a number of de- 
grees harder on the job. 

The combined rotating and traversing motion not only cleans 
the face of the stone, but causes it to break down more evenly, 
giving a more uniform grinding surface and a closer average of 
errors in both material and abrasive. 


Tue UsEep 


In the grinding of cast iron it is practically universal practice 
to use kerosene as a coolant during the grinding operation; this 
also serves as a lubricant, causing the ready displacement of all 


 broken-down abrasive particles on the face of the stone, and 


giving a much freer cutting surface. The kerosene also serves to 
clean the surface being ground, washing it clear of free particles of 
both metal and abrasive. 

Kerosene is also quite generally used on other metals due to 
its low cost and the fact that it operates quite satisfactorily, 
although turpentine has been found to give a freer cutting action 
on bronze, brass, and some alloys. Mineral seal oil can be used 
on most operations but is more expensive. 

In this type of grinding the use of water has been entirely un- 
satisfactory, not so much on account of its causing tools, ma- 
chines, and work to rust, but for the reason that it causes the 
broken-down particles of abrasive and metal to adhere to the face 
of the stone forming a rather gummy mass. 

Stones soaked with water before using with kerosene also show 
this tendency, as do also stones which have been immersed in 
motor or cutting oils. 

Oil has not been found a satisfactory lubricant and coolant in 
itself, although recent tests indicate that a small percentage of 
spindle oil in the kerosene does not interfere with its action. 
Much experimentation has been made along the line of developing 
proper coolants, but so far kerosene has proved the most satis- 
factory. 

ABRASIVE TO UsE 


For use on cast iron, 80-, 120-, and 150-grit abrasives have 
found widest use for roughing operations, and 120- and 180-grit 
stones for finishing, depending on the surface desired. 

In all cylinders finished with 180-grit stones or coarser, criss- 
cross scratches are plainly visible, the rotating and reciprocating 
motion creating diamond-shaped figures throughout the bore. 
These scratches are not measurable in depth, being so slight that 
a few passes of a close-fitting piston remove at least 50 per cent 
of them. 

Where turned rings are used, these scratches are essential to 
the proper seating of the rings, as is the case with most internal- 
combustion engines. 


By the use of the finer abrasive stones (600 grit or finer) a 
mirror finish can be obtained, no scratches at all being visible to 
the naked eye. Such finishes can only be used to advantage in 
engines using ground rings or in hydraulic and compressor cylin- 
ders and the like where no seating of rings is required. 

In the grinding of bronze, brass, aluminum, and aluminum al- 
loys, fine-grit stones having a small percentage of bond have 
proved the most practical to use, as stones which are too porous 
or in which the grit is too closely held will have a tendency to 
tear and roll up the metal. In grinding such metals a copious 
flow of coolant is required, and where the metal is particularly 
soft, the application of paraffin wax to the face of the stone pre- 
vents loading and gives an improved finish. 

One of the most interesting applications of this type of grinding 
has been in the finishing of seamless steel tubes, tubes as long as 
60 ft. being finished on a production basis. Owing to the presence 
of scale on the walls, abrasive stones have not proved economical 
for the roughing operation on such tubes, and shaving tools 
known to the trade as “revocipers” have been employed; these 
are tool steel inserts which fit the grinder heads, replacing the 
abrasive sticks, and are operated by the same rotating and tra- 
versing motion as the grinder. 

Each insert is made up of a series of cutting teeth with spaces 
between them for chip clearance, and so ground as to give a con- 
tinuous cutting action in both directions of the stroke cycle. The 
interior finish of the tube therefore has the same characteristics 
as that of the ground tubes, i.e., criss-cross tool marks, these re- 
quiring from 1'/, to 2 thousandths (0.0015 to 0.002 in.) grinding 
to clean up. In actual production a stock removal of 0.007 in. 
per foot per minute has been maintained on 3-in. seamless steel 
tubing. 

The value of this type of tool is not of course in the rate with 
which it removes stock, but rather in its adaptability to the 
finishing of tubes of lengths limited only by driving mechanism. 

The success of this method of finishing can be accounted for 
in large measure by its adoption for gang grinding—4, 6, and 8 
spindles being frequently used simultaneously—for use either on 
motor blocks or for the multiple grinding of sleeves or bushings 
held in fixtures. 

In the automotive industry it is common practice to leave from 
0.003 to 0.005 in. after reaming to be removed by grinding. The 
actual finishing time varies from 30 seconds to 2 minutes per 
block according to the nature of the block, quality of reaming 
operation, power of machine, and type of abrasive used. 

In grinding airplane-engine and other thin-walled cylinders, 
generally nine or more stones are used in the grinder to prevent 
“breathing” of the cylinder or distortion of the thin walls through 
holding. 

Another element entering into the success of the method is 
the fact that the accuracy of the work is not dependent upon the 
skill of the operator. 


CONCLUSION 


The advantages of the expanding grinder or honing method of 
finishing cylindrical bores are: 


1 Perfection of finish both as to straightness and roundness. 

2 Absence of fuzz, leaving a full metal surface as nearly 4s 
possible identical with a run-in bore. 

3 Uniform density of surface maintained. 

4 Accuracy not dependent upon skill of operator. 

5 Adaptability to gang grinding with resulting high-speed 
production and low cost. 
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The Uses of 16-Mm. 


Industrial motion pictures may be readily divided into 
two distinct classes, namely, institutional and internal. 
Institutional pictures include productions employed for 
sales promotion and advertising purposes, or for any 
other use involving public exhibition. Such films should 
be made by the professional producer of motion pictures 
on standard-size 35-mm. film. Internal uses include 
instructing employees in safety, in machine-shop practice, 
in plant housekeeping, and in fire prevention, as well as 
making records of construction and research findings, 
and of testing, assembling, sorting, and packing opera- 
tions. 

This paper deals only with the latter class, describing 
briefly some of the many internal uses of industrial 
motion pictures, and showing how members of the plant 
engineering staff can make such movies on amateur 
standard 16-mm. film with inexpensive amateur equip- 


ment. 


phy may be readily divided into two 

phases; one relates itself to the ama- 
teur, the other to the professional. This 
paper deals primarily with the amateur 
phase of motion pictures in industry. 

Amateur cinematography as practiced 
by the engineer has its limitations, and 
although he is furnished with portable, 
handy equipment with which he can easily 
obtain splendid results under those general 
conditions that circumscribe ali amateur 
achievements, there is a point beyond which professional service 
will usually be needed. 

For example, making movies for advertising and selling pur- 
poses does not, for reasons outlined later, fall within the category 
of the amateur’s ability. Such productions certainly require 
professional technique and will not be discussed at length here. 

Time-study and motion analyses by means of amateur movies 
have been purposely omitted, because a satisfactory exposition 
of such work demands more time than is available for this 
entire presentation. 


‘im craftsmanship of cinematogra- 


Tue Economy or 16-Mm. Fitm 


With the introduction in 1923 of 16-mm. film coated with a 
special, fine-grained, reversible emulsion, a practical, successful, 
and economical method of making motion pictures was made 
available for the amateur. The prime requisite was, of course, 
that they be relatively inexpensive; and, in addition, that the 


‘Eastman Kodak Company. Mr. Sandell was graduated from 
Iowa State College with the degree of B.S. in Industrial Science. 
From 1925 to 1929 he was cinematographer in the visual instruction 
Service at Iowa State College. In 1927 he was engaged in motion- 
picture work on barberry eradication for the Bureau of Plant Indus- 
try, U. 8. Department of Agriculture. 

Contributed by the Machine Shop Practice Division and presented 
at the Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, of THE 
AMERICAN Society oF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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necessary equipment involved be portable and require no more 
than ordinary skill and photographic ability such as an amateur 
can easily and quickly acquire. 

All of these requirements were met in the new film. Compared 
with standard 35-mm. film, the cost economy effected by the 
new 16-mm. width was well over 80 per cent. This great saving 
in cost, without sacrifice of either quality or length of picture, 
was made possible by the various economies involved, namely: 

1 The new film was only 16 mm. in width as egainst 35 mm. 
for professional film. 

2 Being less in width, each individual picture was proportion- 
ately less in height, so that 400 ft. of the amateur film was 
equivalent in projection time to 1000 ft. of standard commercial 
film. 

3 With standard-sized professional motion pictures the nega- 
tive had to be developed and a print made from it on positive 
film, and the positive then developed. By means of the newly 
devised photographic emulsion and a special chemical process, 
the 16-mm. film is first developed and then, without printing, 
reversed from a negative to a positive—virtually one operation 
as against three. 

4 Before the advent of 16-mm. film, amateurs using the 
35-mm. width had to send their films to laboratories whose 
facilities were organized for orders of 100 to 200 copies, and 
only in such quantities was the cost materially lessened, because 
of the time and expense involved in preparing the first master 
negative. The amateur seldom wanted more than one or pos- 
sibly two prints, and it was for such accommodation that 16-mm. 
finishing stations were equipped, although as many duplicates 
as desired can be made at a nominal cost. 

In addition, the film base used for making the new 16-mm. 
film was the slow-burning type made from cellulose acetate 
and generally known as “safety stock.” While the cellulose 
nitrate film commonly used in motion pictures is safe when 
proper projection booths and other safety appliances are pro- 
vided, its introduction into the home or industrial plant would 
be out of the question because of the fire risk naturally in- 
volved. 

For this reason, the new film was made on the acetate base 
only and met the approval of the Underwriters’ Laboratory 
standards for use where fireproof appliances were unavailable. 

It was not long after its début that 16-mm. film attracted 
the attention of doctors, dentists, artists, and scientists, who 
turned to this simple and practical method of recording their 
technique for reference and teaching. The surgeon, for example, 
seeing his personal films on the screen, immediately visualizes 
the possibilities of 16-mm. movies applied to his professional 
technique. 

Interesting work is being done in microcinematography with 
specially fitted 16-mm. equipment. The advent of this film has 
made the cine-photomicrography practical and economical for 
the research worker. The Bausch and Lomb Optical Com- 
pany, of Rochester, New York, has perfected an apparatus using 
a synchronous motor in conjunction with the Cine-Kodak 
Model A, which, through a chain of gears, drives the camera at 
eight different speeds. The speeds range from 16 pictures a 
second to one picture every 4 minutes and 16 seconds. Such 
equipment permits focusing the microscope at any time without 
interfering with the photographic process. Studies involving 
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the formation and precipitation of colloidal suspensions, crys- 
tal growth and changes occurring in crystal structure during 
chemical reaction, and the study of Brownian movement in 
rubber latex, are examples of work being done. In the paint 
and varnish industry it is very desirable to study the action of 
the surface film of paint and varnish while drying. During 
this process certain phenomena occur which have a definite 
bearing on the quality and appearance of the dry surface. Many 
cine-photomicrographs have been made, and the information ob- 
tained has proved of value. 


Uses or INpusTRIAL 16-Mm. INCREASING 


The adaptation of 16-mm. film to industry followed very 
shortly its adoption in other fields. The transition from its 
uses in pure science to the applied science of industry was, 


INsTRUCTING EMPLOYEES IN Macuine-SHop Practice Is Errec- 
TIVELY Done By MEANS oF 16-Mm. Movies 


figuratively speaking, overnight. Experimentation by amateurs 
in and around industrial plants disclosed uses for the 16-mm. 
camera which had never been thought of previously. 

An investigation of the industrial uses of photography was 
conducted in 1927 by Frank Seaman, Incorporated, of New York 
City, and the compiled data presented on December 23 of that 
year. In the course of this survey, 434 companies were called 
on in 62 separate industries. Actually, 43 cities in 12 states, 
representing the industrial centers of the United States, were 
visited. The report of this concern showed only 18 industries 
out of the 62 using 16-mm. movies, or about 29 per cent. In 
the interim of three years since the compilation of this report, 
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the number of industries using 16-mm. film has increased to 
32, or to nearly 52 per cent. 

The 18 industrial users of 16-mm. in 1927 were classified as 
follows: 


Commercia 


Automotive Machinery 
Explosives Publishing 
Food Products Radio 


Hardware and Tools Ship Building 
Textiles 

Public Utilities 
Electrical Power 


Gas 


Transportation 


Telephone and Telegraph 


Railroads Steamships 


Businesses 
Financial Insurance 
Retail Stores 
Education 
Universities 


PERFORMANCE RECORDS OF MACHINERY AND EquipMentT CAN Be 
READILY AND EcoNoMICALLY Mape WITH THE 16-Mm. Frum CAMERA 


By 1930 the following 14 industrial applications brought the 
number up to 32: 


Commercial 
Airplane Iron and Steel 
Cement Locomotive and Car Building 
Chemicals Mines 
Construction Paint 
Electrical Equipment Paper 


Petroleum 


Businesses 


Commercial Photographers 


Architects 


Miscellaneous 
Dental Supplies 


SrIxTEEN-MILLIMETER Movies Usep IN STANDARD PRACTICE 
AND EMPLOYEE TRAINING 


The compact, portable equipment for 16-mm. film permits 
recording the action of a machine or worker at close range with- 
out disrupting expensive manufacturing processes through dis- 
traction or interruption of the employee. For this reason, 
16-mm. film lends itself admirably to work on standards of 
practice and process study. 

Such films become an invaluable adjunct to process study 
when the acme of efficiency is sought. The minute details 
of a process cannot escape attention when a slow-motion pic- 
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ture is made of it. This is accomplished by a simple four-to-one 
attachment which gives, when projected, an action only one- 
fourth as rapid as the normal. Several models of the 16-mm. 
camera can be obtained with such high-speed attachments. 
In addition, the worker can study each element of a particular 
operation by running the machine by hand and projecting one 
frame at a time and studying each picture as a “‘still.”’ 

The Dunlop Tire and Rubber Corporation developed an efficient 
method for tire building. In attempting to describe this method 
for the benefit of the English Dunlop Company by the usual 
means of drawing, description, and time-study methods, it was 
found difficult to present the subject in such a manner that the 
English company c uld make use of it. In order to make the 
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Scenes Like To1s May Be SraGep tn a PLANT AND Prove VERY 
EFFECTIVE IN SAFETY EpUCATION 


matter entirely clear, a 100-ft. 16-mm. film was made by an 
amateur and sent to the English company. The display of this 
film cleared up all points in doubt, and enabled them to make 
full use of the economical method. The demonstration was 
80 pleasing to the English company that they in turn made a 
film dealing with an English process that was not clear to the 
American company, with like beneficial results. + 

There are many industrial operations such as assembling, 
sorting, and packing, involving action of such rapidity that the 
eye cannot follow them. Were it not for slow-motion pictures 
and single-frame projection, the exact nature of the operation 
Would never be known except to the operator; and usually 
the movie explains better than the operator. An example of 
this hature was forcibly brought out a short time ago. An 
examination of a very efficient worker disclosed the fact that she 
Was doing an operation entirely with her left hand, while her 
less efficient co-workers enlisted the aid of their right hands 
for the same operation. She explained her method many times 
and at great length, but still her explanations were unavailing. 
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The rest of the workers had to use both hands. A slow-motion 
picture revealed an action of one of her fingers which was essen- 
tial to her efficiency, but of which she was unaware. The other 
employees quickly acquired her method, and what was once 
considered the acme of speed and efficiency is now an ordinary 
rate. 

The Western Union Telegraph Company have made some 
very interesting films for instructing their employees. One 
of these, a reel called ‘‘Gumming,” is proving beneficial in 


PHOTOMICROGRAPHY OF Motion Is PracticaL aND Economt- 
caL WitH APPARATUS Sucu as THIS 
(Courtesy, Bausch & Lomb Optical Co.) 


Wuen TAKING THE Propuct To THE Prospective PURCHASER, 

REQUIRING A WELL-PLANNED Scenario WitH SpeciaL LIGHTING 

AND PROFESSIONAL Actors, ADVICE From A PROFESSIONAL PRODUCER 
Be Soucur 


teaching girls how to apply the printed tape to the telegraph 
blank as it comes from the machine. Another reel, ““Keyboard 
Errors,” teaches the operators how to increase their speed and 
efficiency and lessen the number of mistakes by avoiding cer- 
tain conditions or movements which are known to cause errors. 
The effects upon the resulting work of long finger nails, dis- 
traction, and other factors of this nature are forcibly brought 
out in these films. 

Employees need safety education, and there is no better 
method of educating them than by the use of movies. Motion 
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pictures taken in the plant illustrate the particular points of 
danger, and the inevitable results of carelessness are driven 
home with an impression that is lasting. It is hard for a worker 
to believe that he is in danger or that he is not immune 
to injury. Consequently, though his very life may be in jeop- 
ardy, he becomes careless and some day meets with serious 
mishap. A film showing how the accident happened, and per- 
haps a close-up of the mangled and mutilated hand, though 
unpleasant, will prove a stimulus to caution in the future. Many 
little scenarios which could be staged around the plant for safety 
education immediately present themselves. Films showing the 
danger of running in halls or alleys, grinding or chipping without 
goggles or other eye protection, using ladders without safety 
feet, smoking or carrying matches, letting oily waste or wiping 
rags collect, and many other equally important hazards can 
easily be made on 16-mm. film by an amateur cinematographer, 
employing plant personnel as his subjects for the sake of con- 
venience and to bring home forcefully to other workers within 
the plant the points of his pictures. Here is one “ounce of 
prevention” which pays large dividends on a comparatively 
negligible investment. 

To give a new employee a broad knowledge of the company 
for which he works, and to make him a part of it in the least 
possible time, there is nothing so effective as a movie trip through 
the plant. He learns more in fifteen minutes by this method 
than he would in a month through the regular channels of ab- 
sorption. 

Employees can be taught how best to avail themselves of their 
leisure time through the judicious use of movies of sporting 
events and competitive games shown in their recreation rooms. 
Such procedure kindles the spirit of fair play and friendly com- 
petition in the workers’ minds, and a rising standard of morale 
and esprit de corps results. 


ADAPTATION OF 16-Mm. Fitm To THE RESEARCH AND TESTING 
LABORATORY 


The 16-mm. camera is a faithful ally of the industrial-research 
laboratory. It is an excellent observer and not subject to mis- 
takes involving the human element, or “personal errors.”” The 
camera can be equipped in the laboratory so that the operator 
can take a single picture at any desired interval; or the highly 
paid technician can set it to ‘‘watch’’ a certain process while 
he devotes his valuable time to other work. Here again the 
microcinematographic apparatus may be used. By removing 
the device connecting the camera and the microscope and putting 
a photographic lens in its place, the camera will take a picture 
at any one of the eight intervals according to the gear ratio used. 

Pen recorders are not available for each new branch of re- 
search, and it would be a needless expenditure to have them 
made when a movie camera can be used for many phases of the 
work. One 100-ft. roll of film will make 4000 recordings. It is 
advantageous for reference purposes to photograph all new de- 
velopments while under test. The small movie camera will 
“see” the whole procedure from a vantage point too close for 
safety by any other method of observation. Tests are being 
recorded this way on experimental high-tension transformers; 
explosives; automobile and airplane motors running at excessive 
speeds; characteristics of new alloys while under compression, 
tension, shearing, and torsion tests; and the crushing strength of 
concrete piles, beams, and culverts. An interesting applica- 
tion that has come to the author’s attention is that of an aviator, 
piloting a cabin-type plane, who uses a 16-mm. camera mounted 
on top of the wing to “see’’ the action of the elevators and rudder 
while under stress in flight. Undoubtedly there are many other 
uses than those mentioned. 

Building contractors and structural engineers are finding 


16-mm. film a valuable asset for making permanent, authentic, 
visual records of their construction work. By taking a few 
feet at regular intervals, the entire building process is recorded 
from turning the first bit of soil to driving the last rivet. A con- 
struction project, taking months to do, can in this way be shown 
on the screen in a few minutes; and yet at any phase of the work 
the projector may be stopped and the scene viewed as a still 
picture. By dated titles for scenes of particular phases of the 
construction, the rate of progress between periods may be noted. 
Such information proves a valuable aid for computing costs 
based on rate of progress when undertaking future contracts. 

Industrial concerns having branches and stock houses find 
the use of 16-mm. movies a valuable aid for disseminating 
knowledge or information to the other houses. Especially 
is this effective in the case of foreign branches. The more in- 
formation an employee has concerning the product which he 
helps to produce and sell, the greater an asset he is to his com- 
pany. Realizing this fact, several far-seeing employers have 
made 16-mm.-width movies among their various plants for 
interplant exchange and the edification of their employees. 


NECESSARY EQUIPMENT FOR MAKING 16-Mm. Movies 


Except where there is an abundance of window light, motion 
pictures within the factory or laboratory will require some 
artificial light. For this purpose, three to five portable flood 
lights of 500 watts each will be sufficient. The author has 
obtained very excellent results using ‘‘Kodalites.”” One of these 
lamps, when placed six feet from the subject, will illuminate, 
sufficiently brightly, an area of four square feet. For an ordi- 
nary factory close-up, more than three of these flood lights are 
unnecessary. 

The camera should be equipped with an f.1.9 lens, which 
permits pictures with a minimum of artificial light, and may be 
either hand-cranked or spring-motor driven. An f.1.9 is a very 
fast lens of extremely wide aperture and has a speed equivalent to 
nearly 20 times that of a commonly used Kodak. A lens of 
lesser aperture should not be used because of the additional 
number of flood lights which would be required. The spring- 
motor-driven camera is usually held in the hands and takes, for 
each winding, about 15 ft. of film, which is equivalent to about 
40 seconds on the screen. The hand-cranked model is used on a 
tripod and is capable of taking 100 ft. or a little over four minutes 
of projection time. Any dealer in amateur cine equipment 
will give what simple instructions are necessary for using light- 
ing equipment, reflectors, backgrounds, etc. As a usual thing 
a few tests will solve the particular problem at hand. 

The film used for making industrial 16-mm. movies is avail- 
able in two emulsions, regular and panchromatic. The regular 
is suitable for all general purposes in and around the plant, and 
the cost is only about 20 per cent as much as the corresponding 
standard film for reasons explained earlier in the paper. W hen- 
ever the nature of the subject necessitates a correct rendition 
of color in monochrome, panchromatic film should be used. 
Regular film is mainly sensitive to violet and blue light only, 
very slightly sensitive to yellow and green, and practically not 
at all sensitive to red. Thus, when a picture is taken with 
ordinary film, violet and blue are the only reflected colored lights 
that make appreciable impressions on the film. Other colors 
to which the film is not sensitive make no impressions, and 
therefore show as black on the screen. When panchromatic 
film is used, correct color values are rendered in varying shades 
of gray, because the film is not only sensitive to violet and blue, 
but red, green, orange, yellow, and all other colors of light are 
correctly recorded. Brass fittings on a steam engine, for example, 
will not give the desired contrast with the darker steel parts 
when ordinary film is used, because of the yellowish light re 
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flected by brass. Panchromatic film will increase this contrast 
to the normal which the eye sees because of its relative yellow 
sensitivity. In addition, panchromatic film, when used with 
Mazda lamps, requires less light than the regular film. The 
spectrum from a tungsten-filament light source has a predomi- 
nance of red and yellow, the effect of which is lost on regular film 
because of its “blindness” to light of this color, as explained 
above. By using panchromatic film, the extra light is utilized, 
and good pictures can be taken where the light would be in- 
adequate for regular film. 

It is impossible within the narrow limits of this paper to ex- 
plain all the uses and potentialities of 16-mm. motion pictures 
in industry. The very fact that the whole procedure is ex- 
tremely simple and economical, requiring no special technique 
for making permanent, visual records, is assurance enough that 
its possibilities will increase as each new industrial use is found. 
And, in addition, the fact that duplicate prints may be made 
at a very nominal cost also enhances the value of 16-mm. in- 
dustrial film. These “dupes” are printed from the original 
film and put through the regular reversal process at a cost of 
less than 40 per cent that of professional film. About sixty of 
these duplicates can be made from an original film without ap- 
preciable loss in quality. 

Since only the merits of 16-mm. originals have thus far been 
discussed, it may be well at this point to say something regarding 
the use of 16-mm. movies which have been reduced from pro- 
fessional 35-mm. stock. These films have the advantage of 
the professional touch. There are, necessarily, many limitations 
imposed upon the use by the amateur of 16-mm. film in the 
factory; and when one or more of these contingencies arise, the 
professional cinematographer should be called in. When taking 
the product to the prospect requires a well-planned industrial 
scenario; when animated drawings may be needed to explain 
visually the ultra-technical details of the business or product; 
or when many interiors presuppose carefully regulated artificial 
lighting equipment, then, indeed, should professional help be 
sought. No amount of gaily colored sales and advertising 
material or cleverly phrased oratory can ever efface tie stigma 
in the mind of the prospective customer of a poorly produced 
movie. For this reason it is advisable to have institutional 
movies made by a professional on standard film in order that the 
manufacturer may put his best foot forward in presenting his 
product to the customer, or in carrying the story of his plant 
or product to the public. 

Again, to lower costs on duplicate prints and facilitate showing 
the finished picture, 16-mm. film comes to the rescue with the 
reduction print. These films are made by reduction printing 
from the original standard negative, and the salesman or demon- 
strator is thus enabled to carry 16-mm. prints of professional 
quality to show to his prospect by means of a light, compact, 
portable projector. 


CONCLUSION 


By way of summary, it may be said that the use of motion 
Pictures in industry is readily divided into two distinct classes, 
namely, institutional and internal. The institutional use in- 
volves those productions employed for sales promotion and ad- 
vertising where the film carries the story of the product or 
plant to the customer or public. Such films should be made by 
the professional producer of industrial motion pictures on stand- 
ard 35-mm. film. The internal use is that made within the 
plant for instruction of employees in safety, shop housekeeping, 
and fire prevention; standard practice and employee training; 
layout and process engineering; recording research and testing 
Operations; records of construction and building progress; 
and many other purposes in and around the plant. Uses such 
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as these in which the film is not to be shown outside of the 
organization readily lend themselves to amateur technique 
and 16-mm. film and equipment. The convenience, simplicity, 
and low cost involved easily justify such applications. 
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Discussion 


ALLEN H. MocGensen.? The principles of motion economy 
are so tied in with machine and tool design that it is wondered 
why it is not more effectively used. One manufacturer of milling 
machines uses the film to good advantage in order to make for 
more efficient operation of the machine and the tool equipment. 
He is also able to show the advantages gained by proper design 
to prospective customers with the films. Many of the present 
machine tools require that the operator be an acrobat in addition 
to his other necessary qualifications. Machine design and tool 
design must incorporate far more than mere ease of fabrication 
and low cost of production. In addition to considering fits and 
finishes, processing, and assembly, the designer and product en- 
gineer must also think of the man who is to use the tool or oper- 
ate the machine, and it is here that a thorough knowledge of the 
principles of good motion practice will prove invaluable. 

At the plant of the Cadillac Motor Car Company a motion- 
study laboratory has been established. This is used for instruc- 
tion, not for theoretical solution of production problems. Groups 
of foremen, supervisors, time-study men, tool designers and mak- 
ers, set-up men, and product engineers here learn the fundamen- 
tals of motion economy. It is here that the film has definitely 
proved its value, not as a means of making detailed micro-motion 
studies, but in teaching these principles to those who can directly 
and effectively lighten the work of the man in the shop. 

A double die can be used in place of a single one, thus often at 
least doubling the productive capacity of machine and operator. 
The use of both hands may enable the operator to keep the ma- 
chine running a greater portion of the time. Drop deliveries 
may not only greatly increase production, but enable a rhythm 
of operation more in keeping with the machine capacity. Rede- 
sign of the control mechanisms of the machine, bringing the con- 
trol within the normal working area, may be a solution to what 
was before a serious problem in fatigue. There are many actual 
examples where the consideration of these simple principles 
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during design or in redesign resulted in inconceivable increases in 
production, with consequent reduction in cost, and often solved a 
distressing labor problem. 

One more important point. We are all concerned with the 
safety of the man who must use the tool or operate the machine. 
Often the application of these principles of motion economy may 
solve a problem that seemed insurmountable. Instead of slowing 
down production or otherwise adding to the cost of the ultimate 
product, thinking in these terms may give a surprisingly simple 
solution. We may so engage both hands in a useful portion of 
the cycle at the correct time as to eliminate the hazard. Think- 
ing along this line will open up many new possibilities. 

Back of all these principles of good motion practice stands the 
motion-picture camera, one of the most valuable production 
tools of today. Without detracting from its value in the field 
of micro-motion study, it can be stated that as a means of making 
a whole organization “motion-minded” the camera is supreme. 


Davip B. Porter.* The writer wishes that the author had 
said more about the very important and far-reaching use of the 
16-mm. movie in motion-study work. It would seem as though 
a treatment of this application would be of primary interest. 

The degree of refinement and specialization to which machine 
design has been carried has tended to reduce the amount of ma- 
chine time in proportion to the amount of manual time in the 
productive cycle of a unit of output. This places greater em- 
phasis on the operator’s part in the productive cycle. It there- 
fore becomes increasingly imperative to improve his methods in 
order to secure the maximum of useful work with a minimum of 
motion and effort. Since the motions which a machine operator 
makes are partly predetermined for him by the machine, the 
designer should have a knowledge of the principles of motion and 
should incorporate these in his design. Also, this same knowl- 
edge should be applied to the design of jigs and fixtures so that 
they may be used with the greatest motion economy. The fore- 
man, time-study man, instruction boss, and operator need to 
understand these principles so that all factors surrounding the 
operator’s work may be analyzed and reduced to ‘‘the one best 
way.” 

Several companies have had considerable success in conducting 
classes in motion study for the purpose of teaching their people 
the principles of motion and of training them to think of work 
in terms of motion. For this they have found the motion-picture 
film most convenient for bringing into the laboratory or class 
room the material which the instructors may use in teaching. 
The motion-picture camera will continue to be used by the expert 
in resolving jobs that are important enough to warrant such de- 
tailed analysis, but such jobs must be relatively few in comparison 
to the countless number where time, let alone expense, would not 
permit of such refined treatment. It is to these jobs that a 
personnel trained to think in terms of motion will bring an at- 
titude of mind and a method of analysis that will be not only 
most far-reaching in effecting economies, but in making the jobs 
more interesting to the workers. It is for such training of a 
selected personnel that the motion-picture equipment is indis- 
pensable and is likely to find its greatest usefulness in the motion- 
study field. 


Joun M. Lessetts.‘ In recent years there has been an in- 
creased application of the motion-picture camera to research 
problems. For instance, there have been the applications by 
Drs. Prandtl] and Tietjens to the study of flow of fluids around 
different bodies and the application by Messrs. Baud and Peter- 
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son® to the study of gear-tooth stresses. At the recent Congress 
for Applied Mechanics in Stockholm, a very interesting paper 
was also presented showing the action of stress on models using 
polarized light. All these activities show that this type of 
camera is valuable as a research tool, and in this respect it would 
be of interest to hear from the author just what is the maximum 
number of pictures which can be taken per second by the most 
modern 35-mm. equipment. 


R. Fawn M. W. LaRue.’ Progressive fac- 
tory managers are awake to the vital necessity of watching every 
operation and effecting every economy that will cut down over- 
head and improve the output. After all is said and done, a 
factory is the essence of motion, so that it is not surprising that 
a motion-picture camera has found such favor in assisting factory 
managers to solve many of their problems—mechanical, training, 
and research. 

Pictures of intimate phases of manufacturing operations are 
used by salesmen to convince the prospect of the care used in 
making the equipment and provide a very effective selling talk. 
However, the principal interest in this paper will be confined to 
those uses of motion pictures that more directly touch upon the 
factory manager’s peculiar problems. 

A close community interest among employees is an invaluable 
asset to any business, and a great number of manufacturers are 
using motion pictures within their organization to promote this 
interest. 

In conjunction with clubs of various kinds, activities outside 
of working hours, and in self-government projects, motion pic- 
tures grasp the interest and the imagination of the employee, 
giving him a sense of actuality of the thing before him. 

For general entertainment, employees frequently enact movie 
plays themselves, exhibiting their screen prowess to fellow em- 
ployees at regular meetings. Many subjects can be leased or 
rented from the many libraries of motion-picture film located in 
practically every town of any importance throughout the United 
States. 

Now to consider the practical adaptation of movies to produc- 
tion problems in the shop, there are two natural questions that 
will be asked: 

1 How can motion pictures be used to solve my particular 
problem? 

2 What is the most economical method of securing results, 
what is the cost, etc? 

The writers do not wish to create the impression that they 
are authorities on the subject. However, at our factory in Chi- 
cago we have, to some extent, studied the application of the 
motion-picture camera to various phases of factory production, 
and time and motion studies have engaged the attention of a 
number of our engineers. 

Motion-study men tell us that motion study is not a speeding- 
up process. On the contrary, it seeks to find the one best way 
of doing a job, which is usually the easiest way. Time study 
reveals that one man makes four motions to do the job, while 
another uses six. Obviously, the latter should be shown how 
he, too, can increase output and improve the work, in order that 
he may increase earnings and decrease labor. 

A competent engineer with a stop-watch can make time studies 
and motion studies and return to his office with figures which, 
when analyzed, can be used to definite advantage. If a motion- 
picture camera is added to the stop-watch he can then make 4 
micro-motion study of the operation to be analyzed. ‘The en- 
gineer not only has his stop-watch readings, but a visual record 

5 “Load and Stress Cycles in Gear Teeth,” by R. V. Baud and 
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of the operation synchronized with the time element. This can 
be reviewed time and time again, with the assurance that the 
personal element, in the use of the stop-watch, is also eliminated. 

To make a micro-motion study, the operation to be analyzed 
is photographed, including in the field a microchronometer or 
stop-watch if desired. There is a type of microchronometer 
now on the market which operates by a synchronous motor which 
is ideal for the purpose. By recording photographically the 
movements of the operation and the movement of the clock, 
time may be recorded to within 0.002 of a minute. 

With the recent improvements in camera design for the 16- 
mm. amateur film, motion-study work is made particularly easy. 
Among the most recent improvements in camera design of tre- 
mendous value to the analyst are the turret head and the critical 
focusing device. ‘The use of lenses of varying focal length per- 
mits the placing of the camera in such a way as not to interfere 
with the routine performance of the operator or operation and 
enables the picture to be made right in the shop. 

Of particular importance is the fact that such cameras are ob- 
tainable with a range of various speeds that permit photographing 
an operation in normal speed and then turning around and photo- 
graphing the same in semi-slow motion. The speed of the camera 
can be adjusted to the speed of the operation so that the action 
can be slowed down just enough to facilitate analyzing the action 
without slowing it down so much that the essential sequence or 
rhythm of the operation as a whole is lost sight of. 

For simpler operations it is possible to do away with the clock 
by running the film through the camera at a constant speed; 
thus if the film passes through the gate at 1000 frames per minute, 
the elapsed time between any two frames is 0.001 minute. An 
element of motion occupying 2 ft. of film, or 80 frames, must have 
taken 0.08 minute to perform. Thus the camera alone can be 
made to fulfil both functions. The highest class of spring-driven 
cameras now available can be considered accurate to within 2 per 
cent. This is satisfactory for quite a large number of opera- 
tions. 

Probably the most satisfactory method of doing this type of 
work is to include the clock in the picture area, as suggested pre- 
viously. This permits individual analysis of each frame so that 
the exact time elapsed for each portion of an operation can be 
determined accurately. At the end of the paper will be given 
references to articles describing different methods of doing this 
work for those interested in following it up. 

There are some special types of machines now in common use, 
such as weaving machines, folding machines, and other automatic 
equipment for handling complicated operations. Every one 
knows how easy it is for these machines to get out of order, and 
also every one knows how hard it is to place one’s finger on the 
exact cause of the difficulty. Here the super-speed camera proves 
its value. It is possible to take slow motion pictures of extended 
length with professional cameras. However, there is available 
& compact, spring-driven camera operating at the same speed 
as the professional camera, namely, 128 pictures per second, giv- 
ing a picture length of about 5 or 6 seconds. Ordinarily this is 
sufficient to analyze the usual run of such operations so that one 
can readily follow on the screen happenings which are too fast 
for the human eye to correctly analyze. The action is slowed 
down eight times by taking pictures at this speed. By slowing 
down the projector this can be slowed down still further, though 
naturally this is not recommended unless the circumstances 

render it imperative. 

Satisfactory movies taken of intricate operations tie up very 
nicely with ordinary time and motion study. By their aid 
employees can be shown the importance of different phases of 

an assembly very quickly and very vividly. It helps materially 
in enabling them to appreciate the importance of their particular 
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part of the job in the whole. If the average employee is able to 
appreciate just how much his fellow worker has to rely on his 
workmanship, it is not a hard idea to sell the employee the im- 
portance of exercising sufficient care to have the pride of work- 
manship necessary to turn out a good job. 

An interesting example of the use of pictures for this type of 
work is to be found in the telephone companies. These com- 
panies train switchboard operators not only in the actual manipu- 
lation of plugs, but also in the understanding of the circuit and the 
complicated wire traffic which they never see. 

Automobile manufacturers train dealers in correct servicing 
methods, how to perform the various types of service in the most 
approved factory manner. 

Airplane companies, motor companies, and practically every 
type of manufacturer can use motion pictures in analyzing and 
for training. There is no operation, prowess, or routine of any 
nature but that can be taught better by movies. 

The General Electric Company has developed an interesting 
side line to pictures originally designed for the purposes: of in- 
ternal instruction. These films are sent to other factories and 
help more than anything else to enable branch managers in dif- 
ferent countries to correlate their productions with that at the 
main factory. It was soon found that there were numerous re- 
quests for permission to show these films to high schools, uni- 
versities, etc. Naturally, films shown under these conditions to 
budding engineers, etc., had a material sales value that, if any- 
thing, was even more effective because they were not designed 
to act as a selling film. 

In conclusion, we would like to mention a few thoughts on the 
possibilities of motion pictures for research work. Possibly the 
average factory manager is not primarily interested in pure re- 
search, but there are many things which it is desirable for them 
to find out for certain. For instance, in order to check the quali- 
ties of their lubricating oil, motion pictures taken through the 
microscope have been found very valuable. These pictures can 
also be taken in color as the color of the oil often acts as a guide 
to its other qualities, and in this manner a permanent record is 
kept, which is valuable for future reference. All engineers are 
familiar with the value of still photographs taken through the 
microscope showing steel structure. Motion pictures taken of 
similar subjects, say under strain, etc., are providing information 
of great value as to the action of different steels under different 
types of stresses. The same thought can obviously be applied 
to other metals, alloys, ete. 

The 16-mm. amateur size film is comparatively cheap so that 
if the results are not satisfactory the first time, they can be shot 
over without inconvenience or more than the loss of a couple of 
dollars’ worth of film. Therefore, there is every inducement for 
the factory manager to investigate the possibilities of this new 
tool. Sufficient work has been done along this line so that it 
is possible to state without equivocation that motion pictures 
provide a most effective means for a factory manager to improve 
his production, to train his employees, and to do research work 
where records, in motion, are available for comparison at a later 
date. 

The following articles have appeared in Factory and Industrial 
Management: 

“The Movie Camera, an Aid in the Search for the ‘One Best’ 
Method,” by Allan Mogensen, June, 1930. 

“Operation Analysis With the Motion Picture Camera,” by 
M. A. Dittmar, Ph.D., Assistant General Manager, Lehn & Fink, 
July, 1930. 

“Training Time Study Men,” by Allan Mogensen, Sept., 1930. 

“Micro-Motion Study Applied to the Manufacture of Small 
Parts,”’ by R. M. Blakelock, General Electric Company, October. 
1930. 
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AvutTuor’s CLOSURE 


Replying to Professor Porter, the author would say that, due 
to the variety of methods proposed for applying the motion pic- 
ture to time and motion analyses, it is considered inadvisable 
at this time to include more than a mere mention of any specific 
method. The following, however, are the three most commonly 
used methods: 

The Gilbreth system uses a microchronometer or fast-moving 
clock which is photographed simultaneously with the worker. 
The advantage of this system is that the microchronometer 
record is independent of film speed—the camera may be cranked 
at various speeds. These clocks were expensive, and required 
frequent winding and calibration, and in addition it is difficult to 
keep the instrument in the field of view, in focus, and out of the 
operator’s way. 

The second method uses a stop-watch mounted at a fixed dis- 
tance from the camera with a small electric bulb and special lens. 
It is Joseph A. Dubray’s method, and insures correct exposure 
and focus at all times, but it often interferes with the field of 
view, just as does the Gilbreth. 

The third system uses a constant-speed camera wherein the 
actual time is integral with the film. If the speed of the camera 
is made constant and changed from its present standard of 960 
to 1000 frames a minute, the time between succeeding frames will 
be 0.001 minute, and the time of a period may be obtained by 
counting frames. Knowing that 16-mm. film has 40 frames 


to the foot, a ruler becomes the measuring device for the time 
element. 

By attaching a small synchronous motor to a hand-cranked 
camera, very accurate results may be obtained throughout the 
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entire roll of 100 ft., which is equivalent to 4 minutes. The 
accuracy is dependent, of course, upon how closely the frequency 
is regulated at the power station, but ordinarily this is within 
one-half cycle; so the error is considerably less than plus or 
minus 1 per cent. Such a method would have none of the in- 
herent disadvantages of the systems now in use. 

Replying to Mr. Lessells’ question, undoubtedly the ordinary 
motion-picture camera is limited to speeds not exceeding 256 
pictures a second, and in many cases 128 is the maximum due to 
the strain imposed upon the delicate mechanism by driving it at 
such an excessive rate. This speed retards action eight times, 
which is sufficient for studying the way in which a turning leaves 
the bar on a lathe or in which a milling tool or twist drill works. 
Micro-motion studies seldom require rates as high as this. 

C. Francis Jenkins built a special camera to take 3200 pic- 
tures a second. Heape and Grylls designed a camera for the 
British Admiralty with which, by photographing 10,000 pictures 
a second, they were able to show the action of shells penetrating 
hardened-steel targets. 

By using a film wound on a cylinder and feeding the cylinder 
ahead by a spiral while rapidly turning, Baron Shiba of the 
Aeronautical Research Laboratory, Tokyo Imperial University, 
was able to make 20,000 exposures a second. 

The device used a system of polished mirrors, turning syn- 
chronously with the cylinder, which made the intermittent 
mechanism unnecessary. Later Toyotara Suhara made 40,000 
exposures a second by the same system. 

These pictures were slightly smaller than the standard frame, 
but were enlarged and printed on standard film by a special 
machine. 
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Cemented Tungsten Carbide for Cutting Tools 


In this paper the author tells of the origin of cemented 
tungsten carbide and the most satisfactory method for 
making it. Because of its hardness its use for wear- 
resisting tools is valuable, and particular emphasis is 
placed on its use for cutting tools. The physical prop- 
erties of cemented tungsten carbide and its economic 
value as a cutting medium are discussed. Design and 
care of the tools are essential factors in successful appli- 
cation. Proper support for the cemented-tungsten- 
carbide tip and allowance for proper clearance angles are 
essentials of design. 

The tool set-up should be as rigid as possible, as chatter 
or vibration is detrimental to successful life. The criti- 
cal speed at which the tool should run for a particular 
job should be determined, and the machine be operated 
below this. Grinding of the tool is important, and the 
author tells of proper grinding methods. Use of cemented 
tungsten carbide for cutting tools has resulted in increased 
machine speed, longer life per grind, reduced tool main- 
tenance, less waste of material in setting up, and greater 
accuracy throughout a long run. 


vent of cemented tungsten carbide 

into the field of cutting mediums is 
apt to convey the impression that this 
material has been known only a short 
time. However, such is not the case, as 
tungsten carbide has been known for more 
than 40 years, but due to certain inherent 
physical weaknesses and the difficulty of 
using its extreme hardness to yood ad- 
vantage, little general interest in this 
material has developed. 

The economic pressures brought t6 bear on Germany with the 
coming of the World War made it necessary to obtain or find 
an adequate substitute for diamonds in drawing tungsten wire 
for lamp filaments. As a result, Messrs. Baumhauer and 
Schroter, metallurgists at the Osram Lamp Works, Berlin (an 
affiliation of the General Electric Company), carried on certain 
experiments with tungsten carbide and soon discovered that the 
essential properties of strength and toughness must be gained if 
this material was to become of commercial value. 

Further experimentation disclosed the fact that metallic cobalt 
could be utilized for this purpose. The combination of these two 
materials resulted in what is now spoken of as cemented tungsten 
carbide. 

Messrs. Schroter and Baumhauer first applied this material, 
cemented tungsten carbide, to wire-drawing dies as a substitute 
for the diamonds they had found so difficult to obtain. The 
success of their experiments was proved by the fact that they 

‘Manager, Philadelphia District, Carboloy Co. Mr. St. Clair 
graduated from the University of Maine in 1923, and for several 
years was connected with the General Electric Co., investigating 
and installing wage-payment and planing systems. He joined the 
Carboloy Company in 1929. 
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Presented at the Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, 
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got equal, or better, results. Their next step was the replace- 
ment of diamond tools for the machining of various Bakelite 
compositions, which, as all know, present certain machining 
difficulties in their extreme abrasive action on the edge of a cutting 
tool. 

Their success on this second application was the signal for 
considerable interest in this new material, and its possibilities 
were quickly recognized by interested companies who secured 
the rights to exploit further and apply the material. The physi- 
cal properties of cemented tungsten carbide are interesting and 
give indications as to which of its characteristics may be taken 
advantage of or compensated for in lis application to cutting 
tools for various materials. 

1 Its extreme hardness is perhaps the best known quality. 
Measured on the Rockwell “‘A’”’ scale, its hardness lies between 
87 and 92. These figures are more interesting by remembering 
that infinite hardness on this scale is designated 100. 

2 Its coefficient of expansion is only half of that of Invar steel, 
which has the lowest coefficient of expansion of any known metal- 
lic substance. 

3 Its electrical conductivity is low. 

4 Its compressive strength is greater than that of any known 
material. 

5 Its tensile strength determined by a transverse rupture 
test is somewhat more than half of high-speed or tool steel, al- 
though this value depends on the cobalt content of the material, 
as well as the treatment which the individual compositions re- 
ceive throughout their preparation and manufacture. 

6 As expressed by Young’s modulus of elasticity, its bending 
modulus is almost three times that of steel, and is the highest 
modulus of elasticity of any known material, coming well above 
tungsten. 

As might be expected, the metallurgy of combining two pow- 
dered constituents to produce this metallic substance differs 
considerably from the metallurgy of common practice and re- 
quires a new and different technique of procedure. 

Cemented tungsten carbide is made from powdered cobalt 
and powdered tungsten carbide. The two powders are mixed by 
ball-milling, and various tests have indicated that during this 
milling operation a coating of cobalt is formed around the ex- 
tremely hard tungsten-carbide particles. It is for this reason 
that the grain size and milling time become such important 
factors in producing cemented tungsten carbide with the re- 
quired properties of hardness and strength. 

This new combination of powders is then pressed into shape 
on hydraulic presses, after which this pressed bar is fired to 
increase its cohesive strength to a point where the mass is work- 
able and may be easily cut, shaped, or turned. The final step 
in the production of a cemented-tungsten-carbide blank is the 
sintering, which is simply a firing process. The blank is placed 
in a hydrogen atmosphere, brought to a high temperature, which 
is maintained for the required length of time, and then removed. 
It is then ready to be attached to a tool shank. 

A cemented-tungsten-carbide blank is attached to a tool shank 
for several reasons, among which are: The economy of such a 
practice, as it is only necessary to obtain a cutting edge, and 
secondly, as has been already pointed out, the physical char- 
acteristics of this material have indicated that this is the logical 
way to utilize this material to its best advantage. 

Due to the tendency of the cobalt to combine with oxygen, 
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considerable experimentation had to be carried on before the 
present method of brazing the cemented-tungsten-carbide blank 
to the tool shank with copper in a hydrogen atmosphere was 
perfected. Tests were made of attaching the cemented-tungsten- 
carbide tip mechanically and by welding, but these were dis- 
carded in favor of the copper braze, which is the practice gener- 
ally followed today. 

The value of cemented tungsten carbide as a cutting tool 
is undoubtedly the most interesting phase. What will it do? 
That can be best answered by pointing out the advantages that 
have been obtained in its use, throughout the industrial world, 
on many different types of applications. Because of its inherent 
hardness, its application to gages and other tools that must of 
necessity be wear resisting, has proved it a decidedly valuable 
material in maintaining the close tolerances which are an every- 
day part of quantity-production life. 

It is true that up to the present time the greatest emphasis 
has been placed on its application to cutting tools for ferrous 
and non-ferrous metals, and its value on applications of this 
type is more tangible and easily distinguished. Briefly, they 
are as follows: Because of its great ability to resist abrasion, 
longer tool life naturally follows, as cemented tungsten carbide 
will hold its keen cutting edge under severe conditions, much 
better than any other material commercially available. This 
longer tool life means a saving in man power and machine power 
through the elimination of the lost time now expended in setting 
up and grinding tools. This is in effect a double saving, as it 
converts that time into productive effort. Again, it has been 
found possible to run cemented-tungsten-carbide tools at much 
higher machine speeds than has heretofore been the practice 
with other tool materials. In many cases, the increase in 
machine speed has been limited by the machine tool itself. It 
is obviously an advantage to decrease the machining time per 


piece, because this means a lower production cost and a greater re- 
turn on the capital invested in machine equipment and man power. 

In addition to this, these wear-resisting qualities make it 
possible to obtain longer runs without any sacrifice of accuracy. 
The quality of finished parts is greatly increased, due to the fact 
that this material is not limited in its ability to machine parts of 


various hardnesses successfully. That is simply another way of 
saying that material which heretofore had to be scrapped, due 
to inaccuracies, no longer goes to increase the size of the industrial 
world’s scrap heap. 

Another extremely important value of cemented tungsten 
carbide is seen in the releasing of certain alloys which could not 
be commercially machined until the introduction of cemented 
tungsten carbide as a cutting medium. 

Knowing something of the physical properties of cemented 
tungsten carbide and having some appreciation of its economic 
value as a cutting medium, the next query is: What are the 
factors that lead to its successful application? These are: 
(1) Design of a cemented-tungsten-carbide tool, (2) the machine 
tool, (3) care of the tool in operation, and (4) grinding. 

Tool design is fundamentally a question of getting sufficient 
support for the cemented-tungsten-carbide tip, and at the 
same time allowing for the proper clearance angles. Generally 
speaking, the tip should be sufficiently large to withstand any 
strain placed on it, and the shank should be designed to have 
the greatest top-to-bottom dimension possible, so as adequately 
to support the cemented-tungsten-carbide tip. Because of the 
vast difference in the physical properties of cemented-tungsten- 
carbide, as compared to high-speed and other tool steels, the 
maintenance of minimum clearance angles is very important. 
In general practice a front angle of 6 deg. or less, depending on 
the diameter of the work, has been found to work to the best 
advantage. 
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As has been pointed out, one of the characteristics of cemented 
tungsten carbide, that tended to retard its commercial usefulness, 
is the fact that it will not bend or deflect without breaking. In 
applying a cemented-tungsten-carbide tool on any machine, 
this characteristic must be kept well in mind and the general 
condition of the machine studied critically before the tool is 
run. First of all, the tool set-up should be as rigid as possible. 
The machine should be in good mechanical condition and any 
looseness that might produce vibration or chatter be eliminated. 
This is important, as any chatter or vibration will be found par- 
ticularly detrimental in the successful life of a cemented-tungsten- 
carbide tool. 

Cemented tungsten carbide can be used on a large percentage 
of the machine equipment now in use provided these machines 
are in, or put in, the best possible mechanical condition. Any 
expense incurred in doing so will find justification in the good 
performance of cemented tungsten carbide. This necessity 
for rigidity in tool set-up and machine, when using cemented 
tungsten carbide, quickly indicated the need for improved ma- 
chine design. Today, much of the machine equipment sold has 
been designed with a great deal of thought given to this subject, 
so that cemented tungsten carbide may be used more efficiently. 

When the operating conditions surrounding a cemented- 
tungsten-carbide application are ideal, or as nearly so as it is 
possible to make them, there are certain other factors which must 
be considered, if the greatest tool efficiency is to be obtained. 

First of all it is well not to attempt to run a machine at the 
highest speed possible, despite the fact that one of the primary 
advantages when using cemented tungsten carbide is increased 
machine speed right from the start. It is better to start at a 
lower machine speed and accelerate it gradually as, in this way, 
it will be easier to discover the critical speed at which the ce- 
mented-tungsten-carbide tool should be run on that particular 
application. Following such a routine will eliminate a lot of 
grief. 

A second thing that should be well considered is the actual 
tool set-up. It should be as rigid as possible and the overhang 
of the tool kept at a minimum. Excessive overhang tends to 
develop chatter and vibration, two conditions which almost 
invariably defeat any advantages which may be expected when 
the tool is working under normal conditions. 

Like everything else, cemented tungsten carbide will respond 
to attention and will repay the cost of such time and trouble in 
longer life between successive grinds. Experience in many plants 
has proved the value of not running a tool to death, but instead, 
stopping it while it is still in fair shape and honing it up. By so 
doing the time charge of each successive grind is decreased, and 
the initial cost of a cemented-tungsten-carbide tool is more easily 
proved out in the greater number of units machined during the 
complete life of the tool. 

Failure to comply with this necessity of mgidity is one of the 
greatest causes for tool failure with cemented-tungsten-carbide 
tools. It is bromidic to point out that tool failures are the cause 
of much expense, both in actual dollars and wasted time. 

Grinding a cemented-tungsten-carbide tool is a simple matter 
that enters very largely into the efficiency of tools tipped with 
this material. The grinding machine used must be free from 
vibration, and both hand grinding and machine grinding can be 
used with satisfactory results, though machine grinding is pref- 
erable since the proper angles can be held more accurately. 
When hand grinding, the following should be considered: (1) 
The use of rest and angle fixtures on pedestal-type grinders is 
strongly recommended, and the tool should be constantly ™ 
motion back and forth. This minimizes glazing and keeps the 
wheel true. 

When grinding a cemented-tungsten-carbide tool in am auto- 
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matic machine, such as a surface grinder, the down feed should 
not exceed 0.003 in. in any case. The proper type of wheel to 
be used depends on the grade of the cemented tungsten carbide, 
the stock to be removed, and the finish required. Best wheel 
performance will probably be obtained at about 5000 ft. per min. 
surface speed. 

The tools should not be forced against the wheel, but light 
pressures used, and the tool moved transversely across the cutting 
face of the wheel. The wheel should be dressed frequently to 
prevent glazing. A glazed wheel causes local overheating 
and checks the cemented tungsten carbide. It can be ground 
wet or dry. If a coolant is used it should be a heavy flow. 

The adaptation and use of cemented tungsten carbide by 
many production plants, both large and small, throughout the 
country since its introduction as a cutting medium, has shown 
that there are very decided economies to be effected with this 
material. These include: (1) increased machine speed, (2) 
longer life per grind, (3) reduced tool maintenance costs, (4) less 
material wasted in setting-up, and (5) greater accuracy through- 
out along run. The results obtained have also indicated from 
what sources these savings come. 


Discussion 


CoLemaN SEuLERS, 3p.2. The author of this paper failed to 
mention one advantage of the tungsten-carbide tool which is 
sometimes valuable. That is the ability to cut hard cast iron 
and bronze. Material that for one reason or other comes from 
the foundry with hard spots, hard scale, or sand burnt into the 
surface may be machined where high-speed steel tools will fail. 
The importance of grinding tungsten-carbide tools for suc- 
cessful application should be emphasized. In the first place 
it is necessary to produce the correct angles with the clearance 
at a minimum for the particular material and work in hand. 
It is also important to produce a keen cutting edge free from 
nicks or grooves. The grinding should not be left to the in- 
dividual operators. This practice is not conducive to good results 
and is very wasteful. One man should be trained to handle the 
grinding of the material and all tools brought to him. 

Machine grinding is preferable for the following reasons: 
(1) It is faster as the tool is held more firmly, (2) it is more ac- 
curate as to angles of rake and clearance, (3) standards are es- 
tablished and maintained, (4) better work may be produced, (5) 
water may be used in sufficient quantity to speed up grinding 
without injury to the tool, (6) less skill is required on the part of 
the operator, (7) life of tool is lengthened by eliminating waste of 
tungsten carbide, and (8) labor costs of grinding are minimized. 

Of the machines for grinding tools, those grinding on the pe- 
riphery are preferable as a line contact cuts more freely. It 
is also less apt to glaze the wheel or overheat the tool so as to 
injure the tungsten carbide. 

A further advantage results in the ability to place a stream of 
water at the line of contact where with a cup wheel with surface 
contact the water may only be placed around the edge of the 
contact, and the center will tend to overheat. 

Lapping is not essential with machine-ground tools, at least 
on cast iron, as has been proved by a number of recent tests on 
both rough and finish cuts, using ground and lapped tools versus 
machine-ground tools. 

Last. spring the Sub-Committee on Tungsten Carbide of the 
Special Research Committee on the Art of Cutting Metals of the 
A.S.M.E. sent out a number of questionnaires to possible users 
of this new cutting material. A report on the answers received 
was made at the Detroit meeting in June. The writer has 

* Supt. Engineering Dept., William Sellers and Co., Inc., Phila- 
delphia, Pa. Mem. A.S.M.E. 
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analyzed these in somewhat further detail in regard to grinding, 
and the answers are interesting in the light of being actual ex- 
periences of leading industrials in this country. 

Many of the firms replying to the questionnaire had so little 
experience with this material that their answers were too brief 
to be conclusive, and in the summary given herewith the answers 
are not included where their experience was limited to one or 
two tools. 

Of 38 successful shops, 13 used machine-ground tools, 16 
used hand-ground tools, and 9 did not mention the method, but 
3 of them had the tools ground outside. Eight shops reported 
failure or very doubtful success and all used hand-ground tools. 
Two others reporting failure did not mention the method of 
grinding. 

The clearance angles varied anywhere from 2 to 29 deg. 
Six degrees was the most popular clearance angle, probably be- 
cause it is the standard of many people for high-speed steel. 
Those who used clearance angles above 7 deg. were successful 
only on non-ferrous metals such as brass, monel metal, and 
aluminum alloys. Two reported satisfactory results with 7 deg. 
on cast iron. All the remaining were 6 deg. or under. Some 
failures could be traced directly to incorrect clearance angles. 
For instance one company reported failure of a cutting-off tool. 
It stated this tool was ground to 25 deg. clearance angle and 
used on cast iron. 

Results on lapping did not indicate that it is essential. Nine 
companies reported that they lapped tools; three of them on 
finishing tools only. Of these nine companies, six reported suc- 
cess, two failure, and one doubtful success. Thirty-two com- 
panies reported they did no lapping, 26 of these were successful, 
six reported failure. In addition two companies reported success 
with and without lapping. Thirteen companies used honing after 
grinding, reporting success. Three of these reported on the 
grain and grade of stone which varied considerably. These were 
180-L, 200-K, and 280-N. 

There seems to be a great variation in the time required 
for grinding tools. The answers ranged from 3 min. to 3 hr. 
Four reported an average time 5 min. per tool; four reported 
about double the time for high-speed steel. Seven reported 
between 10 and 30 min. Only one reported time for grinding a 
milling cutter. The figure given was 4 to 5 hr. for a 10-in. milling 
cutter. 

The variety of answers to the questions on the grinding, as 
outlined, indicate a lack of general knowledge of the subject. 
The importance of the grinding of tungsten-carbide tools has 
evidently been overlooked in many cases. Several shops re- 
ported they did not note what clearance angles they were using, 
showing they paid little attention to this feature. 

It is obvious that a better understanding of the grinding of 
tungsten carbide would aid in its more generally successful use. 


Roger D. Prosser.* The remarks of the author regarding 
the history and use of cemented tungsten carbide are very inter- 
esting and instructive. The important facts in the process of 
manufacturing cemented tungsten carbide should be understood 
by users of the material, as the great difference between the 
methods of manufacture of cemented tungsten carbide and high- 
speed steel accounts for the difference in their characteristics, 
and the consequent necessity of different methods of application. 

The production of cemented tungsten carbide by the method 
briefly explained by the author is not as simple as the short dis- 
cussion of the process might lead one to believe. The utmost 
care must be exercised throughout the manufacture, and the 


* Thomas Prosser & Son, American representatives of Fried. 
Krupp A. G. of Essen, Germany, and importers of Krupp Widia 
cemented tungsten carbide, New York, N. Y. Mem. A.S8.M.E. 
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refining of the tungsten, the state of pulverization, ball milling 
of the ingredients, temperatures and time of sintering, and 
other factors greatly affect the final product. Through careful 
regulation of the various factors involved, great improvements 
are constantly being made in the quality and usefulness of ce- 
mented tungsten carbide. 

Measurement of the hardness of cemented tungsten carbide 
on & Rockwell machine does not give an accurate indication of 
the resistance to abrasion or cutting properties of the material. 
The resistance of the material to indentation, as shown by the 
Rockwell test, indicates partly the hardness of the tungsten car- 
bide and partly the character of the binder. 

The Rockwell test does give some indication of the relative 
hardness of various pieces, but at this time the only accurate 
method of determining the performance is by an actual cutting 
test. It should also be remembered that cemented tungsten 
carbides produced by different methods of manufacture and 
having the same Rockwell hardness reading have shown quite 
different results in performance. 

Extended experimentation has been conducted to determine 
the best method of attaching the tips to the shanks, and the 
copper braze has been adopted by Krupp as standard from the 
time that cemented tungsten carbide was originally placed on 
the market about four years ago. If the braze is properly made, 
it is seldom that any difficulty is experienced with the tips 
coming away from the shank, even when taking exceedingly heavy 
cuts, provided that a tip sufficiently large to carry away the heat 
is used on a shank of suitable size to withstand the pressure. 
As the author stated, cemented tungsten carbide will not bend, 
and any bending of the shank almost inevitably results in break- 
age of the tungsten-carbide tip. 

The paper emphasizes the desirability of maintaining a smaller 
clearance angle to support the tip. It might be mentioned that a 
reduction of the clearance angle from 6 deg. or 8 deg. down to 3 
deg. or 4 deg. has in some cases resulted in doubling the length 
of time between grinds. 

Automatic grinding in a rigid holder results in considerable 
pressure on the work, with consequent danger of overheating and 
resultant grinding cracks. It is doubtful whether a down feed 
of over 0.005 in. can be used with safety, especially if one of the 
harder grades of tungsten carbide is being ground. Light down 
feeds and less rigid holders should be used wherever pos- 
sible. 

Most of the troubles which were experienced with cemented- 
tungsten-carbide tools at first have been eliminated. Over- 
enthusiastic salesmen as well as users have learned that these 
tools are not a cure-all. They have become accustomed to the 
proper method of application, and grinding practice has greatly 
improved. The workmen understand that the tools must be 
properly handled. The tools are employed not only in the most 
difficult places, but also are being used more and more on the 
production jobs where real savings can be effected. The history 
ef high-speed steel seems to be repeating itself, and cemented 
tungsten carbide is finding its place in industry. 


Frank W. Curtis.‘ Perhaps less has been accomplished 
with tungsten carbide as applied to milling than in any other 
form of metal removal where cutting tools are used. Even in 
Europe, where tungsten carbide was first developed, very little 
has been done with milling cutters. There are several milling 
applications in this country, of course, but these are few and far 
between as compared to turning and boring tools. 

The present high cost of milling cutters equipped with tungsten 
carbide has a tendency to hinder progress. There is no question 
that satisfactory returns will more than offset the initial cost 


* Research Engineer, Kearney & Trecker Corp., Milwaukee, Wis. 


involved, but then again there seems to be no assurance or 
guarantee of satisfactory performance. 

Experience with tungsten-carbide milling has shown that 
there is a decided advantage in having milling machines basically 
designed for this new metal. The machine must have ample 
rigidity and strength to enable metal removal at faster rates, 
including of course high spindle speeds suited to tungsten-carbide 
speeds. Next, the cutter must embody a design that affords 
the correct application for tungsten carbide. Here, again, it is 
a case of rigidity and strength with the addition of proper cut- 
ting angles. 

There are two types of return that can be gained with tungsten- 
carbide milling cutters. One offers a small profit, the other a 
more generous profit. Existing machines can only be expected 
to offer smaller returns, whereas the newly designed machines, 
built for tungsten-carbide application, will enable much larger 
profits. There are many milling machines in use today that 
are not suited for tungsten carbide and prospective users should 
know where to draw the line. 

When experiments with tungsten carbide were first started the 
first cutter, a 12-in. face mill with 32 blades, did not prove success- 
ful due to brazing failure of the tungsten-carbide tips. Several of 
the tips broke loose after very little use before any comparative 
results were obtained. Unfortunately, cutters having many teeth 
are likely to be ruined when one tip breaks, but the same is true 
with other cutting metals. 

It was realized that every effort was being made to improve 
brazing and that one failure would not justify withdrawal of 
further tests, so an 8-in. cutter of similar design was made using 
20 tungsten-carbide blades. Results were bettered considerably, 
and several experiments were conducted that taught the limita- 
tions of present cutter design when applied for use with tungsten 
carbide. 

In the first place, when this cutter was stopped in the cut— 
that is, the spindle was stopped with the feed engaged—all the 
blades that were engaged in the cut invariably broke, if the cut 
was of medium or heavy nature. The tungsten-carbide tips 
seemed to fracture or break in two, but the braze did not let go. 
This offered another problem and led to further experiments 
with cutter-body design. What was evidently needed was 
greater support and more rigidity. 

The latest cutters were made by inserting the blades almost 
flush with the face of the body and cutting chip clearances in the 
body proper. This design has been most successful and is 
probably the nearest approach to a foolproof cutter. Several 
cutters made this way have undergone severe tests and no failures 
have been experienced. The blades received proper support 
directly in back of their cutting edges, and there was no chance 
for them to spring under pressure of the cut, since there was prac- 
tically no overhang. 

As to the cutting angles, the writer is not ready at this time 
to announce the extent of experiments, although progress has 
been made and it is believed that blades set at a slight negative 
angle with the axis of the cutter body will serve for general-pur- 
pose work with an assurance of a satisfactory finish. 

In line with experiments on tungsten carbide, a milling machine 
with spindle speeds up to 1000 r.p.m. has been developed and 
built, basically designed for high-production milling, using tung- 
sten-carbide milling cutters. Many recent tests have been con- 
ducted on this machine and the results have shown that increase‘! 
machine stiffness and strength are highly essential if tungsten 
carbide is to operate at its maximum efficiency. 

So far most of the tests have been with cast iron and aluminum, 
although a cutter is being made that will be used for milling steel. 
On cast iron the average peripheral speed suited for general-pur- 
pose work is 275 to 300 ft. per min. The feed per tooth per 
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revolution will vary from 0.007 to 0.012 in., with 0.010 to be pre- 
ferred from a standpoint of power consumption and assurance 
of a free-cutting action. On aluminum it is possible to operate 
tungsten-carbide cutters around 1500 ft. per min. with as much 
feed as the machine will stand. At these higher speeds the 
feed per tooth per revolution will be less than specified for cast 
iron, although the feed per minute will be greatly increased. 
Hence, it is more a matter of machine power. Cuts have been 
taken in aluminum !/j, to !/gin. deep with a 5-in. inserted- 
blade tungsten-carbide cutter operated at 1300 ft. per min., using 
240-in. per min. feed to prove the cutting ability of tungsten 
carbide. Such cuts are not impractical nor impossible, although 
the machine must be designed primarily for high-speed work of 
this kind. 

Malleable iron will machine similar to cast iron at about the 
same speeds and feeds. Bronze and copper are also machinable 
with tungsten carbide, although not many experiments have 
been conducted with these metals. With the cuts taken, 
regardless of the material, a very fine, smooth finish has been 
possible, which leads to the belief that finishing cuts can be 
taken with tungsten-carbide cutters, which is somewhat contrary 
to earlier beliefs. 

Nothing has been done with solid-type cutters because it is 
the experience that inserted teeth have many advantages not 
offered in solid-type cutters. When a tip of a solid cutter breaks, 
the repair requires complete rebuilding and regrinding. With 
inserted-blade cutters, however, single teeth can be replaced 
without difficulty and without necessarily having to take out the 
remaining teeth. 

It has been found that it is much better to regrind tungsten- 
carbide cutters before they become too dull. There are two 
reasons for this: First, dull cutters not only tear the metal 
they cut, but there is a greater chance of breaking the tungsten- 
carbide inserts if the edges do not cut freely. Second, there is 
more waste in grinding cutters that have become extremely 
dull, and likewise the cost of regrinding is somewhat higher. 

Above all, it is essential to grind tungsten-carkide cutters 
with the greatest of care. Before application, the teeth of a 
cutter should be checked in a fixture to determine their con- 
centricity and squareness. For face mills, it is found that the 
teeth should be concentric within 0.001 in. for finishing purposes 
and 0.002 in. for roughing cuts. The faces should be square 
within 0.0005 in. for finishing and 0.001 in. for roughing. These 
limits can be easily maintained if an amplifying indicator is 
used while grinding. 

There is need for cutter grinding equipment suited to tungsten- 
carbide cutters because the present machines do not seem to 
offer enough stiffness to overcome deflection when the wheel 
passes over the tungsten-carbide tips. Many minor improve- 
ments are also needed to enable grinding with ease and at less 
time than is required at present. 

Summing up this experience, there is no doubt that tungsten 
carbide has a very valuable and definite use in connection 
with milling, although the outstanding drawback has been 
the absence of machines embodying features so necessary to 
assure satisfactory results, which to some extent has retarded 
broader progress. It is believed that most failures have re- 
sulted from an attempt to follow high-speed steel and Stellite 
cutter design rather than to develop cutters to suit tungsten 
carbide, With a rigid machine and a well-built cutter, the pos- 
sibilities of tungsten carbide for milling are unusually broad. 


James B. Grern.S A cylinder-department foreman once 
remarked: “T would like to see the contrivance which could 
machine a cylinder, round, straight, and finished.” Such a 
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contrivance is here. It is the tungsten-carbide tool, provided 
it is used in the proper combination. Its combination is a rigid 
and expanding boring-bar. 

Boring-bars in general may easily be said to have been some- 
what “‘step-children” to modern production, yet they have found 
quite a market on account of their rather cheap upkeep and their 
faculty for boring round. However, a special situation has been 
created, by which the boring-bar will rank in the first class, by 
the advent of tungsten carbide. For with that as a material 
for cutters, the other two conditions may easily be met, and this 
completes the picture as to efficiency, such as is demanded. 

In cast-iron boring, the boring naturally is in the two main 
stages of roughing and finishing. By the use of fixed centers 
such as bushings, preferably rotating bushings, and shallow feed, 
say 0.015 in. per revolution, and a total of 250 ft. per min. sur- 
face speed, or thereabouts, the roughing operation may be car- 
ried on and the result is a round hole, created under no side- 
thrust and no heat worth mentioning; consequently, a good 
preparatory operation. 

That is one of the cardinal points in machining—viz., the 
better the preparatory operations, the better the finish. As to 
the finishing operation, semi-finishing may occasionally be 
omitted altogether by observing the foregoing. Fixed centers 
are important and the foregoing operations should not be de- 
pended on to create a center, as it were. Finishing is quite 
successful at a surface speed ranging from 250 to 300 ft. per min. 

Grinding. Regarding the grinding of tungsten-carbide tools, 
much has been written and said concerning it. Asa rule it may 
be stated that about half the cutting angle usually in vogue may 
be employed with success. The reason is very simple, for the 
ordinary tools soon wear off the extreme cutting edge, or perhaps 
crumble, the result being that it crushes its chips, rather than cuts 
them, whereas tungsten-carbide tools retain their keenness, so 
that it is unnecessary to allow for this condition. Also, this is 
the reason for their cool cut. Radial back-off should prove very 
successful and is recommended for experimentation along this 
line. 

In the practical use of tungsten-carbide tools, not enough 
emphasis can be laid on the importance of rigidity. As far as 


_ possible jig-tools should be self-contained, so as to avoid any 


machine inaccuracy, or wear, influencing the boring. 
Data and Statistics. Of statistics, there are not many. Yet 
these few are impressive: 


Shock-absorbers: Have been bored at the rate of 2 every 
22 sec. 

Cast-iron pistons: Cross-bore 40,000 between grinds 

Thin cast-iron carburetor parts: 120,000 on one grinding 

Bronze bushings: With limits of 0.00025 in. 140,000 between 
grinds 

Cast-iron brake drums: 17 in. diameter, 5 in. deep, 5 min. 
300 pr. grind, one operation only. 


Predictions are but predictions, but the possibilities point 
toward elimination of thousands of operations; toward un- 
precedented economy and the use of hitherto unheard of mate- 
rials in future machine building. 


C. J. Scutprptock.* The writer wishes to call attention to 
the fact that much must be done before cemented tungsten car- 
bide as a tool material can be profitably employed in a more 
general sense than is now possible, taking into consideration, 
of course, the fact that up to this time its use is confined to certain 
classifications of tools, and that it has not been successfully 
adapted tothe making of threading toolsand unitsof like character. 

Taking the respective items in the order in which they are 


* Engineer of Tests, Crane Co., Chicago, IIl. 
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mentioned in the paper, attention should be brought to the fact 
that not only can cemented tungsten carbide, when possible of 
correct application, be expected to equal the performance of 
diamond tools, but in many instances it will surpass them in 
economy and efficiency. One instance of this is a turning opera- 
tion on brass castings that required an appreciable amount of 
stock to be removed in one roughing cut, with a return cut of 
lesser feed and depth. A first-class finish must be provided 
as well as a fairly high degree of accuracy; a definite taper being 
involved, and the cut being of intermittent nature. On this 
operation, with an increase in cutting speed to compensate for 
reduced feed in comparison with carbon tool-steel operation, 
to more closely suit the requirements of tungsten carbide, each 
tool of course being operated on a basis best suited to permit of 
maximum performance, comparison between carbon tool steel, 
diamond insert, costing $85, and a tungsten-carbide tipped 
tool with 2.5-gram tip summed up as follows: 


Carbon tool steel—75 pieces per grind or an average life of 
40 min. 

Diamond insert—700 pieces per grind or approximately 
6-hr. operation 

Tungsten-carbide tip—Count discontinued as five weeks’ 
operation was maintained before it was deemed neces- 
sary to grind. 


It must be remembered in this instance that the machine 
equipment involved was specially designed to perform the par- 
ticular operation and was, with slight change and expense, 
adapted particularly to the requirements of the tungsten- 
carbide tool in so far as feeds and speeds were concerned, and 
consequently permitted the tool to provide maximum perform- 
ance. It might be further stated that in the hands of a careful 


operator this same tool continued to give service on the above 


basis from January to the middle of August, cutting red brass 
every working day of that period, the working limit per grind, 
however, being reduced to one week, when a very light dressing-up 
put the tool back into condition for the next week’s performance. 

Before going to another phase of this matter, and in order to 
continue along the lines of discussing each item in the respective 
order, mention is made by the author that other methods of 
attaching tips have been generally discarded in favor of the copper 
braze, and although he does not specifically include the use of 
brass brazes, in the opinion of the writer this latter material is 
superior to copper, as experience with several hundred of each 
type has resulted in loosening of an appreciable percentage where 
copper was depended upon and as yet the first occurrence is to 
be experienced where brass was used. This not only covers tools 
tipped under the supervision of the writer, but in the greatest 
number of instances where tools purchased from outside sources 
were involved. The only reason that can be given offhand, no 
particular research having been attempted as yet along these 
lines, is that the brass better resists softening where high fric- 
tional temperatures are developed in the tip, and must be radiated 
through the brazing medium. 

Returning to the application and operation of tungsten-carbide 
tools and particularly to the running of these tools at higher 
speeds, it is needless to say that this is an incontrovertible re- 
quirement, as not only does the nature of the material demand 
operation along the lines of light feeds and consequent high speeds 
to compensate, but continuous production, especially under 
present-day machine-tool conditions makes it hazardous, so far 
as tool survival is concerned, to contemplate feeds greater than 
0.030 in. under any circumstances, even though shank sizes up 
to 1'/, in. square are possible and front clearances approximating 
4 deg. are accurately maintained. Feeds of 0.015 in. to 0.020 in. 
provide best practice with cuts in proportion to tool design and 
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machine abilities. Exceptions to these figures, which are pur- 
posely rather definitely given, can be made, and the writer is 
frank to state, have been successfully practiced in both directions 
on experimental work but, as already mentioned, where con- 
tinuous production is concerned with operators or machine han«s 
of average ability, and machine equipment in good condition and 
of the character to be found in the average well-equipped shop 
today, if costly losses are not desirable, or as is more often the 
case decidedly not permissible, great care must be exercised in 
keeping feeds down to or somewhat below the above range. 

Now if in the past it has been found possible and in fact good 
practice to utilize feeds of 0.063 in. and upward on ferrous mate- 
rials with tensiles up to 115,000 lb. per sq. in., utilizing cutting 
speeds of 35 ft. per min. and upward, say with cobalt high-speed 
cutting tools, it is evident that spindle and table speeds of lathe 
and mill-tool equipment will have to be increased from three to 
five times to permit an even break in cubie removal within a 
given time where tungsten-carbide tools are used, and the above 
feed limitations are necessary. Further, if on top of this “even 
break,”’ advantage is to be taken of the superior speed possibilities 
of cemented tungsten carbide, these r.p.m. requirements can be 
multiplied by such factors as will be required to satisfy the de- 
mand imposed. 

As there apparently is no such effect possible as “burning” 
tungsten-carbide tools through frictional heat (except for loosen- 
ing the braze), as is experienced in drawing the temper of steel- 
cutting tools, the only limits in speed that must be observed are 
the probability of softening the braze; the speed, rigidity, and 
horsepower capabilities of machines driving the tools; the ability 
of the structure being machined to resist distortion through pres- 
sure and heat generated; and the possibility of exerting sufficient 
chucking or clamping power to hold the work without distortion. 
These are no idle suppositions or mere conjecture, but will all 
be encountered in some phase or other when utilizing higher 
speeds, and more particularly where varying or intermittent 
cuts are concerned. The magnitude of the speeds that may be 
expected and regularly encountered can be judged from the ad- 
vertisements of a machine-tool manufacturer, who without doubt 
has found extended research and experiment necessary before 
sponsoring spindle speeds up to 4400 r.p.m. in order that avail- 
able advantages of this type tool can be realized economically. 

The advent of cemented tungsten carbide as a tool material 
throws industry today, as far as tooling practices are concerned, 
into an even greater period of transition in machine-tool develop- 
ment than was experienced at the development and adoption 
of high-speed steel in place of carbon tool steels, and unless some 
means is discovered or invented to increase the strength and 
ductility of cemented tungsten carbide this transition will be 
confined entirely to one line of endeavor, and that will be on the 
part of the machine-tool builder to attempt furnishing these 
surface speeds, with ever-increasing difficulty in likewise furnish- 
ing proportionately increasing rigidity. 

Attempts along this line of solution will also demand greater 
accuracy in forgings, castings, and such other types of articles 
as generally require machining, this accuracy having to do more 
particularly with the elimination of lumps, hard spots, or other 
causes of uneven cuts, as it is needless to state that where such 
high speeds are incidental to operation, and defects of the nature 
mentioned become even the exception, the successful prolonging 
of the life of a tool that has a low impact value becomes a diffi- 
culty, and at present prices, an exceedingly costly gamble in 
which high stakes are played for, and unless properly guarded, 
can be easily lost. 

The present factor of cost combined with that of fragility in 
comparison with other tool materials will tend to delay the 
general use of cemented tungsten carbide for tool purposes 
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more than the necessity for making appreciable expenditures for 
new or rebuilt machine equipment to use it properly. The 
introduction of tantalum carbide, however, promises some relief 
along these lines as it has been within the experience of the writer 
to witness corresponding if not somewhat better performances 
on the part of tantalum carbide than those furnished by cemented 
tungsten carbide, and at prices considerably below those de- 
manded for the latter. 

All that has been said in the foregoing in connection with the 
machining of ferrous materials applies in a corresponding degree 
to non-ferrous, with the possible exception that harder grades of 
tool materials can be utilized with prolonged resistance to abrasive 
wear or, if preferred, the softer, tougher grades best utilized on 
high-tensile materials can be applied with a corresponding lessen- 
ing of breakage. 

Nothing that is set forth in the foregoing is intended to dis- 
parage the qualities of cemented tungsten carbide as a tool 
material nor in any way convey the impression that its use should 
be discouraged; on the contrary, in order that prospective users 
may appreciate some of the procedures that are vital to the success- 
ful culmination of its adoption, and that they do not inadver- 
tently suffer costly losses that might at least temporarily or 
possible entirely change their original desire to utilize its ad- 
vantages, endeavor is made to bring these important facts to 
attention in the belief that ultimately this will speed correct 
understanding of its proper place in the particular field to which 
it is adapted rather than delay it through improper use. One 
thing is certain, the manufacturers of this material are doing 
their best to educate, and cooperate with, purchasers of these 
tools but, as in every other human endeavor, a great deal must 
be learned through direct experience of the individual and, as 
stated before, due to the great cost of cemented-tungsten carbide 
this experience is liable to prove extremely expensive education 
unless, through benefiting by the experience of others, breakage 
and other failures are kept to the almost irreducible minimum. 

The human element in the adaptation of this material is par- 
ticularly vital of consideration, especially where the operators or 
machine hands on a piece-work basis have been trained for years 
in existing practices, and must first be untrained both in the 
grinding and use of the tool, and-re-educated on a new basis. 
Again must it be stated that this is important where present- 
day machines are also concerned, for in spite of cajoling, threaten- 
ing, and disciplining, when an operator feels that he is being 
limited by light feeds in a certain set-up, and he is using the maxi- 
mum speeds available, it is generally found to be, at least until 
a costly tool or two has been damaged, and he learns by his own 
experience that it just cannot be done, a great temptation to 
“hook it up a notch or two” on the feed set to approximate more 
Closely the old feed practice, and thereby help out the pay en- 
velope at the temporary expense at least of the firm footing the 
cost of the tool. 

To offset some of the present disadvantages under which ce- 
mented tungsten carbide is laboring, there are many other ad- 
vantageous possibilities opened up through its use, not the least 
of which is mentioned by the author when he says that certain 
alloys are released for practical use which could not be commer- 
cially machined heretofore. Not only is this a fact, but the tech- 
nique of eutting is also improved in many ways, one instance of 
Which is the fact that unbelievably highly burnished and ac- 
curately finished surfaces can be made in one cutting by reducing 
the front clearance and maintaining the proper position of the 
tool in relation to center so that the front of the tool immediately 
under the eutting edge rubs or burnishes the cut, the highest 
Speed possible being utilized. This procedure is limited of course 
to certain types of metals or materials that lend themselves by 
hature to such treatment (brass, for instance) and the tool like- 
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wise must be properly prepared by careful polishing or lapping. 
Should this be attempted with ordinary tools the temperature 
generated would soon destroy both cutting edge and burnishing 
surface. 

Proper support of cutting edges by correct design and main- 
tenance of this by correct grinding are so important as to warrant 
special provisions in connection with the latter. Free-hand 
grinding of tungsten-carbide tools without some adjustable 
rest, which will provide and indicate correct angles, is nothing 
more or less than rank extravagance, and should not under any 
circumstances be permitted. Wheels should also be of the cup 
type to eliminate ‘“‘undercutting,”’ especially where small di- 
ameters are utilized in dressing large tools, and the proper grade 
and grain for the particular type of grinding to be done should 
be made a subject of close study. A 100-H silicon-carbide wheel 
has been found particularly suited to all-around use on both 
hard and soft grades of tungsten-carbide tools by the writer. 
Where any appreciable number of such tools are used in a shop, 
grinding equipment with suitable fixtures and wheels can be 
provided for less than $500 per unit; and without fear of con- 
tradiction, it may be said that this cost can be saved inside of a 
reasonably short period of time, especially when a man trained 
in this work is put in charge of the tools and grinding equipment. 

In this connection it must also be stated that men using tools 
should not attempt to get that last piece off of the tool before 
grinding, but determine on any given operation by close observa- 
tion at first what a fair number of pieces per grind should be, and 
even then set a limit a good 10 per cent to 20 per cent under to 
allow for a safety margin, as again it is in order to remind that 
those last few pieces may prove expensive through crushing off 
the nose of a tool at the rate of $1 per gram. 

As can be readily judged from these remarks, this discussion 
covers mainly the use of the rugged class of turning and cutting 
tools. The more costly types of profile and form-cutting tools, 
with which some experience has been gained, where the generat- 
ing of accurate outlines increases the cost due to labor in the 
making of the tool, must be carefully approached from an en- 
gineering standpoint and equally as carefully used. Where 
this has been found possible of accomplishment unbelievable 
results as regards performances have been obtained, and to 
date special machinery, in which ordinary tooling materials will 
not survive long enough to warrant setting up, has been designed 
and put into successful production. 


W.S8S. Huson.” There still seems to be some misapprehension 
as to the structure and treatment of cemented tungsten carbide. 
There is a feeling that it is an alloy similar to tool steel and par- 
takes of features pertaining to steel. There is not, however, the 
coalescence of the elements typical of steels; it is just what its 
name implies—a cemented material in which cobalt is the bond, 
holding the grains of hard tungsten carbide together. The 
success obtained in cutting tools and the continuing laboratory 
work and investigations lead to the hope that out of it all there 
will come a fused alloy lacking the present brittleness, and having 
the good characieristics of high-speed steel, but much harder and 
better adapted for forined tools and the like. As to the structure 
and proportion of coinponent parts there is an excellent paper 
by Wyman and Kelley of Schenectady, N. Y., given at the 
Chicago ineeting of the A.I.M.E., September, 1930, which goes 
deeply into the laboratory side of the material and shows by 
micrographs how varying proportions affect the final structure. 

It is in some ways unfortunate that the grinding and sharpen- 
ing of cemented-tungsten-carbide tools come in for so much 
comment; the idea that they are very susceptible to fracture from 
heat or undue pressure seems to have gained a strong hold. This 
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is not so for, though the material is brittle and can be ruined by 
improper attempts at grinding, the fact remains that the temper 
cannot be modified by grinding when properly done. This is 
the same as for steel tools, except that in the tool steel care must 
always ‘be taken not to draw the temper of the cutting edge. 
These tools lend themselves very well to dry grinding as the edge 
can be watched and the policy of sharpening tools before they 
are too dull is a good one to follow. They should be held firmly 
yet gently against a sharp wheel and, while a somewhat longer 
time is needed than for steel tools, if the same care is taken, 
the result will be satisfactory. Wet grinding is entirely feasible, 
and possibly the best sharpening is done on a grinder where the 
tool can be clamped, and the clearance angles preserved. How- 
ever, with minor fixtures at hand, this can be done by hand sharp- 
ening dry or wet, and the plan of having one man do all the grind- 
ing of these tools has much to commend it. Good wheels of 
suitable grit run at proper speed in a rigidly set-up grinder and 
reasonable care in not trying to force grinding because the mate- 
rial is hard will make the work as commonplace as for any tools. 
The use of fine-grit wheels for giving a keener edge and honing 
for still smoother edges all help, but due to the peculiar structure 
of the material honing is not quite as effective as with steel tools. 

Cemented tungsten carbide is in the process of further de- 
velopment. Wherever it can be applied at present within its 
limitations it is a profitable investment, and the outstanding 
hope is that as experience broadens, the peculiar hardness of the 
tungsten carbide will be adapted to much greater efficiency not 
only in edged tools, but in dies and the like, where extreme 
hardness is desirable. 


AvuTHOR’s CLOSURE 


The author is thoroughly in sympathy with the discussion as 
brought forth by Coleman Sellers, 3d. Much of his discussion 
had to do with grinding tungsten-carbide tools. Proper grinding 


is the greatest single factor in their success. 
In regards to the discussion by Roger D. Prosser, he emphasizes 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


the desirability of maintaining smaller clearance angles to sup- 
port the tip. He states that reducing the clearance angle from 
6 to 8 deg. down to 3 or 4 deg. has resulted in doubling the 
length of life between grinds. This statement is particularly 
valuable in that it greatly diminishes the cost of using tungsten 
carbide. 

With reference to the discussion of F. W. Curtis, we have a 
great number of milling cutters in actual production to date, 
and in many cases we have increased the production by 50 per 
cent and have increased tool life in the ratio of from 10 to | 
to 30 to 1 over high-speed steel and Stellite cutters. It is be- 
lieved he emphasizes too strongly the need of new machine-tool 
equipment. The mentioned results are being obtained on 
machines 5, 10, and 15 years old. Of course these machines 
often have to be put in good repair. 

With reference to the discussion of C. J. Shipplock, the author 
wishes to take exception to this discussion in regards to the feeds, 
in which he claims tungsten carbide is limited to actual opera- 
tion. We consider a feed of 0.060 in. per revolution a medium 
feed for tungsten-carbide tools, providing the shank is in pro- 
portion. The majority of tungsten-carbide tools in use with 
shanks 1'/, inch square can readily use a feed of 0.060 in. per 
revolution. With shanks 2 by 2 and 2 by 2'/; and 2 by 3, it is 
not at all unusual to take feeds ranging from !/s to */;. and with 
depths of cut as high as 1 in. We have changed our ideas some- 
what in regards to using the light feeds and high speeds. We 
prefer in most cases to use normal feed and increase the speed 
normally. This discussion has put undue emphasis on the 
subject of using fine feeds and high speeds, and in a great many 
cases this practice is causing much more injury to tungsten- 
carbide tools than by using heavier feeds and less speed. Natu- 
rally in approaching the foregoing condition we feel that thought 
should be given to the design of tool overhang and machine 
rigidity. The improved tool design has been successful in 
reducing such breakage as has happened in the past. The most 
severe applications can be successful with the proper tool design 
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The Lorenzen Gas Turbine and Supercharger 
for Gasoline and Diesel Engines 


Particulars Regarding the Design and Construction of a Gas Turbine Having a Rotor With 
Hollow Blades Which Are Cooled by Air Circulated Through Them Under Pressure, 
Together With a Discussion of Present and Possible Applications 


By CHRISTIAN LORENZEN,’ BERLIN, GERMANY 


HE gas turbine works upon the 

same principle as the internal-com- 

bustion piston engine: after pre- 
compression of the working mixture (in 
the gas turbine the air and fuel are com- 
pressed separately) ignition takes place, 
and in the expansion that follows a part 
of the heat is converted into mechanical 
work. In the piston engine, however, 
work is done as the expansion progresses 
to the end of a stroke, whereas in the 
turbine the expansion of the gases and 

the resulting work are continuous. 

The hopes held out by the gas turbine are based upon the possi- 
bility it affords of complete expansion of the gases, which is 
impossible in the piston engine owing to the limitations of cylin- 
der dimensions; further, the performance capacity of a piston 
engine is much restricted by reason of the difficulties encoun- 
tered with increased dimensions. 

Just as in the piston engine, with regard to the heat supply 
we have to distinguish between— 


a Heat supply under constant volume. The combustion 
takes place as an explosion under increasing pressure. 
The Holzwarth gas turbine works according to this 
method 
>) Heat supply under constant pressure. The combus- 
' Engineer and Managing Director, Lorenzen G.m.b.H., Berlin. 
Mr. Lorenzen was active in early automobile developments in 
Germany, and went to England in 1905 for the exploitation of German 
designs there. When aviation started he began building airplane 
propellers in England. Before the World War he returned to Ger- 
many and engaged in airplane-propeller manufacture there. He 
Participated in the earliest supercharger and adjustable-pitch air- 
crafi-propeller developments. About the time of the Armistice he 
Proposed a combination of adjustable-pitch propeller and exhaust- 
£as s\ipercharger with automatic controls so that an airplane engine 
would always be charged at one atmosphere absolute pressure and 
its propeller pitch always adjusted to the air density where the plane 
was flying. The Treaty of Versailles forbade Germany to build air- 
planes, and so Mr. Lorenzen turned to equipping other engines with 
Superchargers and to the development of the gas turbine. Recently 
he has resumed work with aircraft power plants. 
Presented at the National Oil and Gas Power Meeting of the 


A.S.M.E. Oil and Gas Power Division, State College, Pa., June 
12-14, 1930, 


tion takes place without an increase in pressure, as the 
gases can expand accordingly. The Lorenzen turbine 
is an example of this method. 


Method a as compared with method b has two drawbacks: 
First, it is necessary to employ regulating or timing devices 
in the hot combustion chamber. Second, there is a considerably 
higher shock and eddy loss at the regulating valves and at the 
entrance edge of the turbine blades owing to the great varia- 
tion of velocity in the gases. On the other hand, the thermo- 
dynamic efficiency of the explosion turbine is superior to that 
of the constant-pressure turbine. 

In the piston engine and in general also in the gas turbine 
the working gases are generated inside the machine itself—in 
the combustion chamber in the case of the gas turbine. The 
turbine, however, can also work in combination with a piston 
engine, utilizing the energy in the exhaust gases of the latter. 
In recent years various turbines have been operated according 
to this method, notable among them being the Lorenzen exhaust- 
gas turbine described later in this paper. 

Compared with a steam turbine, which generally has many 
stages, the gas turbine has but one or two working stages, ow- 
ing to difficulties encountered in the materials from which it 
is constructed. It then operates on the constant-pressure prin- 
ciple, similar to the original De Laval turbine, and it is obvious 
that for this reason the gas turbine is at a disadvantage compared 
with the steam turbine. However, this difficulty will probably 
be overcome in time, but in comparing the two types of turbine 
it may be said that the exhaust from the gas turbine does not 
carry away as much waste heat as does that of the steam tur- 
bine, in which latter the loss in one pound of steam is 990 
B.t.u. 

That it has taken such a long time to develop a reliable gas 
turbine in spite of the many years’ experience which we have 
had in building steam turbines, is to be ascribed to various 
reasons. Principally, however, as we shall see in a later por- 
tion of this paper, it is owing to the enormous stresses, both 
mechanical and thermal, to which the material is subjected, and 
to the low efficiency of the turbo-compressor—the only type of 
compressor that can be considered in connection with a gas 
turbine. 

The vital question in building a gas turbine is to prevent 
the blades from attaining a red heat, principally at their enter- 
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ing edges. Before expansion takes place the gases have a tem- 
perature of from 1000 to 1200 deg. cent. (1832-2192 deg. fahr.) 
and a pressure of a few atmospheres in a stationary container. 
To build the latter sufficiently strong to resist the pressures 
and temperatures involved is not a matter of great difficulty. 
After expansion the temperature of the gases drops about 150 
to 350 deg. cent. (270-630 deg. fahr.) according to the pressure 
ratio employed. With a temperature drop of 150 deg. cent. 
a velocity of 600 meters (1968 ft.) per sec. is obtained, and with 
one of 350 deg. cent. (662 deg. fahr.) a velocity of about 850 
meters (2790 ft.) per sec. The jet of gases now passes through 
and impels the blades of the fast-running turbine rotor. The 
peripheral speed of a single-stage rotor should, if possible, be 
half of the jet velocity. Fortunately, the efficiency curve of a 
turbine is reasonably flat near its maximum, so that with the 
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highest possible peripheral speed a fairly good efficiency is ob- 
tainable. The centrifugal force encountered at such speeds is 
high even for normal temperatures, and were the turbine blades 
to be heated to the same temperature as the jet of gases the 
tensile strength of the blade material would scarcely be able 
to resist it. 

Water injection has been used effectively to reduce tempera- 
tures, but it has the disadvantage that most of the heat is used 
up in generating steam, leaving but a small amount available 
for work. Cooling by means of water jackets has the same 
disadvantage, as may be seen from the working area of the 
p-v diagram. To lower the temperature by further expansion 
means the application of an exhauster to create a vacuum be- 
yond the turbine, which could only be done at the cost of ef- 
ficiency. A better way, and the one which has been followed 
in building the Lorenzen turbine, is to overcome the difficulty 
by suitable construction. 


Tue Roror oF THE LORENZEN TURBINE 


The construction of the rotor of the Lorenzen turbine is the 
‘same in a pure or “‘live’’ gas turbine—i.e., a turbine with its 
own combustion chamber and producing its own gas—as in 
an exhaust-gas turbine driven by the waste gases from a piston 
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engine. Its special characteristics are as follows: [see Figs. | 
and 2]: 
1 It is a single-stage impulse turbine acted upon in the 
axial direction by the working gases 
2 The turbine rotor acts at the same time as a compressor 


wheel 


3 The turbine blades are hollow, with very thin walls, 
and form the continuation of the compressor whee! 
in such a way that 

4 The compressed air serves at the same time to cool 


the hollow blades internally by flowing in a radial 
direction from the inner to the outer ends. 

The hollow blade which specially characterizes this turbine 
is the result of long years of search for a good and reliable 
material and the most suitable shape and form in which to dis- 
pose it. The tensile strength is 
about 100 kg. per sq. mm. 
(142,000 Ib. per sq. in.) and the 
thickness of the wall about 0.25 
mm. or 0.01 in. 

That this method of cooling 
the turbine blades is effective 
may clearly be seen from the 
following considerations. The 
gases flow between the blades 
with a velocity of about 350 to 
450 meters (1150-1475 ft.) per 
sec. and at a temperature of 
perhaps 700 deg. cent. (1292 deg 
fahr.). Using accepted formu- 
las for calculation, this gives a 
heat transfer of 750 kg-cal. per 
sq. m. per hr. per deg. cent. 
(154 B.t.u. per sq. ft. per hr. 
per deg. fahr.). To prevent the 
blades from becoming red hot it 
is also necessary that the air 
flowing inside the hollow blade 
shall have sufficient velocity so 
that it will carry away the heat 
as fast as it comes through the 
blade walls from the gas side. 
This can be effected by convert- 
ing the static pressure created in the compressor wheel into 
velocity. For example, if the peripheral speed of the blades 
is about 320 meters (1050 ft.) per sec., then an air velocity of 
250 meters (820 ft.) per sec. is obtainable which will cause a heat 
transfer of 572 kg-cal. per sq. m. per hr. per deg. cent. (117 
B.t.u. per sq. ft. per hr. per deg. fahr.), and the heat flow through 
the wall, according to the formula 


1 
K = 
1 1 
—_ + — 
ag QL 
will be 324 kg-cal. per sq. m. per hr. per deg. cent. (66 B.t.u. 
per sq. ft. per hr. per dez. fahr.). The temperature of the hollow- 
blade wall will be 


K 
tw = (te — tz) = 428 deg. cent. (802 deg. fahr.) 
ag 


This temperature is allowable provided suitable material is used, 
particularly as at the most stressed part of the blade, namely, 
the root, the wall temperature is considerably lower owing to 
the reduced heating and to the better cooling obtained with the 
still cool air at the beginning of expansion. 
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Tue LorENZEN TURBINE AS AN Exuaust-Gas-TURBINE 
SUPERCHARGER 


In an exhaust-gas turbine the impelling gases come from a 
piston engine and flow to the turbine nozzles. The cooling air 
leaving the hollow turbine blades is collected in a diffuser or 
volute chamber surrounding the rotor, where its velocity is 
converted into pressure, and it can then be used as compressed 
air for scavenging or supercharging the engine. The gain by 
this compressed air through utilization of the exhaust gases 
which otherwise would be wasted increases the economy and 
makes it possible either to increase the output of the engine or 
to obtain the same output with smaller cylinders. 

The kinetic energy remaining in the exhaust gases leaving 
the piston engine may easily be determined from the p-» dia- 
gram by planimetering the hatched area ABDEFA in Fig. 4, 
assuming the expansion line AB to be an adiabatic. A is the 
point at which the exhaust valve opens, and EF indicates the 
back pressure. 

For a Diesel engine with a cylinder bore D of 500 mm. (19.68 
in.) and a stroke S of 700 mm. (27.56 in.) running at 155 r.p.m. 
the indicated horsepower N; (see Fig. 5) will be 188 hp., the 
brake horsepower N,, 150 hp., and the theoretical energy in 
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the exhaust gases sufficient to generate 32.2 hp. 
energy to drive the turbine supercharger, the working diagram 
of the engine will be that shown at II, and the performance of 
the exhaust gases will be accordingly increased. Diagram Ila 
corresponds to a supercharge of 0.9 X 1.25 = 1.125 atmos. 


Using this 


(16 lb. per sq. in.). In the factor 0.9 the losses of flow from 
the turbine to the cylinders have been taken into consideration, 
Whereas diagram IIb corresponds to an overloading of 1.50 X 
0.9 = 1.35 atmos. (19.2 Ib. per sq. in.). The theoretical per- 
formance of the exhaust gases gives for Ila, 54.8 hp. and for 
IIb,77.1hp. The energy required for the compression, if assumed 
to be adiabatic, is 4.9 hp. in the case of IIa, and for IIb, 10.9 
hp., 80 that the performance capacity of the exhaust gases for 
la is 11.2 times and for IIb 7.0 times the energy required for 
Supercharging the engine. 

To obtain good performance of exhaust-gas turbine super- 
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chargers in connection with multi-cylinder Diesel engines, it 
is proposed to attach a small turbine to each cylinder, or in smaller- 
sized Diesel engines one turbine to two cylinders. In the second 
case the inlet casing of the turbine will be divided into two 
halves by a wall. This will expose the nozzles to the gases of 
one cylinder only. The gas jet of high velocity imparts a con- 
siderable amount of energy to the turbine rotor, causing a re- 
verse action as soon as the pressure in the cylinders is released. 
The turbine wheel passing the nozzles rapidly keeps up this 
flow and ejects the remaining gases from the cylinder which 
it is scavenging. If several turbines are employed, then the 
compressed air from the various exhaust-gas superchargers 


Fic. 3 Component Parts oF THE Rotor oF A SMALL ExHAust- 
Gas TURBINE 


should be led into one container. This increases the reliability 
of scavenging to a considerable degree, because one turbine 
getting out of order will not stop the delivery of air: the other 
turbines will simply deliver more air with a little less pres- 
sure. 

One great advantage of the turbine supercharger lies in the 
fact that it can be attached to any existing engine without mak- 
ing any constructional alterations, whereas a mechanically 
driven supercharger requires a driving shaft with the necessary 
gears, clutch, etc. In applying the turbine supercharger it is 
only necessary to alter the run of the piping. 

In practice it has been found that the application of a tur- 
bine supercharger makes the operation of an engine very flexible. 
The reason is that with increasing performance of the engine 
the output of the turbine also increases automatically, although 
the engine may keep on running at the same speed. This of 
course is impossible with a mechanically driven compressor 
unless a speed changer is employed. 

One of these turbines was built to run at 30,000 r.p.m. Dur- 
ing the tests it was often brought up to 40,000 r.p.m., and 
at the conclusion of the trials it was run up to the bursting 
point. At 48,000 r.p.m. measurements could still be made. 
When it burst it was running at about 50,000 r.p.m., this very 
nearly agreeing with the theoretical calculations made pre- 
viously. 

In this and also in later tests with larger turbines, tempera- 
tures up to 835 deg. cent. (1535 deg. fahr.) were measured ahead 
of the turbine and 875 deg. cent. (1607 deg. fahr.) back of it. 
The increase in temperature was due to incomplete combustion 
in the engine, and through the escape of cooling air this caused 
after-burning in the turbine. By taking the turbine to pieces 
after such tests it was found possible to determine by the 
color of the rotor disks and the roots of the blades that there 
had been a temperature of about 280 to 300 deg. cent. (536-572 
deg. fahr.). 
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Tue LORENZEN TURBINE As A Pure Gas TURBINE 


The excellent results obtained with the Lorenzen rotor in ex- 
haust-gas turbines led to its employment in a pure or “live” 
gas-turbine plant on a much larger scale. It was decided to 
build a machine according to the constant-pressure principle 
(“constant pressure’ meaning a continuous generation of the 
working fluid), although the Lorenzen rotor can also be used 
in the explosion type of turbine. This was done to avoid the 
difficulties encountered by timing and regulating devices inside 
a hot combustion chamber. The arrangements employed are 
shown in Figs. 6 and 7, namely, 


Turbine and compressor combined into one rotor 
(Fig. 6), and 
Turbine and compressor with separate rotors (Fig. 7) 


(a) 


(b) 


The first arrangement is only applicable for low pressures which 
can be obtained in one stage, whereas the second must be em- 
ployed when higher pressures and larger quantities of working 
fluid are required. 

In the first arrangement (Fig. 6) the air enters the rotor 


Fic. 5 (Below) Tueoreticat INpicator DraGrams or LoreNzEN 
Toursine Uriuizinc Exuaust From a Dieset EnGIne 
(Cylinder bore, 500 mm. (19.68 in.); stroke, 700 mm. (27.56 in.); rp.m., 
155; mean piston speed, 3.62 m. per sec.; area of piston, 1964 sq. cm 
(304.4 sq. in.); indicated hp. per cylinder Ni, 188 (case I); mean effective 
pressure pi, 7.9 kg. per sq. cm. (112.3 Ib. per sq. in.).) 


Case—— 

I Ila 
Supercharged air, 1.125 1.35 
~ 100 125 150 
Ratio of effective output...... 100 125 150 
Mean effective a, kg. per sq. cm........ 7.2 9.8 12.5 
Indicated hp. of one cylinder................ 188 233 298 
150 188 225 
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(B) Light-Spring Diagram 
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at a, flows through the compressor and the hollow blades, its 
high velocity then being converted into pressure in a volute 
chamber or diffuser surrounding the rotor. is compressed 
air is then led into a heat exchanger of special construction 
(Fig. 8) which has been in use for about two years in the Berlin 
municipal gas works and operates exceptionally well because of 
the continuous internal rotation of the air and gases flowing. 
After flowing through the heat exchanger the air is led into the 
combustion chamber, where sufficient fuel is added to obtain 
the desired temperature. As the combustion chamber is open 
toward the turbine nozzles, the same constant pressure exists 
inside it as in the compressor—less, of course, the loss in the heat 
exchanger. The gases now expand in the nozzles of the turbine 
and impel the hollow blades of the turbine rotor, after which 
they pass into the heat exchanger where they give up their re- 
maining heat to the compressed air. 

The second arrangement (Fig. 7) differs from the first, a 
special compressor being employed. The cooling air may then 
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iG.7 Tursrne anp Compressor Rotors Separate 


be used for heating purposes or led under a boiler or the like. 
The highest efficiency is obtained when the cooling air is applied 
a described in the first arrangement in a special combustion 
chamber with lower pressure and its own sectional portion of 
nozzles. 

That it is necessary to utilize the heat remaining in the ex- 


haust when a high efficiency is to be obtained, can easily be 
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seen from the entropy diagram in Fig. 9, which has been drawn 
to scale for a special example. In this drawing ABCDA 
represents the quantity of heat added through fuel supply, and 
AEFGHKA the turbine performance after deducting the work 
required for the compressor and the cooling air. The heat re- 
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maining in the exhaust is shown by the area LMNOL. The 
relation of the area AEFGHKA to ABCDA gives the thermal 
efficiency when the heat remaining in the exhaust is not utilized. 
In order to regain the greatest possible amount of heat from the 
exhaust for use in the turbine plant, a heat exchanger may be 
considered. How far this is feasible depends only on the size 
and the efficiency of the heat exchanger. If, for example, we 
allow a difference of 100 deg. cent. (180 deg. fahr.) between 
gas and air and the turbo-compressed air comes from the com- 
pressor at 125 deg. cent., we can then easily raise its tempera- 
ture to 600 deg. cent. (1112 deg. fahr.) in the heat exchanger. 
In the combustion chamber it is desired to bring this tempera- 
ture up to 1000 deg. cent. (1832 deg. fahr.), so it is necessary to 
add fuel according to the area APQDA, making the thermal 
efficiency the ratio of the area AEFGHKA to APQDA, or 
mh = ~ 29 per cent for the example in question. 

The curves of Fig. 11 show the relationship between amount 
of fuel, size of heat exchanger, and thermal efficiency at various 
pressures and temperatures at the nozzles in a gas-turbine plant 
of 7500 kw., assuming that the gases impelling the hollow blades 
have a temperature of 750 deg. cent. (1382 deg. fahr.) and a 
constant peripheral speed of 320 meters (1050 ft.) per sec. The 
isothermal efficiency of the turbo-compressor is 7, = 72 per 
cent, as the loss of pressure in the heat exchanger is assumed to 
be 0.15 atmos. (2.13 lb. per sq. in.). The plant then shows an 
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efficiency of about 9A max = ~ 31 per cent when the working 
fluid is at a pressure of p = 3.5 atmos. (45.8 lb. per sq. in.). 
The effect of a rise in temperature is very great—for example, 
an increase of 100 deg. cent. increases the total efficiency about 
5 per cent. 


A 
600) 
100 ~ 
Py AH 
600 
/\ 
1 V 
400 
Pe y 6G 
300 A H 1 
| 
| 
| 
i 1 
“273 0 02 060708 


04. Of 
Entropy [im3 0° 760 Hm] 


Fic. 9 Entropy D1AGRAM FoR A SPECIAL CASE 


It may be said that in these 
curves the utilization of the cool- 
ing air by the hollow blades has 
not been taken into considera- 
tion; on the other hand, the area 
of the heat exchanger, which has 
been calculated as an ordinary 
straight-run exchanger, will be 
considerably reduced by using 
the spiral form shown in Fig. 8. 
Fig. 10 shows a pure (or “‘live’’) 
gas turbine in the course of as- 
sembly. At the center is the 
rotor, its diameter being 990 
mm. (38 in.); behind it at the 
right the inlet casing and the 
nozzles, both entirely built out 
from the special Krupp steel 
NCTS3; and at the left the out- 
let casing, which is welded up 
from V2A Krupp steel. In ad- 
dition both casings are enclosed 
in a sheet jacket, the space be- 
tween casing and jacket (3 to 4 
in. wide) being filled with fire- 
brick ground to about pea size 
and put under pressure through 
a pipe connecting with the com- 
pressor. This arrangement pro- 


tects the outer jacket from the combustion heat and the inner 


casing from pressure. 
Fig. 12 shows the entire plant. 


compressors or steam boilers. 
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Regulating devices are neces- 
sary only for the intake to the compressor and for the fuel sup- 
ply, and these are of the same types as those used with other 


Future 


Another method of utilizing the heat in the exhaust and one 
which shows the highest efficiency is the following: When the 
compressed air is not preheated by the exhaust, its temperature 
must be raised from 125 deg. cent. up to about 1000 deg. cent. 
(257 to 1832 deg. fahr.) by the fuel supply. Owing to the limi- 
tation of the temperature to about 1000 deg. cent. (1832 deg. 
fahr.) the combustion takes place with about three times as 
much air as is necessary and the exhaust from the turbine with 
a temperature of about 700 deg. cent. (1292 deg. fahr.) contains 
sufficient oxygen to bring its temperature up to 1400 to 1500 
deg. cent. (2552-2732 deg. fahr.) by adding fuel. This is high 
enough to be used under a steam boiler or in melting metals 
in foundries or the like. If the heat remaining in the exhaust 
is fully utilized in this way, then the turbine plant will show an 
efficiency of more than 85 per cent. 

The combination of a gas turbine with a steam-turbine plant 
may be of special interest in municipal electric plants or in ship 
propulsion, and particularly in battleships, because the gas- 
turbine plant is ready at any moment to start, and would have 
sufficient power to set the ship in motion. A steam-turbine 
plant able to utilize fully the exhaust from a gas turbine will 
have an output about double that of the gas-turbine plant. 
The space required for the gas-turbine plant in such a combi- 
nation would be inconsiderable. 

In gas works, coke plants, foundries, etc., there is a great 
waste of heat. With the aid of the Lorenzen turbine this heat 
can also be saved to a great extent, inasmuch as it may be trans- 
ferred to compressed air coming from the turbine, and then em- 


Fic. 10 AssemBLy oF Pure Gas TursBINEe Wits 38-IN. Rotor 


ployed therein to do mechanical work. The temperature of 
this waste heat largely ranges from 400 to 600 deg. cent., 750- 
1100 deg. fahr.). A constant-pressure-turbine plant, howevel, 
first begins to work when the temperature of the working fluid 
exceeds 500 deg. cent. (932 deg. fahr.), and at first glance it 
would seem that little could be done. But remembering that 
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the heat from the exhaust of the turbine is still available, the 
method shown in Fig. 13 can be employed. Most gas ovens 
make use of a recuperator in which the secondary air is preheated 
to about 600 to 800 deg. cent. (1112-1472 deg. fahr.). This 
preheating is done by the waste gases coming from the retorts. 
When leaving the retorts these gases are at about 906 to 1000 
deg. cent. (1652-1832 deg. fahr.) and are cooled down to 400 
to 600 deg. cent. (752-1112 deg. fahr.) in passing through the 
recuperator. If now these gases are led into a heat exchanger 
through which compressed air is driven in the opposite direction, 
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Fig. 13 ARRANGEMENT FoR UtiLizing Waste Gases From Gas 
PLANTS 


then the temperature of the latter will be raised to 300 to 500 
deg. cent. (572-932 deg. fahr.) on their way to the nozzles of the 
turbine. Owing to the low pressure and low temperature of 
the air, the drop in temperature will only be slight; however, 
the exhaust air with its remaining heat is now led to the intake 
of the secondary air, say, at 300 deg. cent. (572 deg. fahr.), and 
as it is already partly heated it therefore cannot absorb so much 
heat from the waste gases. The result is that the latter will 
now enter the heat exchanger at 600-700 deg. cent. (1112-1292 
deg. fahr.) and the compressed air will accordingly be more 
highly heated and the exhaust air will also have a higher tempera- 
ture. By circulating the heat the temperature of the waste 
gases when leaving the recuperator is gradually raised to a point 
at which mechanical work can be done. This is the method 
of operating when the turbine is added to existing gas ovens 
which have recuperators. In new ovens the recuperator can be 
omitted altogether, and the waste gases after leaving the re- 
tort chamber can be led directly to the special heat exchanger. 
The waste gases having more than double the weight of the second- 
ary air, it is obvious that an equal weight of compressed fresh 
air may be heated; the other half can then be led as primary 
air into the gas generator, or may be used under a boiler to gen- 
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erate steam. In a battery of ovens consuming 35 tons of fuel 
per day, the energy developed is in the first case about 200 hp., 
beside which there is a saving of fuel; and in the second case 
when a steam plant is installed, it is about 500 hp. continu- 
ously. 

From these few examples, which of course could be considerably 
added to, it will be seen that the Lorenzen turbine is applicable 
over a range extending from the motor car, flying machine, Diese] 
engine, locomotive, and ships, up to the largest power stations, 
and can be operated as an exhaust-gas turbine, a pure gas tur- 
bine, or as a hot-air turbine. 

In conclusion the author desires to express his sincere thanks 
to Prof. Fr. Schiff, of Nuremberg, who has been his scientific 
assistant during the whole development for about fourteen years, 
and to his son, Max Lorenzen, who has constructed all the tur- 
bines shown in the photographs. 


Discussion 


James A. Moyer.? Dr. Lorenzen has presented some very in- 
teresting data in regard to a unique design of gas turbine. He 
has left the beaten path by not attempting to obtain the best 
possible results from a theoretical standpoint; meaning that, 
instead of adopting the usual high-efficiency explosion system, 
he has been content to experiment with the more unusual con- 
stant-pressure combustion. By this method he has, however, 
gained the advantages of eliminating the impact and eddy losses 
at the entrance edge of the turbine blades which result from the 
great variation in the velocity of the gasses when the explosion 
system of combustion is used. It is interesting to note that 
Dr. Lorenzen has applied with considerable success and in a 
unique way the idea of velocity stages in his gas-turbine designs. 
Unquestionably the ingenious blade system which he has intro- 
duced marks an important step in the progress of gas-turbine 
development. Deterioration of the turbine blades due to the 
high temperature involved has probably been the greatest draw- 
back to successful accomplishments with gas turbines. This 
method should make the blades of gas turbines sufficiently 
durable to withstand the high temperatures to which they are 
exposed. 

In order to be ideally successful, however, a gas turbine must 
combine the high thermal efficiency of the internal-combustion en- 
gine with the mechanical simplicity of the modern steam turbine. 
The designers of gas turbines have been proverbially between ‘‘the 
two horns of dilemma.’”’ When they have tried to utilize the 
velocity of the gases due to a single-stage expansion, the blades 
and nozzles have been found to deteriorate very much too rapidly 
for any practical service. On the other hand, when designers have 
cooled the gasses of combustion by the injection of water or 
excess air, or even by the method of water-jacketing to make the 
temperature of the gases suitable for the materials available for 
blade and nozzle construction, the high thermal efficiency as ex- 
pressed by the simple laws of thermodynamics is unattainable. 
By taking a middle course in this case, Dr. Lorenzen has probably 
brought us much nearer to the goal of practical success. 


A. L. Bercer’ anp Opre The Air Corps has 
carried on the development of the turbo centrifugal supercharger 
aircraft since 1917 and has in that time accumulated a vast 
amount of service experience. From this experience it was 5002 
learned that superchargers having high compression ratios re- 
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quired intercoolers to reduce the temperature of the air entering 
the carburetor to a figure that would permit satisfactory engine 
performance. It was also learned that much better turbine 
bucket life could be obtained by not only removing the housing 
surrounding the turbine wheel, but by permitting the propeller 
slipstream to blow over the wheel, thereby cooling the buckets. 
In view of these experiences, it does not seem reasonable for 
aircraft to have to remove the heat imparted to the turbine 
buckets by the air being compressed and then to cool this air by 
intercooling. This would require a much larger intercooler which 
would, in turn, increase the resistance of the airplane. 

(a) When used as a supercharger for aircraft, what would be 
the estimated weight of a unit suitable for 2 to 1 supercharger 
compression ratio for a 690 horsepower, four-stroke cycle engine 
operating at 3000 r.p.m.? 

(b) When used as a supercharger for an engine of this type, 
what efficiency could be expected from the unit as a whole and 
from the turbine? 

(c) Since the air compressed is used for cooling the turbine 
blades, what would be the estimated size of an intercooler neces- 
sary to reduce the air temperature to 60 or 80 deg. for the engine 
referred to in question (a)? 

(d) When operating with an exhaust-gas pressure of about 5 lb. 
per sq. in. at the nozzle box, would there not be a leak of exhaust 
gas into the air being compressed to such an extent that the out- 
put of the engine would be reduced by this exhaust contami- 
nation? 


CuarLtes E. Lucxe.‘ The commercial possibilities of the 
gas turbine will depend upon two factors, neither of which is 
mentioned in the paper. It may be assumed that the efficiency 
of the gas turbine cannot be as high as the efficiency of the 
internal-combustion piston engine. It is possible that a gas 
turbine may be built with an efficiency somewhere between 
that of the internal-combustion piston engine and that of a steam 
engine or turbine of the same size. This is the first factor—the 
efficiency obtainable in different sizes of machines so that en- 
gineers may compare these values with those now kuown for 
steam and internal-combustion piston engines. 

The second factor is concerned with cost. If a gas turbine 
with what might be called an intermediate efficiency can be built, 
then its commercial place will depend upon its cost; and if this 
is also intermediate, then there is a possibility of its finding 
some place, and its possibility is greater if the gas-turbine plant's 
complete cost should happen to be less than steam of the same 
size, which, however, is very doubtful. 

It does not appear to be really worth while to spend time 
analyzing machines for which there is no economic need, and 
therefore for which there is no market, even if it can be built. 
With reference to the gas turbine, this possible market, which 
is a measure of the effort justified in developing the machine, 
will depend jointly on its cost and on its efficiency The 
author has entirely ignored both of these questions, and therefore 
his paper is one of purely academic interest. 


Lee Scunerrrer.’ What is the method of starting the live 
£48 internal-combustion turbine? 


W. G. Lunpquist.t The writer is not sufficiently familiar 
with the subject of gas turbines in general to discuss Dr. Loren- 
zen's turbine as such, but in connection with its use as a turbo- 
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compressor for supercharging aircraft engines he would like to 
present a few items which occur to him. 

The exhaust-driven supercharger admittedly has many ad- 
vantages not obtained with a gear-driven supercharger, particu- 
larly for high-altitude work. However, the salient feature of 
Dr. Lorenzen’s turbo-compressor—namely, the cooling of the 
turbine blades by the air which is being compressed—would, 
the writer fears, be detrimental in this case, since the added heat 
taken from the turbine blades would increase the trouble caused 
by detonation unless this heat were removed by proper inter- 
coolers, which would complicate the particular installation con- 
siderably. Even with gear-driven superchargers rotating at com- 
paratively moderate rates (23,000 to 25,000 r.p.m.) the temper- 
ature rise through the supercharger is proving to be a problem, 
and any additional heat such as introduced by the Lorenzen tur- 
bine would be most unwelcome, particularly when supercharging 
for increased power at sea level or low altitudes. If the turbine 
were to be used in connection with a separate supercharger im- 
peller, then the installation would resemble the customary turbo- 
supercharger set up, and the only advantage to be claimed would 
be improved cooling of the turbine blades. It would be interest- 
ing to have a comparison of blade temperatures of such a turbine 
installation compared to the blade temperatures of a turbo- 
supercharger installation in which a conventional turbine wheel 
were operated in the open and directly in the slipstream of the 
propeller. For comparatively large amounts of supercharging, 
where it 1s necessary to employ some method of cooling the air 
after it comes from the supercharger regardless of the type of 
drive, the writer believes that the Lorenzen turbo-supercharger 
could be used advantageously, as it could also be used for super- 
charging Diesel engines where detonation is not a problem. 

It may be true that it is easier to attach and operate sucess- 
fully a turbo-supercharger to an already built engine that it is 
to attach and operate a gear-drive supercharger (radial engines 
excepted), but a comparison of a turbo-supercharger installation 
with a properly designed gear-driver supercharger will convince 
any one that the gear-driven compressor offers a cleaner and 
more compact design than will probably even be attained with 
a turbo-compressor. Furthermore, a properly designed gear- 
driven supercharger is more rugged and dependable, since it 
has no temperamental turbine wheel to cause trouble. Gear- 
driven superchargers operating at 30,000 r.p.m. and over are not 
usual. 

The writer would appreciate an explanation of the statement 
in the paper which says that “a steam-turbine plant able to 
utilize fully the exhaust from a gas turbine will have an output 
about double that of the gas-turbine plant.’’ A previous state- 
ment says that the gas-turbine exhaust does not carry away as 
much heat as does the exhaust of a steam turbine. 


Harotp Caminez.? Exhaust-gas turbines for supercharger 
drives have been used with limited success in this country. As 
pointed out by Dr. Lorenzen, the high temperatures and high 
speeds under which these turbines operate present many difficult 
mechanical problems. Dr. Lorenzen’s method of cooling the 
supercharger turbine blades may probably solve some of the 
difficulties experienced with aircraft exhaust-gas turbines. 

As pointed out by Dr. Lorenzen, a very high peripheral speed 
is necessary to obtain good efficiency in a single-stage gas turbine. 
With a given peripheral speed, the centrifugal effect on the im- 
peller biades is inversely proportional to the diameter, so that 
the blades on the smaller diameter rotors will be more highly 
stressed. It is probable that with proper turbine-blade cooling 
no difficulty would be experienced from this in a stationary 
machine, but in a supercharger installed in an airplane, which 
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is subjected to vibration and rapid maneuvers, rotors that are 
satisfactory for stationary work do give trouble. 

The bearings for the rotors are also a source of trouble in an 
airplane supercharger turb'ne. In normal oprations these 
bearings have practically no load, but due to the effect of vi- 
bration and maneuvering in aircraft, the gyroscopic action of the 
high-speed turbine rotor puts a severe load on the rotor bearings. 

With Otto-cycle-engine operation, the cooling air from the 
Lorenzen hollow turbine blades could probably not be employed 
to advantage unless the air was run through an air cooler before 
being fed to the engine cylinders. It would be necessary to 
study whether the weight-head resistance and complications 
caused by this additional air cooler would make the use of this 
air from the turbine advisable. However, in a compression- 
ignition or Diesel-cycle engine, the use of this hot compressed 
air from the supercharger turbine blades should be desirable, as 
it would permit the use of lower compression ratios in the engine. 

The writer believes that the problems connected with the 
Lorenzen gas turbine for aircraft supercharger drives are possible 
of solution and that such a machine would be highly desirable 
for aircraft Diesei engines, particularly when fitted to engines 
used in aircraft that are not subjected to violent maneuvers. 


Cuarutes A. Morss.* Dr. Lorenzen’s gas turbine, when used 
as an exhaust-gas-driven turbo-supercharger for internal-com- 
bustion engines appears to be subject to some of the same criti- 
cisms which have been directed at other previous designs of this 
equipment. These criticisms are, mainly, as follows: 

(1) Heating of air used for supercharging the piston engine. 

(2) The great difficulty of properly supporting in bearings 
and maintaining free from vibration a wheel traveling at ap- 
proximately 30,000 r.p.m., and of maintaining proper clearance 
between the wheel and its casing. 

(3) Danger of destruction of the turbine from the use of un- 
clean air for supercharging. 

(4) An increase of exhaust back pressure of the piston engine. 

(5) A variable velocity of the exhaust gases impinging upon a 
turbine wheel of constant peripheral speed. 

The first three of these criticisms are applicabie to Dr. Loren- 
zen’s turbine to a greater degree than to other designs of exhaust- 
gas turbo-superchargers in which the turbine and supercharging 
wheels are separate. For example, heating of the air used for 
supercharging the piston engine is inherent in Dr. Lorenzen’s 
turbine to a marked degree, since the air 1s used for directly cool- 
ing the turbine blades. This characteristic is of course at vari- 
ance with the requirements of the piston engine, which should 
receive intake air at the lowest possible temperature in order to 
get good volumetric efficiency. 

Similarly, the need for close and positively maintained clear- 
ances between the turbine wheel and its casing is particularly 
important in Dr. Lorenzen’s turbine because he makes use of a 
labyrinth packing seal between the turbine chamber and the 
supercharger diffuser. 

Finally, the danger of destruction of the turbine due to dirt 
particles and other foreign matter in the intake air, which is the 
danger of all high-speed centrifugal superchargers for internal- 
combustion engines, is particularly great in Dr. Lorenzen’s tur- 
bine because the air passes at its highest speed through turbine 
blades of very thin wall section and of temperature approaching 
red heat. 

The last two criticisms mentioned—namely, an increased back 
pressure on the piston engine and a variable velocity of the 
exhaust gases—result in lower efficiency, the former of the piston 
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engine and the latter of the turbine. However, these last two 
objections can be obviated, in whole or in part, by converting the 
pressure energy of the exhaust gases into velocity energy and 
storing this velocity energy in what might be called a velocity- 
energy receiver, thereby imparting a constant velocity to the 
exhaust gases. 

The writer would like to point out, in conclusion on Dr. Loren- 
zens exhaust-gas turbine, that in its applivation as a turbo- 
supercharger for modern aeronautical gasoline engines it comes 
into direct competition with mechanically driven centrifugal 
superchargers, which in their present development are capable 
of giving almost complete reliability at speeds of 20,000 to 
30,000 r.p.m., with a considerable advantage in weight and com- 
plexity over the exhaust-gas turbine. The other side of the 
picture is of course that its application to aeronautical gasoline 
engines is far from being the only one, or even the most impor- 
tant one, of its possible uses. , 


F. Guenn SHOEMAKER.’ About what percentage of the air 
that passes through the turbine leaks past the rotating elements? 


Epaar J. Kates." The running clearances between the rotor 
and casing being apparently quite small and the operating tem- 
peratures quite high, is there not some danger of distortion and 
binding when a cold turbine is being started? If so, what pre- 
cautions must be taken to avoid trouble? 


W. M. Kaurrman.'! The analogy of the development of the 
prime mover described to a similar phase of pioneer development 
of the steam turbine during a steam-engine age elicits consid- 
erable interest in those advantages of the Lorenzen turbine which 
have justified this enormous work. The advantage of the 
principle of rotating elements is appreciated. It appears also 
that a wider range of fuels may be utilized and various thermal 
cycles employed. 

From the standpoint of fuel, we find patent proposals for the 
use of gas, hot air, exhaust gas, oil, and powdered fuel. This 
opens at once a field of application for a successful turbine in 
which these fuels may be used directly. The savings effected 
over a similar steam-turbine unit with gas- or oil-fired boilers are 
evident. Plants utilizing gas from coke ovens, gas producers, and 
blast furnaces would represent possible applications. 

However, if one considers the gas turbine relative to the gas 
engine or Diesel engine in a similar manner as in the steam-turbine 
analogy, he will find the problems more difficult of solution and 
the advantages over the piston engine appreciably smaller. It 
is handicapped in the degree of compression of the working charge. 
In the piston engine both compression and expansion take place 
with high mechanical efficiency. This efficiency is approxi- 
mately 20 per cent better than in the turbo-compressor. A 
decided advantage in the case of the piston engine lies in the 
amount of negative work necessary to bring the compressed- 
air charge into the working cylinder. At present, the tempera- 
ture necessary in a gas turbine to secure efficiencies exceeding 
those of the reciprocating engine are such as to be destructive 
of the available materials. 

As regards the field of competition, the basis of merit is not 80 
pronounced. With regard to utilization of a larger range of 
fuels, a distinct advantage is found. 

The writer would ask the question, What types of fuel have 
been used in the Lorenzen turbine, and what would be the relative 
advantages or disadvantages of burning oil and powdered fuel, 
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as against gaseous fuel, such as coke oven or producer gas? 


J. P. Srewarrt.'? In this paper there seemed to be some sug- 
gestion that the gas turbine might be used to power aircraft. 
Is it not true that the accessories, such as the combustion cham- 
ber and heat interchanger, must be so large as to preclude its 
possibility, not only for aircraft, but for any mobile vehicle? 

When using the turbine as a prime mover, what is the ratio 
of cooling air to the actual combustion air required by the tur- 
bine? Is the former all of the air that the turbine requires, or 
is additional cold air bled into the combustion chamber? 


E. C MaapesurGer." It appears that the heat exchanger 
which apparently contributes so materially to the overall effi- 
ciency of the gas-turbine installation, as described by the author, 
would be a very bulky thing and would bear in size about the 
same relation to the gas turbine as the steam boiler does to the 
steam turbine. Will the author please elaborate on the volu- 
metric space occupied by a gas turbine and the corresponding 
heat exchanger in any installation which he has built so far 
or purposes to build. The writer also would like to know how 
large a gas turbine has been actually built and operated accord- 
ing to the designs of the author. 


Ouiver Fretp ALLEN." The purification and increase of the 
charge in four-cycle engines by having the openings of the ex- 
haust and admission valves overlap while creating a slight suc- 
tion in the exhaust line was accomplished experimentally some 
30 years ago, and various schemes for supplying excess air to 
two-cycle engines were tried 15 years ago. Supercharging in 
the modern sense was initiated during the World War to facili- 
tate high-altitude flying by maintaining sea-level atmospheric 
pressure in the engine cylinders. This development brought 
forth both exhaust-gas turbine and high-speed, gear-driven 
turbo-blowers now used as standard equipment on many types 
of airplanes in America and Europe. 

About five years ago the application of exhaust-gas turbine- 
driven blowers for supercharging land and marine oil engines 
for sea-level operation was started. Correction for low at- 
mospheric pressure in high-altitude power-plant installations and 
provision for peak-load operation by supercharging began to be 
seriously studied, and installations have been succesfully made 
using electric-motor-driven turbo-blowers and belt-driven posi- 
tive-pressure blowers, as well as exhaust-gas turbine outfits. 

Until quite revently, except for air service, some type of 
supercharger has been added to existing engine models designed 
for operation without supercharging. It is only within the last 
year or so that land and marine engines have begun to be de- 
signed to be used regularly as supercharged machines, with the 
supercharger considered as an essential part, as it is in aircraft 
motors. 

Both the advantages and the limitations of supercharging are 
better understood now, and Dr. Lorenzen’s exhaust-gas turbo- 
blower comes at a time when the industry is prepared to utilize it. 

The gas turbine is a development long dreamed of, and this 
paper is especially valuable in telling of concrete accomplish- 
ments, while giving much to think about as to further develop- 
ments. 


AUTHOR'S CLOSURE 


The numerous inquiries made by: discussers from the scientific 
as well as the industrial standpoint indicate the great interest 
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taken in the Lorenzen gas turbine. As several of the questions 
are propounded more than once by different individuals, the 
author will deal with all of them in general without referring to 
specific discussors. 

All of the questions propounded may be divided into two 
classes: 

1 Those on the exhaust-gas turbine as a supercharger, and 
2 Those on the live-gas turbine as a prime mover. 

With regard to the former, many years of practical test results 
are at the author’s disposal to back up the following statement 
referring thereto. But while the live-gas turbine described in 
the paper has been built, lack of means has thus far prevented 
carrying out thorough and complete tests. 


Tue Exuaust-Gas TURBINE AS A SUPERCHARGER 


Nearly all the inquiries of this class express fear of excessive 
heat when using the cooling air from the turbine to supercharge 
the piston engine. To be quite candid, the same fear was shared 
by the author as well as by the officials of the German research 
department for aviation during the preliminary stationary test. 
However, in order to get actual test results it was decided to 
build a turbine small enough to be suitable for a 40-hp. engine 
and then fit it into a motor car. The temperature of the cooling 
air measured during the stationary test ranging from 100 to 125 
deg. cent. (= 212 to 260 deg. fahr.), it was thought advisable to 
employ an intercooler. The tests were started in January, 1928, 
when it was very cold, and the cooling effect was so great that a 
bypass was introduced in order to regulate the temperature by 
uncooled air. It was soon found that the engine ran its best 
when no intercooling took place. The intercooler was left in the 
car as it was thought it would be needed in summer time, but 
even then it was found that there was no need for the intercool- 
ing. The arrangement was such that by simply turning a three- 
way valve the air could either be cooled or led to the engine at the 
temperature with which it left the supercharger, and hardly any 
difference could be noticed in the actual running of the car. 
The reason for this result the author ascribes to the following 
facts. Owing to the great velocity of the car, from 80 to 100 ft. 
per sec., and the comparatively large difference in temperature, 
a considerable portion of the heat is carried away through the 
casing of the diffuser and the piping leading to the carburetor, 
both exposed to the outside air, and another portion is used to 
evaporate the fuel at the jet in the carburetor. This produces a 
combustion gas instead of an air and gasoline mixture, therefore 
the explosion is more rapid and better use is made of the fuel in 
the engine. The latter had a ratio of compression of 1:5.35. 
The foregoing results are fortified by tests made in Europe and 
covering more than 2'/; years, during which a motor car was run 
more than 50,000 miles. Further tests in America during the 
hot months of June and July of this year gave a similar result. 
The engine withstood well the increased temperature of the 
charge without “knocking,” as all combustion engines run better 
on a hot gas, provided the charge is under pressure to assure that 
the required weight will be injected. The cooling effect just 
mentioned could not of course bring down the temperature of 
the fresh charge in a rapidly moving car or airplane to that of the 
surrounding atmosphere. However, there is no need for this in 
the Lorenzen supercharger, as compared with a gear-driven 
compressor, or when turbine and compressor are two special 
machines and the former is running without housing and is 
exposed to the propeller slipstream for cooling purposes. In the 
latter two cases a considerable proportion of the engine’s power is 
required to drive the supercharger. For example: to compress 
the air for a 600-hp. engine at a 2:1 ratio, about 100 hp. is needed 
with the turbo-compressors available today. If, therefore, the 
output of the engine is to be kept constant, then the latter must 
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receive a charge sufficient for an output of about 700 hp., thus 
overloading the engine. For a gear-driven compressor the 
energy required is taken from the motor shaft; in a direct-acting 
turbine and special‘compressor the pressure in the nozzle box 
must be increased, which causes back pressure on the engine. 
It is obvious that a turbine running in a closed casing, being 
acted upon by all of the motive fluid and having only the venti- 
lation work of one machine to overcome, will run at a higher 
speed with a given pressure at the nozzles, than when the condi- 
tions mentioned by Mr. Berger exist. Owing to the favorable 
running conditions the pressure in the nozzle box in the Lorenzen 
supercharger for aviation is considerably less than 5 Ib. per sq. in. 
at sea level, and from 1600 ft. upward is below atmospheric pres- 
sure. 

With regard to the inquiry about leakage of exhaust gases into 
the cooling air, it can be stated that there is none, several analyses 
with Orsat apparatus showing no traces whatever. On the 
contrary, there is a small leakage of fresh air into the exhaust, 
which amounts to about 25 per cent of the air drawn in by the 
compressor. These measurements, however, were made several 
years ago, since which time improvements have been made by 
labyrinth sealing, and it will be less today, but no further mea- 
surements have been made to enable the author to give exact data. 

As regards the life of the bucket, it can be said that after two 
and a half years of daily use such as that to which a motor car is 
subjected, there is no sign of wear whatsoever. The hollow 
blades become black-brown in color, and their surface covered 
with a thin coating of soot from the exhaust." 

The efficiency of the supercharging unit as a whole is about 
25 per cent, and the efficiency of a turbine of so small a size, 
about 65 per cent. 

The size of intercoolers in aircraft will not have to be increased 
as compared with that of other superchargers. In fact, the au- 
thor is of the opinion that they may be omitted altogether (see 
test results obtained with motor car). 

According to theoretical calculations the temperature of the 
buckets is thought to be 450 deg. cent. (842 deg. fahr.), but in 
many actual test runs where the casing of the turbine was at a red 
heat, when later examined the rotor and the labyrinth packing 
seal at the top of the blades distinctly showed the well-known 
blue color which metal exhibits at a temperature of about 300 deg. 
cent. (572 deg. fahr.). 

The required high circumferential speed can safely be obtained 
owing to the extreme lightness of the blades. In small turbines 
their weight is about one-sixth of an ounce, and the centrifugal 
stress when running at full speed is about 1200 to 1400 lb. 

No trouble whatsoever due to rapid maneuvers has been ex- 
perienced during the tests in the car, which often has been run 
over bad and winding roads. During the two and a half years’ 
tests there have been three cases of a ball bearing’s being smashed 
because of a broken ball. The gyroscopic action in a super- 
charger suitable for a 600-hp. aviation engine is, at the highest 
speed of the rotor, 750 em.-kg. (65,000 in-lb.) at an angular ve- 
locity of the airplane as such of 0.5 deg. per sec., and this sets up a 
thrust of 56 kg. (125 lb.) in the roller bearing which it will easily 
stand for so short a period. 

To avoid distortion through different degrees of expansion of 
the rotor and casing, the labyrinth joint is located in the diffuser, 
which has practically the same temperature as the rotor with its 
buckets; whereas the nozzle box and the outlet housing being 
fixed in their central portion, can expand radially without inter- 
fering with the rotor. 

The total weight of a supercharger suitable for a 600-hp. engine 
is 35 kg. (77 Ib.). 

16 Such a “jacket” reduces the heat transmission considerably, 
and is properly chargeable to the original cooling of the blades. 


Tue Live-Gas TurRBINE AS A PRIME MOVER 


Although no actual test results are available as regards the live- 
gas turbine, the author does not think he is far from the facts in 
the following statements. The live-gas turbine has been de- 
veloped from the exhaust-gas turbine and is of exactly the same 
construction, only it works under more favorable conditions, 
inasmuch as there is no pressure container, the working pressure 
being set up by the air compressor driven by the turbine itself. 
Therefore the impelling gases are of uniform velocity. There 
are no regulating, stop or timing devices in the hot zone. The 
combustion chamber is an enlarged passage of cylindrical shape 
with fireproof lining in order to insure ignition, and once ignition 
takes place, combustion is continuous. The output of the tur- 
bine is easily regulated by varying the fuel supply and air intake 
in the compressor, which latter can both be made to work in con- 
junction so as to assure a constant temperature, although for 
overloading purposes a special fuel supply is provided for. 

With regard to the efficiency curves given in the paper, it 
should be pointed out that these only refer to a self-contained 
pure-gas-turbine installation. But there is nothing to prevent— 
on the contrary, much to warrant—building the Lorenzen turbine 
in conjunction with a steam-turbine plant or with smelting works 
or the like where heat is required, because we then obtain an 
efficiency in the turbine plant of 86 to 90 per cent, certainly a 
result never imagined. However, this will readily be understood 
from the following example which refers to a single-stage con- 
stant-pressure turbine, and the efficiency will be increased with 
higher pressure and a multiplicity of velocity stages in the gas 
turbine’s further developments. 

Example. The temperature in the Lorenzen gas turbine is 
limited by the heat resistance of the turbine casing only, and not 
by the rotor or bucket as has previously been the case. To get a 
performance of 3500 hp. out of the turbine illustrated in the 
paper, the working fluid must conform to the following: 


Weight ; ... 24 4 kg. per see. (53.7 lb. per sec.) 

3.1 atmos. (44.1 lb. per sq. in.) 

Temperature... . 1000 deg. cent. (1832 deg. fahr.) 

Weight of fuel 0.605 kg. per sec. with 9500 kg-cal. 
including radiation and combustion 
losses, or 20,200,000 kg-cal. per hr. or 
80,100,000 B.t.u. per hr. 


The performance of the turbine is then 75 300  3600/427 = 
2,200,000 cal. per hr. or 8,734,000 B.t.u. per hr. The exhaust 
(at 700 deg. cent.) leaves with 178 X 24.4 & 3600 = 15,650,000 
cal. per hr. or 62,140,500 B.t.u. per hr. available for steam plant, 
or for both together, 70,874,500 B.t.u. per hr. The efficiency is 
70,874,500 
then = ————_ 
80, 100,000 
This extraordinary high efficiency is due solely to the fact that 
the entire exhaust from the turbine can be utilized outside the 
turbine, owing to its content of oxygen, a special characteristic 
of the constant-pressure gas turbine only. Of course the output 
of the turbine working in conjunction with other prime movers is 
limited by the amount of exhaust which can be used outside the 
turbine. For the combustion in the turbine plant 25 lb. of air 
are used, and the exhaust therefore still contains 53.7 — (25 + 
0.60) = about 27 lb. unconsumed air. This is sufficient for the 
further combustion of 0.669 kg. (1.47 lb.) oil under the boiler, 
which brings up the temperature to about 1500 deg. cent. (2730 
deg. fahr.)—a temperature amply high for steam boilers—as 
compared with a maximum temperature of about 1700 deg. cent. 
(3100 deg. fahr.) when no work is taken out of the gases. 
A comparison with other motors based on the relation of the 
net output to the heat value of the fuel supplied to the combus- 
tion chamber or boiler, gives the following efficiencies: 


= 0.88 or 88 per cent. 
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Per cent 
Lorenzen gas turbine making use of the exhaust 
Diesel engine making no use of the exhaust 
Lorenzen gas turbine self-contained (single-stage expansion 
only) 
Modern steam-turbine plant......... 
Motor-car engine........ 


upon its application. If it is installed to work in conjunction 
with other plants or works as described above, then its cost and 
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The ratio of cooling air to working fluid is about 1:10. If 
working in ‘‘conjunction”’ this air is led into the exhaust gases, 
the heat carried away remaining in the process; if working as a 
“self-contained” unit the cooling air may be led into a diffuser 
where its velocity is converted into pressure, and thence through 
a special combustion chamber when the pressure of the main 
working fluid is different—a design which has not been considered 
in estimating the 31 per cent tabulated above. 

Whether the turbine can be used as a prime mover in aircraft 
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its space requirements will be considerably less than for any other 
motor actuated by heat. 

The turbine itself is smaller than a steam turbine with the 
same output. Most of the space is taken up by the air com- 
pressor and the combustion chamber, as may be seen from Fig. 12 
of the paper, which is drawn to scale. Further, it will be seen 
that the bulkiest part is the heat exchanger, which, however, is 
employed only when a “self-contained” gas-turbine plant is in 
question; otherwise the steam boiler or smelting furnace takes 
over the function of the heat exchanger, which of course reduces 
the cost of the plant considerably. In a “self-contained” plant 
the size of the heat exchanger again depends upon the efficiency 
required. The scale drawing shows an exchanger giving a total 
efficiency of 31 per cent. To obtain an efficiency of 35 per cent 
the size of the exchanger would have to be nearly double, but 
even then the space required and the weight would be less than 
in the case of a steam-turbine plant with the same output. 

Starting has to be done by auxiliary means of one sort or other. 
If the turbine is to be used to drive a dynamo then it will be 
advantageous to build the latter to work as motor-generator so 
that the turbine can be started electrically. If, however, the 
turbine is used to drive a ship propeller or the like, the turbine 
must be disconnected from the driving shaft and air blown into 
the combustion chamber directly or through the compressor by a 
blower similar to those used for forced draft under steam boilers. 
The single-stage-turbine rotor, being free, will start to rotate at a 
Very low pressure after fuel has been added and the temperature 
of the air raised. 


depends on its further development, and upon improvements in 
the turbo compressor now in hand. 

The kind of fuel employed is quite immaterial, whether high- 
B.t.u. oil or gas from coke ovens or blast furnaces. Whether 
powdered fuel can be used is a matter to be determined by ex- 
perience; however, the author does not think that such fuels as 
peat, pulverized straw, or the like in a fine grain will affect the 
buckets very seriously. The pulverization of peat is obtained 
by a simple drying process, after which it only needs to be care- 
fully sifted. 

The best proof of the reliability of the hollow turbine blades 
may be seen from Fig. 14. During the stationary tests on a 600- 
800-hp. aviation engine a connecting rod broke, which smashed 
the piston, a portion of it being carried by the exhaust into the 
turbine without being noticed by the attendant. Four months 
later after the engine had been repaired the tests were continued, 
but the turbine did not run as well as it had done before. It was 
therefore taken apart for examination and found in the condition 
as shown in the photographs. During these stationary tests a 
temperature from 835 to 885 deg. cent. (1535 to 1625 deg. fahr.) 
was measured in the turbine housing. In the left-hand illustra- 
tion the outer ring of the turbine disk is somewhat darker, due 
to the “blue” color given it by the heat to which it was exposed. 

In what has preceded, the author believes he has dealt with all 
the inquiries put before him, so far as these can be answered on 
the basis of test results and theoretical calculations. No doubt 
further developments will introduce difficulties which cannot be 
foreseen today, but the theoretical calculations with regard to the 


ame 
The cost of the Lorenzen gas-turbine plant depends largely oe 
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live-gas turbine have been made with a certain reserve and great 
care, particularly with respect to compressor improvements, 
which will have a dominating effect upon the total efficiency, and 
in this regard the future may have some surprises in store. It 
certainly can be said that the working conditions for the live-gas 


turbine are more favorable with its constant flow and tempera- 
ture of the working gases than those under which the exhaust-gas 
turbine works satisfactorily; and if the necessary means are 
made available, then the further work upon the former will be 
carried on in the belief that ‘Where there is a will, there is a way.”’ 


43 
i 


t 
4 
q 
4 
Digs 
Fre 
> 
me 
te 


Te 
- 
i 
= 
¢ 
ag a 
1 


A Simple Method 


of Natural Frequencies of 


The calculation of the torsional-vibration characteris- 
tics of the shafting of reciprocating-engine installations 
is generally considered a laborious undertaking. This 
paper presents a method for calculating the natural fre- 
quencies of the shafting that is relatively simple in its 
application and yet retains the accuracy of the longer 
methods. This simplification is obtained by the proper 
choice of the equivalent system for mathematical treat- 
ment and by the use of tables and charts. The accuracy 
of the results has been compared with that of the results 
of other investigators. 


T THE present time it is well 
known that critical speeds of tor- 
sional vibration often cause serious 

interferences in the operation of recipro- 
cating-engine installations. These inter- 
ferences may occur in the sinister form 
of the failure of shafts, the breakage of 
flywheel or alternator spokes, or the gen- 
eral failure of the engine or driven ma- 
chinery; or other effects may be observed 
such as the excessive wear of parts, 
noise in the engine, and even flickering 
lights in electrical installations. 

It is often suggested that torsional-vibration troubles may be 
overcome by making the shaft diameters sufficiently large. This 
is very true for slow-speed engines or engines with a small number 
of cylinders. As the shaft speeds and the number of cylinders 
become greater, however, this remedy leads to enormous shaft 
diameters. 

As an alternative it is usually necessary to design the in- 
stallation so as to place the larger vibrations at certain speeds 
where they will be the least objectionable, and then avoid them 
in continuous operation 

The first part of the proklem from a design standpoint is the 
calculation of the natural frequencies of torsional vibration for 
the shaft arrangements. Various methods have been devised to 
accomplish this result. There is at least one characteristic which 
is common to all of these methods, namely, the reduction of the 
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actual installation to an irregular shaft line-up which has approxi- 
mately equivalent torsional-vibration characteristics. 

One type of equivalent shaft arrangement is obtained by con- 
sidering each cylinder, flywheel, and alternator, and other large 
compact parts as concentrated masses connected by elastic 
shafts having no mass. This equivalent arrangement will be 
called the “concentrated-mass system.” Carried out in the 
proper detail this method gives reliable results. For a six- 
cylinder engine with flywheel and alternator this would give an 
equivalent system of eight concentrated masses connected by 
seven elastic shafts. The solution is then carried out by either 
an analytical or graphical procedure. For examples of the solu- 
tion for this type of equivalent system, reference may be made 
to the published material by Holzer,? Geiger,* Wydler,‘ and 
others. 

Another type of equivalent shaft arrangement is obtained by 
averaging the various masses distributed along the shafting of the 
installation into a number of connected uniform shafts having 
both mass and elasticity. This equivalent arrangement will be 
called the “‘uniform-shaft system.” In the general application of 
this method certain of the larger masses, such as heavy flywheels, 
may be considered concentrated at certain points of the uniform 
shafts. This method was given by Prof. Frank M. Lewis,’ who 
proposed a graphical procedure for the solution. An analytical 
solution for this type of equivalent system and for any combina- 
tion with the former one was given by the author in a previous 
paper.® 

While these various methods, if carried out with sufficient 
care, do give reliable results, their application often takes con- 
siderable time. For general application by designing engineers 
there is therefore an increasing need for simpler methods of cal- 
culation that are both rapid and reliable. It is the purpose of 
this paper to present such a method for calculating the natural 
frequencies of torsional vibrations in the shafting of reciprocating- 
engine installations. 

The equivalent shaft arrangement used with the simpler 
method of calculation for multi-cylinder engines is a combination 
shaft system. For example, the inertia of the engine parts is 
combined to form a uniform shaft with mass by spreading the 
inertia at each crank over half of a cylinder distance on each side 
of its center line. Then if the flywheel is attached to one end of 
the crankshaft and is not far from the adjacent cylinder, sufficient 
mass is deducted from the flywheel to make the uniform shaft 


2 Holzer, “Die Berechnung der Drehschwingungen,” 
von Julius Springer, 1921. 


Verlag 


3 Geiger, ‘‘Mechanische Schwingungen und ihre Messung,” 
Verlag von Julius Springer, 1927. 
4Wydler, ‘“‘Drehschwingungen in Kolbenmaschinenanlagen,” 


Verlag von Julius Springer, 1922. 
5 Lewis, “Torsional Vibration of Irregular Shafts,”’ Journal of 
The American Society of Naval Engineers, Nov., 1919, p. 857; 
also “Torsional Vibration in the Diesel Engine,”’ Society of Naval 
Architects and Marine Engineers, Nov., 1925. 
*“The Range and Severity of Torsional Vibration in Diesel 
Engines,” Trans. A.S.M.E., Paper No. APM-50-8, 1928. 
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over the cylinders extend to the flywheel. The flywheel 
other isolated heavy masses are considered concentrated 
connected by elastic, massless shafts. In this way for a 
cylinder engine with flywheel and alternator there are three 
masses and two shafts as compared with eight masses and seven 
shafts when using the concentrated-mass system. 

The accuracy of the combination equivalent arrangement has 
been examined and compared with the results obtained by the 
concentrated-mass system. ‘These results are given in the form 
of curves and will be discussed later in the paper. 


B P A fundamental idea in the de- 

G G q velopment of the method may be 

| Se | explained as follows: In Fig. 1, 
consider that A is a concentrated 
o © © mass at the beginning of a shaft ar- 


rangement, that B is the next con- 
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centrated mass, and that C 
shaft without mass. Then at a given frequency, the effect of 
A acting upon B through the elastic shaft C can be obtained 
at B by adding a certain fraction of A to B. This sum can again 
be considered as the first mass, whose effect can be reduced to 
the next concentrated mass. This process of reduction is aided 
by tables that give the fraction of the first mass to be added to 
the next one. If the shaft C has both mass and elasticity, the re- 
duction of both A and the shaft C to B is made by means of a 
formula, or for the case mass A equals zero, the reduction is also 


aided by tables. 
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The masses may be reduced from the beginning to the end, or 
backward from the end to the beginning, or from both ends up to 
some section. A natural frequency is obtained when the sum of 
the masses reduced from both ends up to any section added to the 
mass at that section is zero. At this frequency the elastic forces 
in the shafts and the inertia forces of the masses are in a state of 
equilibrium so that the system when once set into motion at this 
frequency will continue to vibrate indefinitely (assuming the 
non-existence of damping influences). 

This reduction method has certain features that make a very 
rapid calculation for the natural frequencies when used with the 
combination equivalent system for multi-cylinder installations. 

In using this method a certain symbolism is necessary which 
clearly represents the various parts of the process and shows at 
a glance how far the process has been carried. 

The various elastic shafts used in the equivalent system with 
or without mass will be called ‘“‘steps’”’ of the line-up, and will be 
numbered in the order in which they occur. This is illustrated 
in Fig. 2. The step that is cross-hatched represents a step with 
mass, while the others without hatching lines represent steps 
without mass. This same convention will be used throughout 
the paper. Concentrated masses will be placed only between 
steps, but may or may not be placed at the beginning or end of 
steps with mass. ° 

The letter k will mean the number of a typical step under dis- 
When so used the characteristics of step No. 1 are 


cussion. 
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obtained by putting k = 1, and of step No. 2 by putting & = 2, 
etc. The number of the end step will sometimes be denoted |), 
the letter e. 

The length of each step will be denoted by 1 (inches). If no 
subscript is attached it will refer to any step or length of shaft 
under discussion. 

The rotating inertia factor for the various masses in the system 
will be denoted by J (Ib-in.*). This factor is similar to the mass 
polar moment of inertia coefficient except that it is considered in 
weight and length units. For this reason it will be called the 
“weight polar moment of inertia’”’ of the mass, or for simplicity 
the “inertia factor’’ of the mass. The symbol J, will represent 
the weight polar moment of inertia factor per unit length of a 
step which has mass. In this case the whole inertia of the step is 
J = 

The siiffness factor of a step or certain length of shaft is de- 
noted by C. This factor is the constant representing the propor- 
tional relationship of any twisting moment M (lb.-in.) and the 
resulting angular deflection @ (radians) of the shaft such that 
M 
@ (radians) 
stant diameter, C = GJ/,/l where G(lb./in.*) is the shearing 
modulus of elasticity and ./, (in.*) ig the sectional polar moment 
of inertia of the area of the shaft. If d is the shaft diameter in 
inches, ./, = 2d*/32. For steel, G = 11,800,000 Ib. per sq. in., 
so that in this case 


M =Cée. ThusC = For a circular shaft of con- 


d‘ (ib-in.) 
l (radians) 


(1) 


Subscripts are used to indicate the part of the equivalent sys- 
tem referred to. A single subscript refers to a step. For example: 
in Fig. 3, 1, C, are the length and stiffness factor for step No. 1; 
l., J2, C2 are the length and inertia and stiffness factors for step 
No. 2, ete. If the subscript is made up of two numbers differing 
by unity such as 01, 12, 23, ... the element with the subscript 
occurs between the steps whose numbers are given. ‘This is 
also illustrated in Fig. 3, where J, J23, J34... are the con- 
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centrated masses occurring at the beginning of the first step, 
between the second and third, third and fourth, ete. 

In using the reduction process in making a solution, a prime 
mark (’) means that the effect of the masses from the beginning 
of the system has been reduced up to a certain section. A double 
prime mark (”) means that the effect of the masses from the end 
of the system has been reduced back to a certain section. Sub- 
scripts are then employed to indicate the section to which the 
reduction has been made. The subscripts /1, /2, 13... mean 
the end of steps Nos. 1, 2, 3, ete., and 02, 03, 04... mean the 
beginning of steps Nos. 2, 3, 4, etc. When reducing from the 
beginning of the system to the end of any step, such 4s the 
kth step, the reduced inertia factor is J’. This factor does not 


= 

Jes = 


include the concentrated mass between this step (kth) and the 
next one (kK + Ith), that is, J’, does not include Ji,.4;. The 
reduced factor at the beginning of the next step (k + Ith), 
however, does include J;, 4 ;. Thus, inertia factors reduced from 
the beginning are 


Ja | 
J's = + S23 ce 


In reducing the effect of the masses backward from the end 
of the system to the beginning of any step, such as the kth 
step, the reduced inertia factor is J" :. This factor does not in- 
clude the concentrated mass between this step (kth) and the 
next one (k-Ith) toward the beginning of the system, that is, 
J". does not include J,—;,». The reduced factor at the end of the 
next step (k-Ith) toward the beginning, however, does include 
J,-;,». Thus the inertia factors reduced from the end are 


%G 
Pane 4 

The factors # and y are also used in the solution, The value 


of ¢ is given by 


« Ver sec. eg. 


where J and C refer to a step with mass and g, the gravitational 
constant, is taken as 385.92 in./sec.? (which is 32.16 ft./sec.?). 
The value of y is given by 


J 

y= 
where J is a reduced inertia factor. The same subscripts are 
used with y as are used with the reduced inertia factor J. The 
subscript for C is the same as the step number in the subscript 
for ¥. To complete the similarity of the symbols, prime and 
double-prime marks will be used with y to indicate that the 
direction of the reduction is toward the end or back toward the 


beginning, respectively. 
Hence 
Cy \ Cr 
Uk VG 


va = C,’ = 
The frequency of vibration will be denoted by nin vibrations 
per second. 
The formulas necessary for the solution of the natural fre- 
quency for any equivalent system are listed below. 


I Reducing the Inertia Factors From the Beginning Toward 
the End. 


. [5] 


a For steps without mass: 


b For steps with mass: 
1 If the first step has no concentrated mass at the 
beginning, 
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2 If the first step has a concentrated mass at the 
beginning or for any other step, 


dnd "ok 57.30J7; + y's) 
————, = ——— tan(ou 
57.30J; 


tan = 


(9] 


II Reducing the Inertia Factors From the End Toward the 
Beginning. 
a_ For steps without mass: 
J "ox = J", Tol¥ {10} 


b For steps with mass: 
1 If the last step has no concentrated mass at the end, 


J = J.T (om) eae e's 


2 If the last step has a concentrated mass at the end 
or for any other step, 


57.30,’ gen 


— tany”.. [12] 


tan(@in + = - 


III Ata Natural Frequency. 


+ J +J = 0, or +J"5, k+1 + k+1 = 0 [13] 
which is the same as: 
J ou 


+ = 0, or J + = 0,0r 
lk 


J "ie 


... [14] 


The proofs for the above formulas are given in an appendix. 

The y-constants are defined by the equations and need no 
further explanation. At a natural frequency of the system the 
y-constants are such that y” — y’ = 0. In this case the prime 
and double-prime marks are sometimes omitted on these con- 
stants. 

The relative-amplitudes curve of the vibration at any section of 
the system follows almost immediately from the above solution. 
The amplitudes are represented by 6 (radians) or 6° (degrees) 
and are given the same subscripts that are given to the reduced 
inertia factor at the same section. In this case, however, the 
amplitude at the end of any step is equal to that at the beginning 
of the next step, thus: 


On = = O03, = Oo, Oe = (15) 


The relative amplitude at any point of a step with mass will 
be denoted by @ with the step number as a subscript. It will 
be expressed as a function of z, which is the length variable for 
the step with its origin at the beginning of the step. 

The formulas to obtain the relative-amplitudes curve at a 
natural frequency, are: 

1 For steps without mass: 


Oe J'o 1 
— Tn)... . . . [16 

2 For steps with mass: . 
0°. = a, cos n)... {17] 

k 


where 


= accosy, and = ax cos (dim + yx)... [18] 


which define the a-constants. 


The relative vibration twisting moments for the various sec- 


tions of the system, therefore, are: 


1 For steps without mass: 
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TABLE 1 


GENERAL TABULAR FORMS FOR REDUCING FROM BEGINNING TOWARD END 


TABLE iA TABLE 1B 
FIRST STEP WITHOUT MASS k-TH STEP WITHOUT MASS 
| a (b) (c) (d) 
i, | Jo You” Jez | Jone 
TABLE IC TABLE 1D 
FIRST STEP WITH MASS k- STEP WITH MASS 
(GF = 0) CFOR FIRST STEP IF J,, #0, AND FOR ANY OTHER 
(2) | (3) | @ | Gs) (a)| ® |@ | @ | @ 
n gn T(2) Je. &n (@)-J., tan(d) Jone 


TABLE 2 
GENERAL TABULAR FORMS FOR REDUCING FROM END BACK TOWARD BEGINNING 
TABLE 2A TABLE 2B 
LAST STEP WITHOUT MASS k-STEP WITHOUT MASS 7 
@) ® | © | @ 
n | T.(2) Joe we T,(a) Tore 
| MVE, (b) - | 
TABLE 2C TABLE 2D 
LAST STEP WITH MASS k-TH STEP WITH MASS 
(iF Je,e+: = 0) (FOR LAST STEP Jee,,40,AND FOR ANY OTHER STEP) 
TABLE 


TABULAR FORMS FOR SOLVING FOR Cy, OF A STEP WITHOUT MASS TO GIVE A CERTAIN 


FREQUENCY. SOLVE FOR AND AND U 


SE EITHER TABLE 3A OR 3B 


TABLE 3A TABLE 3B 
(a) (b) (c) (4) (a) (>) (c) (d) 
A > | 2| 
— — — “2k | k 
J, I ° J, 
ok 
TABLE 4 
INTERPOLATION FORMULAS FOR NATURAL FREQUENCY n 
n 
™, = ASSUMED VALUE OF 
ny 
N, = FIRST APPROXIMATION 
4,42 
= FIRST ASSUMED VALUE 
omy "my T= FIRST APPROXIMATION A,=7,-7, 
n 
or SECOND ASSUMED VALUE 
Ny ny T= SECOND APPROXIMATION 
1, 
FORMULA *2 ne n, 
Cr ° ° 
M = C,(6o, +1 — 0, &) — (0 —O°, &). ..[19] 


2 For steps with mass: 


M 


The functions 7o(yn) and T(¢n) are defined by the equations 


57.30 


T(yn) = E = com> | = [1 — 0.10229689(yn)*] [21] 


180 
T(on) = — tan on 
ron 


where on is an angle in degrees, 

One of the time-saving devices of the reduction method is the 
use of the tabulated values for 7'o9(yn) and T(¢n) (Tables 12-14). 
Two tables (12 and 13) are given for the function 7,(yn); the 
first for positive and the second for negative values of the reduced 
inertia factor. In the latter case it will be noted that y is an 
imaginary number. The tables have been constructed to give 


as far as practicable a maximum error of 5 parts in 20,000 in the 
tabular value. To do this it was necessary to give five significant 
figures for numbers beginning with the numeral 1, and 4 sig- 
nificant figures for numbers beginning with numerals 2 to 9, 


SPECIAL FORMS ARRANGED FOR A DIRECT SOLUTION FOR NATURAL FREQUENCY 
Jn Jou J.) 
J, Tne 
FORM™| 
t 
FORM” nz tt 
RL 4, 
(FIRST OR SECOND FREQUENCY) 
e MAY BE READ FROM FIG.10 PAGE 247 
FORM 3 
— OF PAPER TRANS. A.S.ME. | 
NO. APM-SI-22 1929. 
THUS n= an (First FREQ.) | 
| 
23 @7 CORRESPONDING To AND 
*2 MAY BE READ FROM FIG. 
rants 
THUS ne (Fiast Free) | 
C, 
| 
4 


inclusive. Where the tabular value ends in 5 or 5, the value 1s 
actually a little less or a little greater than 5, respectively. The 
average differences of each line are given where possible. If this 
average difference is inclosed in parentheses, it refers to the values 
after being contracted one digit. In working with the tables, 
T.~(A) or T-*(A) mean the values of yn or on, respectively, 
corresponding to the listed value A. 

A tabular form is used in making a solution. In the general 
case, these forms for the various steps are illustrated in Tables 
1 and 2. 

Parentheses placed around letters or numbers in the tables re 
fer to columns designated by the letter or number. 

If the value of the inertia factor J:,.+1 of a concentrated mass 
to give a certain natural frequency is desired, it may be obtained 
from Equation [13] by first solving for J’. and Jo, »+: by means 
of a tabular solution; then 


If the value of the stiffness factor C; for a step without mas 
to give a certain natural frequency is desired, it may be obtained 
by solving for J’s: and J": and using either Table 3A or Table 3B. 


x 

| 
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Four special equivalent systems are given in Fig. 4 whose 
natural frequencies may be obtained directly from the tables 
for T, or 7’, or from the charts referred to. 

The solution for form No. 1 is given directly by a formula. 
It is a little easier, however, to use the tables than the formula. 
Marine installations with engines amidships often approximate 
this form for the first natural frequency of the arrangement. This 
type of system was discussed in detail in a previous paper by the 
author.’?’ The factors a and # used in this previous paper are 
the same as the present values [7'o(y’un)]~! and To(y"nn), re- 
spectively. Thus 8 corresponds to the tabular values for To(yn) 
and a corresponds to the reciprocals of the tabular values. 

Forms 2 to 4 may often be used to give a y I 

direct solution for certain installations. For O 


example, a multi-cylinder engine driving a — 
flywheel and rotor of an electric machine stiffly C 
connected to the flywheel or made integral .o) ; 
with it may be solved directly by one of these Yor 


forms. 

In making solutions for more complicated 
systems, it often happens that some part of the system corre- 
sponding to either of the simpler forms, No. 1 or 2, has a larger 
influence in deciding one of the natural frequencies than any of 
the other parts. This characteristic is usually not difficult to 
recognize. As an example of this, consider a marine installa- 
tion consisting of an engine, flywheel, propeller shafting, and 
propeller. It is easy to see that the first natural frequency is 
determined for the most part by the flywheel, propeller shafting, 
and propeller corresponding to form No. 1, whereas the second 
natural frequency will be determined for the most part by the 
flywheel and engine corresponding to form No. 2. 

Taking advantage of the characteristic just described, the 
inertia factors may be reduced along from either end for an 
assumed frequency (n,;) until the remaining system corresponds 
to the form (1 or 2) having the greater influence upon the fre- 
quency. 

A first approximation (n2) for the natural frequency is 
thus obtained. Using this value and repeating the process a 
second approximation (n;) will be obtained. If the simpler 
system does have the greater influence upon the frequency 
™, ™, m4 will form a converging series of numbers alternately 
on one side and then on the other of the actual frequency. In 
this case the frequency will be obtained with little error by using 
the interpolation formula No. 1 of Table 4. 

It is not necessary to use the first approximation (nz) in re- 
peating the calculation a second time. A second assumed value 
(m:) may be used which will give a second approximate value 
(n,). In this case the actual frequency will be obtained by using 
the interpolation formula No. 2 of Table 4. 

The value of the natural frequency found by the interpolation 
formulas of Table 4, are remarkably accuraté even when the 
Series Me, Ns, OF ny are slightly divergent. 

Another procedure to solve for n in the general case, which 
may often be used with convenience is to reduce the inertia 
factors from each end to a step that has mass, and with several 
assumed values for n seek for the value that makes y”— y’ = 0. 
In this ease a linear interpolation may be used between n and 


Fie. 5 


i 


In dealing with the system shown in Fig. 5, the solution may 
be made by reducing from the beginning as in Table 5A or from 
the end as in Table 5B. If the way to proceed is not directly 
“pparent, a reference to the curves in Fig. 15 will usually in- 
dicate the procedure for this system. For example, consider 
that J,, is removed. Then if n in Fig. 15 is found to be less 


* Trans. A.S.M.E., 1929, Paper No. APM-51-22, 
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than 90 deg., Table 5A should be used for the first frequency; 
if gn is greater than 90 deg., Table 5B should be used; and if 
én = 90 deg., the first frequency is given by 90/¢; since Ji: is 
at the node and has no effect on this frequency. If the first 
frequency is obtained rapidly from one of these tabular solu- 
tions, the second frequency will usually follow rapidly from the 
other. 

Fig. 6 and Tables 6A and 6B show two tabular forms for 
another type of system. Other forms may be easily written down 
for any system by a reference to Tables 1 and 2. The proper 
procedure in making a solution, if not directly apparent, will 
soon become so after a few trial solutions. 


A 
J, J, + + A 
Fie. 6 Fic. 7 
TABLE SA 


REDUCING FROM BEGINNING UP TO STEP™2 BY TABLE IC AND SOLVING 
FOR APPROXIMATE VALVES OF BY FORM*i OF FIG.4. 


a) (2) @ | @) | 

Jes | Jo; (7) 

ASSUMED an | T(2) (9-5, |@+I5,| Ss 
TABLE 


REDUCING FROM END BACK TO STEP"! BY TABLE 2A,AND SOLVING 
FOR APPROXIMATE VALUES OF 71 BY FORM"2 OF FIG.4. 


(2) @ | © | @ (8) 
| Jes | | 
| 7,02) T 6) 


TABLE 6A 
REDUCING FROM BEGINNING UP TO STEP™2 BY TABLE 1D, AND SOLVING 
APPROXIMATE VALUES OF 7 BY FORM*| OF FIG.4 


TABLE 6B 
REDUCING FROM END BACK TO STEP"! BY TABLE 2A AND SOLVING BY FINDING y,"-y;<0 


DETERMINATION OF EQUIVALENT SYSTEM 


As previously mentioned, the equivalent-shaft system more 
conveniently used with the reduction method of solution is a 
combination of the concentrated-mass system and the uniform- 
shaft system. The inertias of the engine parts are averaged 
into a uniform shaft with mass. If the cylinders are equally 
spaced, the inertia at each crank is spread over the shaft for half 
a cylinder distance on each side of the cylinder center line. If 
the cylinders are not equally spaced, but occur in equal groups 
the inertia of each group is spread uniformly over the shafting 
for each group. The flywheel and other isolated heavy masses 
that are attached to the shaft over a relatively short length are 
considered as concentrated masses. Light shafts between heavy 
masses are considered without mass unless, as described for the 
engine, several equal masses connected by equal elasticities are 
averaged into a uniform shaft with mass. 

Following this method, it will often be found (see Fig. 7) 
that there is a short length of shaft (B) between the uniform 


i 
At ~ 
4 
| 
| | 
gh 
| 

% 


shaft (A) representing the engine and the concentrated mass (C) 
representing the flywheel that has a much smaller inertia factor 
(J ~) per unit length than A. In this case the length of B is changed 
to have the same stiffness per unit length as A. This is done by 
making the length of B equal to 


= 
C2 
where /; = length of A 
C, = stiffness factor of A 
C,. = stiffness factor for B. 


Then sufficient inertia is deducted from the flywheel (C) to make 
the value of J, over B equal to its value for A. The limit to 


4 
Fic. 9 


which this can be carried before the accuracy is appreciably 
affected is illustrated by the curves in Fig. 16. 

Another simplification of the equivalent system is obtained 
by spreading out a small concentrated mass occurring at the 
end of the engine opposite the flywheel so that the length of 
the uniform shaft representing the engine is increased by the 
inertia factor of the small concentrated mass divided by the 
value of J. for the engine shaft. The limit to which this can be 
carried without appreciably affecting the accuracy is illustrated 
in Fig. 17. 

In multi-cylinder engine installations considerable simplifica- 
tion is obtained by averaging the engine inertia values into a 
single uniform shaft instead of considering separately the inertia 
values at each cylinder as concentrated masses. To show that 
it is unnecessary to consider the engine masses by the longer 
concentrated-mass method to obtain accuracy, a comparison 
has been made of the results obtained by the two methods for 
the first frequency of an installation comprising an engine and 
flywheel. The results of the comparison are shown in Fig. 18. 
In an actual installation where the engine and flywheel are 
connected to other masses and shafts, the percentage differ- 
ences in frequency will be smaller than the values given for 
frequencies with one node in the engine. For engines with four 
or more cylinders, the two methods give very little difference 
in frequency. For engines with two or three cylinders the 
frequency with one node in the engine is usually so high that 
noticeable critical speeds of this frequency are rarely met with 
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in practice. Nevertheless since engines with a small number 
of cylinders usually have counterweights at each crank web, 
it seems probable that the actual installation is more like the 
uniform—shaft system than the system of concentrated masses. 
Even for the two-cylinder engine, however, the difference in 
this frequency from the two methods for the usual flywhee! 
sizes will be less than two per cent. For the six-cylinder engine 
this difference is less than 0.5 per cent, and for a ten-cylinde: 
engine it is less than 0.1 per cent for the usual flywheels. 

In making the detailed calculations for the inertia and stiffness 
factors of the installation, the author has found the following 
working rules give reliable results. 

Connecting Rod. If W is the weight of the rod and K is the 
distance of the center of mass of the rod from the crankpin 
center line divided by the connecting-rod length between the 
crankpin and wristpin center lines, then 

Rotating part of connecting rod = (1 K)W 
Reciprocating part of connecting rod = AW 

Reciprocating Mass. If W is the weight of the reciprocating 

masses and K is the radius of the crank divided by the length 


of the connecting rod, then 


K\_ 
( ‘) 
27 8 


considered as a rotating weight concentrated on the crankpin 
center line gives approximately the same effect as the recipro- 
cating masses. 

Geared Drives. If a mass having an inertia factor J is geared 
to a shaft such that the speed ratio of the mass to the shaft is /, 
then the inertia factor reduced to the shaft is A2/. 

Belt Drives. If a mass having an inertia factor J is belted to a 
shaft, it may be reduced to the shaft as follows: 

In Fig. 8, let 0; be the center of the shaft and o the center of 
the mass. Let R, be the pulley radius on the shaft and R the 
pulley radius attached to the mass. If a torque M acting on the 
mass causes a tension P on one side of the belt such that the 
stretch of the length / of the belt is y, then* 


y Cr 
M =——=P 
R RAE ad 
where A = cross-sectional area of the belt and 
E = modulus of elasticity in tension of the belt materia! 
Therefore 
2 
(23 


The modulus of elasticity for leather® varies between 35,500 and 


71,000 Ib. per sq. in. 
If A is the pulley ratio R,/R, let 


Hence the equivalent inertia factor at the shaft is 
[25] 


Flexible Spokes. The effect of a heavy ring connected to a shaf' 
by flexible spokes has been considered previously by the author.’ 
The stiffness factor for spokes with a uniform cross-section !s 


12NEIr 1 roe] 
l ¢ 3r 


8 See p. 77, Holzer, loc. cit. 
9 Hiitte, vol. I, 1925. 
10 Trans. A.S.M.E., 1928, Paper No. APM-50-14. 
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where N = number of spokes 


E = modulus of elasticity in tension (Ib. per sq. in.) 
1 = moment of inertia of the spok* section (in.*) 

r = R/l where 

R = outer radius of spokes (in.) and 

l length of spokes (in.) 


If J is the inertia factor of the rim, and y = VI/C, then the 
equivalent inertia factor at the shaft is 


J’ = JT (yn).... 


[27] 


Propeller. The inertia factor for a marine propeller is usually 
increased about 25 per cent to approximate the effect of the en- 
trained water. For a rapid calculation the radius of gyration of 
a propeller of the usual design may be taken as 0.23 times the 
propeller diameter. It is of course better practice to calculate 
the actual inertia factor directly from a drawing of the propeller. 

Crankshaft Stiffness. A crankshaft having the general pro- 
portions shown in Fig. 9 when turning in its bearings under 
operating conditions is about 3 per cent stiffer than a uniform 
shaft having the same length and the same section as the journal. 
For results of twisting tests on actual shafts refer to the author's 
previous paper (Trans. A.S.M.E., 1928, Paper No. APM-50-8, 
loc. cit.). 

Changes in Shaft Diameter. When a shaft is composed of two 
uniform circular sections of different diameters such as shown in 
Fig. 10, the small diameter d effectively replaces D over the 


length \ in calculating the stiffness factor. 


For D/d greater than 1.5, \ = 0.1 d 
For D/d between 1.5 and 1, \ is between 0.1 d and 0. 
(Refer to Fig. 23, p. 48, Paper No. APM-50-8, loc. cit.) 


Shrunk or Clamped Fits. For hubs or other members that are 
shrunk or clamped on a shaft, the shaft effectively enters the hub 
from 0.2 d to 0.5 d. The actual value of this effect will vary 
considerably even for installations that are supposed to be 
identical. For tightly shrunk-on members the factor may be 
taken as 0.2 d. For split hubs that are clamped on and keyed, 
an average value of 0.35 d may be taken. 

Keyed Couplings. For keyed couplings that are merely “size 
and size,”’ the shaft may be considered elastic halfway through 
the key length, with the limit that the increase in shaft length 
when considered in this manner shall not be more than one 
diameter of the shaft. 

Flanged Couplings. In determining the elasticity of flanged 
couplings that are relatively short in an axial direction, the shaft 
may be considered to penetrate to a depth of one-half the axial 
length of the flange. 

Short Flange. The stiffening effect of a short flange (having 

an axial length of less than '/, d) such as a thrust ring is assumed 
to be negligible. 
In the case of a continuous bronze 
sleeve shrunk on a propeller shaft, ete., for a considerable length, 
the diameter of the shaft in calculating its effective stiffness in 
way of the sleeve is increased by the thickness of the sleeve, i.e., 
the radius of shaft increased by one-half the thickness of the 
sleeve. In considering the stiffening effect of sleeves of any 
length, and particularly shorter ones, two conditions should be 
recognized: (1) In new installations the sleeves, when carefully 
shrunk into place, are probably tight and do increase the stiff- 
hess of the shaft. (2) In old installations the sleeves may have 
worked themselves loose and do not increase the stiffness of the 
shaft. Thus both possibilities have to be considered. 

Numerical Example. Consider a 6-cylinder, 2-cycle engine 
connected to a flywheel and alternator. The principal di- 


Continuous Sleeve or Liner. 


mensions of the crankshaft are shown in Fig. 9. 
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Weight of piston and pin, complete, 
and oil = 1000 lb. 

Weight of connecting rod, complete = 600 lb. 

The center of gravity of the rod occurs at 0.38 times the center- 
line length of the rod from the crankpin center line. The crank- 
to-connecting-rod ratio = 1/5. 

The formula for the inertia factor of the journals is that of a 
solid cylinder about its own center line; thus 


including cooling gear 


6 -1n 


. [28] 
where lis the length of the journal, d the diameter, and the weight 
of steel is taken as 0.2830 lb. per sq. in. 

The formula for the inertia factor of the crankpin is that of 
a solid cylinder about an axis at a distance r from its own center 
line, thus 


ld2 d2 [lb-in.?] |29] 
—{— +r? 7]. 
4.5\8 
where / is the length of the crankpin, \ 
d the diameter, and r the crank radius. 4, +} 2 
A close approximation for the inertia at) 
factor for the webs of this crank may Fig. 10 


be obtained by considering each as a 
rectangular parallelopiped having the same width and thickness, 


and a height to give the same cross-sectional area. Thus the 
formula for the webs will be 
bdh | b? + h? af 30) 
3.534 12 2 
ALT ERNATOR FLWHEEL 
4> 
La 
| uD nD uP 
3.65 
EQUIVALENT 385 INCREA 
TO ALTERNATOR EQUIVALE << 
SPOKES TO 45.2 © 6 CRANKS IN LENGTH 
37, 204 93 Te sow 
step”) 
0, = 28.85 In. 1,=2568.5 In. 
+ 
1,158,500 J, = |,950,000 LB. in® 


C,= 17,470 «10°/ 256.5'= 67580,000 LBIN, 
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= 588, 000,000 LB.IN. 


where b is the breadth, d the thickness, and h the height of the 
equivalent rectangular section, and r is the crank radius. 
Therefore the inertia factors are: 


11)4 
36 
(11)?} (11)? 
4.5 | | 
Two webs: 
1: 22. 14)? 22.5)? 
14 X 12 X 22.5} (14)? + (22.5) + (5.5)? | = 94,950 
3.534 12 


23 
f 
+ 
7 
ee, 
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Piston and connecting rod: 
(11)?[0.62 X 600 + 0.5050(0.38 X 600 + 1000)] = 120,050 
Total inertia factor per cylinder = sum = 256,480 


256,480 
34 


= 7544 lb-in.? per inch 


In engines that have counterweights and other attached 
rotating mass per cylinder, a careful calculation should be made 
for each part and added into the total. 

Considering the crank 3 per cent stiffer than a uniform shaft 
having the same length and the same sectipn as the journal, 
the value of Cl may be calculated from Equation [1]: thus 


Cl = 1,158,500(11)41.03 = 17,470 X 108 lb-in.? 
TABLE 7 (FLYWHEEL WITH STIFF SPOKES) 


FIRST FREQUENCY 
092210 (3)<5.00 | 

30 12766 | 4601 [23.01 [31.01 |-15.903| 92.24/29. 
29.63 [2.732 | #229 [20.15 [29.15 -1%9¥9 | 92. 38 [29.68 


USING INTERPOLATION FORMULA”) TABLE n= 29.67 V.P.S. 


SECOND FREQUENCY CALCULATIONS 
(1) (2) | G) | (7) | @) 
3.30 (3)*1.950 | 09 09221 
43 [133.86 |< 8685 | 7.132 4264) 4078 | 4423 
44.23 [137.69 |-3788 |: 7387 | 7.261 +4522 | 4063 06 | 


USING INTERPOLATION FORMULA"! TABLEY n= 


TABLE 8 (FLYWHEEL WITH FLEXIBLE SPOKES) 
FIRST FREQUENCY CALCULATION 


2 
29.6 [2.729 | #199 [21.00 |2.256 |2.086 16.688) 37.69 |-19.328\91.85 \29.51 


29,51 |2.721 |4.122 | 20.61 [2.250 |2.07¢ |/6.592| 37.20 |-197.077| 91 87 
n= 29.S/V.PS. 


SECOND FREQUENCY CALCULATION 
(31.150 (6)x8,00| (¢)+(7) | 09221 
|12K52 126690 120.405 | 163.24) 161.9% |-32.39 |3.17¢ | 
34.42 |107.15 |-4.7328 |-3.379 |2.62¢% |3.382 |27.06|23.68 4 736\3.4#! |37.32 


USING INTERPOLATION FORMULA"? TABLE TN = 36.31 V.RsS. 


In the same way that the inertia factor for the crank was 
calculated, the total inertia factor for the scavenge pump in- 
cluding the shaft up to the center line of the first bearing is 
70,000 Ib-in.2 Therefore 70,000/7544 = 9.3 in. corresponds to 
the increase in length of the main cranks due to the scavenge 
pump. 

The remainder of the calculations is shown in Fig 11 and 
the resulting equivalent system is shown in Fig. 12a where the 
alternator inertia factor is given as 5 X 10° lb-in.? and the fly- 
wheel inertia is 8 X 10° lb-in.? after making the deduction to 


make step No. 1 extend to the flywheel. For the first illustra- 


tion the flywheel spokes will be assumed to be stiff. 

The procedure in solving for the natural frequencies is as 
follows: Remove the flywheel Ji: and obtain C,/C, = 0.1149 
and J2;/J,; = 2.564. From the curves in Fig. 15, the value of 

¢in is 94, Thus Table 5B will be used for the first frequency and 
_ the first assumed value of n will be 94/3.113 = 30. For the 
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second frequency Table 5A will be used. The necessary calcula- 


tions are given in Table 7. 

The relative-amplitude curves for the first and second fre- 
quencies may then be obtained from Equations [16], [17], and 
{18]. Thus for 6°, = 1 deg., a; = 1,andy, =0. For the first 
frequency, 


3.113 X 29.67 
= = © oe 

258.5 

and = (0.09221 X 29.67) = T,(2.736) = 4.269 


For the second frequency 


3.113 44.07 
6°, = cos ——————_ x = cos 0.53072 
258.5 

TABLE 9 
FREQUENCY SOLUTION 


CE) 1 (6) _| 


x #n | T(2) 


[57.48 | 3289] 03/26 |-178/0 


135 58 58. +3 15958 | .3 3358 1.7903 |3 
THEREFORE BY INTERPOLATION FORMULA*!, TABLE #, n= n= 35.55 VPS 


SECOND FREQUENCY SOLUTION 
| | @ | @) G) | @ | @ 
| (3)+.7369} (#)4.9835 | 
6.588 [7.2907 | 7493 -3. 656 | 99.00 | 60.28 


(60.28 [6619 3.669 


| 


7719 | -3.669 96.97 | 60. 27 


| 


THERE FORE BY INTERPOLATION N= 60.27 V.FS 
TABLE 10 

FIRST FREQUENCY SOLUTION 

n OM | T(2) | | |-In/ | 

22 [72.80 | 2.502 |.5535 | |-1.7349 |3.926 | 23.08 

23.08 |76.37 |3.09%|.6737 |.7920 |-1.974) |3,838 | 22.56 | 


THEREFORE BY INTERPOLATION FORMULA"! TABLE N= 22.73 VPS 


SECOND FRE@UENCY SOLUTION 
@) | ¢) @ | | | 
.£025(3) | 3.309 | 
37 6.295 | 73275 |= 16457 | 15368 | | 123.35 | 37-28 
37.28 | |=/6/25 | 15700 |—7220 | 122.86} 37.13 
THEREFORE BY INTERPOLATION N= 37.18 
THIRD FREQUENCY SOLUTION 
86 113.611 |-.05571|=02800| 29025 | -1.3330| 278.79] 8425 
334% |— 04995) 02510 | .29315 |-1.3463 |278.71| 842) 
THEREFORE BY INTERPOLATION n= 84,23 VPS 


and = T(0.09221 X 44.07) = 7T(4.064) = —1.4503 


These curves are shown in Fig. 12b. 

If the flywheel were considered to have six flexible spokes 
with a mean elliptical section of 4 and 65/, in. minor and major 
diameters, with 741/, in. outside diameter and 15'/, in. inside 
diameter, then in Equation [26], N = 6, EF = 15 X 106 lb. per 


sq. in. for good-grade cast iron, J = = 4(6.625)* = 57.09 in.,* 
R = 37.125 in., 1 = 29.5 in., r = 1.2585, so that 


1 108 
12X6X15X x 2585 (258s 


C= 


1 
+3 1.2585 


> 
= 
(e) | 
; 
m= | 
| 
10980 
907 | 35 
_ 


Thus 


Therefore 


The frequency solution considering the flexibility of these 


1376.7 108 


= V/8/1376.7 = 0.07623 


Jn =8 


10°7')(0.07623n) 


spokes on the flywheel is given in Table 8. 


5710 LBIN. = LB. IN! 


7777) 
Aff 
Ahhh hh 


(a) 
db 2,2 258.5 In 
J, = 1,950,000 LB.IN* 
C, = LBM. 


= 0.09221 


G,= 3.113 


C, = 67, 580,000 LB. IN. 


(b) — 
— a 
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736,900 LB. IN? 


= 55.90 iM, 

Cz, = 61,120,000 LB.IN. 
Lad 

Vg, = 9.10980 


983,500 


= 130.43 IN 

J, = 210,400 LB.1N? 
C,= 26,200,000 LB.IN. 
1.6423 


FlG. 4a 


J,, = 502,5001B.1n* = 


Ly = 9.842 IM. 
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alternator shafts, curves such as shown in Fig. 13 may be drawn 
to give the natural frequencies of any likely combination. The 
curves in Fig. 13 were calculated by reducing the inertia factors 
to the beginning of step No. 2 for a number of frequencies by 
using Table 1C, and then solving for the value of the stiffness 
factor C, of the alternator shaft between the flywheel and alter- 


NATURAL FREQUENCY CURVES FOR 
ENGINE AND FLYWHEEL OF FIGi2a 


3.113, 6.0010 LBIN®, VARIOUS VALUES OF J,, AND C, 


100 + 4+ + + + 1 + pr 
iit 
20 40 so 


zs 
NATURAL FREQUENCY VIB SEC (7) 


CHART FOR OBTAINING FIRST 
NATURAL FREQUENCY OF SYSTEM 


318,200 LB.IN* 


4,= 25.59 IN. 
J, = 217,750 


C, =17,359,000LB.N. C,= 6,677,000 LB.IN. 


0.17014 


G,= 3.309 


FIG. 


19,200,000 LB.IN® 


FIG. 4e 
= 1025 J, = 12,900,000 1B,1N? 
C, = 57,200,000 LB.IM. = 160,200,000 LB. IN. 
Vy, = 0. 264 5.20 
= 33,000,000 LB.in>* * 


= 
O 
G= 
g,= 


267 IM. 
13,200,000 LB.IN* 
89,900,000 LB, IN, 
7.03 
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important to consider their effect. 


If a certain-sized engine with its flywheel is to be used in 
Several different installations with various alternators and - 


Comparing the frequencies for the stiff flywheel spokes with 
those for the flexible ones described, it is seen that first frequency 
for the stiff spokes is 0.5 per cent and the second frequency is 
21.4 per cent higher than the frequencies for the flexible spokes. 
Thus it is apparent that if the flywheel has flexible spokes it is 
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nator rim for the various values of the alternator inertia J13 
by using Table 3A. Similar curves may be constructed to show 
the effect of different flywheels. 


Comparison Oruer Mertuops 
The relative ease of the method of solution described in this 


= 
Fie. 13 
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TABLE 11 


FIRST FREQUENCY SOLUTION 


n | TQ) /Ly n 
5207 «12.90 |@+ 19.2 


12 62.4 | 1.756 | 22.65 


$1.85 |-10.46 | 3.273 | 12.40 


12.40 | 64.5 | 1. 


862 | 2% 02 


¢3.22 |-10.80 | 3.268 | 12.38 


THEREFORE 


= 12.38V.P.S. 


paper will be illustrated by comparing it with other methods that 


have been published 


In making this comparison the original 


Solution for Fig. 14b. A reference to Fig. 15 shows that 
Table 5A should be used for the first frequency. The solution 
for the first three frequencies is given in Table 10. The third 
frequency with two nodes in the engine is rarely observed in 
practice. The results of this solution compared with those given 
by Wydler are: first frequency, 0.2 per cent lower; second fre- 
quency, 0.5 per cent higher; third frequency, 2.4 per cent higher. 
Solution for Fig. 14c._ The solution is given in Table 11. The 


PER CENT ERROR IN NATURAL FREQUENCY IN SOLVING 
FIG.b INSTEAD OF FIG. 
VALUES FOR FiG.b IN TERMS 


equivalent system and the original calculations required for its @ “ew OF THOSE IN FiGa 
solution will not be repeated here. To complete the comparison, MLL Fig.a Fig b |FiGa 

PER CENT ERROR IN NATURAL FREQUENCY Jebte, | 2, ry 
IN SOLVING FIG. b INSTEAD OF FIG.a. we 
VAWES FOR FIG.b IN TERMS Fi 1 
16.8 FiGb | FIG. a 6 2, Loe 
4, A+h os iS 3 45s 10 / 
+ + 
CURVES INDICATE PER CENT ERROR : 
ob a3 + 
see Lil 


therefore, reference should be made to the original source in- 
dicated. 
Fig. 14 gives four equivalent systems which have been re- 
arranged into an equivalent system where the engine is repre- 
sented by a uniform shaft with mass. The dimensions of the 
units have also been transformed into the inch-pound-second 
system. For each system references should be made as follows: 
Fig. 14a: P. 34, Holzer, ‘‘Die Berechnung der Drehschwingun- 
gen,” 1921 

Fig. 14b: P. 20, Wydler, ‘‘Drehschwingungen in Kolbenmas- 
chenenanlagen,’’ 1922 

Fig. 14c: P. 109, Purday, ‘‘Diesel Engine Design,’’ Third Edi- 
tion, 1928 

Fig. 14d: P. 347, Purday. 

Solution for Fig. 14a. Since C,/C2, = 0.43 and J23/J; = 3.5, 
a reference to Fig. 15 shows that for the first frequency Table 5A 
should be used. For the second frequency Table 5B will be used. 
The solution is given in Table 9. 

The results of this solution compared with those given by 
Holzer are: first frequency, the same; and second frequency, 
0.84 per cent higher. 


result obtained is 2 per cent higher than the value given by 
Purday. This is due to the approximate method used by Pur- 
day to obtain his results. 

Solution for Fig. 14d. Since 
= 102.6, n = 102.6/7.03 = 14.60 v.p.s. = 876 v.p.m. 
obtains 875 v.p.m. in this case. 


Ji2/J, = —2.5, and 7'-1(—2.5) 


Purday 


Appendix No. | 


SIMPLE PROOF FOR THE PRINCIPAL EQUATIONS USED 
IN THE SOLUTION 

a Consider an irregular shaft system vibrating torsionally 
in simple harmonic motion. If a concentrated mass occurs at 
the beginning of the system having an inertia factor J and 1s 
connected to a section A (end of first step) by an elastic shaft 
having no mass, the twisting moment due to the inertia of the 
mass is 
Jo 


M 
g dt? 


or, since it is simple harmonic motion, 
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J 


where p = 
The twisting moment in the shaft is 


These two values of M must be equal for equilibrium, so that 


2 


gC, 


G11 1 J ol 


If a concentrated mass is assumed to be placed at section A 
to give the same twisting moment at this section, it must have 
an inertia factor such that 


J | Ja 
M=-— — = — pon, = C1 = — po 
g 


b Consider the case similar to that just given except that the 
shaft is uniform and has mass. 

For equilibrium, since the only external forces assumed to be 
in action are due to the inertia forces, it is necessary that the 
sum of all the twisting moments due to the inertia forces of the 
masses on one side of any section is equal to the internal resist- 
ing moment in the shaft. 

The twisting moment due to the inertia of the mass at the 
beginning is 

Ja Ja 


Ma = — = —— 
g dt? g 


The resisting moment in the shaft at any section is 
M, Ch 


Hence at any point in the shaft between the concentrated 
mass at the beginning and the section A, 


x 
J; Ju de, 
= —— = Ch — 


or differentiating with respect to z, 


Is d%, 
-= p%, = Cl, — 
1, pr ily dz? 
dz? 


The general solution of this differential equation is 


6 ~ cs ( 


where a and b are the constants of intergration and are evaluated 
by the end conditions. Since it is more convenient in performing 
numerical computations to deal with angles in degrees, the 
equation for @, will be stated in degrees. In this way 


OIL AND GAS POWER 


OGP-53-2 


360V Ji 

VI 
Differentiating 6,, and putting the result into M, gives the twist- 
ing moment in the shaft at any section. Putting z = 0 in M, 


where @n = n, a’; and 7’; are all angles in degrees. 


COMPARISON OF NATURAL FREQUENCY OBTAINED FROM FIG. b 
WITH THAT FROM FIG.a IN PER CENT OF FIG.a. 
@ EQUAL CONCENTRATED MASSES VALVES FOR FiIG.b IN TERMS 
Jee+; AND EQUAL ELASTIC SHAFTS. OF THOSE IN FIG.a 
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gives M., which may be equated to the previous value for Mq. 
In this way it will be found that 


tan 7/1 = — — 


If a concentrated mass is assumed to be placed at section A to 
give the same twisting moment at this section as stated by M, 
when z = |, it must have an inertia factor such that 


J" 
Mn = — 
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| 19 
IS 
| 
i 
| | ri 
| | Bil 
aw 10 
10 
8 4 
8 
F 
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TABLE 12 (continued) 


7 SO to 
7.6 20160) 20017 
7.7 |-19793) 49681 |.19620 19499). 
7.8 08S) 18969 18912 
| 7.9 1.18572 18517).18 96! 18 18351). 
8.1 17357).17307 
8.2 |.16963).1691 5 |.16867 |.16819 
16490 | 16444 16398) 163952 
| 8. % | 16082) .16036| 1S 99% 15950 15906 
8.6 |. 15109|.15068 
8.7 19753 | 1971) 
| 8.9 114079] 19083 |1¥007 13971 |.13935 
1972 |.139656 |.1362! 
19.8 1930 | 19318 13285 \.13252 
| 9,2 19026 |.12962 |.12930 
19.3 12743 |.12712 1.42650) 12620 
| 12380| 12357 12321 
> —+ —— ——— 
[9.5 |.12090 |.12062/.12033 
| 9 © [11666 1783). 
9.7 11567 | | 
| 9.9 rege 1100 5|.10980 
.co [.o1 | .02| 03 


1.13900 | 13968) 


for_ 


18297 | .182#3) 18188 ).18138 | 
| 17713).17661|.176/0 
17257) 17207) 17158).17104 


16307 
|.18019 | 15776..15733 | 


15028 19909 
14560) #522) 


(S436 15953).15312 


(3553 19519 1390S) .13952 
13220\.13187 13122 
12899 12867 
[12292 1.12263 
00S 119771199 1/921 
7249 | 11702 
myer "496 
41204! 


10956 |. 1093! 10907) 10883 | 10859) 


| 07 | 08 


11 [08789 | |.06¢52 | 08290 08134 
12 }e7283 | 07029 |.06908| 06789 


078 07690 
0656! | | 06345 


07962 
06674 


12°69 
12176 


OIL AND GAS POWER 


1808! 


17559 
17060) 


16771 |. 


16583) 
16127 


15640) 


70 
| 


413090 
12774 


893 


Positwe J 


1.13760 35 


0614! 


1# 05171 | 0509S | 05020 09876 04806 | 09738 | 0467) 
15 Lee | 0130 09075 
16 }03970 }039/9 |.03869 | 03678 | 
17 | s9 03377|03337 03297 |.03259\0922! 
18 pos 03007 |.02973 |.02908 #287 102004 
102783 | 0269S |.02667 | 02639 02611 1.0258 #2557 | 0253) 
10 |. 02430 |.02¢05).02362 02358).0233$ | 02312 |.02289 
2! 02267 ©2223 |}02202 | 02/8) }.02/60 |.02120 | 62100 | 0208) 
22 0206! o20%2 |. 02024 |. 01969 01917 |.01899 
23 010661) 018% 96) 01833 7).01817 7) 018026 |.0/ 7865 \017712| 017561 
| 017269417119 1016975 016699 | 016419 016 016151 1016019) 
2 LATTE) |.015 38 015268 015023)|.019 905 | 019 7868 
26 0164 | |. 25.014 117 | 014009 | 013903).013798 
27 013390 [013291 13096 013000 | 01281! 
29 760 011679 98 | 011518) 01136) | 0 
10 te 200 for Positive J 
31 10277 |.010210)} 010144 |.0100 01001) 0099 009886) 009823 00976) 
32 009638 | 00957000951 8 004 ¥58| 009900) 009226 |009170 S58 
33 | 207058 009003 206946 | 008840 008787 | 008739 008682) 00863) S3 
1.006528 008678). 008 #28 |.008379 | 008330) 00828) 000233) 008 185 | 006138 49 
351 0079981007952 (007907 007862 007817 [007773 007729 207686 45 
36 00 097516 079791007039 007392 00735) | 07311 71 41 
37 007/92 | 907676 | 607038 ).007 000 | 00696 3\006926 006689 006852) 38 
39 [006469 00635 | 006378 | 006937] 00630F 9062 73) #06210 32 
40 | 006006 | 005495 66) 005936 [408907 30 
42 |00S573\ cesses | cess 20 005 (0059/6 26 
4 loos 290 005217 |. 005193 | 005169 | 005122 2¢ 
4 005029 | 095006 | 000983} 000961 | 200939) 009894) 22 
4S 009786 | 009765 Loow 744 23 004703 004682 \.00%662) 21 
+6 90662) | |. L 008522 | 20 
47 200426 |000%07 |.000370 1.004351 008297 18 
40-055 | 009038 | 004022) 004006 | 03989 003973/ 009957 16 
SO 003926 | 003773].003628 |.003642 00336 |.003/27 |.003018 | 0029/4 | 
60 002469|002392 1.062314 | 002244) 062182) 002/19 (7) 
BO 00149 22, 0014559 0019210 10013873 00195 48 \p01323F |0012932)00 12639 (32) 
FO 20118 19 0011563 100108 +3 100106168 0010189 | 23) | 
100 [0009592 948 92.23 [0008875 | 0008 708] 00085¥6 00083 88] 0008735) (7) | 
110 8085 796012007799 7661 |,008 7528 \0007270 | 0007146 7026 | 906908) (13) | 
| 30 | 0005613 | 0005524 9005367 | 0005298 | 90052) | 34 | 0005062) (8) 
#0 £00990 0006919 0004850 | 900478300067! 6 | 0004588 S24 | 000965 | (6) | 
| SO | | 000176 00807! | | 0003967 | 0003917 (5) 
| 60 (9003820 9003773480037 26 366! 0003656 | 0909592 | 0009567 | 9903506 | 0003065 | 
170 0003384 | poe 0003305 000 3267|.0003230 3193 Love 0003/2! | 0903086 37 
| BO | 0003018 0002952 0002920) 0002886 262610002796) 0002767 | 00027371 
| 10 }0002709| [0002625 | | 9002545) 0002570) 27 
400 | 
[i [2 ‘Re we, 7 | 8 Pred 


FOR HIGHER VALUES OF Wm THE TABULAR 1s 2225. 


(wn) 


OGP-53-2 
TABLE 13 
0 to gor Negatwe J 
oo | -o1 | | | 06 | 07 | .08 | .09 Jaren) 
0 0000 |.9999 |.9994 |.9997 |.9996|.9995|.9993|.9992] | 
1.9990 |.9988 |.9985|.9983| 99801.9977|.997¢|.997/ |.9967|.99631 3 
|.9946|.9941 | 993 |.9926 |.9920 |.99F) 
| .3 1.9909 1.9903 |.9896 |.9876|.9869 |9862 7 
.4 1.9839 | 9797 |.9788 |.9779|.9770 |.9760 | 
1.9751 |.97%1 |.9731 |.9721|.9710 |. 9700 | |.9678 |.9667 |. 9656) 10 
| |.9622 |.96/0 |.9598] 9566 |.9573| 956! 12 
|.9510 |.94% |.9483 |.9470). |. 9442 |. 94/4 ).9400) 
| 1.9386 |.937/ |.9956 |.99#2 |.9927).9312 |.9297| 928! |.4266 |. 9250] IS 
| 1.9235 |.9219 |.9203 | 9/87 1.917! | 9/5 |. 9122 |.9/05 |. 9089} 16 
| 7.0 9072 |.9055 | 4038 | | 9004). 8986 |.0969|.6952 | 693¢].89/6| 17 
| 41 1.6899 |.6861| 6863 | 8790 |.8772|.6753|.673F) 18 
| 1.2 8716 |.8697 8679 | 8660 | G64 | @622|.8603 | 19 
| |. 6487|.6468 |.6448) 8429 |. 6409 |.8389|.8370 20 
| 8330 | 8310 | 8290 |.8270 |. 6250].8230 6210 | 6190) BI69 |. 20 | 
1.5 1.8129 |.6109 | 80668 8068 |.6046).6027 |.6007 | 7986 |.7966 | 7945) 20 
1.6 1.792F|.790¢ |.788¢ |.7863 |.7842}.7822 |.780! |.7780 |.7760 |.7739 21 
1.7 1.7718 |.7697 |.7677 |.7656 -7635 1.7614 20 
| 1.6 |. 7490 TH69 |.7448 .7428 |.7407 |.7366 |.7365 |.734F)|.7324) 21 
|_#.9 }.7303 |.7262 |.7262 |-72¢) |.7220 }.7200 |.7179 1.7158 |.7138 | 7/17 
2.0 |.7096 |7076 7055 |.703F|.7014 6993 |.6973 |.6952|.6932|.69/2 | 21 
| 2.1 |.687/ |.6650 |.6830 |.68/0 1.6789 |.6769 |.6749 |.6729 |.6709 | 20 
2.2 16688 6668 |. 6628 |.6606) 6568 |. 6568 |. 6598 |4528 |. 6508) 20 
| £6489 |.6469 |. 6449 |.6429 | | 6390 |.46370 |.635/ | |.6312] 20 
2 16292 | 6273 |.6234 |.6196 |. 6/57 |. 6/38 |.6119 19 
2.5 | 608! +6062 |. 6043 6024 |.6005 |.5987 |. 5968 |.5949 |.5930 19 
2.6 |. 59/2 |.5893 |.S875 | sese |.5838 |.5819 |.580! |.5783 |.576F|.5746) 18 
2.7 |.5728 |.S710 |.5692 | |.5638 |.5620 |. 5603 |. 55¢F\5567 | 18 
2.8 |. |.5532 |.S¥97 |. 5479 |. 5462 |. 5427 17 
2.9 1537S $358 |.5273 |. 5257). 17 
30 |.5207 |.5190 |.5173 |.5157 |5/¥0 1.512% |.5108 |.509 | |.5075|.5059| 16 
3.1 | 5027 |. 499F|.4979 14963 14987) 4991 | 900) 16 
3.2 |. 488% |.4668 |.¥853 |.4837 |.48221.4807 |.479) |.4776 |.476! 
3.¢ 4582 | +567 #553 | $538 | +509 | | | +467 | 1% 
3.5 |.4438 |.4362 |.4327|.4313) 1+ 
| 3-6 |.#300 #286 |.#273 | #246 5.4232 |.4219 |.4206 |.4192 12 
3.7 |.4153 #127) |. F088). |. 4062). 13 
| 3.8 |.¥012 3999 | 3987 | .397% |.3962|.39%9 |.3937|.3925) 12 
3.9 1.3912 | 3900 3888 | 3876 | 3864] 3, 3852 |. 38¢0| 3828 | 3816 | 380%) 12 
| #o (3793 | 376! 3769 | 97571-3706 9736), 3723 |.3718 [3700 3668) 12 
§.3677 | 365% | 3643 |.3632 |.362/ |.36/0 |.3599 |.3586|.3577) It 
| 42 3566 [3555 | 3544 3533 |35221.35/2 |.3501 
| «3 |.3456 | 3448 |.3427 |.3617 1.9406 | 3396 |.3386 |.3376|.3365) 10 
1.3355 | 39¥5| 3935 33925 | 391 |3295|.3285 1327513266 | 10 | 
%S 13256 | |.3236 |.3227 |.3217 3207/3198 |.3186 3179 |.3169 | 10 
%7 13068 |.3059 | 3050 | 3041 |.3032 3023 | 301% |. 3005 2996) 2988) 
48 [2979 |.2970 | 2962 | (2953 2936 |.2927 12999 1.2990 |.29021 
*9 12893 | 2885 |.2877 [2666 |2860 |.2852 |. 2664 2835 |2627|.2619 8 
oo | 01 |.02 | 03 | 6 | 07 | -06 | .0¢ Wed 
tor Negatwe J 
00 | .01 02 03 | .o¥ J] .os | .06 | -07 | .08 Vive 2 
5.0 12803 2795 |2767 3 


2732 |.27Z¢|.2716 |.2708 


27791 .2771 |.2763 
-2701 | .2693).268S | 2676 |.2670|.2663 8 


19268) |. 0907119122 


|.2648 |.26%0 |.2633 |.2625 7 | 
|.257¢|.2567 |.2560 |.2553 |.2546 |.2539 7 | 
2511 |. 2504).2497 |.2490|.2483 2449) 7 | 
2442 |.2436|.2429 |. 2422|.2916 |.2909 7 
|.2370|.236¢).2357 |.2351 6 | 
-2313).2307|.2300 |.2276 |.2270|.2264¢|-2256) 6 | 
2252 |.22%6).22 #0 |.2210 |.220%/.2198 | 6 

2193 |.2187 1.218) |.2175|.2169 | .216% 6 | 
2136 |.2130 [2113 1.2108 |.2102 |20 97/209) |.2086]) 5 | 
|.2075 |.2070 |.2064|.205% | -205¢ |.20¢8 |.2043 |.2038 |.2033 | 
2001 & |.19965).199 | 
19762) A9TIZ|.19662 |.19612| 19562 1.19573 | 49 

|. 18979 18884) 16637) +8 


183 28 |.18283 |.16238).18193 
17882 
1.17328 


18790 |. 18650). 


1703 F |. 16994) 16953 |.16912 


L766 S |.17622 | 17579). 17S 36 
16872 16832 |./679! |. 16751) |.16672 | 


$6632 |.165 92 |. 16553). 16514 
|. 1620¥ |.16166 |. 16128 


15501 |.15¢29 |.15393 
1.15078 | 15044 


15865 |15828 


16052 |. 1601 F 1.15977) 15980) 1S 902 
15718) .1568) | 15596 
15323 |. 15287 |.15252 |.15217) 35 | 
15009 |.19907 |. 14873) 14839) 34 


yo 
| 16397 |.16358 | 1628! q 
8 


|.18¥6S |.184/9 |.1837¢ +61 
18198 1.18103 |. 17926) 
3 
2 


19806 |.19772 1.14739 | 14705 
|. | 10377 
AGISH) 19122 14091 |. 19060 
13843 |.13813 |.19782 |.13752 
|. 19513 | 19483 |. 13 


F345) 


413250 |.13222 |.13193 
1.12939 [12912 |. 
12693 |.12666 |.12639 |.126/2 
A2927 1.12400 |.123 74112348 
42168 142118 1.42092 


19672 |. 16606 | 14573 |. 14560) 14507, 33 
44313 #186) 32 | 
|.1387%) 31 | 
197229 .13692 366) |.1363) 13602 30 
1339S | 13366 |.13337| 13308 

12857] 12829 |./2802 |.1277¢).127¢7 | 12720) 27 
|.12532|.12506 |.12479|.12053) 27 | 
62322 |.1227! 1.12194) 26 
42067} 12092 |.12017 |.11 992 |.11 967.11 992) 25° | 


11918 | |.11/868 |. 
|.17626).1/603 
14208 
1098S 1.10964 |. 10942 |.10920 


10769 |. 10748 |. 10726 |./0705 
10558). 10598 |.10517 |.104%6 
|.10293 
10116 |.100% 
09 96! | 09942) 09923) 90% 


140618 9.11096) 11074). 11652) 22 
10898 |. 108,76 |. 0855} 10833 |.10812|.1079°) 22 | 
10579) 21 
|). 10¥SS |.10435 |. 0414 20 
10273 9.10253 20 
100 7 |.10038 |.10019 09999 09980) 19 
09866 |.0 9648 | 09829 09810109792) 19 


2¢ 


09773 |.097S ¢|.09736 |.09718 
09590 | 09572 |. 09SS#| 09536 
09412 |.09394| 0937709959 
09238 09/87 
09069 | 09053 |.09036).09020 


09699) 0968] |. 09663 | 09608) 19 
09518).09500 | 09983 | 09 18 
09982 ).0932F)|.09 307 |.09290 | 09273 17 
09170 |. 09153 |. 09136109120 |.09/03 | 17 | 
09003) 06987 | 08970 | 0895 08938) 0892!) 16 | 


-00 | et .03 


oF ob 06 oF? 


63 
|.19202) 60 | 
(e618) S57 
52 
50 
46 
46 
42 
40 
36 | 
33 
32 
| 30 
27 | 
| 26 
25 
_J 
3 Ay 
(15) | 
12) 
Be 
& 
a 
q 
2 
> 
| 
5 
6 
| 
0 
i 
2 
5 
° 
: 
9.8 | 
9.9 
. 
> 


20 02366 [02362 390} 02317102295) 


TABLE 13 ( 


084%37|.08289 
069% 
060691.059768 


07475) 07351).07230 
06259 |.06/63 
05+68) 05389) 05312).05237).05/63 
.0¥687| 04562) 04502 
16) 04111 fewest] 0400903959 
03678 | 03 0359! 
03272|.03 13F 103163 | 03/28 
|.02867 |.02836) 02806 
02636 |.02610 |.02583|.0255 02532 


= 
08905 |087¢5| 06589 


29 09 |22090 


02169|.02148 
0197797) 2.4622 279 
018144) 017990 017838 | 017688 
016688 | 016418 016285) 
O15 400 | 015279 
14147 013936! 0/3832 
013232 | 0/3136 |.0/304) 
DIZBIS | | 012143) 
010745 010674 010535), 010467! 
910070 |.010006|009942) 009680 0098 
009456 | 009398 | 009340) 009283) 009226 | 
208897) 008843 |008739| 
008385 | 008337 | 006 288) 0062+!) 00819 3} 


007917 | 087760 
007486 0074-45 | 007324), 
007090 |.007052 007014 | 006977) 006940) 
00672 1006689 |.00665 4 | 006620 |,006586), 
006386 | 00635¢% 00632! | 006289) 006256 


006073} 006043) 006013 | 983 005954), 
| 905671 | 
005259 | 00523 5005211 805187 | 005763 
005024 005001 004979) 006956) 004 93%) 


006804 | 004783 00#762) 00474) 
004599) 004579| 004539 009520) 
004406 004387|.00%369) 000350 |c0#332 
00422 5 004207 |. 004/90 004173 


continued ) 


for Negative J 
7 q 
081%4| 0800 $| 07867) 07733)|.07602 
0688 3 |.06773 | 06665) 06560) 06457 
OS588B 00 |. 05631) OSSH8 
0509! | 950) 0¥8B2|.0¥81 6 
04328 | 04272] 0#2/7 
03910 |.03862) | 03723) 
03 ¥66 03426 | 0338 | 03346) 03309 | 
03093|03059| 03026|.02 993 |.02961 | 


02777 02748 |.027/9|.02691 | 0266+ 


02506) 02#8/ |02¥57| 02#33 10240 


0227 3) [e2252|02230 [e220 | 
02071 |.02052|.02034% | 62015 | 997 | 


TRANSACTIONS OF THE AMERICAN 


ve D 
a4) 
(1) 
(9) 
(7) 
(6) | 
49 
#1 
3s 
| 29 
25 
22 
19 


0189444 018780| 0186/8) 
0173 93} 017 017/06 | 016965] 
016025) 015897| 015778) | 015522 
1.013729) 013627 | 013329) 
012761 | 012670) O12 580 | 012497 | 
011729) | 11564) 


| OF 1034 010961 | 010888 |.0108! 6) 


0/0399) 010332 0/0265] 0/0200] 


009756 009695 009515) 
009/70 | 089/14| 009059) 009008! 008950 
908635 008425) 
008/+6| 008099 |. 008007| 097962 


[007697 | 207654! 0076'2 


007284 | 007245 | 007206| 007/67 067/26} 
006963 | 006867 00683) | 006795) 006759) 
006552) 204952 | 006919) 
006226) [006195 006/64) 006/33| 
005924 | 005895 | 005867 |0058 38 | 005810 
605644) 005617 | 005590) | 
005383|. 005358 005333, 005308| 
COSI¥O| 005/16 005093) 00507¢ 
004912 004890), 004869) 004847) 004826 
004700 | 00¥679 
00%S0! | | 004 004025 
|.0043/4 004296, 004278 | 004260 | 004242 
1004139 004/22|.004/05) 004088 00407) 
003974 003958 003926 00991) 


(is) 


we. 


si .9 


00389 5 | 003744] 003341 
002708 [062620 |.002537| 002457 | 002381 | 
001491 1061935 |.00/762 
061525 


0010820 00105 | 0010379 0010168 


00322! | 002897 | 002800 
002308 | 002239)|.002173 002110002049 
00173 F |. 001690 | 001646 | 00/60%| corse 
0013512 |. 0013200) 00/2898) 0012607) 001232 


es 


7% 


° 


s 6 7 8 q 


100 te 200 


fer Negative J 


° 


6 7 8 


100 
120 


000 9766) 00095 740009387) 000 9204) 000903 


00088S9| 0008693 


00085 31.0008 37% 0008221 


000807 2|,0007928|,0007787 | 0007650) 00075 16 
000678 000667 0006563, 000645" 


000738 6 | 000725 0007/3 0007016 | 
63544, 000625 2 | 000615 ¢| 0006057 00059631 000587) 


000578 | |0005693| 0005607 | 0005523, 000549! 
000496 000441 | 00067 78) 000#712 


0005361 
0004647) 000458 0004522 || 


0005262) 000520) 0005/30 |coesos7 


000434 30009285 | 000%229 0004/74 


000338! 
0003016 
00027077 | 0002679000265! 


0003 3 0003303 | 0003265) 0003228 


0002629 000259 


9004067 | 00040/ 5) 000796 000 
000372 30003678, 0003633) 000 3589 | 0003546 | 0003S04| 0003462 | 000342) 
0003191 

000298 3| 0002950 | 90029 | 8 | 0002887) 0002855 | 00 2625 | 0002795) 0002765} 9002736) 
100025 70 


0003865) 


| 000315 F| 0003119 000308 


| 0002518 


000293 


0092 443 


° 2 3 ha 


s 6 7 8 


Solving with M, where z 


For higher values of yn , T,(Wn) = 


tan + y'1) = 


y= 


where a is the maximum displacement and p 
tiating y twice with respect to t gives 


d*y 


dt? 


9.175. 


= lh, gives 


a cos pt 


—ap* cos pt = 


In a similar manner the equations for reducing the masses 
back from the end of the vibrating system may be proved. 
c In the above demonstrations a knowledge of the charac- 
teristics of simple harmonic motion has been assumed. 
general simple harmonic motion is any motion such that the 
relation between displacement and time is of the following type: 


= 2xn. Differen- 
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Appendix No. 2 


SOLUTION FOR INTERPOLATION FORMULAS OF TABLE 4 
Formula No. 1 
Let h; and hy be ratios such that 
n= + hy 
= Ns he Ao 
Then assuming that h; = hes = h, which is approximately true 


when m3 do not diverge rapidly, 


Therefore 


so that 


Formula No. 2 


ne + ha; = n3—hadz 


Ae 


a+ 


A; Ae 
A; + As 


Let A, and h, be ratios such that 


nm = Ne + A; 


= hy As 


Then assuming that h; = 


Therefore 


so that 


+ hay = ng — 


Appendix No. 3 


LIST OF THE MORE IMPORTANT SYMBOLS USED IN THE 


Cc 


G 


TEXT 
stiffness factor (Ib-in./radian) of a shaft represent- 
ing the proportional relationship of any twisting 
moment M (lb-in.) and the resulting angular 
deflection @ (radians) such that M = Cé@. Refer 
to Equation [1] 
step number for the end step 
gravitational constant, which is taken as 385.92 
in. /sec.? 
shearing modulus of elasticity (Ib. per sq. in.). 
For steel this is 11,800,000 lb. per sq. in. 
inertia factor or the weight polar moment of 
inertia of a mass (Ib-in.?) 
sectional polar moment of inertia of the area of a 
shaft (in.*) 
weight polar moment of inertia per unit length 
of a step with mass (Ib-in.?/in.) 
number of a typical step 
length (in.) 
twisting moment (Ib-in.) 
frequency of vibration in vibrations per second 
frequency constant—2zrn 
time variable (seconds) 
Defined by Equation [22]. Values of this ex- 
pression corresponding to values of ¢n are listed 
in the tables. This function applies to a step 
with mass 


vie. 
30 
10 to 
12 | 
| 
| 
| 16 | 
| 47 
| 18 
9 
22 
| 23 
(13) 
| 2s 12) 
} (10) 
2 (9) 
7S 
294 
3) 62 
a 32 % 
3 
35 rs) 
36 
37 | 37 FP 
28 
397_| 3! 
40 29 
| 27 
42 25 
43 | 24 
2 
¥s 
46 19 
+7 18 
48 | 17 
50 = 
60 Ai+ A; 
70 (5) 
go | (32) 
90 | (2 3 
+ 
Ai + 
(13) 
(10) 
rm 
140 
150 | 1G i= 
170 37 
180 | 3! 
190 27 
200 
a e= 
9 = 
J'n ¢ 
180 Ji 
J, 
Je = 
k= 
3 l= 
a M = 
P 
t= 
T(on) = 
|_| 


0° te 45° 


T (¢n) 


* 71.0000] 1.0000}1.0000 |1.0000)1.0000 
|1.0002/1.0002 
1.0004] 
1.0009 |1.0012 
1.00 16 |1.0017/ 1.0018 |1.0019|1.0020 
|1.0026| 1.0028 
1.0037 1.0038 | 1.0039 
1.0056 |1,.0052/ 1.0053 |1.0054%)1 0056 
1.0065 1.00691. 0071|1.0072 
11.0083 |1.0085| 1.0087| 1.0089 |1.0091 


it 
| 
| 
4 


w 


7.0000|1.0000|1.0000 |) 000 ||.0001 
1.00 02/1.0003|1.0003 |1.0003|) 0004 
1,00 
1.0012 1.0015 
1.002) 1,0023/1.002¢ 


1.0031 |1.0032 | 1.0033)/.003% | 1.0035 
1.0043) 1.0049 1.006 | 1.0047) 10049 
1.0058) |.0059 1.006) 
1.0074) 1.0076| 1.0078) 1.0079| 1.008) 
1.0093) 1.009F| 1.0097 | 1.0099 


T 


10° 110103 11.0805 | 1.0107 1.0109 1.0088 [1.0128 0122 
1.0125 0.01249 1.0132) 1. 10196 | 1.0139 1.014! | 
| | 1.0154 1.0159 | 1.0162 | 1.016% | 1.0167 |1.0178 |/.0172 
13 0181 1.0189 |/.0092| 1.0195 |1.0198 |1.0201 
102 O20 [1.0213 1.0219 | | 1.0225 | 1.0229 
0238 11.020) |) 11.025) 1.025511 0258 |1.026! |1.026F 
16 1.0268 |1.0272 [1.0275 1.0279 |1.0262] 1.0286 |1.0290 | 1.029 3/1.0297| 1.0300 
17 [1.030¢)10308 | 1.0312 1.0345 1.0331 | 1.0338) 1.0339 
11.0346 1.0350 |1.0355 035901 0363/0367) 1.037! | 1.0375) 1.0379 
21 | 1.0507 |1.0512 |1.0517 
22 10522 |1.0527 1.0532 0538)/05¢3 [1.0548 |1.0553)1.0558 |1.056¢)1.0569 
23 1.05% 10596 11.060) | 1.0607) 1.0612 [1.06/18 |).0623 


2¢ }10629 10635 |106¢0 | 1.0646)! 0652 


1.0656 |1.0663 | 1.0669 | 068! 


25 10687 |1.0693)1.0699 
26 1.078 | 1.076! |10767) 1.0773 
27 [10812 10826 |) 6832/1.0839 
26 1.089% | 1090! 


10717) 1 0723 1.0729 | 1.0736 |1.07%2 
1.0780 | 1.6786 | 1.0793) 1.0799 1.0806 
1.0046 |1.0853)) 0860 10866)) 0873 


10915 | 1.0923/1.0930 1.0937|1.0944 
| 1.0996) /./00% 1011 14019 


29 59) 1.0% bb | OF THILO 
32 [1.009718 12051 
13 % 138s)! 1904 | 


37 


| | 
11.2283 11.2297 11.2328 112339 


4 


276911 276F 2708 2798 
#7 [13073 [15091 [1.9009 
#68 13276 13295 
5 O° 3656 36751-3699 1.9720 


Ft $3073) 3696) 1.3918 964) 


| S@ [1.5809 |1.5863 1.5912 11.5987 
[1.6199 |1.6236 |) 6273 | 
6 O° 65 $0 79 | 1.6619 | 1.6658)1.6696 
| 64 [1.6949 [1.7072 
62 1.751711 7560 
| 63 11.7849 
| 6% |) e355 1.0515 


1.1669) (1600 [1.1702 [14763 4724) 1473S] 1.1786 14795711 1769) 
1.079211 1 1.1838) 1849) 1.186! 11.1873 
101911. 10321) 206611205711. 2070) 2083 


(924 11.1993 11.0963 10 


1.1066 [1.1073 | 1.1089 1.1097 
11320 1.1330 1.4339 [11357 


12 


+ 


12096 1.2022 09 
2226 |1.2242 1.2256 13 

2560) 15 


12353 


2668) 170 


i 
12984 |) 3002 |1.3019 |1.3037 |; 3058) 17 
13902 [13209 |13238 18 
1.9852) 3573 359% |1 3615/1. 3635) 20 
199763 |1.3629 22 
19987 4056 9079) 23 
1.9223 [1267 /1.6272 1.4296 2% 
1473 14499 14525 26 


T 


9739119766) 1.9794): 27 | 


($320 | 1.5352) |i. 3 
See! 1.5676) 1.5 708 1.5741 S775) 3 
15983 1.6018 |1.6054|1 6090 |) 6126 3 


| 
1.63% 8 | 1.6386 6429/1 6462 38 


1.6739 1.6779). 6826 40 
1.7206 |) 7291 17335) 63 
1.7610 7752 \1.7901 | 
1.8097 (1.8148 [1.8309 


50 
1.862% 1.8674 8734 sare] ss 


és 11.8961 [1.9008 [1.9077 [1.9135 
66 11.9498 1.9568 11.9629 

[2.021 |2.028 |2.035|2.042 
68 | 2.085 /2.003 |2.100 |2.106|2.116 


119256143161 9375119036) 59 
1.9915 2.0079) 6# 
2.049 |2.056|2 064%\2.07) |2.078| 7 
2.123 /2.139 8 
2.205 | 2.214 12.222 2.231 |2.240) 9 


[2.171 12.180 |2.188)2.196 

70°/2.2%9 2.256 |2.267 |2.276|2.206 
7! |2.37¢/2 304 
72 2.460 (2.472 [2.483 2.495 
73 (2567 (2.580 (2.593 


|2.700 |2.71% 12.729 |2749|2.758 


2.295 12.324 12334) 10 
2.395 /2.906 12.416 |2.927 10 
2.506 |2.518 |2.530 2.642 2655) 12 
2.632 |2.645|2659 |2.672 2.606) 13 
2.773 |2.786 |2.80% |2.619 |2.835) 15 


75 [2.68% [2900 [2.917 
76 3.02% |3.062 |3.06/ |3.080 |3.100 
77 3.223 |3.29|3.267 |3.209 |3.312 
78 |3.456 |3.507 |3.533 |3.5¢0 
79 13.731 13.761 |3.792 


2.93% /2.952 |2.969 |2987 |3.005] 17 
3.120 |3.140 |3.160 20 
3,335 3.382 406 23 
3.587 13.615 |3.643 [3.672 |3.701 | 27 
3.889 |3.922/3.956 |3.990 33 


OIL AND GAS POWER 


90° te 135° 


OG P-53-2 


pn) 


20 


! | 
1364 190.78 
36.07 |32.76 |29.99 | 27.65 |25 
17.83% (6.176 [15.455 795 
|11.363| 10.996 [10.650 |10.325 
8.717| 8.49%) 
689%) 6.751 613 |6354 
5.678 |5.579|5.¥93 |5.389 |5.299 
4160 | 410%) 4 049 3.995 |3.943 
3.65% |3.566 (3.52% 13.482 


2.916 |2.689|2.659 |2.63) 
2.409 |2.388 |2.367 |2.3%6 |2.326 
2.210 [2.198 (2.573 (2.155 12.137 


8263/8 08! |7.688)7 7.528) 7.359 | 7042) (18) 


3.249 [3.178 [3.143 |3.109| 


ts | ce | | 26 | 29 faved 


72.55 | 60.39 [51.70 | | 
23.91 |22.39 [21.05 |19.660 | 18.793 
14187 |13.626/13.106 629 | 12.175 
10.019) 9.196 | 8.958 


~ 
6.23! 6.112|5998 | 5686 | 5.761) (12) 
S21! 044% +964 |4 986) (9) 
464) 4400 | 4337/4 
642 | 3.794| 3.746 |3.700] (5) 
(3.40! |3.362| 3.924 286) 


3.076 |3,063| 3.011 |2.980 2949) 33 
2.77F \2.747|2.720 69% |2.668 | 28 
2.521 |2498 2.476 23 | 
2.306 |2.266 [2.267 |2.247 |2 228} 20 | 
2.120 |2.103 |2.086 |2.069 053) 17 


+ 


2.0363]2 0208 2.0046)1.9890 19735 
1.8850 |1.8709 |1.8570 | 1.6432 1.829% 
1.75151 7390 1.7023 
1.6328 |).6216 6106 |1.5997/1. 5884 


1.3497| 13365 (1.3284 | 1.3204) 1.3124 
1.2662 |1.2587|1.2513 1240 |1.2367 
1877 |1.1809 [1.1742 11676 


1288 |1.1226|/ 116% [1.5102 


15266 5166 [1.5067 [1.4969 721 1.9776 |1.968) 14802) 96 | 


1.9583 |1.9433 1.9284 11.9138 1.89930 
1.8162 1.7769 |1.764/ | (13) 
1.6904} 1.6786 |1.6670 | 6554 1.6440) (12) 
1.5762\1.5677 |1.5573 15469 | 1.5367) (11) 


1.3668 1.3613 [1.3530] 87 
1.30 OS) 1.2967 2690 |1.2813 |1.2737 79 
1229S [1.2224 |1. | 1.2083 72 
1.1610 1.1915 |1.1352|) 66 
1,0980/|1.0920 1.086! |1.080) |1.07%3) 6! 


10684 11.0627 ||.0569 1.0513 
41,0127 \! 0074 |.9968|.99/6 


| 117) |.9562) 9512 1.9464) 


1.9132 | 9086 | 9040 899F| 8950 


119 |.6686| 2643 |.860/ | 8516 


|.€270 |.6230).819° | 


120 |.7843).76 06 |.7769|.7732 
1122 |. |.7446 |.7376 
123 1.7173 |.77 60 |.7107 | 1074|.7042 
124 caso | 6819 |.6788 |.6757|.6727| 
125 45/7 |.6487 |.6958 |.6429 
126 |.6259 |.6237 |.6203 | 
127 |.5934 | 5908|.5682 
126 }.5729 |.5704 |.5679 |.5655|.5630 
129 sees S461 |.5437 |. 514 ).5390 
131 |.sore |.4988 9967 
132 4.4621 |.¢e00 | |.¥759).4739 


1.0400 |! 02 1.0181 56 
9613 9762/9711 |.9661| $2 
|.9178 || +8 
|. 686! |.6817).8773 +5 


42 


(9072 |.8033 |.7995|.7957|.79/8| 39 
7695 |.7659 |.7623} 7587 37 
7342 |.7308 |.7274|.72%0 |.7206 34 
-700F |-6977|.69%6) | 6882) 32 
1.6696 |.6666 | 6636) 6606/4576) 30 


|.6372|.6343|.63/5 |-6287) 29 
6121 | 27 
|.5631 |.5605| 5780|.575%) 26 
| |.5557| 533 [3509] 25 
S367 |. 534% $32) | $298 |.5275) 23 
5114 |. $097) .5075|.5053) 22 
+662 | 2) 
#719 |.4699 |.4679 20 
4523 |. 4503 ¥¥65| 4447) 19 
| 280/262) 16 


133 [4620 |.4600 |. 
13% 14428 |. #390 4372 4353 


139 1.3563 |.3568 | 3553 | 3538 |.3523 


135° te 180° T (én) 

4244) .4226) 4208 1.4173 | |. 
136 [4068 |.4000]).3983 |.3966|.3950|.3933 |.39161 17 
137.3900 | 3663/|.3667 |.365) |.3835) 3818 |.3802)|.3786 |.3770 |.3754] 16 
138 1.3738 |.3723 |.3707 |.369) |.3676 3660 |.3645).2629 |.36/4% |. 35981 16 


| 
3508 |. 3493/3476 |.3463 | 34495 15 


1 #0 
141 
1#2 


3434/3419 ).340F |.3390 3376 
329! |.3277|.3263 |.3249 |.323F 
3019 |.3006 |.2993 |.2980 |.2967 
284! |.2876 |.2666 |.2853).284) 


3362 |.334%7)|.3333 |-3399 |.330F] 14 
|.3207).3193 14 
3065) 30721 3059 13 
|.2942|.2929 |.2946|.2903 13 
2828 |.28/6|.260% |.279) |.2779) 12 


147 
+8 


|.27SF|.2743 |.2730|.2718 
2647 |.2635|262% |.26/2 |.2600 
253! |.2520|\2508 |.2497|.2486 
2419 2408 |.2397 |.2386 |.2375 
|.2300 |.2289 |.2279|.2268 


2706 |.2694|.2683 |.267/ |.2659] 12 
25869 |.2577|.2566 12 
247F | 2430] 11 
2364 |.235¢|.23%3 |.2332|232/ 
.2258 |.22¢%7 |.2237 |. 2226 | 2276 10 


(sz 


153 


2205 |.219S j2185 
2103 |.2093|.2083 |.2073 |.2063 
20043) 19945 |.19848 


181%6 |. 18054.17962| 17871 | 17779] 


17238 |.171%8 |.17058 |.16969 |.16880 
16352 |.16265 |.16/78 |.16092|.16005) 
|. 14568).14986 14321 
$3833 


| | 
17666 |.17598).17507 


215% |.2123 Lana] 
2053 203% 10 
|.193 66 19176) 96 
18610 |.1633) |.10238) 


16792 |.16703| 16615 BF 
|.14076 13995 82 
13431). 13351 1.13271 1.743192). BO 


43034 |.12798|.12720 
AZZSH 1.12000 
10747 |.10673 |.10600 |.105 26). 10453 
10018 | 09946) 09874 | 09802! 0973) 


12641 |.12331) 76 
| 10718 643 1.1567 |) 76 
10380 |.10307|.1023F |. 10/62 | 73 
09659 | 09588) 09517 09975) 71 


80°) 4 062 [4099/4136 [4174/4213 
82 14972 |5.029| 5.088 
83 622 |5 696/5.775 |5 5438 
490 1659316699 | 680916924 


4.253 | #294 4.336 | +378 
4.704% |4755|4 007 916) (5) 
S275 |§.341\5. 408 |5 478 |S (6) 
6.022 |6200 | 6 294%) 6 390) (8) 
7.0%2 |7 165 292 424|7 $62) (12) 


85 17.70F 17653] 6.008 | 6.17018 339 
86 19.528 19.761 
87. 12.985) 13.4395 113.997 
88 116.645 605) 20.67 | 21.86 |23.20 


692) 9 043/49 305) 0 
19998 1S GOS) 16.266 /16.987 117776 
2472 |26. 46 |30.80 (33.57 


09304109234). 0916% 09093109023) 
08606 (08537 |.06466 |08399\.08330 
07921 |.07853|.07785 |.07716 |.07657 
07249 (07183 07116 |. 07050 |.0698% 
06590 |.06525! 06460 | 04395106330 


0895308883 1% |.08 744) 0867F) 70 
07987), 68 
075683 | 07516 07316) 67 
06918 | 06852).06786 0672! 06655) 66 
.0626F| 062 | 0607) |.04007)| 65 


05943 ).05879\ 05815 |.05687 
0518) Lesiie Lososé 
04066 | 04006 |.03945 
0346! 10340! |.0334/ 1.03261 | 0322! 


04993 |.04930, 04868 63 
04373 |.0¥250 62 
03763 | 03 7020362 
03162 |.63/02 | 03042 | 02983 | 60 


89 [36.88 |+0.93 |¢6.00 [52.51 |6/.20 
$n +2 3 


73.36 [91.59 [121.99 
7 -8 ive 


02664 |.02605 | 02+ |.02687 |.02628 
.0227 6.622181 ).02 598).021 016) 020435) 
016965 | 016389 |.0158/+| 015240). 014666 


02567 10251) | 02452 | 02393).0233 
75 | 01869 | 0/8118 | o1 7541) S80 


1121 |.010672 |. 0101 0% |.009537| 00897! | | 0067/2 | S66 


005587). 005026) 004465) 003906) 9033 


002786 | 002 227 | 00/669S| 0011124] 


31 
TABLE 14 
=a = 
| 94 
| 
| 
964 
98 | 
99 | 
ror | 
102] 
103 
Tos 
106 
107 
[109 
110° 
: 
13 
| 
| > 
re 
| 
+S" te 90° 
UR 
4 
| 
| 
| 
| iss | Ag 
156 | 
ise 
rer | 
162 
| 162 
| 4 Lee | 
| 
| 166 
a 
| 168 
| 
71 
172 
173 | 
17+ 
17s 
| 177] 
178 
| 
| 


TABLE 14 (continued) 


T (n) 
180° to 360° POSITIVE FROM $n = 180° TO 270° 
190 05317) 0s $63!) 06343) 06854) 07369] 07873 382/.08892| 09914 
210 i. 575 2).163/6|.16888 |.17%69|. 18060) 18660 |.19272/.19897 |.2053 |.21/9 


| 220 9.2185 2324/2396) +70 1.2546 | 2625 2707 |.279) |.2678 | 
230 §.2969/.3063 | |.3263 | 3370 | 35993723 (3853 3990] 


| 3 | 4628/4 + |.5231| Sues | S994) 

250% 6297 6998 |.7907| 7867 

| 260 2 065 |3 080 095 6.122 | 


FOLLO OWING “VALUES ARE NEGAT ve 
| 270 oo 12.112 ]6.032 | 4 008 12.990 12.30) |1.975) 1.68661) 6651/2966) 
280 [1.1605 1.0490!) 9559 |.6769 |.8092).7503 |.6987|. 6530 |.6/23 s7se| 
| 300 JEL 29,4857 | 607 | 6377] 4165 | 3969 |.3786 |.3616 3457) 
| 300°) 3308 | 3168 |.3036| 29/2 |.279% |.2683 |.2577).2%77 | 238! | 2290) 
2203 | 2719 |.20%0 17509) 1685516223 3} 
| 330 09176 |.08767| 083671.07975 67592\.07217 |. 06849 
| 3¥0 os7es 05 107 |.0#776) #5 0.04129) 03812) 03500 03141 


350°) 02887\02585 02268 [01992 0112S | | 
it ve D 


T.(yn) = Defined by Equation [21]. Values of this ex- 
pression corresponding to values of yn are listed 
in the tables. This function applies to a step 
without mass 

x = length variable (inches) 

a = constant in degrees. This constant is defined 
by Equation [18] 

y = constant in degrees. This constant is defined by 
Equations [9] and [12] 

@ = amplitude of vibration in radians 

6° = amplitude of vibration in degrees 

@ = constant for steps having mass. Defined by 
Equation [4] 

¥ = aconstant defined by Equations [5] and [6]. 


Subscripts are used with the various symbols and have the 
following meaning. A single subscript means that the value 
applies to the step having the number of the subscript. If the 
subscript is made up of two figures, the element applies to a cer- 
tain section. These sections are designated thus: 

01, 12; 23 ... between the steps whose numbers are included 
01, 02, 03 ... beginning of the step whose number is given 
li, 12, I ... end of the step whose number is given 

A prime mark (’) means that the masses are being reduced 
from the beginning. 

A double-prime mark (") means that the masses are being 
reduced back from the end. 


Discussion 


Mervin B. Hoaan.!! The problem of torsional vibration 
is one of great importance in the field of internal-combustion- 
engine theory. This type of prime mover is now so general 
and found in so many applications that it is essential that engi- 
neers be familiar with the peculiarities of systems of which it 
is a component part. All the present-day trends in the applica- 
tion and design of these engines have been conducive to tor- 
sional-vibration difficulties. The tendencies are toward higher 
speeds and a greater number of cylinders. The higher speeds 
have increased the possibility of torsional vibration by raising 
the running speeds up into the region of critical speeds. On 
the other hand, it is a well-known fact that, for a given system, 
an increase in mass or flexibility will lower the natural frequency. 
As a consequence, the increase in the number of cylinders in- 
creased the mass, and the longer crankshaft, which necessarily 
resulted, increased the flexibility, so that the resultant effect 
was a lowering of the critical speeds. 


11 Power Engineering Department, Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 
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In this and in his two preceding papers Mr. Porter has made 
a praiseworthy contribution to the literature of the subject 
in the English language. The mathematical theory of the 
subject has been developed to a nice degree and the practical 
application of the results has been pointed out. The problem 
here presented is that of reducing involved systems to simpler 
systems to which known solutions at hand can be applied. 

The necessity of some such method is quite apparent. It is 
theoretically possible to establish relations between the natural 
frequencies and the physical properties of any system, expressing 
the former as a function of the latter. However, such equations 
are extremely complicated for systems of more than three masses, 
and the degree becomes of such order that a mathematician 
is required to undertake the solution. Even with a correct 
solution the probability of error in a numerical calculation is 
very high, and the labor required makes such exact solutions 
impractical in engineering. 

The theory of the method here presented is very interesting. 
It seems that it would be advantageous in design work where 
many applications of Diesel engines to systems of approximately 
the same magnitude and arrangement are encountered. In such 
cases the routine calculation of critical speeds would be expedited. 
It is well to mention, though, that the time required for the 
actual calculation of the critical speeds is small compared to 
the time necessary to calculate the moments of inertia, flexi- 
bilities, and the other physical constants of the system. Conse- 
quently, the advantage in the saving of time or labor is slight. 

A disadvantage of the method follows directly from the re- 
duction method itself. To one who does not already possess 
an understanding of this phenomenon the reducing of the system 
to different forms merely introduces another complication which 
obscures the physical picture. Again, in order to carry out the 
calculations, the tables and data of the paper must be on hand. 
It is a disadvantage to be familiar with only one such method 
as there are times when these calculations must be made and 
the tables are not available. Sometimes it is desirable to have 
the relative angular displacements of the various masses, i.e., 
the so-called elastic curve. With this method another calcu- 
lation must be made in order to determine it. 

The writer is well acquainted with Holzer’s method of calcu- 
lation, having employed it in his work now for several years. 
As a consequence he naturally thinks of torsional vibration in 
terms of this method and compares other methods with it. 

One of the best reasons for the use of Holzer’s method is 
that it aids the engineer in getting a clear mental picture of the 
phenomenon. When idealized, each mass of the system is 
represented by a uniform circular mass, and the respective shaft 
flexibilities are indicated as elastic shafts without mass. It is 
then obvious that at a natural frequency the sum of the inertia 
torques of the system must be zero. As a result, after the 
engineer has arrived at his “concentrated mass system’’ he sees 
physically what each step of the calculation achieves. This is 
extremely valuable because as he gains experience his judgment 
enables him to prevent any numerical errors that may tend to 
creep in. 

The actual operation of calculating numerically the natural 
frequencies by Holzer’s method identifies it as essentially an 
engineering tool. The tabular method lends itself admirably 
to slide-rule calculation with accuracy of the results within the 
accuracy of the known constants. After the equivalent system 
has been calculated it takes but a short time to carry out the 
tabulated calculations for each frequency. 

The disadvantage of the method is that, for each natural 
frequency, a cut-and-try method must be resorted to in order 
to determine the value. A value of the natural frequency which 
is very nearly correct may be obtained by considering the system 
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as one of three masses composed, say, of generator, flywheel, 
and engine. The values of the first and second natural fre- 
quencies are then obtained from the solution of the well-known 
biquadratic equation for a three-mass system. The numerical 
value as thus obtained for the lowest frequency is usually very 
close to the exact value, while that for the second is generally 
in error. Ordinarily these are the only frequencies of interest, 
as higher ones are sufficiently above the running speed to be of 
no concern. 

Having made the calculation by this method, no special cal- 
culations are necessary in order to draw the relative displacement 
or elastic curve. This curve, for both frequencies, is readily 
plotted from the values of angular displacement which one of 
the columns of the tabulated calculations contains. 

The matter of spoke flexibility is one of great importance, 
especially with the usual arrangement of generator, flywheel, 
and engine. In the case of fabricated synchronous generators 
where the arms are H-beams, the flexibility of the rotor is of 
much greater importance than that of the flywheel. This type 
of construction lends itself nicely to analytical treatment, how- 
ever, so that its flexibility can be calculated much more ac- 
curately than can that of ordinary flywheels. 

With the arrangement referred to, the node in the first critical 
speed ordinarily is at the flywheel. In such a case the flywheel 
flexibility does not influence the value of critical speed theo- 
retically, and but slightly practically. The generator flexi- 
bility, however, is of the same order as that of the shafting be- 
tween it and the flywheel. Since the frequency of this section 
of the system is the same as that of the whole system, the im- 
portance of the rotor flexibility is obvious. In many cases the 


error introduced by assuming the generator as a rigid mass is 
in the neighborhood of 30 to 40 per cent; that is, the critical 
speed as calculated will be far too high. A design approved on 
such a calculation usually results in trouble as the critical speed 


will be in the running range. 

The engineer who starts to study the torsional-vibration 
problem finds that the theoretical field has been developed ex- 
tensively. As is the case with many other problems the chief 
trouble comes in the practical application. Such questions 
as the effect of flanges, sharp changes in shaft sections, keyways, 
press fits, and other types of mechanical construction upon the 
flexibility of the system are matters which only experience can 
settle. Such judgment can be developed only by extensive 
calculations of units whose critical speeds can be observed. 

From the standpoint of the Diesel engine itself, the major 
problem is that of the crankshaft flexibility. It is indeed an 
extremely rare occasion when the engine builder can supply the 
measured value of this characteristic. There are several well- 
known formulas which aim to bridge this difficulty for the 
engineer by enabling him to calculate the constant from the 
known crankshaft dimensions. Some of the most generally used 
are those of Geiger, Hort, Timoshenko, and Carter. These all 
have certain objectionable features. The first mentioned, that 
of Geiger, involves a constant which must be obtained experi- 
mentally. If it is possible to make such a test the formula ceases 
to be necessary. In any case a great deal of experimental data 
must be on hand in order to apply the formula to new crankshaft 
designs. Hort’s expression is too simple to give sufficiently 
accurate results for most investigations. Dr. Timoshenko’s 
work is based upon a rational analytical foundation, with the 
result that it is very complicated. The difficulty of such a problem 
18 obvious as there are the effects of bearing constraint, bending, 
ete., which cannot be accurately considered. Carter’s formula 
is really empirical, although derived with some rational founda- 
Yon. Its advantage is that it is simple, involving only the di- 
mensions of the crankshaft, and readily evaluated numerically. 
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Tests have proved it to be sufficiently accurate for engineering 
calculations, especially in the Diesel-engine field. The writer 
feels that this formula is the best for this use that has yet been 
published. 


H. Wypter.'? The author’s work supplements the collection 
of methods for calculating natural frequencies of torsional 
vibrations by a further quite unique scheme. This should be 
welcomed, not so much because the calculations become shorter 
and simpler, but because it seems that we are presented here, 
again, with an accomplishment borne out of a superior command 
of the matter. 

The beauty of the method is decidedly to be seen in the fact 
that it replaces the given system of many masses by a model 
system which is a far closer approximation to the actual mass 
distribution than any other simplification could produce, and, 
further, that it settles the calculation for this model system 
quickly and correctly within a few calculation steps. Fig. 18, 
for instance, shows that for a six-cylinder engine plant the nat- 
ural frequencies of a combination-shaft system differ mostly 
less than '/; per cent from that of the corresponding concentrated- 
mass system. 

As to the simplicity of the matter it is felt that it will appeal 
more to men who are already familiar with the subject. Since 
the method necessitates the use of different charts and tables 
during the calculation process, it may require some practice 
before the calculation results obtained can be relied upon to be 
correct. However, the writer thinks that, for engineers who 
are used to other methods, it may pay them to get acquainted 
with Mr. Porter’s work, even if it were only for checking cal- 
culation results obtained from other methods. 

The writer would like to add another suggestion. The first 
elaborate scheme for calculating forced vibrations was presented 
in Holzer’s book. Two articles published during this year by 
F. Neugebauer (Technische Mechanik und Thermodynamik, 
May, 1930, pp. 147 and 184) and M. Vollmar (7. M. & T.., 
Nov., 1930, p. 382) have also done fine pioneering work. It 
would be one of the most gratifying steps ahead to obtain com- 
plete theoretical control of the actual movements of elastic 
systems if these rather extensive calculations could be shortened. 
In the writer’s book, on page 78 and following, he undertook to 
combine harmonics into two groups of forces and to follow the 
calculation through for the system thus simplified. He wonders 
if Mr. Porter could not amplify his method also in this direction. 
It is thought that the community of vibration specialists would 
appreciate this as a very welcome help in their work. 


F. J. Gerrrman.'* The writer has been using the method 
outlined in the paper for the past year in the calculation of the 
natural frequencies of torsional vibration of Diesel installations. 
Some 200 installations have been calculated, of which more than 
30 were tested with the Geiger torsiograph. 

Every instance of a discrepancy larger than that of experi- 
mental error has been traced directly to the improper con- 
sideration of certain factors, such as the stiffness of flexible 
couplings, whose stiffness factors were unknown or subject to 
change in operation. 

One of the outstanding features of the method developed by 
the author is its simplicity. The arithmetical operations in- 
volved are rarely more than 20 to 30 operations for a complete 
calculation. The possibility for error is practically eliminated 
by rechecking the calculation, and since there are relatively few 
operations, this does not require a great deal of time. 

12 Combustion Utilities Corporation, New York, N. Y. 
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A few examples of the agreement between the actual and calcu- 
lated frequencies that the writer has observed are given below: 


Actual Calculated 

Engine frequency frequency, 
v.p.m. v.p.m. 
8-Cylinder 16 X 20 1680 1696 
5-Cylinder 14 X 17 1984 1960 
6-Cylinder 83/; 10!/2. 3660 3690 
3-Cylinder 14 x 17 2493 2520 
4-Cylinder 14 X 17 1224 1228 


When a new installation is being designed, the simplicity of 
the method makes it easy to determine the best design of the 
shafting or masses to give a desired location of the critical 
speeds. This calculation may be done by a direct solution, 
thus eliminating the cut-and-try methods which consume so 
much time. 

Another advantage is the ease with which curves of reduced 
mass or extension-shaft stiffness may be calculated. In “‘long”’ 
installations consisting of the basic engine and flywheel with 
more than one power takeoff, there is frequently more than one 
frequency having dangerous harmonies near or in the operating 
range. By reducing the masses from the end to the flywheel 
and the masses from the beginning through the flywheel for 
every frequency from, say, 10 vibrations per second to 60 vi- 
brations per second at intervals of 5 vibrations per second, and 
plotting both values on the same curve sheet with vibrations 
per second as abscissas and reduced mass as ordinates, every 
intersection of the curves represents a natural frequency. In 
this way none of the natural frequencies that will cause a danger- 
ous vibration near or in the operating speed will be missed. 

Work of this type is greatly simplified by the tables published 
with the paper, which are in a way comparable to the trigo- 
nometry tables, although necessarily a bit more complicated 
since more variables are involved. A calculation such as men- 
tioned would be a very long and tedious job with any method 
not employing a simplification such as that represented by the 


tables. 


BERNHARD H. ANperRSON.'* The methods for calculation 
of natural frequencies described in this paper have undoubtedly 
a decided advantage over any other methods published on 
this subject, and the paper is indeed a valuable contribution 
to engineers working on torsional vibration problems. 

The importance of this problem varies of course with the type 
and construction of the engines. 

For some types of engines a torsional-vibration calculation 
has to be made for almost every new installation to assure a 
successful operation, while other types only need to be given 
consideration if the installations are much out of the ordinary. 

For a four-cycle engine, of the trunk-piston type and of 
moderate speed, for instance, it is rather a simple matter to 
design the crankshaft so as to bring the dangerous criticals 
above the working range for regular marine and generating 
purposes. The experience of the company that the writer 
represents is that the additional cost caused by increasing the 
size of the crankshaft for this purpose is a good investment. 

However, with the tendency of increasing speed for Diesel 
engines there is a growing need for a simple and rapid way of 
solving the problem of torsional vibration for commercial pur- 
pose, and whenever a tabulation of the natural frequency has 
to be made, the accuracy of the method applied is of prime im- 
portance. For this reason most of the short approximate 
methods in existence are more or less without value. 

The simplification of the methods is only justified if it can be 


14 Diesel Division, Cooper-Bessemer Corporation, Grove City, 
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obtained without sacrificing accuracy, and after having made an 
investigation of the methods given in this paper the writer 
feels certain that this result has been accomplished by the 
author. 

The writer has applied these methods on a number of instal!.- 
tions and in order to investigate the reliability, the results of the 
calculations have been compared with the natural frequencies 
arrived at by the Holzer or “Concentrated Mass Method,” the 
accuracy of which is recognized, and proved to give very re 
liable results for general application on Diesel installation 
The installations investigated are: 

(1) Six-evlinder 18 X 22 in., engine, flywheel, generato: 
(regular generating installation). 

(2) Eight-eylinder 16 X 20 in., engine and heavy flywhee! 
(special marine engine connected to water brake on test in 
shop). 

(3) Six-eylinder 14 X 18 in., engine, flywheel, generato: 
(regular generating installation). 

(4) Eight-cylinder 11 X 14 in., engine, combined clutch 
and flywheel, propeller and generator driven through forward 
extension shaft (special marine installation for trawler). 

(5) Eight-cylinder 9 X 12 in., engine, flywheel, propelle: 
(regular marine installation). 

The results in natural-frequency v.p.s. are: 


Porter Holzer Difference 
Installation method method in per cent 
l 42 634 42.572 0 145 
2 38.990 38 970 0 O52 
3 54.910 54.870 0 O73 
1 25.295 25 300 0 000 
35 600 35 600 0 O00 


It is interesting to note that the differences in frequencies 
calculated by the two methods are all smaller than the values 
given for ‘“‘per cent error’ on the charts of Figs. 16 and IS of 
the paper, which they essentially should be, because any mass 
added to the systems shown on these charts will tend to reduce 
the error made by using the short method instead of the con- 
centrated-mass method. 

The slightly larger values of the frequencies calculated by the 
Porter method are also in accordance with the charts; that is, 
the errors read from the curves for the installations considered 
will be found to be positive. 

The only conclusion to be drawn from this investigation is 
that the difference in natural frequency as obtained by the 
Porter method and the Holzer method is negligible, and so far 
as accuracy is concerned, either one of these two methods may 
be applied. 

To calculate the natural frequency by the Holzer method, 
or by accurate methods given by other investigators (analytical 
or graphical), is always a laborous undertaking with a tedious 
procedure of “trial and error.” A great saving of time by using 
the Porter method was very soon apparent, and the simplicity 
in application is distinctively emphasized by comparing the 
work involved in solving this problem by the different methods. 
and furthermore, as there are only a few arithmetical operations 
involved in the tabulation by the Porter method, the chances 
to make errors are considerably reduced. 


Puitie Matiozzi.© The paper adds a very valuable method 
of determining the frequency of any complicated shaft arrange- 
ment when in the design stage. The writer would like to call 
attention to some of the relatively complicated installations 
found in submarines, as shown by the sketch in Fig. 19. !t 


16 Assistant Mechanical Engineer, U. 8. Navy Yard, Brooklyn 
N. Y. Mem. A.S.M.E. 
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will be noted that a heavy motor armature is connected to the 
engine and flywheel by a length of shaft, and the propeller is 
connected to the motor armature by a very long shaft. 

In an installation of this kind, items such as flywheel, motor 
armature, propeller, and their connecting shafts may be so 
chosen as to place the critical speeds above or below the operating 
range or some of the orders of vibration may be grouped at 
speeds where operation is not necessary. 

The object of the computer is to find the items which give a 
change in frequency by relatively small changes in dimensions 
or masses. A family of curves showing the effect on shaft 
frequency of changes in masses and elasticities is of great as- 
sistance in picturing the effect of such changes. The author's 
method gives an easy and rapid means of constructing such a 
family of curves. 

If the uniform shaft system is used, the solution becomes 


Clutch or Flywhee/ 


Propeller Motor 
Armature Engine 
Propeller Shaft hh, 


Stub- 
O 


shaft 
SHAFT 


Air 


Fic. 19) Typical SUBMARINE Line-Up 
laborious because of the trigonometric equations involved. 
If the concentrated mass system is used, a great amount of 
numerical computation is required. 

By using the author’s method the reduction from either side 
of the shaft line-up is carried out more or less mechanically by 
the use of tables and charts or by asimple formula. This reduces 
the labor and chance of error. 

In general, where the solution of shaft frequency only is 
desired, the writer finds the author’s method very satisfactory. 
If, however, a very complete analysis is needed, including calcu- 
lation of amplitudes and stresses for both synchronous and 
forced vibration, the uniform shaft system originated by Pro- 
fessor Lewis with the tabular solutions given by Mr. Forter in 
previous papers is found very satisfactory. 

Mr. Porter’s paper is a notable contribution to the art of 
solving torsional vibration problems; and the rapid method he 
now presents will be welcomed by all engineers confronted with 
this problem. 


GeorGe Dasnersky.'* The author is to be complimented 
for his past contributions to the technique of calculations per- 
taining to torsional vibration, as well as for his present valuable 
contribution. The paper offers several labor-saving and time- 
saving devices for calculating the natural frequency of complex 
shafting systems. 

In general, a complete analysis of torsional vibration char- 
acteristics of an installation may be classified into the following 
elements: 

(1) Caleulation of natural frequencies and location of critical 
speeds 

(2) Amplitude of vibration at critical speeds 

(3) Vibration stresses occurring in shafting when in a critical 
speed 

(4) Calculation of forced vibration in proximity to the critical 
speeds; namely, the resonance curves for amplitude and stress. 

In each of the elements listed, the frequency solution is usually 
directly or incidentally involved. The particular system of 
calculation used will depend upon the idiosyncrasies of the 
Particular calculator. In any case the availability of another 
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method permits an excellent check of a calculation by comparison 
of results obtained by two systems. 

Where a family of curves is required, to show the influence 
upon the location of critical speeds of various connecting shaft 
sizes, and the moments of inertia of the driven masses such as 
flywheels, generators, propellers, etc., much time and labor are 
involved. 
portant. 
should be of great utility. 

Of the various classifications of installations shown in the 
paper, most cases met in conventional shaft line-ups may be 
thrown into the forms shown in form 2 of Fig. 4, or the forms 
shown in Figs. 5 and 6. The adaptation of the system to one 
of these forms and use of the tables may introduce some error 
of approximation in the calculated frequency due to interpola- 
tion of trial values of n. Usually such slight departure from 
the actual frequency is in itself unimportant, with respect to 
stating the location of critical speeds and ranges of speeds to 
be prohibited to operation. However, as stated at the outset, 
the determination of the amplitudes of vibration and of the 
vibration stresses and moments are dependent upon the fre- 
quency solution. It is in this respect that the writer’s experience 
has shown that whatever system of calculation is used, whether 
the concentrated-mass system, the uniform-shaft system, or 
crosses between them, critical values of n may be encountered, 
and it becomes essential that the system of equations be quite 
closely satisfied by the value of frequency considered to applying 
to the “mathematical” installation. 

Referring to Equations [17], [18], and [19] of the paper, it 
will be observed that the amplitude of vibration and vibratory 
twisting moments and stresses at any points in a step with mass 
involves a step constant a. This constant is determined by 
assuming unit amplitude at the beginning of the line-up and 
solving for the @ value for the first step, and computing in turn 
the @ values for succeeding steps, from the following relation: 


Any device for conserving these becomes very im- 
The present paper in this respect is invaluable and 


%+1 = 


cos(@in + yx) 
COS Yk +1 


This equation follows from the relations given in Equation 
[18] of the paper. It often happens that values of gin + yx and 
yr +1 are close to 90 deg. or 270 deg. Even small error in the 
assumed value of n with respect to the value of n which satisfies 
the system of equations in such case may result in very con- 
siderable errors in the calculation of a. Consequently, in such 
cases similar error results in the calculated vibration moments 
and stresses. Where only a frequency solution is being sought, 
it is not necessary to determine n with the finesse implied, and 
the interpolated values are usually of sufficient accuracy. 

The frequency solutions devised by the author quite thoroughly 
systematize the frequency calculations. The tabulated values 
for reduction of masses and for the direct solution of some of 
the simpler line-ups are indeed valuable contributions to the art. 


E. A. Tutus.” The author has contributed another very 
interesting paper on the important problem of Diesel-engine 
vibration. The proposed method for calculating natural fre- 
quencies uses a slightly different scheme than the one the writer 
works with now, but it gives a speedy, accurate solution through 
the use of standard forms and tables. In an engine with only 
a few cylinders the accuracy of the proposed method will not 
be nearly as good as the Holzer method and it is questionable 
whether it will be much more rapid. For standard work the 
Holzer method is more routine since an addition of masses simply 


17 Research Engineer, Power Engineering Department, Westing- 
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means a longer procedure. However, the theory is no more 
complicated and the results are very accurate. These factors 
in some cases may overweigh the advantage of simplicity in 
favor of Mr. Porter’s proposed method. 

To the writer’s mind, the most important point in a torsional- 
vibration calculation for a Diesel-engine unit is the evaluation 
of the elastic constants of the shaft. It has been the writer’s 
experience that a marked change in the inertia constants for 
the system will usually result in only a slight change in the 
calculated critical frequency. On the other hand, a slight change 
in the shaft flexibility, especially if it occurs in the nodal section, 


(aD) 


Fie. 20 


will produce a large change in the natural frequency and will 
at times bring the unit within the dangerous range. For this 
reason the data presented by the author in regard to shrink 
fits and couplings are very important. In addition, to the valu- 
able instructions the author has presented for calculating shrunk 
couplings, it would be very interesting to know if he has any 
data on the twist of shafts in pressed or shrunk fits and to know 
how this flexibility varies as a function of the length and the 
pressure of the fit. In short shafts this is very important be- 
cause the relative value of the shrunk portion is quite large in 
respect to the rest of the shaft. In selecting the coupling the 
designer should keep in mind the application in which a Diesel 
drive will be used. Some of the flexible couplings have rigidity 
constants which vary with the load. An application of such a 
coupling to a constant-speed but variable-load installation, for 
instance, a dredge, results in unnecessary complications. Such 
an application would mean that the characteristics of the unit 
would be similar to the variable-speed unit, and hence the de- 
signer would have to consider the whole range of criticals in- 
stead of only one of them. Where the installation of the flexible 
coupling is necessary for some other reason, the designer should 
select one that has a constant rigidity coefficient or one that 
has very good damping properties. 

Another phase of the problem of calculating rigidity constants 
that is important is the evaluation of the rigidity of the crank- 
shaft. A bibliography on this subject is given at the end of 
this discussion. 

Of the six formulas mentioned, the Geiger equation requires 
experimental constants and hence cannot be used directly in 
predetermining the crankshaft flexibility. A tabulation of all 
the available data and the results that have been published 
indicate that Carter’s formula will give the most accurate results. 
One does not need experimental data to apply Carter’s formula, 
and in addition the computations are relatively simple. The 


rigidity constant as expressed by Carter’s formula is K = 


in.-lb. per radian. G is the value of shear modulus and may be 
taken as 11.8 X 10* lb. per sq. in., J is the polar moment of 
inertia of the cross-section of the shaft and is expressed as: 


J= — 6;4)in.4 


L is the equivalent length from A to B (see Fig. 1) in terms 
of the journal shaft and may be found by: 


3 3 (d*— 

This same compilation of the crankshaft formulas shows that 
Constant’s method usually gives closer results than Carter's. 
This is not surprising when one considers that Constant con- 
siders irregularities in the crank webs, whereas Carter neglects 
them. Nevertheless the writer prefers to use Carter’s formula, 
because it is much simpler and gives nearly as good results. 

After the calculations are completed, the designer must decide 
how far the operating speed must be kept from any one of the 
major orders of the critical. Of course, this decision will be 
influenced to a large extent by the type of installation. For 
instance, in Diesel-driven dredges there is quite a large amount 
damping present due to the pump impeller running under water. 
In such a case the limit of the difference between any one im- 
portant major and the running speed may be lowered, and still 
the installation may be considered as safe from torsional vibra- 
tions. As another example one may mention the Diesel drive 
in railway service. With the present design of high-speed mul- 
tiple-cylinder Diesels, the range of critical speeds is such that 
the actual operating range will overlap these speeds and the 
units have to be designed to meet this condition. Usually, 


(cor) 


J/2% 45,000 kg. 
12345000 


/20 om ----------- 
41.7 Kg. (db) 
J,=5004 Kg. 
JS/l2 @ = 4479/ 
be -/2§ -------------*~* 
2 
41.7 Kg. (c) 
J, =5el3 
J/2 @ = 4¢79/ 
41.7 Ky. (a) 


Fig. 21 


flexible couplings of the thermoid disk type or a vibration damper 
will solve the problem. (For further information on eliminating 
vibrations see the papers on ‘“Torsional-Vibration Dampers,” 
by J. P. Den Hartog and J. Ormondroyd, A.S.M.E. Trans., 
APM-52-13, and “The Elimination of Torsional Vibration,” 
by George J. Dashefsky, A.S.M.E. Trans., Penn State meeting, 
June, 1930.) Finally, consider a Diesel generator power in- 
stallation. For this service the unit will operate at a constant 
speed and will probably be designed in such a way that the 
system will not be able to absorb the energy due to vibration 
by damping. In such a case the limit should be higher than in 
the two mentioned cases. It would be very interesting to hear 
of the experience of the author in similar installations. The 
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writer’s experience is such that the difference between a major 
order and the running speed of a Diesel unit is varied to suit the 
conditions of operation, but in no case in constant-speed in- 
stallations is this difference allowed to be less than 10 per cent 
of the operating speed. 
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H. Scurecx." The paper is of great value and will be appre- 
ciated by all engineers who have to do with the calculation of 
critical speed. The methods most used today are those de- 
veloped by Holzer and Dr.-Ing. Wydler, both of which require 
a long cut-and-try method and the use of formulas of quite 
considerable length. 

In order to try out the simple method suggested by Porter, 
the writer worked out an actual example presented by Dr.- 
Ing. Schlaefke in the Journal of the Verein Deutscher Ingenieure 
of October 18, 1930. The article points out the difference be- 
tween the calculated critical speed and the actual one as de- 
termined on this engine. The calculation had not taken into 
account the effect of the drive off the shaft for the camshaft, 
and the author in his paper determined how much mass must 
be acting at this gear to cause a difference in the first frequency 
of 11,600 per min. calculated against 9700 per min. measured on 
the engine. 

The dimensions of the engine under consideration are given 
in the metric system, which will therefore also be used in this 
calculation. The values are given in kg. and em. Formulas 
and tables given by Porter do not require any change, except 
in one place, which will be stated. ; 

The first problem will be to calculate the first frequency with- 
out consideration of the gear drive. The original article reduced 
the six-cylinder engine to an equivalent three-cylinder system, 
but since a six-cylinder engine is no more complicated to cal- 
culate by the Porter method than a three-cylinder engine, 
the layout is reduced to its actual arrangement on the engine 
(see Figure 21-a). 

From data given, it figures that 8.34 kg. acts at each crank 
and 450 kg. at the flywheel. These values are those reduced 
to a common radius, which may be assumed to be 10 cm. At 
each crank is then acting (the symbols used are those of the 
paper under discussion), J = 834 kg. em.’ or for six cranks 
J = 5004 kg. em.*, or distributed over the length of the shaft, 
Je=41.7kg.em. At the flywheel is acting J = 45,000 kg. cm * 
The sectional polar moment of inertia of the shaft can be figured 
from the values given and the assumption R = 10 cm. to J. = 
452.3 em.4 

The system reduces itself then to Fig. 21-b. A further simpli- 
fication is applied, in that part of the flywheel is distributed 
over the 5-em. length without mass, amounting to 41.7 X 5 = 
209 kg. cm.* The critical speed now figures as follows: 


J, = 125 X 41.7 = 5213 


* Development Engineer, Fairbanks, Morse & Co., Beloit, Wis. 
Mem. A.S.M.E. 
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$20,000 452.3 


2,967,000 


We then read from Table 14, ¢,;n = 94.06, which gives n = 
94.06 


0.482 
Dr. Schlaefke’s value of 11,600 v.p.m. 
Let us now find how much the possible error can be due to 
simplifications. It is 
Ja 45,000 L, 5 
Ji 5004 


= 195 v.p.s., or 11,700 vibrations per minute, against 


With these values we can read from Fig. 16 that the error due 
to solving Fig. 2l-c instead of b is negligible and from Fig. 18 
due to solving Fig. 21-c instead of a is +0.3 per cent, or a total 
of +0.3 per cent error. 

We will now proceed to answer the question put by Dr. 
Schlaefke as to how much the mass of the gear drive opposite 
the flywheel end must be to cause the actual frequency on the 
engine to be only 9700 v.p.s. Dr. Schlaefke takes this mass as 
u times the mass of the two cranks, which is 1668 kg. cm.? 

Different values for «1 must be assumed, but we will take at 
once the value 0.65, which gave the desired result. For Fig. 


21-d, the inertia factor of the gear drive 0.65 XK 1668 = 1084. 
Length of added step 1084/41.7 = 26cm.; J; = 5213 + 1084 = 


‘ 


820,000 K 452.3 


151 


= 2,456,000; o: = 


7.113. 


We then read from Table 14, ¢:n = 94.85, which gives n = 
94.85 
0.587 

This then means that to satisfy the measurements of the 
critical speed on the engine proper, the mass of the gear drive 
amounts to 1.3 times that of one cylinder. 

In this last part of the calculation the shaft was simply ex- 
tended as mass per unit length, while on the engine proper the 
center of the gear or the load is located 10 cm. from the center 
of the last bearing, as can be determined from Dr. Schlaefke’s 
layout and \z = 0.751. In order to find how much the error 
in the mass is due to this assumption, the mass will be reduced 
backward to a concentrated mass at the end of the original 
system (Fig. 2l-e), and then this mass in turn reduced to one 
located on the centerline of the gear (Fig. 21-b). Referring to 
Fig. 21-e, it is 


= 161.6 v.p.s., or 9700 vibrations per minute. 


J, = 1084 


$20,000 X 452.3 
7 26 


= 11.5 = 0.1002 
C; 


gin = 0.1002 X 161.6 = 16.2 


Then referring to Table 14, we find the table value 7'(¢:n) 
and it is J’, = JiT(¢m) = 1084 X 1.0275 = 1114. Since 
J'n + = 0 (Equation [14]), itis J’n = —1114 kg. cm.*%. A 
simple rule for knowing whether this mass has a positive or 


= 14,260,000 


£0 Nes 
360 Ji Ji 
= — = 11.5 — = 0.482 
V9 
Ji2 44791 
8.59 
Ji 5213 
{ 
0.587; —— = 
4 
= 
|. | 
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negative value is that it is positive when the point to which the 

mass is reduced approaches a node and negative when moved 

away from a node. 

Reducing then the mass to its proper place and referring to 
820,000 * 452.3 


Fig. 21-f, it is C; = 10 = 37,100,000. 
[1 161.6 = 161.6 X 0.6275 


= 0.5567 


| 
The factor Vin is introduced for conversion from em. to 


inch, Porter’s tables being figured for the inch system. 

When now reading the table value for 7)(¥"),7), it must be 
noted that the value 0.556 is imaginary and therefore Table 13 
is to be used. J"o, = 1114 7)(0.556 7) = 1114 X 0.9693 = 
1079.8, or the error in the mass, by putting it at its proper dis- 
1079.8 
1084 


tance, amounts to (: ) 100 = 0.4 per cent, or less than 


'/, of 1 per cent. 

The writer believes that he has proved by this discussion and 
the calculation of an actual case that the method suggested by 
Mr. Porter shortens the work from one-fifth to one-tenth of 
that required by present analytical methods. It should be 
noted that the larger part of this calculation is for the checking 
of percentage of error due to assumptions made by Porter. 
This part would not be necessary when using this method in 
everyday work. 

To appreciate Mr. Porter’s work fully, it would be worth 
while to compare the laborious formulas used by Dr. Schlaefke 
(this is not a criticism of his article, because he uses a method 
generally accepted today) with the few lines of calculation re- 
quired for the Porter method. Mr. Porter, who has given us a 
number of papers on critical speed, deserves great credit for his 
latest work in this field. 


J. Ormonproyp.” While the author undoubtedly found 
great pleasure and use from the development of his simplified 
methods, the writer is not so sure that this method is of such great 
importance to the rest of the industry. At the present time 
methods for calculating critical speeds are in the process of being 
slowly disseminated throughout the ranks of those engineers 
who should be able to use them. At this stage it is a far better 
policy to stay as close to fundamental ideas as possible without 
any elaboration. The graphical and numerical methods of 
calculating critical speeds go back, in the final analysis, to the 
Newtonion equations of motion for the simplified system in 
question. This system is assumed to be vibrating freely and 
is also assumed to have no damping forces acting upon it or 
in it. 

Under these assumptions the quantities which appear in the 
simultaneous equations are the moments of inertia of the masses 
in the system, the spring constants of the elastic members in 
the system, the angular coordinates (in radians) of the masses 
and time. These fundamental equations written with these 
quantities involved can be recognized by any one in any country 
who has sufficient dynamical education. A thorough grasp of 
Newton’s second and third laws and a small knowledge of the 
solution of linear differential equations are all that is needed to 
the final solutions. The Holzer method can be so used that 
nothing appears in the tabulation work but the very quantities 
which appear in the simultaneous equations, and the units of 
angular measure can be maintained as the radian. This seems 


'® Experimental Division Manager, Westinghouse Elec. & Mfg. 
Co., South Philadelphia, Pa. 


to be such a simple procedure that one is surprised at the ex- 
tensive use of such ideas as equivalent lengths and masses at 
equivalent radii. Now on top of these elaborations which seem 
to obscure the real problem, Mr. Porter is proposing a really 
complicated simplification. He is using a mass of new nota- 
tions which must be memorized by any engineer who starts 
out with this method and which are particularly hard to under- 
stand for any engineer who has been working in the field with 
notations grown familiar with years of usage. 

If one is starting to calculate the critical speeds of an entirel, 
new engine, Mr. Porter's simplification refers only to a small 
fraction of the total work required. By far the largest job to 
be accomplished is the reduction of the actual engine to the 
equivalent simplified system. It may take anywhere from one 
day to one week to reduce the reciprocating parts to equivalent 
flywheels and to calculate the equivalent spring constants be- 
tween these flywheels by using the data contained in the sketches 
and drawings of the proposed engine. After the equivalent 
system is set up, the work of making a preliminary estimate of 
the lowest natural frequency is very simple. This calculation 
might take about five minutes. After this the application of 
the Holzer method to arrive at the lowest natural frequency 
will take about four complete trials; each trial in the case of a 
system having eight or nine bodies might take five to seven 
minutes. In other words, after the system has been set up, it 
only takes one-half hour to calculate the lowest natural fre- 
quency and its corresponding normal elastic curve. Since the 
second and third natural frequencies require more accurate 
work in the tabular method, it might be said that two hours 
more should be added for their calculation when they are needed. 
Mr. Porter’s method simp.ifies this work, which at the utmost 
can consume only about two and one-half hours, whereas the 
work which may take from one day to one week is still the same 
as before. 

Mr. Porter's method of course does have merit in production 
methods of design or where minor changes to existing engines 
are very frequent. Most engineers who will have to calculate 
critical speeds will not run up against mass production of design 
even in an engine-manufacturing concern. The importance 
of a common language for all engineers working in a certain field 
is so. great and the widespread use of Holzer’s method is such 
an apparent fact, that the writer believes all efforts should be 
bent toward disseminating that method rather than attempting 
to bring out graphical methods or other simplified methods. 
Naturally the method used by each investigator is a matter of 
his own taste, and the writer certainly is not the one to oppose 
publishing any methods of calculation which may be devised. 
He merely wishes to bring out the fact that he does not consider 
Mr. Porter's simplified method as simple as the original Holzer 
method. 


M. Stone.” The present discusser had a chance to discuss the 
paper with the author at a joint N.E.M.A.-D.E.M.A. meeting 
for torsional vibration, and hence is no longer under the handicap 
of having to force his way through the developments. 

The author’s notations are rather unnecessarily involved, and 
the large tables of constants are such that one has a certain 
hesitancy about reading the paper through. But once this is 
done, there are certain definite points that are well made by the 
author. 

There is no doubt as to the method of calculating the critical 
frequencies of a system of n degrees of freedom. This has been 


20 Mechanical Engineer, Westinghouse Electric & Manufacturing 
Co., East Pittsburgh, Pa. At present on special investigations 10 
Europe. 
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done in many ways, but the particular case of torsional vibration 
was first solved and presented satisfactorily by H. Holzer. His 
assumptions were that an engine can be replaced by a series of 
discrete inertias (having an average value of the variable re- 
ciprocating inertias) connected by massless flexibilities repre- 
sented by the crankshaft sections between cylinder centers. 
Calculations based on this method have been checked by actual 
experiments for the last fifteen years by various investigators 
in many parts of the world. 

In the interest of shortening these calculations, but not losing 
any appreciable accuracy, the author has replaced the earlier 
dynamical picture of the engine by one of a distributed mass and 
flexibility. A real appreciation of what this means can only b> 
obtained by noting the excellent comparison that he has made in 
Fig. 18, which forms the first convincing argument as to the value 
of the approximation. The author has further worked out tabu- 
lated values to take care of the effects of large concentrated 
masses in the torsional system, such as flywheels, etc., and has 
thus reduced the calculation work still further. In an actual case, 
however, there still remains a considerable amount of judgment 
that the caleulator must exercise in order to represent properly 
his svstem dynamically, so that the error shall not be larger than 
a few per cent. This judgment is of the kind described in the 
paragraphs following Table 8 where the “total inertia factor for 
the scavenge pump including the shaft up to the center line of 
the first bearing is... , and corresponds to an increase in length 
of the main cranks.”’ 

Where a calculator has only one type of engine to work with 
and has many calculations to do weekly—-then the ufe of the 
author's tabulations should be a real help, once the proper ‘‘feel”’ 
is obtained in judging equivalent systems accurately. For cal- 
culations of all types of engines and drives, however, the slightly 
longer but more accurately determined Holzer method is prefer- 
able 

One of the most important parts of the calculation of torsional 
critical frequencies is the proper evaluation of system constants 
inertias and flexibilities. While, in general, the discusser agrees 
with the author’s evaluations, the two pertaining to (1) flexible 
spokes and (2) crankshaft stiffness are not accurately enough 
determined. In fact, for certain types of crankshafts, the 
author’s rule of taking an equivalent shaft as “3 per cent stiffer 
than a uniform shaft having the same section as the journal and 
the same length’? may be 40 per cent off. At the Westinghouse 
Company, the discusser has been making a comparison of all 
the existing published tests on crankshafts, together with a few 
unpublished ones, with all the existing methods of calculating 
crankshaft stiffness. Although the method presented by Con- 
stant®' seems to be the most accurate, due to the correction curves 
that are necessary to use along with the method, the method of 
Carter,*? which is practically as accurate, is preferable. De- 
pending on the type of crankshaft, whether marine, auto, or 
airplane, the flexibilities, in relation to uniform shaft of section 
equal to that at the journal and length equal to the actual length, 
range from 70 per cent to 140 per cent. 

The question of the flexibility of the rotor is one that has been 
only recently appreciated? in its full importance. In a case in 
mind the diseusser remembers an instance where the introduction 
of the generator-rotor flexibility reduced the calculated second 
critical frequeney from 3600 per min. to 2200 per min.; the ob- 
served frequency was 2110 per min. The expression for rotor 


Hi Constant, “Stiffness of Multi-Throw Crankshafts,”’ 
neering, Nov. 1, 1929. 
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_ = B.C. Carter, “Experimental Formula for Crankshaft Stiffness 
in Torsion,’’ Engineering, July 13, 1928. 

** Author's discussion of Dashevsky’s paper at Penn State meeting 
of A.S.M.E. Oil and Gas Power Division, Summer, 1930. 
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flexibility given in a previous paper®* has been more recently 
improved upon, in that it takes into consideration the bending 
flexibility of the rim against torque. The discusser is sorry that 
he does not have this formula or its derivation at hand, but it 
can be found in a report to the previously mentioned N.E.M.A.- 
D.E.M.A. committee. If the rim is very stiff, i.e., the term 
|,—~» ~, the formula simplifies to that of the author’s. How- 
ever, for the ratio of J, to Ja (moment of inertia of rim to mo- 
ment of inertia of arm) that occurs in actual machines, the value 
of C calculated from the author’s formula may be 100 per cent 
off. A detailed discussion of this point, together with other 
similar discussion, will appear in a forthcoming paper. 


AUTHOR’sS CLOSURE 


The author is grateful to the contributors in the discussion 
for their favorable and stimulating remarks. Apparently the 
utility of the proposed method is being considered from two 
different points of view. One of these is the viewpoint of the 
engine designer who lays out the installation to accommodate 
satisfactorily the requirements of the engine and driven ma- 
chinery. The other is the viewpoint of those who design the 
driven machinery and who wish to check the installation to in- 
sure the safety of their own equipment. In the latter case, some 
of the discussers feel that the time element in making a calcula- 
tion is not an important consideration, the principal requirement 
being that the results are reliable. In the former case, however, 
it is often necessary to check the frequencies of many different 
combinations in order to find the best arrangement of the ma- 
chinery. If this kind of work is carried out thoroughly, the 
time element in making the calculations becomes an important 
consideration. 
engine designers are favorably inclined toward the proposed 


It is gratifying to see by the discussion that the 


method. 

There are several ways in which the designer is forced to 
approach the torsional-vibration problem. The following is a 
description of how it may be given consideration from the begin- 
ning of the design work. The description is divided into two 
parts: (1) preliminary calculations, and (2) calculations for 
special arrangements. 

1 Preliminary Calculations. Suppose that a line of engines 
are to be built having a certain cylinder size and consisting of 
anywhere from three to eight cylinders. Suppose also that these 
engines are to be used in any arrangement where Diesel power is 
desired. 

In the first steps of the design work, the weights of the moving 
parts will be calculated for the purpose of determining the stresses 
due to the reciprocating and rotating parts. These weights will 
also be used in designing the counterweights for the three and 
four cylinder sizes and for the scavenge pump and air compressor. 
Later the flywheel sizes are determined for the various types of 
service in which the engines will be used. 

Thus in the preliminary design calculations, a greater part 
of the work in calculating the engine factors for the torsional 
vibration problem is already made in determining the un- 
balanced forces and stresses in the engine. 

Suppose that many of the adaptations of these engines will be 
in electric installations driving generators or alternators, and 
also in marine installations direct connected to marine pro- 
pellers. The most probable electric equipment will be assumed, 
as will also several typical marine installations for each of the 
six engines in the new line. 

The critical speeds for these various arrangements will then be 
calculated. In this way the designer sees whether he can expect 
to overcome the vibration difficulties in the various engines and 

24M. Stone, “Stress Analysis in Electrical Rotating Machinery,” 
Trans. A.S.M.E., 1928. 
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which of the engines will cause him the most trouble. He can 
then decide if the crankshaft diameter should be changed, or if 
other changes are necessary to give a proper control of the critical 
speeds. 

Finally the line of engines is put into production. The actual 
weights of the connecting rods and reciprocating parts are ob- 
tained, and the preliminary inertia factors of the engines are 
modified to agree with these values. 

2 Calculations for Special Arrangements. When the desired 
adaptation of the Diesel engine is determined for each customer, 
the frequency calculations are made for the most obvious ar- 
rangement. In many cases, however, this is just the beginning 
of the work, as it often happens that the most obvious arrange- 
ment does not give favorable locations for the critical speeds. 

Various arrangements are then calculated. For example, the 
attached shafting may be changed; the flywheel may be altered; 
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a small flywheel may be located to advantage at some point, 
particularly at the engine end opposite the flywheel; or other 
changes may be considered that are apparent in special installa- 
tions. Even the main-engine counterweights may be altered or, 
in especially difficult installations, counterweights may be added 
on those engines that are inherently balanced. 

After a suitable arrangement has been found, the maximum 
amplitudes and resonance curves may be calculated as a final 
check on the installation. 

Sometimes it is advantageous to draw curves as illustrated in 
Fig. 13 to give the natural frequencies of any likely combination 
of the driven machinery. 

In the type of design work described above, the frequency cal- 
culations require a large percentage of the time given to the 
torsional-vibration problem. The proposed method of calcula- 
tion was developed to handle work of this kind in order to meet 
production methods of manufacturing with speedier methods of 
calculation and without loss of accuracy. 

Most of the discussers have acknowledged that the proposed 
method has merit when used as just described. Messrs. Hoganand 
Ormondroyd, however, feel that the amount of time required for 


the frequency calculations is small in comparison with the time 
required for the whole calculation. While this idea mty be true 


for those making a final check on a complete installation, it js 
seldom true for those laying out new designs. 

Referring to Mr. Hogan’s comments, he states that the pro- 
posed method merely introduces another complication which ob- 
scures the physical picture, and that one of the best reasons for 
the use of Holzer’s method is that it aids the engineer in getting 
a clear mental picture of the phenomenon which prevents any 
numerical errors that tend to creep in. He explains the approxi- 
mate solution used in the Holzer method and states that the value 
obtained by the approximate solution is usually very close to the 
exact value for the first frequency, while that for the second is 
generally in error. 

The last statement mentions an important characteristic, lut, 
contrary to Mr. Hogan’s idea, it is true about as often as it is 
false. A little work with the proposed method, as illustrated 
below, will show this and will also show the reason. Since Mr. 
Hogan has used Holzer’s method for several years, this would 


indicate that Holzer’s method does not give as good a mental 


picture of the phenomenon as the proposed method. 

Fig. 22 shows the numerical example given in the paper (refer 
to Figs. 11 and 12) arranged for solution by Holzer’s method. 
The flywheel inertia factor is 8,323,000 Ib-in.?, since the value of 
8 X 10° as shown in Fig. 12 was obtained by making a deduction 
from the actual value to spread over a short length in step No. | 
to make the uniform shaft representing the engine extend to the 
flywheel. This was mentioned in the second paragraph under 
Table 8. The value of the deduction was 45.2 x 7544 — 43.85 
(11)*/36 = 323,000 lb-in.? 

Fig. 23 shows this system arranged for the approximate solu- 
tion by the well-known formula for a three-mass system. The 
formula will be used as it is given, page 54, Equation [121] of 
the author’s paper APM-50-8, Trans. A.S.M.E. 


+ J 2) 12 114.78 x 9.932 
ow QJ 23 2 X 1.6089 X 8.323 


587.9 X 13.323 
= 
2 X 8.323 x 5 


(Jn +Ju+Ju)CiC: 14.932 X 114.78 X 587.9 
16.6089 X 8.323 5 


= 15,049 


n = 3.1266 V 136.67 + +/ (136.67)? — 15,049 


= 3.1266 V/ 136.67 + 60.25 = 3.1266 X (7.642 or 14.033) 
= 23.89 or 43.88 


We therefore assume p? = (2rn)? = 23,000 for the first tabu- 
lar solution by the Holzer method. The calculations are given 
in Table 15a. The value / in this table is equal to J/g. The 
assumed value of p? is seen to be low. Next we take p? = 25,000 
as shown in Table 15b. The value of p?is still too low. The next 
trial value by extrapolation would be p? = 36,440, but anticipat- 
ing that this value is high, we assume p? = 30,000. Table 15c 
gives the calculations. Again, by extrapolation, p? would be 
35,250. Assuming p? = 35,000, another table (15d) is calculated. 
Interpolating between p? = 30,000 and 35,000, we get p’ = 
34,780, which gives n = 29.68 for the first frequency. It is to be 
noted, however, that even though our interpolated value of p’ 
is correct, we shall have to make another tabular calculation te 
obtain correct 6-values for the relative-amplitudes curve. 

The two tabular calculations necessary for the second fre 
quency solution are given in Tables 15c and 15f. The inter 
polated value of p? is 76,230, which gives a = 43.94. 
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The calculations necessary to obtain these frequencies by the 
proposed method are given in Table 7. 
Summarizing the results, we have: 
VALUES OF n IN VIBRATIONS PER SECOND 
Holzer’s Method 


Approx. Accurate Proposed 

solution method method 
First frequency. . re 23.89 29.68 29.67 
Second frequency......... 43.88 43.94 44.07 


It will be observed that the first frequency by the approximate 
solution in Holzer’s method is 19.5 per cent in error, while the 
second frequency is 0.9 per cent in error. The reason that this 
is contrary to Mr. Hogan’s statement is that the engine and fly- 
wheel have a larger influence in determining the first frequency 
than the other parts, and that the flywheel, alternator shaft, and 
alternator have a larger influence in determining the second fre- 
quency than the engine. Thus the rough approximation of re- 
placing the engine with a single concentrated mass at the center 
of gravity of the inertia factors on the engine side of the flywheel 
gives only a rough approximation to the first frequency, whereas 
the second frequency is obtained more accurately by the same 
ipproximation. 

This fact is easily seen when using the proposed method, thus: 
First, consider the frequency of the engine and flywheel with the 
alternator cut off. In this case n = T-1(—8/1.95) + 3.113 = 
31.5, which is only 6 per cent from the correct value of the first 
frequency. Then consider the frequency of the flywheel and 
alternator with the engine cut off. In this case n = 7T,~!(—8/5) 

0.09221 = 43.2, which is only 2 per cent from the correct value 
of the second frequency. 

Another way of seeing this is described at the bottom in the 
third paragraph below Table 8, where a reference is made to 
Fig. 15. 

The idea is also illustrated in Fig. 13. It will be noted in this 
figure that portions of the curves are only slightly inclined to the 
natural-frequency axis and that other portions rise very swiftly 
from this axis. In the former case where the curves are only 
slightly inclined, the frequency changes rapidly for changes in 
the alternator-shaft stiffness, while in the latter case changes in 
the extension shaft have very little influence on the frequency. 
The former case is the one that Mr. Hogan has noted, whereas 
the latter case, which is equally likely to occur, corresponds to the 
numerical example given above. 

The saving of work when using the proposed method is also 
illustrated by the numerical example. The complete calculations 
necessary to get the first and second frequencies by Holzer’s 
method are given in Tables 15a to 15f, not counting the calcula- 
tions required for the approximate solution. Each of these 
tables requires 41 arithmetical operations and corresponds to 
one line across Table 7, or 5 arithmetical operations for the 
proposed method. Therefore not only is the amount of work 
required for the proposed method less than one-eighth that for 
Holzer’s method in this case, but the possibility of numerical 
errors is also reduced by the same ratio. 

Mr. Hogan mentions that having the calculations by Holzer’s 
method, no special calculations are necessary in order to draw 
the relative displacement or elastic curve, also that in the case 
of the proposed method another calculation must be made in 
order to determine it. The actual facts of the case, however, 
may be seen by a reference to the numerical example just de- 
scribed. In working this problem by Holzer’s method we needed 
four tables (15a to 15d) for the first frequency and two tables 
(15e and 15f) for the second frequency to obtain accurate values 
of p. We do not have tables for these accurate values, because 
they were obtained by interpolation. Therefore in order to obtain 
the relative-amplitude curves for the first and second frequencies, 
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TABLE 1S: SOLUTION FOR FiG.22 BY 
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[7 [2909 (66459 |23.26) | 33473 | 7756 |/06 630 |.379760 
FEE YAN) [=044 87 | 33.967 | 72.767 | 12376 
12,986.05 |45 3 462|- 6364 |-76.472 | -3.777 
76,000 Table /Se 
7 a 5 é 7 
8738 _ 173735 | | 23.785 |73.785 | 02367 
573.8 |sosog | 4793/3 163.078 | 
664579 $5 352| 43.110 | 706.208 |. 2067/ 
| 6465/| 32.670 | 139 27044 
1 $9 | 3976371 19. _|/57 960 | 30743 
£64 87 |50507 | 06894| 3.482 | 16/442 |. 2/ 
[50507 | 24527 |-/2.358 | 054 | 53063 
651/637 065 | — 775 FO |-72.7/757 |-1122 207 |-/ 
V84-660| //32794| 1115 Sb/ | 
76 $00 Table /s 
/ 2 3 e 7 
7 48/38 | 876 | |43.876 |/3 876 |. 02377 
66459 | 5a84/ 7762/ |9963/ |63.5°7 |. 42360 
£5457 |s0 84! | 5526/ 143.348 | | 2079 7 | 
| £44 57 84) | 64464 | 30.774 629| 27/76. 
66459 |50 54/ .37238 | 958 LSE SE7 |. FOTOS 
T1879 | 66459 |50.34] | 06423) 3366 | /6/ 853 |. 3750/ 
166457 $4) |-/2.750 |/49103|.5 3050 
65 | 649 78/58 11289 284. 1140.3 73976 
12,956.05 | 99/1/38 | 7/5818 Ge | 2530 


we shall have to calculate two more tables having 41 arith- 
metical operations in each table. The proposed method requires 
two multiplications and one division to obtain the relative- 
amplitude curve for each frequency, giving the amplitudes over 
the engine as ordinates of a sine curve. 


: 
41 
ap 
| 
{ 
¥ > 
; 


42 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Mr. Hogan also brings up the point that in order to carry out 
the calculations by the proposed method, the tables and data 
of the paper must be on hand. One could also say this was a dis- 
advantage for the ordinary trigonometric tables or even for the 
slide rule. 

The author agrees with Mr. Hogan that spoke flexibility is 
often of considerable importance, and has tried to point this out 
in the paper. Further discussion of this point is given later. 

In regard to crankshaft stiffness, the author prefers using 
factors for similar crankshafts that he has tested rather than 
using a formula. For any new type of crankshaft, experience 
has shown that the importance of the torsional-vibration problem 
warrants a test to determine its stiffness. 

The author appreciates Dr. Wydler’s comments. 
that he may have opportunity to apply his method as suggested. 

The tables of results given by Messrs. Geittman and Anderson 
are interesting. The latter gives a check between Holzer’s 
method and the proposed method that he obtained on five differ- 
ent installations. The former gives a comparison between cal- 
culated results and the actual frequencies that he has also ob- 
served on five installations. 

Mr. Dashefsky mentions that some error of approximation in 
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Fig. 25 


the calculated frequency may be introduced due to interpolation 
on trial values of n. This error, however, should be no greater 
than five parts in 20,000, which in general is the maximum error 
for which the tables were designed. If there is any doubt that 
the interpolated value is not correct, another calculation should 
be made. 

The critical values of n mentioned by Mr. Dashefsky are seldom 
troublesome. They can always be handled in the proposed 
tabular solutions by assuming one of the factors of the installa- 
tion as a variable and computing values of n corresponding to 
different values of the assumed variable. 

Mr. Tulus states that in an engine with only a few cylinders 
the accuracy of the proposed method will not be nearly as good 


as the Holzer method. This idea was discussed in the paper and 
the statement was made in the second paragraph following Fig. 
9 that ‘‘since engines with a small number of cylinders usually 
have counterweights at each crank web, it seems probable that 
the actual installation is more like the uniform-shaft system 
than the system of concentrated masses."’ We have examined 
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this point very carefully and believe that Mr. Tulus is not correct 
in his statement of the case. For example, consider a tliree- 
cylinder engine of the same design as that shown in Fig. 11, 
driving a flywheel-type generator having an inertia factor 0! 
8,323,000 lb-in.2 The usual engine counterweights which are 
placed on each web practically double the inertia factor at each 
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cylinder. We shall therefore assume that each counterweight 
has an inertia factor of 128,240 Ib-in.? 

Fig. 24 shows the equivalent arrangement for solution by 
Holzer’s method. The solution is given in Tables 16a and 16b. 
The solution by the proposed method is given in Fig. 25. 
Now, consider the inertia factors at each crank as follows: 


(1) Inertia factor at the center line of the crankpin. 
120,050 
29,280 


(a) Piston and connecting rod = 
(b) Sin. of crankpin 0.8 & 36,600 


Sum 149,330 


(2) Inertia factor at the center of each web. 
(a) One web 94,950/2 = 
(b) » of journal 4880/2 = 
(ce) One inch of crankpin = 
(d) One counterweight 


47,475 
2,440 
3,660 

128,240 
ISI,815 


sum 


J... = 8323000 


der 


te 
Jy,=70.000 


= bq = 449930 

C, = 2/93.8 10% 

Cas C7 794) 10°, Go 322.310" 


Fig. 26 


The length between the center line of the piston and the center 
of the web equals 8 in., and between the centers of adjacent 
webs of different cranks is 18 in. 

The equivalent arrangement is shown in Fig. 26 and the solu- 
tion by Holzer’s tabular solution is given in Tables 17a and 17b. 

The results of the solutions for the three types of equivalent 
systems considered for this three-cylinder engine are given in 
Table 18. 

Which of these methods gives the more nearly correct result 
is difficult to say, but it is quite apparent that either (2) or (3) 
of Table 18 is closer to the actual shaft arrangement than (1). 
This shows that, in the last analysis, actual fact is contrary to 
Mr. Tulus’ statement. 

TABLE 18 

Per cent 

difference 
relative to (3) 

0.47 
0.08 


Method 


Holzer's method 

Proposed method 

Concentrated-mass solution consider- 
ing three masses per crank 


The elastie effects of press fits, clamped fits, and shrink fits 
vary considerably even in identical installations. We have ob- 
served these effects in twisting tests and vibration tests, and 
recommend the working rules given in the paper. Some work 
has also been done in treating this problem theoretically. 

Mr. Tulus mentions the problem of how far the operating 
speeds must be kept from any one of the major orders of vibration. 
This depends upon such limiting factors as excessive stresses, 
undue wear of parts, noise, flickering lights, or other kinds of 
objectionable effects due to torsional vibration. The calculation 


* Verhandlungen des 2-internationalen Kongresses fiir technische 
Mechanik, Zurich, 1926: ‘‘Ueber die Torsion von Schrumpfver- 
bindungen,” von G. Eichelberg, Winterthur. 
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of the range of critical speeds was considered in a previous paper. 

The author appreciates Mr. Schreck’s addition to the dis- 
cussion. The example worked out by Mr. Schreck shows very 
clearly the simplification of the work involved in calculating the 
natural frequencies by the proposed method. 

Mr. Stone states that there still remains a considerable amount 
of judgment to be used by 
the calculator in order to oy 
properly represent his sytem 
dynamically, so that the 
error shall not be larger than 
a few per cent, and he quotes 
as proof to his statement the 
treatment of the scavenge- 
pump inertia as explained 
in the numerical example 
given in the paper. 

Apparently Mr. Stone has 
overlooked Fig. 17 and the 
explanation of this figure 
given in the first paragraph 
below Fig. 9. When one 
is reducing the actual sys- 
tem to a simpler one for 
mathematical treatment, it 
is recommended that he 
read over the section of the 
paper entitled ‘‘Determina- 
tion of Equivalent System.”’ 

The author does not agree 
with Mr. Stone’s expres- 
sion, the “more accurately 
determined Holzer method.” 
The fact is that the theory of 
the vibration of uniform shafts 
with mass is just as fundamental 
and just as accurately determined 
as the theory underlying Holzer’s 
method. In regard to the ac- 
curacy of the results, we have 
shown both in the paper and in 
the discussion that there is no 
practical difference between Hol- 
zer’s method and the proposed 
method. 

Mr. Stone brings up 
two points which he 
says are not accurately 
enough determined: (1) 
flexible spokes and (2) 
crankshaft stiffness. I 1 
regard to crankshaft 
stiffness, Mr. Stone 
has apparently mis- 
understood the state- 
ments in the paper. The author would like to point out that 
he has quoted only the last half of a sentence, the whole of which 
reads, “‘A crankshaft having the general proportions shown in Fig. 
9 when turning in its bearings under operating conditions is about 
3 per cent stiffer than a uniform shaft having the same length 
and the same section as the journal.” The author recognizes that 
crankshafts of widely different designs will have different values 
for their stiffness factors. In fact, in the sentence following 
the one quoted above, he refers to test results where the com- 
parative stiffness ratio varies from less than one to 1.25. 

Several of the discussers, including Mr. Stone, refer to Carter's 
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formula for crankshaft stiffness. The statement is made that 
tests have proved it to be sufficiently accurate for engineering 
calculations, especially in the Diesel-engine field. Undoubtedly 
Carter’s formula is a remarkably good one considering the number 
of variables involved, and furthermore it does have its uses in 
evaluating the stiffness factors for crankshafts of new designs. 
It should be recognized, however, that it is an approximate 
formula and that the stiffness values of actual shafts do vary 
considerably from those computed. In this respect Carter makes 
the following statement: ‘Taking the test results to be exact, 
the range of error in the calculated stiffness values is from 
6.4 per cent low to 8.2 per cent high for the marine shafts, 10.2 
per cent low and 4.8 per cent high for aircraft shafts, and 
3.8 per cent low and 13 per cent high for car shafts; thus all 
the results lie between 10.2 per cent low and 13 per cent high.” 

Applying Carter’s formula to the crank shown in Fig. 9, the 
comparative stiffness factor works out to be 0.872. This value 
from test results observed by the author should have been 1.03, 
which in this case shows an error of 15.3 per cent in the value 
from Carter’s formula. 

The large number of variables affecting the crankshaft-stiffness 
problem include not only the crankshaft dimensions but also 
the bearing restraint. The latter variable is dependent upon the 
stiffness of the engine frame, etc. About the only way to get 
accurate stiffness factors for crankshafts of radically new designs 
is to obtain them from the engine itself after the new design is 
built. At the present time, factors obtained from formulas 
must be considered as only approximate. 

The other point mentioned by Mr. Stone is the stiffness factor 
for a heavy elastic ring attached to the shaft by flexible spokes. 
Formula [26] applies to a heavy stiff ring attached to the shaft 
by flexible spokes. In certain special designs it is possible that 
the elasticity of the ring will be an appreciable amount that 
should be considered. In this case the proper formula is easily 
obtained from the usual theory for the bending of nearly circu- 
lar rings in one plane. The resulting expression for the stiffness 
factor, C, of the rim relative to the hub is given below and the 
derivation is given at the end of the closure: 


12 NEIr + 1 
K = sin 
I, \1 — cos B 


The symbols are the same as those for Equation [26] with the 
addition of the following values: 


where 


8 = 2x/N, or the angle between spokes (radians) 
I, rectangular moment of inertia of the ring section 


(in.*) 


Since the radial thickness of the ring is assumed to be small, 
the value of F in the expression r = R/I is taken to be the same 
as before, namely, the outer radius of the spokes. Values of 
(8 — sin 8)/(1 — cos 8) for various numbers of spokes are given 
in Table 19. 


TABLE 19 p-—sing 
1 — cos 
0.57080 
0.36234 
0.26730 

1 0.21224 

1: 0.17614 


Number of 
spokes 


Fig. 27 shows the spider of the alternator rotor that was used 
in the numerical example of Fig. 11. 


(a) Considering the rim stiff, 
N = 6, EF = 15 X 106 lb. per sq. in., / 2.75(6.5)* 


= 62.93 in.‘, R = 26in.,/ = 16in.,r = 1.425 


1 
r+——1 = 0.8301 
8r 


Therefore from Formula [26] 


C’ = 12 X 6 X 15 X 10° X 62.93 XK 1.625 X 0.8301 16 
= 5730 X 105 
which is equivalent to 2.960 in. of 11-in.-diameter shafting. It 


will be noted that this was given as 3 in. in Fig. 11. 
(b) Considering elasticity of rim, 


‘ 
N, E, 1, R,l, r, andr + _ 1 as before, 


or 


also 


3)? 3)? 
1, = 16X83 | + 2.75 X 3 | 


= 105.55 in. 
K = 1.5294 X 78.60 X 0.3623 + 
rK 
4 


105.55 = 0.4126 
1.5294 X 0.4126 + 4 = 0.15776 


12 X 6 X 15 X 108 X 62.93 X 1.625 
0.15776) 
16 X 1.4126 (0.8301 + 0.15776 


= 4827 X 108 


which is equivalent to 3.514 in. of 11-in.-diameter shafting. 

The error involved in the length of step No. 2 of Fig. 11 due 
to assuming the rotor rim stiff is 0.554 in. or 1.9 per cent, which 
is much less than the variation that can occur in the effective 
length of the shaft under the hub of the rotor. In this case it is 
evident that the elasticity of the rim is of no consequence. This 
condition is typical of a great many actual machines. Where 
additional elasticity in the rim is anticipated, however, the author 
agrees with Mr. Stone that this condition should also be in- 
vestigated. 

In this discussion, several references have been made to Hol- 
zer’s method of calculating natural frequencies. The author 
wishes to state that he had done so for the sake of comparison 
and with no intention of criticizing this method. 

Heavy Elastic Ring Connected to Shaft by Flexible Spokes. 
The theory of the bending of nearly circular rings in one plane 
has been very completely treated by Prescott (‘Applied Elas- 
ticity,” Longmans, Green and Co., 1924, pp. 282-318). The 
rings may be closed or open; the general equations will also apply 
to rods whose central lines form ares of circles or whole circles. 

In summarizing the general equations given by Prescott, we 
shall use the symbols as he defined them. 

The circle which nearly coincides with the central line of the 
ring is taken as a curve of reference. The radius of this circle is 
r. The polar coordinates of a point on the reference circle are 
(r, 0) with the pole at the center of the circle. The symbols 
M, F, T denote the bending moment, the shearing force, and the 
tension at any point. The external forces per unit length of the 
ring are p acting radially toward the center and qg acting tan- 
gentially in the direction in which dé@ is measured. The values 
of p and q for the problem at hand may be taken equal to zero. 
The change in the value of r for any point in the strained state 
is u. 
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The resulting equations which apply to the present problem 
are obtained by putting p and q equal to zero in the general 
equations given by Prescott. This gives 


7 


The equations combine to give 
de 
whose general solution may be written 
u =A + (B + Cé) sin 6 + (H + Ké@) cos 6 


The problem of finding the deflection of the ring under the 
action of the couples acting at the ends of the spokes merely re- 
quires the evaluation of the five constants of integration satisfy- 
ing the end conditions of each segment of the ring. In Fig. 28, 
KK’ represents the segment of the ring between spokes, OK 
is the initial line for 0, and @ = 2a is the angle between spokes, 
with one spoke at OK and the next at OK’. 

The two couples M, are held in equilibrium by the couple 
2Ror sin a. Thus Ry = M,/(rsin a). Resolving Ry along and 
perpendicular to the radius Fy = M,/(r tan a) and 7’) = Mo/r. 

Therefore the conditions to be satisfied at the ends of the seg- 
ment are 


(la) M 


(2a) F 


(3a) T 


(4a) u 


du 


5) — (ato =0 «Suse 2a) 
(5) ate =0) 


Differentiating Equation [36] gives 


<- (C — H — K®@) sin @ + (B + K + C@) cos @.. [37] 


= — (B + 2K + Cé) sin 6 + (2C — H — K@) cos @. [38] 
Combining [35], [36] and [38] gives 
M = — 2K°sin + 2C cos @).... 
Differentiating [39] gives 
= (K cos + C sin 
Combining [34] and [40] gives 


F= (K:cos + C sin @) 


Differentiating again 
dF EI 
_ m3 (— K sin 6 + C cos @) 
dé r3 
Combing [32] and [42] gives 
2EI 
T = (— K sin + C cos @).... 
Putting condition (2) in Equation [41] gives 


M, 2KIK 


rtan @ tan a 


,or K 


Putting condition (3) in Equation [43] gives 
2EI 


Putting condition (1) in Equation [39] gives 


EI 
M, = — 
r2 


Putting condition (4) in Equation [36] gives H 
Putting condition (4a) in Equation [36] gives 


cos 2a 
EI tan a 


r?Moa 
2EI sin 2a 
Summarizing the constants of integration, 
A =0 


B= 


\ 
r2?Moa 
sin? a 

0 


B 


2EI tan a 


Placing these constants in the above equations gives the de- 
sired solution of the deflection of the ring under the action of 
couples at the ends of the spokes. 


duo du 
™ is the value of °T) at @ = O or 2a, 


duy 

— B 

+K 
oa 


sinta 


rM 0 
2ET tan a 


1 


duo rMo 2a — sin 2a 
dé 2EI \ 1 — cos 2a 
Up to this point we have carried out the solution with the 


symbols used by Prescott. In the remainder of the solution, 
Prescott’s definitions for these symbols will not be retained. 
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Consider the equilibrium of a spoke. Let the axis of any 
spoke before strain be taken as a reference line with x measured 
along this line from the hub. Let the hub be held fixed and the 
ring be twisted through an angle 6; also, as shown in Fig. 29, let 


r tangential force acting on one spoke at the ring 
couple at the ring 
radius to ring 
length of spoke 
R/l 
linear deflection of end of spoke 
linear deflection at x 
modulus of elasticity in tension 
rectangular moment of inertia of the spoke section 
rectangular moment of inertia of the ring section 
angle of tangent at the end of the spoke at the ring 
0 + 
number of spokes 
Q = torque transmitted by N spokes 
8 = angle between spokes = 27/N 
Putting M> in [45] equal to 7/2, 2a = 8,r = R,I = 1, and 
1 duy 


r 


re 


= 6, we have 
— sin p 
4EI, \1 — cos 
RT {(8—sinB 
4EI, \1— cos B/ 


The bending moment on the spoke at a distance z from the 
hub is 


Hence 


= . [46] 


M =T + P(l—2z) 


so that 
Ja. 2 
Integrating, this gives 


df, Pz? 


T + Pl— Pz 


Pz 
Elf, = (T + Pl) —— 
where the constants of integration are zero, since ah = 0 and 


fi = Oatz = 0. 


At x = l, the slope of the deflection curve is tan @, which can 
be taken as @, since 6; is small. Therefore the last two equa- 
tions can be written as 


Pl? 
Ele, = Tl + ry 


Te PL 
Elf = — + 


Solving these two equations for P and 7 and putting Re 
and r = R/l, gives 


i \2 


Using Equations [46], [47] and [48] we may eliminate @, and 
obtain P and T in terms of 6. This gives 


12E/¢@ 1 rK 
r—-+— 
(1 + K) 2 4 


T=-— 12E/6 r 
Wi + K)\2 


The torque transmitted by N spokes is 
Q = N(T + PR) 


12NEI0 {r l 
Wl+K)\2 3 
Therefore, since the stiffness factor C for the rim relative to 
the hub is Q/0, we have 


12NEIr@ l rK 
r—- + aus 
Wl + K) 2 4 


12NEIr *) 
1 + 


j 
P= — > 147 | 
3 
where 
4 
4 
>, 
dz 
C = - 
rl B— sin B 
1, \ 1 — cos B 
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The Diesel-Engine Tractor and Excavator 


Special emphasis is given in this paper to the combus- 
tion process for Diesel-tractor service. A variety of fuel 
systems were installed and tested in a rugged engine of 
flexible design. General results of the tests are given. 
Accessories are considered extremely important in tractor 
service, and the author discusses air cleaners, oil filters, 
and engine starters. The problems discussed can be ap- 
plied to other traction equipment including excavators. 
Reliability at all loads and speeds within the engine oper- 
ating range is paramount, and maintenance costs must be 
kept low. 


satisfy economic necessity, service de- 
mands must dictate engineering 
thought. The operating-field problems 
will then be reflected in the manufactured 
article. Consider, for example, the tractor. 
The withdrawal of tractors from any 
“Caterpillar” warehouse may place one 
machine in the hands of native labor in 
the torrid swamps of an African jungle; 
another tractor may be harnessed to a 
snow-plow to clear the roads of civiliza- 
tion in freezing weather; a third unit may be destined to travel 
in an enveloping cloud of dust over fields of pulverized soil 
under the control of a begoggled and masked operator; still a 
fourth tractor may be called to drag logs in the woods, careen- 
ing and zooming drunkenly over rough country, sometimes up 
grades as steep as 75 per cent; another may be forced to consume 
Russian kerosene of an initial boiling point of 340 deg. and an 
end point of 610 deg.; a Cuban purchasing agent may require a 
sixth tractor to deliver its power on fuels of 104 deg. initial 
boiling point, but an end point of 600 deg. These six tractors 
from the same assembly line are expected to perform con- 
tinuous heavy duty under diametrically opposite circumstances. 
From such fields and others the call is heard for the Diesel- 
engine tractor. Two avenues of economic influence are re- 
vealed in the demand: 


! Diesel Engineer, Caterpillar Tractor Co., Mem. A.S.M.E. The 
author was graduated from Cogswell Polytechnic College and Univer- 
sity of California with degrees of B.S. and M.E. Served in machine 
shop, forge shop, foundry, and drafting room on oil-engine construc- 
tion and repair. Was Diesel engineer with Dow Pump & Diesel 
Engine Co., 1915 to 1922, terminating service as chief engineer. 
Engaged in practice as consulting and research engineer, 1922 to 
1929, on design for Diesel-engine builders, on maintenance and in- 
stallation for motorship and power-plant operators, on installation 
for Diesel-engine accessory and auxiliary-equipment manufacturers. 
Was instructor in Diesel engines for University of California Ex- 
tension Division for five years. Served as Pacific Coast editorial 
Tepresentative for Motorship. Contributed articles on Diesel 
engines for The Log and Pacific Marine Review. Author of corre- 
spondence-course textbook ‘‘Marine Diesel Engines,’’ published by 
the American Society of Marine Engineers, and co-author of Uni- 
versity of California correspondence course on Diesel engines. From 
1929 to the present, engaged in the development of mobile Diesels 
for Caterpillar Tractor Company. 

Presented at the Third National Oil and Gas Power Meeting, 
State College, Pa., June 12 to 14, 1930, of Tue American Society 
OF MecHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


A MECHANICAL product is to 


By C. G. A. ROSEN,' SAN LEANDRO, CALIF. 


1 The need for an internal-combustion power unit which 
will burn fuels economically available at points of 
world distribution, which fuels are not readily com- 
bustible in carburetor engines 

2 The need for an internal-combustion power unit which 
will have such economical consumption of cheap fuels 
as to cause a reduction in operating cost when compared 
with carburetor engines. 


The Diesel engine is a prime mover designed essentially to 
show high economy in the consumption of cheap-grade fuels. 
That is its inherent reason for existence. The Diesel engine 
fitted to a tractor must be a satisfactory oil-burning unit. Its 
practical value, however, cannot be confined to those districts 
where specification fuels are obtainable. Desirable as specifica- 
tion fuels are, the use of available fuels cannot be disqualified by 
the manufacturer. In communities where gasoline sells for 75 
cents to 80 cents a gallon, the economical consumption of cheaper 
grade fuels offers the high-speed Diesel engine its most lucra- 
tive field of economic reward. 

The Diesel-engine excavator likewise shares this economic 
promise. It is also a product of world-wide distribution and, 
like the tractor, is encumbered with fuel-burning problems. The 
Diesel-driven excavator is subject to high peaks of overload and 
must qualify for variable-load operation. Sudden demands of 
power are required of the internal-combustion unit, and the ques- 
tions of labor are pertinent. Although the excavator Diesel 
need not of necessity be light in weight, yet it has definite limi- 
tations as to space. The high-speed Diesel is therefore desir- 
able for this type of service, particularly in the smaller units. 

The tractor Diesel engine is also to be classed with high-speed 
engines and medium light-weight construction. Continuous 
power must be developed at relatively high b.m.e.p. in designs 
weighing 40 lb. per b.hp. or under. In substituting a Diesel 
engine for a gasoline engine of the same number of cylinders, 
the speed of the Diesel must be increased from 20 to 30 per cent 
for the same weight limitations. It therefore is safe to say that 
the tractor engine is subjected to all of the problems incumbent 
upon the excavator engine, but is penalized by even more severe 
service demands. Some commercial engines offered for excava- 
tors are reasonably successful, but are not sufficiently satisfac- 
tory for the more exacting duties required of the tractor. 

The track-type tractor is a combination of many difficult 
problems. It must be capable of continuous operation at full 
load for indefinite periods of time, in all sorts of weather and 
environments, and in tue hands of labor capable of inflicting an 
unusual amount of abuse. For the purpose of illustrating the 
severest problems involved in mobile industrial equipment, the 
tractor Diesel engine will be used as an example. 

In view of the demands made for Diesel track-type tractors, 
the Caterpillar Tractor Company, about three years ago, or- 
ganized a definite program of Diesel-engine investigation. The 
examination of the oil-engine field at that time revealed the 
fact that no unit was available which could be installed directly 
to satisfy caterpillar-tractor service. A number of commercial 
high-speed engines were purchased both here and abroad, to 
determine their possibilities for tractor use. Other units were 
observed under field operation and inspections were made of 
high-speed engines applied to extraneous services. Careful 
tests were made to obtain the status of commercial operating 
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quality. The constants of design were determined and operating 
difficulties and shortcomings were noted. 

At the conclusion of these tests it was decided that no available 
Diesel could be substituted for the established gasoline engine 
and meet the exacting service demands. Problems in combustion 
were not sufficiently solved to cope with the fuels which were 
desired for consumption. The general designs were unsuited 
to the environments of operation and were incapable of guarantee- 
ing reliability under tractor-service conditions. If these Diesels 
could have been applied to the tractor, the tractor selling price 
would have increased 65 to 85 per cent. Maintenance costs in 
some cases were estimated to be higher than could be offset 


Fic. 1 Tracror UNpER NATIVE OPERATION IN AFRICAN JUNGLE 


PLOWING SNOW IN FREEZING WEATHER WITH TRACTOR 
EQUIPMENT 


Fig. 2 


by the fuel economy. It was therefore thought advisable to 
experiment with fuel systems and to organize a program of in- 
vestigation for the development of an oil-burning engine of 
satisfactory combustion characteristics. Neumann puts it 
clearly when he states: 

“The development which controls the high-speed prime mover 
today forces us to bring to the fore the dynamics of the com- 
bustion process.”’ 

The fuel system should permit the tractor Diesel to maintain 
its full rated load continuously with economic fuel consumption, 
and yet be sufficiently flexible to operate at idling speeds and 
varying loads without disturbing the combustion process or 
creating difficulties with it. 

In achieving a satisfactory fuel system, the background of 
tractor-engine designing experience would then be available to 


encircle the fuel system in a suitable structure constrained |v 
materials of proved character and selected heat treatments. 
To carry out this program, a rugged engine of flexible design 
was chosen which would permit the installation of a variety of 
fuel systems. A test schedule was established which could 
evaluate each fuel system tested and form a basis of comparison 
for the ultimate judgment of the systems. Each fuel system 
was given preliminary trial runs to bring combustion efficiency 
to its highest value and to make combustion control as smooth 


as obtainable. Three distinct types of precombustion chamber 


Tractors For LoGGInc Operations RovcH 


COUNTRY 


Fic. 4 Usine 
systems were tested, and three different methods of direct in- 
jection were applied to the test engine. 

The first system, indicated in Table 1 as ‘‘A—Precombustion, ’ 
utilized a variable injection-timing mechanism. The ‘} 
Precombustion” chamber system was fitted with a variable 
cut-off control, while the ‘“C—Precombustion”’ chamber system 
was fitted with controls on both injection timing and cut-off. 
The ‘“‘D—Direct Injection” system was provided with an open- 
nozzle fuel system arranged with suitable turbulence. The “i— 
Direct Injection” system failed to function properly. The “!'— 
Direct Injection” system employed a multiple-orifice constant- 
pressure fuel system. The schedule of the week’s test run is 
briefly outlined as follows: 

Full-Load Test From Monday, 10 A.M., Until Wednesday, 
10 A.M. With the controls of the fuel system set for full- 
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TABLE 1 COMPARATIVE TEST REET aes AND DIRECT-INJECTION 


Fuel Fuel Exh. 
press., M.i.p., cons., temp., 

Fuel system Fig. lb. per Speed, Ib. per lb. per deg. 
terms No. sq. in. r.p.m. ILhp. sq.in. ihp-hr.  fahr. 


A—Precombustion 8 1250 792 20.35 116.5 0.382 955 
A—Precombustion 8 1250 878 23.05 120.5 0.484 1075 
B—Precombustion 9 900 801 18.55 106.0 0.376 820 
C—Precombustion 10 4350 802 21.00 119.0 0.340 875 
C—Precombustion 2600 794 18.90 108.0 0.374 910 


D—Direct injection il b 893 26.20 103.0 0.362 935 
D—Direct injection .. 1031 113.0 0.425 1035 
F—Direct injection .. 6000 797 «19.60 111.5 0.377 765 


F—Direct injection 12 6000 804 23.60 133.5 0.308 865 


@—Fuel pump, motor driven. 
b—Open-nozzle fuel system. 


TABLE 2 LUBRICATING-OIL TEST DATA 
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1 Full load for one-half hour. 

Mex 2 No load for one-half hour. 
press.. Mech. 3 Full load for one-half hour. 

4 One-half load for one-half hour. 

801 73.0 Rated load 5 No load for one-half hour. 

6 One-half load for one-half hour. 

760 77.2 Max. load ‘ 

7 Full load for one-half hour, and 

545 a Rated load the cycle was repeated. 

62.8 Max. load 

2. ax. loa ’ 
Overload Test From Saturday, 10 A. 
800 a Max. load M., Until Saturday, 2 P.M. The con- 


trols for this test were set for operation 
at 10 per cent overload and 15 per 
cent overspeed. 


(Basis 124 hours’ operation) 
REMARKS 
Lub. oil Solid residue, Ae Carbon residue, Bef h 

consumption, per cent sh, per cent per cent ore proceeding with any y ex- 
gal. per 1000 Before After Before After Before After P & . 2 on 
Fuel system hp-hr. test test test test test test periment, the lubricating oil was flushed 
A—Precombustion 1.70 0.947 5.40 0.03 0.095 0.92 5.30 out and replaced with new oil. Sam- 
B—Precombustion 1159 1.05 3.08 0.014 0.386 1.04 2.69 P 
D—Direct injection 1.11 0.996 2.093 Trace 0.088 0.996 2.005 ples of both the fuel and lubricating 


load operation, the engine was permitted to run without further 
adjustment for the above-designated period. During this run 
data were obtained according to a printed schedule, and all 
variations and incidents relative to operation were noted and 


recorded. 
No-Load Test From Wednesday, 10 A.M., Until Thursday, 


Fig. 8 Inpicator Carp WitH Fue. System A 


Fie. 9 Inpicator Carp WitH System B 


10 A.M. The fuel controls were set to permit the engine to 
operate at no load and at approximate full speed. The control 
was not disturbed or adjusted until the termination of this test. 

Valuable Load Test From Thursday, 10 A.M., Until Saturday, 
10 A.M. During this run the controls were altered every half 
hour in the following manner: 


oil were taken in bottles on Monday 
morning prior to the first test and on Saturday afternoon upon 
completion of the test run for each experiment. The compres- 
sion of each cylinder was obtained prior to and after each week's 
test run. The fuel consumption was obtained on Monday 


Fic. 10 Inpicator Carp System C 


Fig. 11 Inpicator Carp WitxH System D 


400 _ 


Fig. 12 Inpicator Carp Fue. System F 


about 2 p.m., on Wednesday at 9 a.m., and on Saturday at 
1 p.m. This schedule of tests indicated the practical per- 
formance of each type of fuel system. 

Tables 1 and 2 show general results obtained on the various 
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fuel systems. The figure numbers listed in column 2, Table 1, 
refer to the indicator diagrams representative of loaded condi- 
tions. The 15-min. load readings taken during the week test 
run are graphically illustrated in Figs. 5, 6, and 7 for three of 
the fuel systems. These have been chosen as being representa- 
tive of load variation during the runs. In Fig. 5 the full-load 
curve indicates considerable variation during the two days of 
operation. Under variable-load conditions it was impossible 
to reach full-load output at the throttle setting designated as 
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Fig. 13 PerroRMANCE Curves WitH Fve.t System D 


full load. Considerable variation is also seen in the power de- 
livered at half-load throttle setting. The no-load curve shows 
fairly accurate metering of fuel. ‘No load” in each case was 
taken at full speed with the dynamometer absorbing approxi- 
mately 2 hp. 

Fig. 6 indicates a very uniform power output for designated 
throttle settings. The direct-injection system of the open- 
nozzle type developed a power-output curve as shown in Fig. 7. 
It was not deemed expedient to operate at the rated full load as 
combustion conditions were unsatisfactory and rough running 
was pronounced. It was therefore thought advisable to drop the 
full load so that the exhaust was fairly clean and operation fairly 
smooth. This procedure was followed in the case of each fuel 
system. It was considered imperative to determine full load 
at that value which would produce a clean exhaust at commer- 
cially desirable b.m.e.p. After uniform conditions were es- 
tablished in the preliminary tests prior to the week test runs, 
efforts were made to produce as smooth an operating condition 
as it was possible to obtain. To secure satisfactory operating 
quality in units which had manufacturing possibilities was the 
paramount ideal. Some combustion chambers are difficult to 
manufacture; other fuel systems require such extreme accuracy 
and delicate adjustments as to be prohibitive so far as manu- 
facturing costs are concerned. 

The results of these tests revealed the advantages and disad- 
vantages of each fuel system in so far as concerns its ability or 
failure to meet the standards set up for oil-burning motive power 
by the Caterpillar Tractor Company. Some of the weaknesses 
may be summarized as follows: 
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1 Inability to maintain full load over extended periods of 
operation 

2 Reduction of combustion efficiency at light loads 

3 Disturbance of combustion process under variable-load 
operation 

4 High maintenance cost 

5 Tendency to produce rough running. 


Fie. 14 A—PRECOMBUSTION 
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Fic. 15 B—PRECOMBUSTION 


In spite of these undesirable qualities, some systems revealed 
sufficient promise to warrant the further development of the 
high-compression oil engine. A correlation of the desirable 
characteristics of all fuel systems indicated the path of develop- 
ment for a more efficient method of burning fuel, incorporating a 
control of practical operating quality. 
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It is generally understood that thermal efficiency and mean 
effective pressure rise as maximum pressures increase. In 
tractor work fuel consumption is not as pertinent as operating 
quality. It is therefore expedient to drop maximum pressures 
provided colorless exhaust and reasonable exhaust temperatures 
result. Experimental work has indicated a procedure for re- 
ducing maximum pressures and for controlling the increment of 
increase in pressure rise during the combustion period by the 
correlation of cam profiles with orifice design. Smooth operating 


Fic. 16 C—PRECOMBUSTION 


characteristics are intimately related to the rate of feed of at- 
omized fuel, thus influencing the rate of combustion within the 
cylinder. The tests have also brought out inherent advantages 
in the precombustion chamber system. These can best be ex- 
pressed by quoting Neumann from the V.D.J., Sept. 8, 1928: 

“In the high-speed Diesel engine the precombustion chamber 
process must be of advantage in the rapid heat transformation 
of the injected fuel by good distribution by means of high tem- 
perature and lively turbulence which may be obtained (in the 
engine) by simple means. 

“The more rapid the formation of gas follows the inception of 
ignition through the breaking up of the molecule, the faster will 
be the ensuing combustion and of less consideration will be the 
heat loss to the surrounding media. 

“The development of the precombustion-chamber engine to its 
present state took a long period of time. The beginning of its 
development goes back to the activities of Diesel. The top of 
this ascending line has not yet been reached as so often the work 
in actual practice advanced beyond the scientific knowledge. It 
is hoped, though, that the advancing knowledge into the working 
process of this engine will aid in giving a more efficient use of 
fuels in the future. 

“Tn the use of heavy oils with high ignition points and with high 
carbon content, the precombustion-chamber engine is superior 
to the direct-injection engine; its surety of performance under 
severe service conditions is beyond question.” 

The ideal fuel system appears to contain the advantages of 
the common-rail and pump-injection methods of fuel injection. 

Experimental work reflects the history of Diesel-engine fuel 
systems. The air-injection process has been in effect for many 
years, yet each size and type of engine requires test-stand altera- 
tions to produce the desired thermal results. Practically all 
solid-injection fuel systems have been developed by the ‘“cut- 
and-try” method. If the high-speed engine is to enjoy manufac- 
turing privileges, spray-research equipment is essential to guaran- 
tee uniformity of operating performance. Such factors as time 
distribution of spray, space distribution of spray, and pressure 
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variation in oil lines and channels, require the use of measuring 
equipment for determining the control of the variables involved 
and also to cheapen manufacture. It is difficult to predetermine 
limits in finishes, tolerances, and channel courses and contours 
unless definite knowledge of the influence of these factors upon 
engine functioning is determined. 

Burstall is credited with expressing the thought at the London 
World Power Conference that the physical and chemical ques- 
tions of combustion must be solved through scientific work un- 
affected by commercial considerations. This statement is true 
and the oil-engine manufacturers laud the excellent work of 
Penrisylvania State College and Langley Field in spray research. 
The manufacturer, however, can apply only the fundamentals 
developed by these institutions to commercial practice by the 
intelligent measurement of functional values. 

Combustion-chamber design must be influenced by the eco- 
nomics of manufacturing and the demands of service. The dis- 
position of valves, the shape of piston crowns, and the contour of 
cylinder heads, should follow the dictates of scientific combustion- 
chamber design, but must yield in compromise to the pressure 
of practicality. Just how far this compromise should go to the 
benefit of economic construction, only research can decide. 

Special emphasis has been given to the combustion process 
for Diesel-tractor service. Particular emphasis must also be 
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placed on the character of the design. The engine structure must 
have rugged strength to permit of continuous development of 
relatively high b.m.e.p. The total engine weight is governed by 
definite limits for traction equipment. The crankshaft and 
rotating masses must be free from severe torsional vibrations 
and be so balanced as to prevent structure vibrations under nor- 
mal combustion processes. 

In tractor-engine design, many problems are incurred in en- 
deavoring to obtain dust exclusion and oil retention. Good 
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automotive practice is not sufficient to guarantee these condi- 
tions. In the gasoline type of tractor engine, special construc- 
tions are employed for magnetos, carburetors, and other ac- 
cessories. The general design must permit of accessibility to 
vital parts and allow adjustments without risk of dirt contami- 
nation. Piping must be enclosed and control shafting and 
extensible parts must be protected from branches of trees and 
other outside agencies which might tend to tear off parts if 
unprotected. In the Diesel where complete enclosure is de- 
sirable, measures must be taken to prevent fuel contamination 
of the lubricating oil through the leakage of plungers, vents, etc. 

Accessories are extremely important in tractor service inasmuch 
as precautionary methods of a strict character must be made to 
prevent dust from entering the engine structure and to minimize 
the amount of dust carried into the engine cylinders. Dust seals 
are therefore of vital importance, and all openings and through 
shafts must have packed seals under constant pressure. There 
is no more important part on the tractor than the air cleaner, 
for without it, the operation of the unit would fail in a very short 
time. Years of experience have been devoted to perfecting effi- 
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cient air cleaners. In connection with the Diesel, the air cleaner 
presents an even greater problem. The relatively lower fuel- 
air ratio in the Diesel, as compared to the gasoline engine, re- 
quires every desirable means to increase the total volume of air 
available for combustion within the cylinders. Normally the 
fan and air cleaner consume 10 per cent of the engine power. The 
volumetric is reduced probably 2 per cent, and the best cleaners 
under severe operating conditions are about 90 per cent efficient 
in dust exclusion. The commercial necessity and the technical 
desirability of increasing the horsepower-weight ratio in marine 
Diesel engines has fostered the development of supercharging 
methods. Undoubtedly some commercial means for combin- 
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ing air-cleaner operating with supercharging methods will raise 
the b.m.e.p. without deleterious results. In the McLaren wheel- 
type of plowing-tackle tractor, superchargers are employed for 
Diesel engines for boosting the peak power under overload condi- 
tions. It is thus possible to obtain an increase in power of 35 


per cent without increasing heat stresses or encountering valve 
difficulties. The urgent need for increased weight of air to 
support the combustion of more fuel, encourages the development 
of pressure-charging methods for air cleaning and cylinder filling 
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Fuel-oil filtering on mobile Diesel equipment urges investiga- 
tion of fuels available at points of world distribution. Metal 
and cloth types of strainers each have their advantages, but have 
not been entirely effective in preventing foreign material from 
entering the fuel nozzles. The centrifuge has become an es- 
tablished institution on board ship and in power plants for the 
purification of fuel oil, but its application to tractor engines pre- 
sents a difficult problem in the design of driving means to func- 
tion under variable-speed operation. The opportunities for dust 
contamination when filling tanks in open fields and dusty country, 
or the risk of water absorption in moist weather, are ever present 
in tractor operation. Some simple method of eliminating these 
hazards from the engine fuel system must be developed. 

The function of the lubricating-oil cleaner is sufficiently im- 
portant to warrant careful study of this accessory. Under ordi- 
nary circumstances considerable surface is required in the filter- 
type of cleaner, as the impregnation of carbon in the minute 
openings reduces the effective area rapidly. Again, the centri- 
fuge principle would be desirable, yet the added cost of such a 
unit may not show sufficient economy in lubricating-oil consump- 
tion to warrant its application on tractors. In the gasoline- 
engine tractor it is sometimes necessary, under severe service 
conditions, to change the lubricating oil once daily due to dirt 
contamination. A Diesel would not be expected to have the 
oil changed oftener. 
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Generally speaking, the Diesel can be considered as being more 
extravagant with lubricating oil. However, economies can be 
effected under clean-combustion operation. Fig. 13 indicates 
the influence of various fuel systems on lubricating oils. The 
most detrimental effect on lubricating oil is usually inflicted 
during variable-load and idling operation. Copper tubing for 
lubricating-oil conduits has also been found to accelerate the 
building up of acid numbers. Relatively large sump capacity 
permitting ample rest intervals to the oil is a helpful factor in 
maintaining good lubricating quality. 

The problem of engine starters is rather complex and calls 
for continued development to reduce manufacturing cost. In 
most tractor service, electrical starters are out of the question as 
storage batteries will not stand up under the rough jostling and 
weaving of the tractor. Even electric-lighting systems are sup- 
plied directly from Bosch generators. 

Air starting is not considered entirely satisfactory as dust 
and air-compressor valves do not work together harmoniously. 
Even in marine installations it is usual to run a suction line from 
the air compressor to the boat deck for pure clean air. In a 
tractor installation an auxiliary air compressor, gasoline engine- 
driven, together with air tanks, high-pressure lines, and valve 
controls, would be required. 

A gasoline engine directly connected to the engine through a 
Bendix drive appears to be a far simpler arrangement. Fur- 
thermore, if starting is difficult due to cold weather or leaking 
plungers, considerable time is wasted waiting for the replenish- 
ment of storage tanks by the auxiliary air compressor in the 
air-starting system. In the direct-driven arrangement, con- 
tinuous power is available to rotate the main engine at good start- 
ing speeds. 

The hand-actuated impulse starter would warrant considera- 
tion if its cost could be reduced. Other methods of hand cranking 
have not proved dependable or given promise of reliability. The 
explosion of powder cartridges for starting impulse has been too 
erratic for unskilled labor to control. The chief objection to 
gasoline-engine starting methods is the necessity of carrying 
two grades of fuel. Its greatest asset, however, is positive start- 
ing. Improvement in starting methods is particularly desir- 
able as a means toward reducing the cost of the starter equipment. 

This paper has endeavored to present a general picture of 
the problems involved in the development of a Diesel engine for 
track-type tractors. A®° thorough solution of these problems has 
not yet been attained. Sufficient progress, however, has been 
made to direct the course of future development and to stimulate 
hope for the ultimate arrival at the desired goal. 

The problems which have been discussed can also be applied 
to other traction equipment including excavators. However, it 
is believed that engineering scrutiny must be more severe in the 
case of track-type tractors. 

In the development of the high-speed Diesel, the importance 
of good operating quality cannot be overemphasized. Com- 
merical pressure demands designs capable of quantity pro- 
duction; the dictates of field service place a premium on simple, 
foolproof construction; reliability at all loads and speeds within 
the engine operating range is paramount; maintenance cost 
must be held toa minimum. The sum total of all of these factors 
is an equation in combustion research applied to practice. 

A commercial Diesel-research organization must have its 
aspirations soaring in realms of scientific thought, but must also 
have its hand in intimate contact with economic necessity. 


Discussion 


A. M. Rorurock.? This paper is particularly noteworthy in 
2 Associate Physicist, N.A.C.A. Langley Field, Va. 


that it gives actual experimental results and explains in detail 
the types of combustion chambers and injection systems used. 
To those who are conducting research on Diesel engines informa- 
tion of this type is important so that the progress may be known 
which is being made by the commercial organizations. There 
are two questions which the writer would like to ask. When 
using a combination common-rail and pump system, is a me- 
chanically operated injection valve used? At what speeds will the 
engine idle satisfactorily when using this injection system? It is 
particularly interesting that the author found it necessary to 
use a combination common-rail and pump-injection system in 
order to obtain satisfactory idling characteristics. The writer 
also came to the conclusion that some such system is necessary 
to design an injection system whose operation is independent of 


engine speed. 


Wo. K. Gregory.* The author states: ‘The relatively lower 
fuel-air ratio in the Diesel engine as compared to the gasoline 
engine requires every desirable means to increase the total volume 
of air available for combustion within the cylinders.” Quoting 
further, ‘“Normally the fan and air cleaner consume 10 per cent 
of the engine power. The volumetric is reduced probably 2 
per cent and the best cleaners under severe operating conditions 
are about 90 per cent efficient in dust exclusion.” 

If the writer understands correctly, the air filter referred to 
reduces the volume of air available for combustion by 2 per cent. 
At an atmospheric pressure of 14.75 lb. per sq. in., the air filter 
would be required to have a resistance of approximately 8.28 
in. of water to effect a 2 per cent reduction in air reaching the 
cylinders. This seems quite excessive in view of standard air- 
filter practice on stationary Diesel engines. 

The company with which the writer is connected has concen- 
trated its efforts on large stationary Diesel engines, but the prob- 
lem of filtering the air on small Diesels suitable for use on mobile 
equipment does not involve any problems which are not found 
in large Diesel installations except greater dust concentration in 
the air. 

The company’s standard practice on large Diesel installa- 
tions is to furnish filters with sufficient area so the actual pressure 
drop through a clean filter will not exceed '/, in. of water. As 
dust is accumulated, this resistance will go up as high as | in. 
of water in from four to six weeks’ operation, after which the 
filter cell is cleaned, and the resistance drops back to !/, in. water. 

When the filter cell is quite dirty and the resistance is | in. 
water, the volume of air entering the engine will be only '/, of 
1 per cent less than when no filter at all is used. 

The author also states that the best air cleaners under severe 
operating conditions are about 90 per cent efficient in dust ex- 
clusion. The filters manufactured by the American Air Filter 
Company are guaranteed to be at least 97 per cent efficient in 
dust removal, and actual tests in many instances have shown 2 
cleaning efficiency in excess of 99 per cent. 

In designing a filter for the protection of Diesel engines and 
air compressors there are three fundamental requirements: 


1 The filter must have a high cleaning efficiency, at least 
97 per cent 

2 The initial resistance of a clean filter must be approxi- 
mately 1/, in. water, and must not exceed 3/, in. water 

3 The construction of the filter must be such that a large 
amount of dust can be accumulated by the time the 
resistance increases to as much as 1 in. of water. 


What is meant by a large amount of dust may be indicated by 
the following test data: 
A 20 in. by 20. in. by 4 in. filter cell having an initial resistance 


? Sales Manager, American Air Filter Co., Inc., Louisville, Ky. 
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of '/, in. water, will catch approximately 1 lb. of atmospheric 
dust before the resistance reaches 1 in. of water. It requires 
approximately */, lb. of oil, or 0.85 pint, to saturate a pound of 
dust. It is therefore apparent that the oil-holding capacity of a 
filter has a definite bearing on its cleaning efficiency and dust 
accumulating capacity. 

As mentioned previously, the company with which the writer 
is connected directs its attention primarily to large Diesel engines, 
gas engines, and air compressors, but several years ago a few 
contacts with manufacturers of mobile equipment were estab- 
lished which have led to the belief that most of them do not 
appreciate one fact emphasized by the author, who states: ‘“There 
is no more important part on the tractor than the air cleaner, for 
without it the operation of the unit would fail in a very short 
time.” To most manufacturers, however, when considering an 


air filter the first and most important consideration appears to 
be low cost; second, they want the filter to be light in weight 
and to occupy very little space; and third, they want a filter 
that will require little or no attention. 
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Cleaning efficiency, resistance to air flow, and dust accumu- 
lating capacity, regarded as prime requisites of a satisfactory 
filter, are placed in a position of secondary importance. During 
the past two or three years the importance of air filters has be- 
come more generally recognized, and in justice to the manufac- 
turers their viewpoint has probably been changed. 

There is no reason why a Diesel or gasoline engine installed on a 
tractor or excavator cannot be equipped with a filter which will 
not restrict the volume of air more than '/, of 1 per cent, and 
which will have a minimum cleaning efficiency of 97 per cent. 
Under severe dust conditions it may be necessary to clean a 
filter of this type as often as once per day, although in many 
types of service it should not be necessary to clean the filter 
oftener than once per week. The whole secret of efficient air 
cleaning and low resistance to air flow lies in providing a filter of 
ample size, and in view of the fact that it is an accessory which 
has an important bearing on the service rendered by the en- 
gine, the cost, weight, and maintenance required should be 
secondary considerations. 
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Heat Recovery From Internal-Combustion 
Engines 


By THOS. CLARKSON,' LONDON, ENGLAND, ann WM. BRADFORD,? EDGE MOOR, DEL. 


Citing the heat losses of locomotives and steam turbines, 
the authors aver the internal-combustion engine the 
most efficient mechanism for converting heat into useful 
work; yet even in this, two-thirds of the heat is wasted in 
exhaust gases and in cylinder jackets. The need for 
further heat conservation is urgent. In considering the 
recovery of heat from exhaust gases of internal-com- 
bustion engines, the authors lay down seven basic condi- 
tions. Adding to these limitations the avoidance of back 
pressure and the provision of a simple way of decarbonizing 
the heating surface, the designing of the ideal waste-heat 
boiler is not a simple matter. The evolution of the 
“thimble tube’’ boiler after 30 years of experience is de- 


Wa. BrapFrorp 
scribed. 


TxHos. CLARKSON 


EAT being one of the most valuable commodities with The exhaust gases are at a considerably higher temperature 
which engineers have to deal, it is nothing less than (especially in the case of engines of the four-cycle type), and 
tragic that so much of it is wasted and lost. For ex- therefore the recovery of heat from exhaust gases presents greater 

ample, the ordinary steam locomotive wastes over 90 per cent of possibilities. In some cases hot jacket water may be usefully 
the B.t.u. which are released in its firebox. Modern steam- employed as feed to supplement the heat recovered from exhaust 
turbine plants, with high pressure, superheating, condensing, gases. 
preheating the air, and improved feedwater heating, are much In considering the question of heat recovery from exhaust 
more efficient than the ordinary steam locomotive, and go far gases of internal-combustion engines, the following basic condi- 
to equal in thermal efficiency the internal-combustion engine, tions must be recognized: 
which may be taken as the most efficient appliance for converting 1 The maximum temperatures available are too low to have 
heat into useful work. Yet it has to be recognized that, even useful radiant effect; therefore means had to be devised to utilize 
with internal combustion, about two-thirds of the heat is wasted ‘‘convection’’ in the most effective manner, and to secure the 
—about one-third in exhaust gases and another third in the most effective “intimacy” between hot gases and heating sur- 
cylinder jackets; therefore the need for further heat conservation face. 
is urgent. 2 The most convenient form in which to distribute recovered 

The heat carried away in the water from cylinder jackets is heat is either as steam or as hot water; therefore the heat- 
necessarily of a low order; as there is a practical limit to the recovery apparatus naturally takes the form either of a boiler 
temperature to which jacket water can be permitted to rise. or a heater. 

3. A boiler or a heater to fulfil ideal conditions for this service 


‘Consulting Engineer. Mr. Clarkson commenced engineering should have the marimum capacity for being neglected and for- 
apprenticeship in 1877. In 1885 won a first place in Whitworth gotten 
Scholarships. In 1888 was graduated in metallurgy from the Royal 
School of Mines. tage aegy appointed lecturer in metallurgy at 4 It should also be effective in muffling or silencing the ex- 
King's College, London, which appointment was resigned in 1890 to _ haust. 
develop his inventions. In 1903 started the first Clarkson steam-bus 5 It should have the faculty of being operated “amphibi- 


Nitional Bus Company which ously,” by which is meant that it should be capable of operating 


has continued in operation ever since and is now allied to the rail- | Without water, at times when heat recovery is not needed, and 
road groups. Mr. Clarkson is a Past-President of the Institution at the same time carry on its other useful function of silencing. 
of Automobile Engineers and a Member of Council of the Newcomen 6 The ability to withstand sudden and violent changes of 


‘ Director of Engineering, Edge Moor Iron Company. Mem. ‘@mperature with impunity is a desirable quality of robustness. 


AS.M.E. Mr. Bradford was graduated from the Engineering 7 Smallness of size and weight are also important factors, 
Department of the University of Wisconsin in 1904, remaining as especially on shipboard and in railroad service. 
ytructor in experimental engineering for one year. Was with When to all of these conditions is added the avoidance of back 


Henry L. Doherty & Co. in public-utility operating work at Denver, 2 é - 
Col., and oo 4 Neb., 1905 to 1910; ‘chief electrical engineer, pressure (especially with engines of the two-cycle type) and the 


Laclede Gas Light Company, St. Louis, Mo., 1910 to 1917; general provision of a simple and effective way of decarbonizing the 
megs design and construction work, 1917 to 1920; joined heating surface, it will be recognized that the problem of design- 
hginecring Department of Edge Moor Iron Company, 1920. For jing an ideal waste-heat boiler for use with internal combustion 


the past three years Director of Engineering, in charge of engineering, ; > ‘ ‘ 
production, and development. engines has not been so simple a matter as might at first sight 


Presented at the National Oil and Gas Power Meeting, Univer- appear. 

sity of Wisconsin, Madison, Wis., June 23-26, 1931, of Tae Amert- The boilers which have been used previously for waste-heat 

ema oF MECHANICAL ENGINEERS. recovery have been of ordinary type; generally multi-tubular, 
\oTE: Statements and opinions advanced in papers are to be 

understood as individual expressions of their authors, and not those °F Sometimes of the Scotch-marine type. It is not surprising, 

of the Society. therefore, that the science of waste-heat recovery has not made 
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“TuimBLe Tuspe” HEATER, THE ExHaust Gases ENTERING 
AND LEAVING AT THE BASE 


Fie. 1 


more progress, as it is impossible to obtain the most effective 
results from such boilers. They do not function effectively as 
mufflers, neither do they lend themselves to decarbonizing of the 
heating surface by “burning off.”” They cannot be successfully 
operated “amphibiously,” and they will not stand up against 
sudden changes of temperature. 

Over 30 years’ experience with boilers of many types and 
designs finally led to the evolution of the “thimble-tube’’ boiler, 
which in its primitive conception is an inversion of the ‘‘Porcu- 
pine” boiler. The tubes are tapered approximately radially, 
and in appearance resemble ordinary thimbles. Being secured 
at one end only, the thimbles are individually free to expand and 
contract, without causing strain upon the tube material or the 
joints. This explains the remarkable freedom, and in fact 
practical immunity, from tube trouble with the “thimble-tube”’ 
boiler. 

The same principle of anchorage at only one end is adopted in 
the design of the complete boiler or heater, as in the case of 
individual tubes. In the case of return-flow boilers and heaters, 
only one end of the inner shell is fixed to the outer shell, the other 
end being free to expand or contract. This enables the heating 
surface to be decarbonized whenever necessary by “‘burning off,”’ 
without loosening of tubes or straining of the boiler or heater. 

The exhaust gases of some oil engines cause a deposit of oily 
soot to collect upon the heating surface of the boiler. Owing to 
the sticky nature of this deposit, it is not amenable to treatment 
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by a soot blower, and the only really effective method for re- 
moval is by combustion or “burning off.” In the case of four- 
cycle engines, with hotter exhaust gases, it usually suffices to 
empty the boiler of water and operate ‘‘dry” for awhile. In the 
case of two-cycle engines, it may also be necessary to ignite the 
deposit, which, as it contains about 66 per cent of oil, burns 
readily. 

The “burning off” operation takes only a few minutes, and as 
soon as it is completed water can be at once readmitted without 
waiting for the boiler to cool; in fact, there need be no stoppage 
in the flow of exhaust gases over the “‘thimble tubes.” 

The most complete accessibility to the tube joints is afforded 
by removing the outer shell or by withdrawing the inner shell. 
Every square inch of heating surface is then open to direct vision. 
This is an important advantage also during construction. It has 
not been found necessary to weld the tubes in position; they are 
made a push-fit or a drive-fit into the tube plate, and they need 
only a slight amount of rolling. At the same time the open en 
is flared or belled to insure against the possibility of a tube being 
pushed through the tube plate by pressure and to give a stream- 
line effect to the flow of water and steam. 

A few words may be devoted to the question of how circulation 
takes place within the “thimble tubes,” as it is obvious that, 
with one end of the tube closed, the water and steam cannot 
circulate in a normal manner. Observations with glass “thimble 
tubes” have shown that when heat is applied to the outside of a 
“thimble tube” containing cold water, the water in contact with 
the heating surface rises vertically and displaces the water in the 
upper part of the tube, which is pushed out of the tube into the 


“Tumusie Tuse” Heater INverRTED, WITH CONNECTIONS 
AT THE Top 


Fie. 2 
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annular water space between the inner and outer shells. Another 
stratum of water enters the tube at the lower level, and in turn is 
heated, rises, and returns to the annular water space. This 
“convection” circulation proceeds continuously until the water 
reaches boiling point, when, instead of “convection” circulation, 
there is a copious streaming of steam bubbles from the heating 
surface out of the tube. When the tubes are. strongly heated, 
this ebullition is so intense as to prevent more water entering the 
tube until the action has abated somewhat. The water then 
comes in with a rush, completely filling the tube like a water 
hammer, when the ebullition recommences. This pulsating 
action proceeds with a frequency depending upon the intensity of 
firing, and is helpful in preventing the formation and deposit of 
scale within the tubes. 

The alternate rows of tubes are staggered so as to secure 
effective turbulence and impingement of the hot gases upon the 


Fic. Type ror MARINE INSTALLATIONS 
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Fie. 4 Exsavust-Gas Unit on 300-Hp., Four-Cyciz 
ENGINE 


Fie. 5 Looxinc Upwarp Turovues Tuses” 


heating surface, thus preventing the formation of inert films. 
The spacing of the tubes is calculated to give suitable mass 
velocity without causing back pressure on the engine. 

Back pressure appears to be a source of anxiety to some engine 
builders, especially in the case of engines of the two-cycle type. 
It is important, therefore, to show that with a properly designed 
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were not lagged. 


waste-heat boiler there is no detrimental back 
pressure. This point was established several 
years ago in the following manner: A new engine 
of two-cycle type, 84-90 hp. was placed on the 
test bed and was run for several days against the 
dynamometer, with the usual muffler and ex- 
haust-pipe connection, but without a waste-heat 
boiler. After the engine had been properly “run 
in” and constant readings were obtained for 
fuel consumption in relation to horsepower de- 
veloped, a “thimble tube” heater was fitted close 
to the engine, and a fresh series of tests was 
made. The results proved that, far from caus- 
ing any loss in efficiency, the same horsepower 
was developed with 3 per cent less fuel con- 
sumption. This result is explained by the 
sudden cooling of the exhaust gases in passing 
through the waste-heat boiler, which was natu- 
rally accompanied by a corresponding reduction 
in the volume of the exhaust gases. In other 
words, the boiler acted to some extent as a con- 
denser, and actually facilitated the escape of the 
exhaust gases. 

Careful investigations on this point have also 
been made by Prof. Gilbert Cook at the London 
University Engineering Laboratories, where sev- 
eral “thimble tube’’ boilers are installed. The 
results are best given in Dr. Cook’s own words: 
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TABLE 1 TEST OF CLARKSON HEATERS 
(Fitted to Gardner 72-b.hp., two-cycle engine) 


Average rise in temperature of water, ° 


Average temperature of gases entering and leaving heater, ° F. 


Water-meter readings at 4:55 p.m., gal. (imperial) ....................... 
Water-meter readings at 2:45 p.m., gal. (imperial) ....................... 
Water passed in hours, gal. 
Average B.t.u. recovered per hour (124.28 X 1110)................0..... 


TABLE 2 RESULTS OF TESTS WITH CLARKSON WASTE-HEAT BOILER 
(Working in conjunction with a Beardmore-Tosi four-cycle auxiliary Diesel engine) 


TABLE 3 
CROSSLEY FOUR-CYCLE GAS ENGINE, AND HEATING WATER SUPPLIED TO 


A question of some importance in connection with the 
use of waste-heat boilers is their effect upon the effi- 
ciency of the engine. There is some divergence of 


Temperature, deg. fahr. Water- 

) : as——— —— Water——~ meter opinion on this point. On the one hand, the view is 
Time, p.m a Out In Out readings held that the introduction of the boiler in the exhaust 
= 1640 pipe must increase the back pressure and adversely af- 
tats ae ables 583 280 65 208 # fect the efficiency; on the other hand, cases have been 
= recorded where a definite improvement in the efficiency 

aaa ° “4 has‘resulted from the introduction of the boiler. To 
3:35. . 587 270 64 155 
3:45. 592 270 64.5 167 investigate this point two tests were carried out—first, 
Bi55... se eee 595 280 64.5 186 1775 with the boiler in use, and then with the boiler removed 
al emometers checks 64.5 and a plain exhaust pipe inserted in its place. The two 
4:25. 595 5 . 201 1827 tests were carried out on the same day, under identical 
4:35. ; 593 283 64.5 184 1841 conditions of load, speed, etc. It was found that 
4:45. . 598 280 64.5 192 1848 there was no measurable difference in the consumption 
597 275 65 186 1881 ‘ 

of gas, but that the air consumption was greater by 
F : a 188.85 some 1!/s per cent when the boiler was in use than when 
Average temperature of water entering and leaving heater, ° F. { i oe 64.57 a plain exhaust pipe was substituted. This showed at 


once that if any back pressure was caused it did not 


=o continue till the end of the exhaust stroke—the really 
ooh he a4 4 vital point. On the contrary, it indicated the existence 
eeciemens of a negative pressure over that portion of the cycle 
314.6 where the opening of the admission valve overlaps that 
1881 of the exhaust. Light spring diagrams show this 
1640 effect in a very striking manner. The fluctuations in 
241 the pressure during the exhaust stroke are the result 
111 of vibrations in the column of gases in the exhaust 


137,950.8 pipe, and the frequency of these vibrations is such 


Exhaust temperatures 
eg. fahr.—_— — 


Fuel consumption Water evaporated Steam, From engine 
; ; Lb. per Lb. per Lb. per Lb. per Ib. per Feed, No.1 No. 2 From 
Period of trial Load R.p.m. Amperes Volts Kilowatts hour kw-hr. hour kw-hr. sq. in. deg. fahr. cyl. cyl. boiler 
ee eee Full 244 347 225 78.1 55.6 0.71 157 2.01 25 40 643 658 390 
Oe ey ere Full 247 369 226 83.4 58.8 0.71 143 1.72 25 40 689 684 411 
WUE ce sceescd Full 243 366 223 81.6 56.6 0.69 122 1.50 25 41 675 630 396 
First 2 hours...... Full 245 370 220 81.4 55.4 0.68 120 1.47 25 39 668 630 402 
Second 2 hours.... Full 246 366 223 81.6 55.7 0.68 115 1.41 25 39 660 620 395 
Third 2 hours..... Full 246 365 225 82.1 55.8 0.68 125 1.52 25 39 680 635 401 
Mean over 6 hours. Full 246 367 223 81.7 55.6 0.68 120 1.47 25 39 669 628 399 
1 hour 1/, 244 188 220 41.4 32.8 0.79 32 0.77 25 40 425 875 282 
po hee a/4 244 279 220 61.4 44.3 0.72 64.6 1.05 25 40 565 500 328 
Rs esac Seid Full 243 369 220 81.2 58.9 0.72 120 1.48 25 40 750 683 391 
Norte: The boiler was connected to the engine by two exhaust pipes, each about 7 ft. long. In each pipe there were two right-angle bends. The pipes 


TEST OF CLARKSON EXHAUST HEATER, TYPE 5S. I., FITTED TO 


IT FROM ENGINE JACKET 
(Conducted by Prof. Gilbert Cook at University of London, King’s College) 


Date of test, April 24, 1926 
Duration of test, one hour 
Barometer, 30. 19 in. mercury 
Brake horsepower of engine, 17.61 
Speed of engine, 265 r.p.m. 


on 
Calorific value of supply gas per cu. ft. at n.t.p., B.t.u. ” g ' 
Vapor of combustion, per cu. ft. supply gas at n.t.p., from gas calorimeter, Ib. 0.045 
Volume of gas supplied to engine per min. at n.t.p., cu. ft.. aes 5.77 
Weight of gas supplied to engine per min., lb.................200... 0.22 
Volume of air supplied to engine per min. at n.t. cu. 36.4 
Weight of air supplied to engine per min., Ib...... 2.81 
Weight of vapor per min. in air cap han 0.0183 
Temperature of water entering engine jackets, deg. fahr.............. 55.2 
Temperature of water leaving engine jackets, deg. fahr......................4.- 126.5 
Temperature of water entering exhaust heater, deg. fahr............. 125.5 
Temperature of water leaving exhaust heater, deg. fahr.................00000565 188.0 
Temperature of exhaust gas entering heater, deg. 
Temperature of exhaust gas leaving heater, deg. fahr............--6-. 0005-5555 218.5 
Tota! heat in exhaust gas entering exhaust heater per min., temperature of air as é 
Available heat in exhaust gas entering heater per min., taking temperature of f 
Heat given to water per min. in exhaust heater, 
Area of heating surface of exhaust heater (figures ig TY by Mr. Clarkson), sq. ft.. 26.1 
Heat transmitted per sq. ft. heating surface per hr., B.t.u..............00005005 1625 
Heat transmitted rd sq. ft. heating surface per hr. per Ib. exhaust gas passing z 


Efficiency of exhaust heater, based on available heat in exhaust gas, as above, 
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that the pressure happens to be positive at the énd of the stroke, 
at the time when both valves are open, thus retarding the admission 
of the new charge. The effect of the boiler is to increase the capacity 
of the exhaust system, resulting in a lower frequency of the vibrations, 
so that in this particular case the pressure is negative at the end of 
the exhaust stroke. This condition is specially favorable for good 
scavenging. In a gas engine, where the fuel is already mixed with 
the incoming air, such a condition might not necessarily result in 
better efficiency, as the improved conditions of combustion might be 
offset by the passage of some of the fuel direct to the exhaust. That, 
in the opinion of the writer, is what has happened in the present case— 
an increase in air consumption without any appreciable 
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More heat can of course be recovered in the form of hot water 
than in the form of steam, as it is obvious that when generating 
steam the temperature of the gases leaving the boiler must be 
considerably above boiler temperature. The difference is usually 
not less than 50 deg., so that in the case of a boiler generating 
steam at 100 lb. per sq. in. the final temperature of exhaust 
gases could not be much less than 400 deg. fahr. If, on the 
other hand, hot water is to be produced, say up to a tempera- 
ture of 200 deg. fahr., the gases could easily be cooled another 


effect on the efficiency. It is readily conceivable, how- 


90 


ever, that in an oil engine with fuel injection a condi- 
tion such as this would entail a distinctly improved 


Boiler Effi iciency 
80 


efficiency, and in those cases where such an improve- 
ment has actually been observed it is probable that the 


70 


cause will be found to be similar. The writer is not 
prepared to say that such improvement must necessarily 


60 


follow the installation of the boiler. The same effect 
might very well be produced either by a lengthening 
or a shortening of the exhaust pipe; there can be no 


ad Boi 


of Engine 


Per Cent 


doubt that small changes in the exhaust system have 
a much greater effect upon the performance of the 


engine than is generally recognized. It can, however, 
be definitely stated that there is no evidence of any 


sustained back pressure being caused by the boiler. 


Efficiency, 


3 


From the point of view of heat recovery it is ob- 
viously desirable not to water-cool the exhaust pipes 


or manifolds, just as skimmed milk is not the best 
for making butter. There has been a great lack of 


g 


standardization among different makers of engines 
in the diameters of exhaust pipes in relation to the 


horsepower of engines. As examples of this may be 


Heater 
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cited the use of a 6-in. bore exhaust pipe for an en- 
gine of 60 hp., whereas another engine maker will 


gh 


Temperature, Deg Fahr. 


use the same size of exhaust for 600 hp. The size of 
exhaust is greater in engines of the two-cycle type, 


8 
per Hour, Lb. 


and is naturally governed by the number of cylinders 


as well as the horsepower of engine. As a general 
rule the size of exhaust should be kept as small as 
possible, consistent with effective scavenging. This 


Water Throu 


is facilitated by the use of multi-cylinder engines 


which have a more continuous exhaust, and which 
therefore can have a greater horsepower per square 


inch of exhaust-pipe area. The explanation why 
it is possible to discharge hot gases through an 


7Temperat Average 


empty “thimble tube” boiler without injuring it is 


found in the fact that the gas temperature never 


reaches a point sufficiently high to burn the tubes 
and that there is complete freedom for expansion. 
The maximum temperature usually met with is in 
the neighborhood of 700 deg. fahr., although there 
are records of tests giving exhaust-gas temperatures 
of over 1000 deg. The usual temperature of gases 
from engines of the four-stroke type is from 600 to 650 deg. fahr. 
This of course depends upon whether the exhaust manifold of the 
engine is “dry” or “water-cooled.” In engines of the two-stroke 
type the exhaust gases rarely exceed 500 deg. fahr. 

There is, of course, a practical limit beyond which it is not 
desirable that the gases should be cooled in a waste heat boiler, 
in order to avoid condensation, particularly of the sulphurous 
contents, which might cause corrosion of the heating surface. 
As & general rule 300 deg. fahr. may be taken as the practical 
limit beyond which the gases should not be cooled. 

The quantity of thermal units recoverable from the exhaust 
gases of an internal-combustion engine may be readily estimated 
by the simple formula, B.hp. X C X D/4, C being a constant 
(in the case of four-cycle engines, 12, and in the case of two-cycle 
engines, 20) and D being the drop in temperatures of the gases. 


(Full Load) 


Engine Load 
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BorLer 


100 deg., which, in the case of a two-stroke engine, may represent 
an increase of 100 per cent in the quantity of heat recovered. 

When considering the production of hot water, advantage can 
usually be taken of the contra-flow principle; that is, bringing 
the exhaust gases in at the top of the heater where they come in 
contact with the hottest water, and causing them to travel in a 
downward direction over the heating surface, so that they ulti- 
mately come into contact with the coolest water. 

The general construction and arrangement of a “thimble tube”’ 
heater are illustrated in Fig. 1, which is a heater of the erect type, 
the exhaust gases entering and leaving at the base of the heater. 
In some installations it is more convenient to invert the heater 
and have the inlet and outlet connections at the top. This 
type is shown in Fig. 2. 

In large marine installations the “through” type is extensively 
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used. In this type the exhaust gases enter at the base and leave 
at the top, thus conforming to the general direction of flow of the 
exhaust gases upward from the engine in the hold of the vessel, 
to the top deck, where the funnel is located. An illustration of 
the “through” type is shown in Fig. 3, which is a vertical section 
of one of the four main waste-heat boilers dealing with the 
exhaust gases from 20,000-hp. Diesel engines of the motor- 
vessel Britannic. 

The largest internal-combustion engines are to be found in 
marine installations. It is therefore not surprising that there 
has hitherto been more heat recovery practiced in marine in- 
stallations than in the case of land services, which, however, 
appear to offer a large field for useful development. 

Tables 1, 2, and 3 and the chart in Fig. 6 show typical examples 
of heat-recovery tests with internal-combustion engines of both 
four-cycle and two-cycle types. 
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Discussion 


L. B. Doanr.* As a supplement to the chart on the fifth 
page of the paper (Fig. 6), which gives results obtained by heat- 
ing water with the exhaust gases from a Diesel engine, the writer 
presents two additional charts that give data obtained by using 
this same heater as a steam generator under exhaust-gas opera- 
tion. 

One of these charts, Fig. 7, shows results obtained when run- 
ning the engine under constant-speed and varying-load conditions 
and the other, Fig. 8, shows results when operating the engine 
with both varying speed and load. 


3 Assistant Chief Engineer, Electric Boat Company, Groton, Conn. 
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Dispersion of Sprays in Solid-Injection 
Oil Engines 


By KALMAN J. De JUHASZ,' STATE COLLEGE, PA. 


In investigating the problem of how to improve atomi- 
zation and dispersion in the solid-injection oil engine, the 
knowledge of the mechanism of spray formation was 
found to be scant. In the researches covered by this 
paper, it was not attempted to develop a spray theory. 
A few experiments were made for the purpose of clearing 
up which physical forces do or do not participate in the 
atomization and distribution process. A large number of 
charts have been made representing sprays under various 
conditions, these seeming to point to the following gen- 
eral conclusions: Dispersion becomes more even when 
injection pressure is increased, when the oil viscosity is 
decreased, and when the air density is increased; the 
cone angle increases with increasing oil pressure, increas- 
ing air density, and decreasing viscosity of oil; a larger 
percentage of oil reaches a given distance in a spray having 
a slenderer spray cone; no definite influence of orifice 
dimensions was noticeable in using cylindrical orifices of 
the dimensions employed in the tests discussed. 


N THE dark ages of oppression Machiavelli propounded the 
sinister doctrine of ‘‘Divide and rule’ as the most effective 
policy for obtaining and holding control over a body of 

people. In this more enlightened and civilized era, in the peace- 
ful art of internal-combustion engineering the same principle 
can be usefully applied to the fuel charge, and thereby an effective 
control over the combustion be obtained. Trying to put this 
precept into practice constitutes one of the main problems of 
the solid-injection oil engine today. 

In an oil engine the divisions must be twofold: First, the in- 
jected fuel must be divided into sufficiently small particles. 
Thereby, a large surface is made available upon which the chemi- 
cal reaction with the oxygen of the combustion air can take place. 
This process, called atomization, is the essential prerequisite of 
complete and rapid burning. Second, these particles must be 
mixed with, and be distributed evenly in, the combustion air 
in order that the combustion take place without waste of fuel 
and at high loads, also without waste of air. This process, called 
dispersion, is a fundamental requirement for low fuel consumption 
and high mean effective pressure. 

These latter-named performance characteristics are highly de- 
sirable for all, and a necessity for many applications of an inter- 
nal-combustion engine. 

_ As to the first of these, low fuel consumption, the solid-in- 
jection oil engine is superior to its rivals, the carburetor engine 
and the air-injection Diesel engine. With respect to the second 
characteristic, high mean effective pressure, however, it lags 
sadly behind them. There is no basic reason for this disad- 
vantage. Owing to the high thermal efficiency of its cycle and 


_ ‘Assistant Professor of Engineering Research, Pennsylvania 
State College. 

Presented at the National Oil and Gas Power Meeting, Madison, 
Wis., June 23 to 26, 1931, of Tae AMERICAN SocteTy OF MECHANICAL 
ENGINEERS. 

Norg: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


the absence of power-consuming accessories, the solid-injection 
oil engine possesses an inherent potentiality for high mean 
effective pressure. The reason for this deficiency is the lack of 
satisfactory combustion control, which offsets the advantage of 
the superior engine cycle by necessitating the use of a large per- 
centage of excess air. It may be said that the future progress 
of the solid-injection engine and its entrance into new fields of 
application depend to a large degree on the progress in eliminat- 
ing this deficiency by better combustion control, with which the 
processes of atomization and dispersion are closely connected. 

Both these processes absorb energy. In the atomization proc- 
ess, by increasing the total surface of the liquid, work has to 
be expended to overcome surface tension. In the dispersion 
process, over and above the work necessary to bring a volume of 
oil into a space under pressure, work has to be expended against 
air resistance when the particles penetrate into the dense com- 
bustion air. The turbulence necessary for mixing involves 
overcoming the friction of the air with the chamber walls and the 
viscosity forces of the air motion. It is of interest to compare 
the energy expended for these purposes in the air-injection process 
and in the solid-injection process. 

In the air-injection process this energy is equivalent to 6 to 14 
m-kg. per gram of oil, depending on the pressure of the injecting 
air (900 to 1000 Ib. per sq. in.) and on the weight ratio of injec- 
tion air and oil (usually 1 to 2). Incidentally, this energy is 
equal to 0.5 to 1.2 per cent of the work derived from the oil in 
the engine. This comparatively large amount of energy brings 
about a violent turbulence and intifnate mixing of the fuel par- 
ticles with the air, and consequently a high degree of utilization 
of both. (See Appendix 1.) 

In the solid-injection process the energy is contained solely 
in the oil due to its pressure. Storing in a gram of oil the same 
amount of energy as is used in the air-injection process would 
involve pressures of 8000 to 18,000 Ib. per sq. in. There are 
serious objections to the use of such pressures in engineering prac- 
tice on account of the high stresses and ensuing wear and tear in 
the pump mechanism and nozzle parts. Even if applied, the 
result would not be the same as with air injection owing to the 
different nature of the atomization process. In actually built 
engines much lower oil pressures (3000 to 5000 Ib. per sq. in.) are 
used, corresponding to 2 to 4 m-kg. energy per gram of oil. This 
energy is equivalent to 0.2 to 0.3 per cent of the useful work de- 
rived from the same quantity of oil. There is even a tendency to 
use still lower injection pressures, which would be of advantage 
for the ease of manufacture of the pump and nozzle parts and for 
their useful life. 

In theory, at least, there is no basic obstacle in the way of ob- 
taining a high degree of atomization with only little expenditure 
of energy. The atomization energy is equivalent to the product 
of surface tension and total surface. The surface tension is of 
the order of magnitude of 0.003 kg. per m. for oils which come into 
consideration here. The total surface is the sum of the surfaces 
of the individual droplets. Imagine a quantity of oil as a com- 
pact sphere of R, radius and A; surface area. When this sphere 
is broken up into droplets of r, radius, the total surface is en- 
larged in inverse ratio to that of the respective radii: 
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The enlarged area A, corresponds to the surface of one sphere, 
which may be called “equivalent bubble,” having a radius RF, 
which can be expressed: 


Putting it in another way, the atomization results in a surface 
increase equivalent to coating a large sphere of FR, radius with 
the original quantity of oil in a thickness of r,/3. (See Appendix 
2.) 


On Fig. 17, in Appendix 2, these relationships are graphically 
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and the surface-energy 
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0.0002 em. radius, 
whichis an atomization 
comparable to that ob- 
tainable with air injection, only 0.005 m-kg. work is necessary. It 
is quite conceivable, however, that in some intermediary stage of 
the drop formation the liquid has a greater energy content than 
its final stage, similar to an elastic cord which is stretched until 
broken. Nevertheless, it seems safe to assume that the energy 
required for atomization is only a minute fraction of the total 
energy of injection, the greater part of which is expanded in the 
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In investigating the problem of how to improve the atomization 
and dispersion, a knowedge of the mechanism of spray formation 
would be of considerable help. It should be stated, however, that 
knowledge in this field is very scant, though there are a few 
theories that may provide a background for the understanding of 
Spray phenomena. The breaking up of a liquid column issuing 
from an orifice under a pressure head has engaged the attention 
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of numerous investigators. Plateau (1)? investigated the physi- 
cal conditions under which the collapse of a round cylindrical 
liquid column takes place. He found that the column is unstable 
if its length exceeds its circumference and will collapse under the 
influence of any small disturbance. Lord Rayleigh (1) calculated 
the rate of collapse. More recently R. A. Castleman, Jr., (1) 
of the Bureau of Standards, amplified these theories and applied 
them specifically to the atomization of liquids in an air stream, 
under conditions similar to those occurring in carburetors. He 
describes the process of atomization as follows: ‘A portion of 
the large mass is caught up (say at a point where its surface is 
ruffed) by the air stream, and being anchored at the other end, 
is drawn out into a fine ligament. This ligament is quickly cut 
off by the rapid growth of a dent in its surface, and the detached 
mass, being quite small, is swiftly drawn up into a spherical drop. 
The higher the air speed, the finer the ligaments, the shorter their 
lives, and the smaller the drops formed, within limits.’’ Castle- 
man refers to the solid injection as follows: “It is found that 
when liquid is forced 
under very high pres- 
sure into still air it is 
finely atomized. As 
the high injection pres- 
sure merely gives a 
high initial velocity to 
the injected liquid, it 
is seen that this case Fie. 11 Discaarce Cups 

also is similar to air- 

stream atomization. The fast-moving liquid loses ligaments to 
the still air in the same way that the fast-moving air drags 
ligaments from the quiescent liquid.” 

Triebnigg (2) attacks the problem of atomization by solid in- 
jection from a similar point of view. In his very thorough theo- 
retical investigation of this subject he assumes that the breaking 
up of the spray is caused by the combined action upon the free 
end of the liquid jet of two forces: air resistance and surface 
tension. Upon this assumption he builds up an elaborate theory 
from which he computes the droplet sizes and jet shape under 
various liquid-pressure and air-pressure conditions. 

Bird (3) in his analysis considers the energy of the droplets as 
consisting of 1 (a) surface energy, (6) translational energy, (c) 
rotational energy, (d) circulation inside the drop. 

Kuehn (4) attributes the atomization and dispersion chiefly 
to the turbulence and vortex motion of the liquid in the nozzle. 
Thiemann (5) also leans toward this view. Neither Kuehn nor 
Thiemann develops this theory to the point that computations 
of atomization and dispersion could be made. 

The theoretical investigations mentioned refer to primitive 
forms of jet under low pressure or have been evolved, of necessity, 
under drastic simplifying assumptions. For oil-engine use the 
sprays are produced under complicated conditions to which the 
theories mentioned cannot be applied directly and indeed are 
likely to result in misleading conclusions. In view of the com- 
plex nature of the oil-injection sprays, it is doubtful whether 
sufficiently accurate theories can be developed at all, which would 
stand on their own feet, without the continuous support of ex- 
periments. 

For this reason in the researches at the Engineering Experi- 
ment Station it was not attempted to develop a spray theory. 
Nevertheless, a few experiments were made with the purpose of 
clearing up which physical forces do or do not participate in the 
atomization and distribution processes. The results are of suf- 
ficient interest to merit brief mention. 

The purpose of one experiment was to determine whether 


? Numbers in parantheses apply to references at the end of the 
paper. 
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atomization is due to the friction of jet with the air. Sprays 


were injected into an evacuated chamber, the air pressure being 
one-fiftieth atmospheric pressure (about 0.6 in. Hg. abs.), and 


Fig. 12 Dispersion Rack 


Fie. 13 Dispersion Rack 


thereby the air resistance was reduced to a very low value. In 
spite of this it was found that the spray was atomized and dis- 
persed to approximately the same extent as in air of atmospheric 
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density. Further increasing air density to multiples of the at- 
mospheric density, however, had the effect of widening the spray 
angle, making the distribution pattern more even and reducing 
the penetration. This result seems to be strong evidence against 
the supposition that the atomization and dispersion are due solely 
to air-friction forces. 

Another experiment was made to determine whether the oil 
particles, during their passage through the nozzle, become charged 
with static electricity owing to friction, which may contribute 
to their dispersion as a consequence of electric repulsion. The 
spray was injected against an insulated metal plate connected to 
an electroscope as shown on Fig. 1. The indication was entirely 
negative. On no occasion could the existence of static charge be 
demonstrated. 

These evidences lend support to the view that (under the con- 
ditions of oil-engine injection) the liquid emerges from the nozzle 
in an already atomized, or at least disgregated state, that it 
already possesses the ability to disperse, and therefore that in the 
atomization and dispersion process the flow phenomena in the 
nozzle are the main influencing factors. 


EXPERIMENTS RELATING TO SpRAY DISPERSION 


Lacking a suitable theory for the explanation of spray phe- 
nomena, recourse has to be taken to experimental methods in 
order to determine those spray characteristics that are of interest 
from the engine-performance point of view. Even though the 
law of it is as yet undiscovered, yet spray formation is none the 
less a process obeying physical laws, and as a consequence the 
sprays assume the same properties under similar conditions, 
i.e., with the same values of the governing factors. The spray 
is formed by forcing the required quantity of fuel through a 
nozzle into the air contained in the combustion air. The charac- 
teristics of the spray, and among these its dispersion in space, 
depend therefore on three sets of factors, as follows: 

(1) Fuel factors, comprising oil pressure, specific gravity, 
viscosity, and surface tension. 

(2) Nozzle factors, comprising size and shape of the channels 
and apertures through which the fuel passes. 

(3) Combustion-air factors, comprising its density (pressure 
temperature and its state of stagnation or agitation. 

At the Engineering Experiment Station of the Pennsylvania 
State College a general research is being carried out on the de- 
pendence of spray properties on the various governing factors. 
One branch of this research deals with the distribution of fuel in 
space. 

The equipment for the investigation of dispersion consists of 
the following groups: (1) spray-producing equipment, (2) air 
chamber, (3) cup and rack for catching the spray. The equip- 
ment is known probably to many from previous visits at Penn 
State. It has been described also in a number of publications. 
(6, 7, 8, 9) Therefore only a brief description will be given. 

The layout of the spray-producing equipment and of the air 
chamber is shown in the schematic drawing Fig. 2. An electric 
motor drives a flywheel through a variable-speed gearing, the 
extension shaft of the flywheel actuating the spray-producing 
equipment which it is desired to investigate. 

Two injection systems were investigated: 

|) Constant-pressure injection with mechanically operated 
valve, 

Pump injection with hydraulically operated valve (Robert 
Bosch type). In the constant-pressure injection system the oil 
can be put under pressure by means of a hand-operated or of a 
Power-operated pump. The nozzle proper is shown schematically 
in Fig. 3, and the dismantled parts are shown in the photograph, 
Fig. 4. The nozzle contains a co-axial spindle, the lapped and 
polished flat tip of which serves for a valve. It is lifted off from 


OGP-53-5 69 


or pressed on to its seat whenever the lever arm is actuated by 
the cam. The characteristics of this nozzle are shown in Fig. 5, 
and the orifices used in connection with it are shown in Fig. 6. 

The pump-injection system was driven from the variable-speed 
shaft by means of a chain-and-sprocket drive, as shown in Fig. 7. 
The nozzle used is the so-called pintle type, having a cylin- 
drical guide pin, as shown in Fig. 8. 

In experiments on sprays it is necessary to separate one single 
injection, but without altering thereby the conditions prevailing 
when continuously repeated injections are made. There are two 
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ways of accomplishing this: First, by actuating the flywheel, 
camshaft, and cam continuously at the specified speed, but pre- 
venting it from lifting the cam follower and the valve, except for 
a single injection. This method was used with the constant- 
pressure injection system. The second method is by actually 
producing repeated injections and shielding the measuring ap- 
paratus from all sprays except one. This method was used with 
the pump-injection system. 

In both instances a so-called ‘‘selector mechanism” is used 
which moves the cam axially and thus brings it into engagement 
with its follower whenever a trigger is pulled. This mechanism 
is shown schematically in Fig. 9, which is largely self-explanatory. 
In the pump-injection system the shielding plate or ‘obstructor 
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plate” is actuated by this same cam mechanism, as shown in Fig. The apparatus used in dispersion experiments consists of two 
10. parts: 
The nozzle is fixed, by means of a circular flange, to the air- (1) The discharge cup for catching the total discharge of the 


chamber cover, which is a 2 in. thick steel plate of 20 in. diameter. spray. 
It is bolted to a large cast-iron platform forming the foundation (2) The dispersion rack for catching portions of the spray at 


of the whole equipment. definite locations in space. 
The injection is made into the air chamber, which is a 36 in. The discharge cup is illustrated in Fig. 11. It is in realit ya 
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long piece of 10 in. diameter seamless-steel tube closed hemi- group of five cups, mounted on a sector. Each cup can be 
spherically on one end and arranged so as to be bolted hermetically brought in front of the nozzle. The cups are filled with cotton 
to the chamber cover mentioned. The air chamber can be filled waste or with some other absorbent material, and from their 
with air at any required pressure. The air is compressed by a increment of weight after injection the weight of the injected 


motor-driven compressor and stored conveniently in a battery fuel can be calculated. 
of steel bottles. The dispersion rack is a skeleton upon which absorbent pads 
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can be fastened for intercepting the spray at a number of pre- 


n=202 rpm. Guilt Heavy Black. determined locations in space (Fig. 12). The dimensions of the 
7 Z A “=A @ za frag bth pads are given in Fig. 13. In the experiments here to be de- 
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tity of oil can be dispersed by both a large orifice in a short time 
(or in a lesser number of injections) or by a small orifice in a 
longer time (or in a larger number of injections). In order to 
arrive at a representation of spray which would be a measure of 
the dispersing ability of a given orifice, oil pressure, and air pres- 
sure combination, it is of interest to refer the discharge to unit 
weight, i.e., to divide all the fg values by the total weight of dis- 
1 


charge. This quantity is called “specific flux’ f = — - and 
total ¢ 


it can be defined as the dispersion of one gram of oil in a given 
direction. 

The table shown in Fig. 17 gives the measured and computed 
data from a dispersion test with varying oil pressures, and Fig. 
18 shows the chart corresponding to this spray. 

In the experiments with round orifices it can be assumed that 
the dispersion is the same in all meridional planes. On this as- 
sumption the total amount of spray reaching a given cross-section 
ean be determined from the dispersion chart. The amount is 
always less than the total discharge because, owing to air resis- 
tance, parts on the outer fringe of the spray lose their velocity 


Fic. 19 


at certain distances and do not advance to more distant cross- 
sections. 

The flux being equal, fg = 1*(Q/A), or more accurately, fo = 
1*(dQ/dA), and assuming that the flux values are the same at 
all points of the annular surface dA = 2rmdr, then it can be 
written = (2x/l*) {fordr. Using the specific flux values, 
Q becomes e, i.e., the fraction of one gram reaching the cross- 
sectional surfaces in question: e = (2x/l*) ffrdr. 

The actual computation consists in constructing, first, the 
auxiliary fr curve, the integral curve of which represents the e 
curve. The maximum value of this integral curve gives the 
total quantity reaching the respective cross-section. The method 
is applied on the chart Fig. 18. 

This analysis of dispersion is applicable to, and may be a useful 
helping tool in dealing with, any kind of liquid spray, such as 
used in agriculture, textile, and chemical industries. In Ap- 
pendix 3 is given a list of industries using sprays for various pur- 
poses, showing the considerable technical importance of sprays. 
Regarding now, specifically, a fuel spray to be burned in internal- 
combustion engines, the following quantities derived from the 
spray charts may be of interest: 

(1) Percentage of spray passing through a precombustion- 
chamber aperture. This quantity can be determined, with the 
aid of the f or the e curve, by drawing the ordinates corresponding 
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to the boundary of aperture of the precombustion chambcr. 
This method of application is shown on Fig. 19, which represents 
the precombustion chamber used in a Venn Severin engine. 

(2) The theoretical boundary of burning. Let it be assumed 
that the chemical combination commences immediately at the 
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orifice and lasts until all the oil in the spray is consumed. Then 
the spray will be completely burned at such distance that the 
corresponding cone element contains the air necessary for com- 
bustion. The weight f of fuel requires a weight of air af for its 
combustion (a@ = 12-15, depending on the composition of the 
fuel). The volume of this air is V = (af/p); p being the weight 
of unit volume of air at the given density. Denoting by y the 
distance to which the spray can travel before its complete com- 
bustion, then the volume of the corresponding spherical sector 
having one steradian inclosed angle can be expressed by V = 
From which y = (3af/p). 

Measuring up this distance on the corresponding radii vectors, 
a surface is obtained which is characteristic of the spray in so far 
as it represents the shape of that minimum container in which the 
spray can burn completely. The meridional curve of such a 
body is shown in Fig. 18. 

A large number of charts representing sprays under various 
conditions will be published in a bulletin of the Pennsylvania 
State College which is now in preparation. (See Fig. 16.) 
These seem to point to the following general conclusions: 


(1) The dispersion becomes more even when the injection 
pressure is increased 

(2) The dispersion becomes more even when the oil vis- 
cosity is decreased 

(3) The dispersion becomes more even when the air den- 
sity is increased 

(4) The cone angle increases with increasing oil pressure, 
increasing air density, and decreasing viscosity of oil 

(5) A larger percentage of oil reaches a given distance in 
a spray having a slenderer spray cone 

(6) No definite influence of orifice dimensions was notice- 
able in using cylindrical orifices of the dimensions 
employed in the tests discussed. 


Finally, one conclusion has to be emphasized: that the ex- 
perimental «method described and the procedure of evaluation 
developed are easy to apply, and the results give a ready means 
of judging the spray from the point of view of its applicability 
inanengine. It is recommended as a useful tool in development 
work in oil-injection engines, and its general adoption is likely 
to lead to a better understanding of the influence of spray pattern 
on the performance of the engine. * 

These investigations were carried out under the general direc- 
tion of R. L. Sackett, dean of the School of Engineering, and Prof. 
F. G. Hechler, head of the Engineering Experiment Station. In 
both the theoretical and experimental work Dr. P. H. Schweitzer, 
associate professor of engineering research, contributed several 
suggestions. O. F. Zahn, Jr., graduate assistant, made the 
greater part of the experiments and worked out the large number 
of numerical computations with painstaking care. 
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Appendix | 
ENERGY OF INJECTION 
(1) Solid Injection. Pressure energy of oil: 


P, — P2 
Yo 


L. = G. 


Example: Assumed values in metric units: 
G, = 1 gram = 0.001 kg. 
vo = 900 kg. per cu. m. 


P, = 35 at. = 350,000 kg. per sq. m. 
P, = 250 at. = 2,500,000 kg. per sq.\m. 
2150 
Le = oo 2.39 m-kg. per g. = 7840 ft-lb. per lb. 


(2) Air Injection. 
thermic expansion: 


P. 
L = G.RT log. — 
P, 


Expansion energy of air assuming iso- 


Example: Assumed values in metric units: 
Go = gram = 0.001 kg. 
R = 29.97 
T = 323 deg. abs. = 50 deg. cent. 
= 365 at. loge = 0.6931 
P, = 70 at. 


La = 6.56 m-kg. per g. = 21,500 ft-lb. per lb. 
Using 2 gram of air for the injection of 1 gram of oil, the total 
energy is: 
10,000 (70 — 35) 
= 13.32 + 0.39 = 13.71 m-kg. per g. = 
45,000 ft-lb. per lb. 
In order to supply the same amount of energy with solid injec- 
tion, P; pressure has to be employed. 


P, — 350,000 
900 X 1000 


= 13.71 = 
P, = 1270 kg. per sq. cm. = 18,100 lb. per sq. in. 


Appendix 2 
TOTAL SURFACE OF ATOMIZED DROPLETS 
One gram of oil has a volume V, = 1/0.900 cus em, = 1.11 
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4 
cu. equivalent to a sphere = 3 having a radius 


R, = 3V;/4 = 0.64 cm. 

The surface of this sphere is A; = 47R,? = 5.15 cm.’ 

When this compact sphere is broken up into n droplets of rp 
radius, the following relations hold: 


4 4 1 R = 
V = 3 = tn = = Wn 
R 
An = = Wn = 
Tn 


Ri 
i.e., the area is increased — times. 


Tr 


This area is equivalent to the surface of one sphere of Ra 


= R 
radius: A, = 4nR,?; Ra = = W/nR, = 
us n 


The increased area is equivalent to spreading out the oil in a 
6 thickness 


The energy due to surface tension is: 


Wa = oA 


Assuming a surface tension ¢ = 0.003 kg. per m., 


R 
rn = 0.0002 em.; An = — A; = 16,400 sq. em. 
Tn 


then 
W, = 0.005 kg-m. 


In a sphere the surface tension o causes a pressure p for which 
the following equation holds: 
o2rr = 
_ 20 


r 


In a droplet of rn = 0.0002 cm. radius, the internal pressure 
due to surface tension becomes: p = 0.3 kg. per sq. cm. = 
4.2 lb. per sq. in. 


Appendix 3 
APPLICATION OF SPRAYS 


I Combustion 
1 Engines, carburetor type 
2 Engines, oil-injection type 
3 Oil furnaces for industrial and household use 
II Textile and Related Industries. Humidification of air in 
the manufacture of 


1 Textiles 

2 Rayon 

3 Paper 

4 Photo films and sensitized paper 
5 Hides 


III Agriculture and Food Industries 
1 Artificial rain 
2 Spraying insecticides (tree fruits, vines, potatoes, corn, 
etc.) 
3 Spraying for destroying weeds 
4 Manufacture of evaporated milk 


IV Chemical Industries 
1 Oxidation and reduction 
2 Washing of gas 
3 Dust and smoke precipitation 
4 Acceleration of chemical reactions 


V_ Deposition of a Thin Layer of Material 

1 Painting, varnishing 
2 Metals (Schoop’s process) 
3 Quartz (for large astronomical mirrors) 
4 Concrete (Gunite process) 

VI Medical and Sanitary Applications 
1 Inhalators, throat sprayers 
2  Disinfectors, perfume atomizers 
3 Air conditioning 
4 Dust precipitation 


VII Miscellaneous 
1 Fire extinguishers 
2 Car washers 


Discussion 


K. J. BE. Hessetman.? The researches carried out on oil- 
spray dispersion are extremely valuable and interesting. It was 
of great interest to see that researches have been made which 
the writer during practical work with oil motors has found de- 
sirable and necessary and which he also partly carried through 
in a similar way. There is no doubt that it is of the greatest im- 
portance for development that such researches have been made 
and published for engineers working in this field. 


F. Sass.‘ The writer has followed the researches of the 
Pennsylvania State College with great interest from the very 
beginning and has derived valuable information, especially from 
the ingenious experiments on spray formation carried out by 
Mr. De Juhasz and Dr. Schweitzer. In the development of the 
solid-injection oil engine much credit is due to these investigators 
for their contribution to the knowledge of the characteristics of 
oil sprays. This knowledge is of great value to the engine de- 
signer, providing him with a surer basis for his design. In fact, 
more is known today about solid injection than about air injec- 
tion, and this is greatly due to the investigations carried out at 
Pennsylvania State College. 

None of the statements contained in the paper is in disagree- 
ment with the writers own experiments. Among the findings of 
the author it is particularly noteworthy that evacuating the space 
into which the spray is injected does not alter materially the 
characteristics of the spray. This is an important evidence 
against the theory which attributes the spray formation chiefly 
to air friction. In another place the author has already given 
expression to his doubt about this hypothesis. 

One may look forward with particular interest to the publica- 
tion on the dispersion of oil sprays, as stated by the author. In 
case further investigations should be carried out at the Pennsy!- 
vania State College on the penetration of sprays—which is also 
important for the design of solid-injection oil engines—then in the 
writer’s opinion direct observation by means of spark photog- 
raphy would be highly desirable. To the writer’s knowledge, 
at Pennsylvania State up till now only the indirect metho of 
the ballistic pendulum has been used, similarly to the one used 
previously by Riehm. In this method it is unavoidable—-even 
if only one single injection is made—to impart a momentum 
also to an unknown mass of air. Thereby to the impacting 15s 
of oil the unknown mass of air is added, which introduces an error 
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into the calculation of the spray velocity from the impact-force 
equation P = mv. For this reason the ballistic pendulum cannot 
supply as accurate data as can be obtained by means of the spark 
photography method. 


R. A. CasTLeMan, Jr.5 In considering the mechanism of the 
atomization that accompanies solid injection, it seems hardly. 
necessary to point out again that ‘air stream atomization’’ 
only was specifically treated in the paper to which reference (1) 
applies and that solid injection was merely included as a case 
evidently physically similar as regards the relative motion of gas 
and liquid at their interface. The necessity for this method of 
treatment arose from the fact that Rayleigh’s analysis could only 
be applied when the ligament size was known, and this had to 
be computed from that of the drops formed when a liquid is at- 
omized; and the !atter appeared to have been satisfactorily deter- 
mined only for ‘air stream atomization.’’ However, Sass has 
recently made preliminary reports (F. Sass, ‘“Kompressorlose 
Dieselmaschinen,” Springer, 1929, p. 45) on results of drop-size 
measurements in solid injection performed at the A.E.G., in 
which a method apparently initiated by Woltjen (Woltjen, Tech. 
Hochschule at Darmstadt Dissertation, 1925) was used. In this 
the spray is injected into a high-pressure chamber, where it is 
caught in a “dispersing liquid” and the drops are examined micro- 
photographically. While these results show many perhaps sur- 
prisingly large drops and considerable distribution of drop sizes, 
they also show many drops small enough to account for a similar 
mechanism in this case. It will appear later that both the larger 
drops and the size distribution are to be expected. 

Now there are evidently other forces acting simultaneously in 
this case (say those due to fluid friction in the nozzle), so it 
seems important to consider whether, and in how far, experiments 
really indicate that this simple theory cannot be applied to solid 
injection. 

Considering first the results of the Pennsylvania State tests 
which are claimed to disprove the influence of surface forces: 

(a) The observed effect on drop size is not very clear, but it 
is gathered that this did not appear to change much with air 
density, nor is the method of measuring this drop size apparent. 
The familiar N.A.C.A. pictures indicate the absolute impossi- 
bility of estimating the drop size in such a spray, even when aided 
by the electric spark. Sass (loc. cit., p. 46), however, reports 
considerable and consistent increase in drop size with decrease 
in air density, thus indicating dependence of drop formation on 
surface forces. 

(b) The reported observations of the effect of air density on 
cone angle are to be expected. Joachim and Beardsley found 
(N A.C.A. Report No. 268, 1927) (1) a decrease of cone angle, 
for a ‘‘non-centrifugal” spray, from about 22 deg. at 200 lb. 
per sq. in. chamber pressure to about 8 deg. at atmospheric; 
(2) a simultaneous increase in cone angle for a spray deliberately 
made “centrifugal.” Recognizing that any liquid injected at 
such high speeds must have some radial velocity on account of 
turbulence, it seems that (2) may equal (1), and one would not 
expect much further change in cone angle when the air density 
is reduced to a very low value; in other words, the effect re- 
ported in this paper seems to be due to the mechanical action of 
the medium on the drops after their formation. 

Considering next the probable bearing of some other observa- 
fons 

(1) It has been recognized for some time that there is marked 
drop-size inhomogeneity in sprays formed by solid injection, 
and the importance of this as regards penetration was noted. 
The degree of this inhomogeneity was only recently revealed, 
however, by some experiments at Langley Field, when Rothrock 

\ssistant Physicist, Bureau of Standards, Washington, D. C. 
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(N.A.C.A. Tech. Note No. 376, May, 1931), tearing away the 
enshrouding veil of small drops with a high-speed air stream, 
revealed a very coarsely “atomized’’ core. Now this is to be 
expected if the “atomization’’ is due to surface forces: The 
velocity difference between air and liquid would be greatest at 
the outer cone element; as the interior is entered this relative 
speed drops to a value probably too low for atomization. This, 
however, seems to account for both the very large drops (which 
cannot be completely gotten rid of even by the use of very high 
injection pressures) and the size distribution reported, for in- 
stance, by Sass (loc. cit.). 

(2) The familiar appearance of these jets, that the atomiza- 
tion seems to occur very close to or even within the nozzle, is 
also to be expected. The velocity difference is greatest at this 
point (both the air is accelerated and the liquid decelerated in 
further progress); so that the interfacial forces must act then if 
at all. Ligaments fine enough to break up into the smaller drops 
observed in the spray would have life periods of the order of only 
10-* sec.; so that they would collapse within 1 or 2 mm. of the 
nozzle, which is consistent with N.A.C.A. observations. 

It thus appears that close examination of the experimental 
results so far reported shows that none really seems to prove 
that surface forces do not influence atomization in solid injection, 
while much can be found to support this view. Remembering 
(1) how easy it is to ruffle the surface of a liquid, (2) the very 
brief life period of ligaments fine enough to break up into the 
smaller drops found in the spray (order of 10~* sec.), and (3) 
the manner in which the surface forces are constrained to act, 
it seems legitimate, at least until real evidence to the contrary 
is produced, to adopt the pleasing simplicity of the explanation 
that seems to suffice for air-stream atomization, and thus get 
just as clear a mental picture in the case of solid injection. 

Credit is due the author for recognizing the need for further 
argument in the case of solid injection. 


P. H. Scuweirzer.* Attention has been called to the advan- 
tage of the square-edged orifices in producing a better dispersion 
than those obtained by rounded orifices. 

It has to be admitted that as a rule the square-edged orifices 
do produce better atomization and dispersion than those used 
in our experiments. In spite of that, the use of square-edged 
orifices is discouraged in engines, for two reasons. First, it is 
very hard to produce a geometrically correct, clean square- 
edged orifice; and still more so, several of them with an equal 
hydraulic resistance and discharge. Second, square-edged 
orifices that are so in the beginning do not stay that way. The 
scouring action of the oil passing through rounds off the edge of 
the orifices. The discharge coefficient of a short square-edged 
orifice is about 0.65 and that of a slightly chamfered orifice is 
0.80. If one places a square-edged orifice in the oil line, the dis- 
charge coefficient rises in a few days from 0.65 to 0.80. Micro- 
scopic examination reveals a slight rounding of the edges by use. 

We started out using square-edged orifices for scientific ex- 
periments for reproducible results. We abandoned that in favor 
of chamfered orifices, which we obtain by rubbing emery powder 
against the edges of the orifice, the chamfer amounting to 0.004 
to 0.005 in. We found that small differences in the amount and 
angle of the chamfer do not make as much difference as unavoid- 
able burrs and irreguiarities in square-edged orifices. 


A. M. Rornrock.? The work that is being conducted at the 
Pennsylvania State College on the dispersion and energy of the 
tuel spray in conjunction with the work that is being conducted 
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at the Langley Memorial Aeronautical Laboratory on the spray 
penetration, formation, and atomization are giving us a better 
concept of the laws which control the actions of the fuel spray 
in the compression-ignition engine. The writer is particularly 
interested in Professor De Juhasz’s statements regarding fuel 
sprayed intoa vacuum. The laboratory has also done some work 
along this line. With the N.A.C.A. spray photography equip- 
ment we have taken high-speed motion pictures of sprays injected 
into an air pressure of 0.1 in. of mercury. The results were quite 
interesting. Of course the rate of spray-tip penetration was ex- 
tremely high. The spray itself had a cone angle of approxi- 
mately 2 deg. The photographs showed that there was no fuel 
torn away from the edge of the spray, as is the case when the 
fuel is sprayed into air at a pressure of 1 atmosphere. We have 
also photographed fuel sprayed into water. The photographs 
appeared similar to those of fuel sprayed into dense air, although 
the penetration was decreased. In regard to the dispersion of 
the spray into air at densities corresponding to those in the com- 
bustion chambers of compression-ignition engines, we made a 
very simple test of spraying against a piece of modeling clay 
mounted 5 in. from the nozzle. The spray made a small hole 
approximately '/, in. in diameter in the clay, indicating that the 
greater part of the spray was contained in a cone with an angle of 
approximately 2 deg. This is in accordance with the results 
presented by the author. The writer agrees that the resistance 
to air is not the sole cause of the atomization of the spray. If 
the flow through the nozzle is turbulent, the jet is in an unstable 
condition as it issues from the discharge orifice. 

Recent tests that were conducted at this laboratory, how- 
ever, on atomization by Mr. D. W. Lee have shown that the 
atomization is not changed to any great extent by any of the 
means available for atomizing the fuel in a hydraulic injection 
system. We have measured the atomization of sprays from 
single round-hole orifices, of sprays from injection valves employ- 
ing helical grooves, of sprays impinging against each other close 
to the nozzle, and of sprays injected against a metal plate close to 
the nozzle. Certainly if the atomization does not take place 
within the nozzle, it does take place within a fraction of an inch 
after leaving the nozzle. As a result of these tests the writer 
has come to the conclusion that higher mean effective pressures 
in the compression-ignition engine will be obtained only when 
there has been improvement in the uniformity of the dispersion 
of the spray, either by the methods listed or by the intelligent 
use of air flow. Dispersion tests made under these conditions 
would be extremely interesting. Of course, there is the possi- 
bility that the period of after-burning in the combustion chamber 
is partially caused by the ignition lag of the larger drops in the 
spray. In this case it will be extremely difficult to eliminate it. 

The data that the author has presented are for injection periods 
of approximately 0.05 sec. His results show that under this 
condition, at an injection pressure of 2200 lb. per sq. in., 80 per 
cent of the fuel penetrated to a distance of 14 in. When the 
injection pressure was raised to 8200 lb. per sq. in., the quantity 
penetrating to 14 in. decreased to 26 per cent of the total fuel 
quantity. The writer would like to ask whether this is attributed 
to the decrease in the mean drop diameter caused by the increase 
in the injection pressure. (Incidentally should not the f curves 
be labeled “per cent of total per steradian”’ instead of “grams per 
steradian?’’) He would be interested in seeing the dispersion 
tests continued for injection periods of approximately 0.003 sec., 
since this time interval is approximately that used for the in- 
jection of the fuel in compregsion-ignition engines running at 
speeds of 1500 r.p.m. and over. Has the region from the nozzle 
to a distance of 3.5 in. from the nozzle been explored? The 
writer realizes the difficulties to be encountered in this region, 
but it is very necessary for those who are working with high- 
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speed engines to know what the dispersion is in combustion 
chambers having a maximum length of not more than 4 in. 


A. L. Brrp.6 The subject of spray formation is a fascinating 
one and has tempted many to try to go further than Lord Ray- 
leigh, who proved the tendency to ripple formation at a boundary 
for low speeds, and to determine analytically the factors which 
decide that drops of a certain size shall be formed rather than 
others very much larger or smaller. 

Probably the author is wise in concentrating on the investiga- 
tion of the laws of behavior rather than those of formation, but 
his reference to injection into a partial vacuum is of particular 
interest in view of some similar experiments at Cambridge, 
England. Using a chamber 20 ft. long and 1 ft. diameter, ex- 
hausted to '/:9 atm., some dispersion was still found, though not 
as much apparently as by the author; in fact, the splash scarcely 
covered the end cover of the chamber; whereas in the open the 
same jet did not reach 20 ft., the center of gravity of the deposited 
drops being about 10 ft. distant from the nozzle and the lateral 
spread some 2 ft. there. This result is preliminary only, and 
no special trouble was taken to select a good nozzle. Possibly 
with a smooth entrance and large length-to-diameter ratio, the 
dispersion might have been even less. It would appear to be 
necessary to distinguish also between nozzles with a small-lift 
value above them (in which the drops appear to emerge ready 
formed) and true orifices unaffected by any valve, the latter being 
the type mainly tried at Cambridge. 

The results from the ingenious dispersion apparatus should be 
of great interest and usefulness. Conceivably in the future the 
author may be able to elaborate it so as to measure the impact 
on each of the platforms. 


AvutTHor’s CLOSURE 


It is gratifying and encouraging to note that the investigations 
into the basic phenomena of the fuel spray carried out at the 
Pennsylvania State College find interest among the ranks of the 
research fraternity as well as meet the endorsement of dis- 
tinguished exponents of the practical development of the solid- 
injection oil engine. Thanks are due to all the discussors for their 
suggestions and constructive criticism. 

Dr. Sass rightly recognizes the error inherent in the pendulum 
method of determining the mean velocity of the spray. It is 
to be borne in mind, however, that all velocity determinations 
have their errors and limitations. For example, the spark- 
photography method as used in the N.A.C.A. investigations and 
by the A.E.G. under the direction of Dr. Sass give only the ve- 
locity of the spray tip, which itself is changing, and is replaced 
by new oil every moment. The double-disk (stroboscopic and 
target disks) method (Ref. 8) gives the instantaneous values as 
an average over the distance of the disks. Therefore the various 
methods need the support of each other, and the most probable 
velocity values can be determined by checking and correlating 
the results obtained by each. 

Regarding Mr. Castleman’s discussion, the author wishes to 
emphasize the statement in his paper that the atomization and 
dispersion phenomena cannot be accounted for solely by the air 
friction forces. These forces, however, do have an important 
influence on the spray characteristics. 

It is of interest to note that both Mr. Rothrock with the 
N.A.C.A. and Professor Bird in Cambridge carried out injection 
tests in rarefied air. Many of us would like to see published the 
spark photograph of such a spray, especially in conjunction with 
sprays injected into air at various densities, but otherwise under 
identical conditions, as spark photography is able to record finer 
details than are obtainable by any other means. 


Cambridge, England. 
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In experiments conducted at the Pennsylvania State College 
by Lieut. J. P. Thew, U.S.N., it was found that the fineness 
of atomization largely depended on the oil pressure, the drop 
size decreasing with the increase in pressure. The resulting 
increase in air resistance accounts for the decrease in the per- 
centage of spray reaching a given cross-section, when the oil 
pressure is increased. 

The f curves on the charts refer to the flux due to 1 gram of total 
discharge. Therefore the expressions “per cent of total per 
steradian”’ or “grams per steradian”’ are equally justified. 

The exploration of smaller sprays would only involve making a 
dispersion rack of smaller dimensions all over, and a refinement 
in the weighing technique on account of the smaller weights to be 
measured. At Pennsylvania State the diameter of the spray 
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cone at different distances from the nozzle was measured by means 
of a caliper fixed on the traveling platform of the spray pendulum. 
This method proved satisfactory and accurate. 

It would be difficult to combine satisfactorily the function of a 
dispersion rack and the spray pendulum in one instrument. 
It is planned, however, to measure with the spray pendulum 
the momentum of any portion of a spray by simply placing in 

‘front of the pendulum plate a stationary plate which permits the 
passing of the spray portion to be investigated and shields the 
rest. 

Owing to the small momentum of the outer portions of the 
spray, it is necessary to build the pendulum extremely sensitive. 
Such a modification has been tried out on our spray pendulum 
and may be further developed. 
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Experiments on the Flow of Air Through 
Engine Valves 


The resistance of air 
flow through poppet valves 
has been tested experi- 
mentally by the authors. 
The experiments which 
they carried out and de- 
scribe include flow in both 
inlet and exhaust direc- 
tions, and the ranges of 
valve opening and of pres- 
sure head extend to or be- 
yond the limits which 


normally may be utilized E. 8. Dennison 


HE choice of valves and gear for a high-speed internal- 
combustion engine is limited by space, by permissible 
mass and acceleration of the parts, and by the necessity 
for reducing throttling losses. Features which must be de- 
termined include the choice of number, size, and type of valve, 
the disposition of valves and passages, and the determination of 
valve-operating-gear details. 
So far as the problem is purely mechanical in nature, as it is 
when dealing with the valve-operating gear, it may be rationally 
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in practice. Individual 
valves were tested variously 
mounted, and pairs of 
valves were tested as 
grouped in an actual de- 
sign. 

The experiments have 
been extended in an effort 
to improve the flow char- 
acteristics of the poppet 
valve by modification of its 
shape and that of the valve 
approaches. 


D. W. Smita 


dealt with upon the basis of known properties of materials, and 
of familiar physical laws. But a rational treatment of the 
whole problem requires a similar accurate knowledge, either 
analytical or empirical, of laws governing the flow of air through 
valves and adjacent passages. 

There is perhaps no existing knowledge which would permit 
an analytical treatment of the flow characteristics of an ordinary 
poppet valve as mounted in a practicable engine design. Data 
suitable for design purposes must be found experimentally, and 
several investigators have given their attention to securing such 
information. 

An examination of the existing data brought out several con- 
ditions which seemed to justify further work in the field. In 
the first place, the information was found to be incomplete and 
to apply to only a few forms of valve assembly. Furthermore, 
it showed that considerable differences of behavior might result 
from even a minor change in the valve or port design. Secondly, 
no published data exist on the effect of a curved approach passage 
as usually designed, nor of grouping valves in a pair in conjunc- 
tion with a single passage; certainty in this respect could be 
had only by a test of the valves in place in the actual cylinder 
head. Thirdly, it seemed that there was a possibility of im- 
proving upon the usual type of poppet valve as an element in a 
fluid conduit system. A part of the program was therefore 
directed to the latter object, without a view to any immediate 
application in practice. 

Questions which appeared to have been adequately answered 
by the work of previous investigators were not reopened. A 
review of a few published results is given here, in order that the 
reasons for limiting the direction of the present work may be 
apparent. A mere check on results already at hand was not 
sought after. 


SumMMARY OF PuBLISHED EXPERIMENTAL RESULTS 


Nutting and Lewis.‘ A limited series of experiments was made 
on the flow of air in the intake direction through various valve 
combinations into a model combustion chamber of 5.75 in. 
diameter joined to a cylinder of 5 in. diameter. The combina- 
tions included a single 2'/,-in. valve, two 1*/,-in. valves in parallel, 
and two 1'/,-in. valves in parallel. Each valve of a pair was 

‘E. M. Nutting and G. W. Lewis, “Air Flow Through Poppet 


Valves,” National Advisory Committee for Aeronautics, no. 
24, Washington, 1918. 
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connected to an individual curved air passage. Details of 
valves, passages, etc., are not given. It is not stated that all 
valves were geometrically similar, although this seems to be 
assumed in their interpretation of the results. The tests covered 
a full range of valve lifts, and pressure heads up to 28 in. of water 
at small openings. 

Their results showed a decreasing coefficient of discharge with 
increasing lift. The coefficient of discharge, when plotted on a 
non-dimensional basis against Lift/Port Diameter showed 
substantial identity for the 13/,-in. and 2'/:-in. valves. Results 
for the 1'/,-in. valves were at variance; the latter results were 
discounted by the original authors because of a special condition 
in the air passage. 

Experiments of this character usually involve the assumption 
that results obtained with one size of valve may be applied to 
similar valves of other sizes, provided that geometrical propor- 
tions of the adjacent parts are also similar. This should be 


ELEMENTARY Disk VALVE 


Fic. 1 


correct except for the part played by surface friction, which 
presumably is small. The same assumption is used in the 
interpretation of most wind-tunnel results. The experiments of 
Nutting and Lewis partially confirm the assumption as it applies 
to valve flow, and the experiments described in the present paper 
have been limited to one size of valve. 

Their report remarks (p. 19): ‘Venturi effects in the passage 
immediately above the valve might be productive of excellent 
results.’”’ Seemingly no attempt was made to follow this sug- 
gestion further. 

- Tanaka The extensive work by this author is notable for 
thoroughness and for refinement of method. A very lengthy 
series of tests was made with air flow through both inlet and 
exhaust valves. These cover the full range of valve lifts with 
various pressure drops. The effect of variation in valve details 
was systematically studied. Features which were progressively 
varied included the angle of cone seat; projected width of seat, 
or overlap; valve-fillet radius, and valve-head angle. Model 
valves were tested in a concentric apparatus in connection with a 
simple cylindrical port with the approach rounded at the inlet 
side. The result of these experiments is largely to confirm 
accepted valve practice, since only minor differences are 
found by variations of the above-mentioned features within 
practicable limits. For example, cone seat angles of 30 deg. 


5K. Tanaka, ‘‘Experimental Research on Poppet Valves,” 
Journal of the Aeronautical Research Institute, Tokyo Imperial 
University, nos. 22 and 27, 1926. 

“Air Flow Through Suction Valve of Conical Seat,” Report of 
the Aeronautical Research Institute, Tokyo Imperial University, 
nos. 50 and 51, 1929. 

“Air Flow Through Exhaust Valve of Conical Seat,”’ Proc. 3rd 
International Congress for Applied Mechanics, vol. 1, p. 287, Stock- 
holm, 1930. 


and 45 deg. are roughly equivalent in result, whereas with a 
60-deg. angle the resistance becomes excessive. 

Sharp discontinuities of flow were found, occurring at definite 
valve lifts, and in some degree modified by changes in pressure 
head. Four distinct modes of flow are noted, and a discontinuity 
corresponds to a shift from one mode to another. The differences 
of flow are found to be associated with sharp corners at the edges 
of the valve and valve seat. The existence of four types of flow 
was proved by photographs and confirmed analytically. By 
rounding all corners to a radius of 4 mm. (0.158 in.), the sharp 
discontinuities are nearly obliterated, and resistance of the 
valve is decreased. Tanaka finds the rounding of these edges 
to be the most advantageous means of improving valve flow. 
He remarks that rounding of the corners in effect makes a con- 
vergent-divergent nozzle of the crevice between valve and seat, 
but it is surprising to note that he does not attempt to extend 
the application of the principle. 

Schrenk.6 Experiments were made upon the resistance to 
flow of water in the inlet direction through plate valves with 
square and conical seats. With fiat plate valves, two principal 
types of flow were found. Valves having cone seats showed at 
least six types with possible minor variations. 

A type of valve was developed employing a rounded nozzle 
inlet and a diffuser-type discharge. Resistance by this means 
was reduced to a small fraction as compared with the worst case 
(flat-seated valve with all edges sharp). 

The valves tested were not of the poppet type, and the im- 
proved valve, unfortunately, is not applicable to engine purposes. 

The subject was treated analytically by Eck.? He applies his 
work to the experiments of Schrenk and finds that mathematical 
explanations are possible of the types of flow which were observed. 
As yet no attempt has been made to apply his methods to the 
results here presented. 


FACTORS CONTROLLING AIR FLOW THROUGH VALVES 


NOMENCLATURE 


= mean diameter of valve seat, in. 
= valve-stem diameter, in. 
valve-port diameter, in. 
valve lift, in. 
valve “limit area,”’ sq. in. 
= DL when L < D/4 
«D*?/4- when L > D/4 
actual minimum flow section at valve, sq. in. 
= “unity orifice” area, namely, the area of an imaginary 
orifice with unity coefficient of flow, which is the 
calculated equivalent of an actual valve under given 
conditions, sq. in. 
A,/Ae = orifice coefficient of the valve, based upon 
actual minimum section 
= A,/Ai = ratio of equivalent orifice to “limit area” 
= ratio of absolute pressures before and after valve. 


ASPECTS OF VALVE OPENING 


“Limit Area’”’ At. 
as a measure of valve size. 


The port diameter D, is frequently used 
For purposes of the present discus- 
sion the mean seat diameter D is preferred, and is generally used 


throughout. This preference is due firstly to the fact that the 
mean diameter corresponds more closely to the elementary disk 
valve which might replace the actual valve and which determines 
the mass of the valve and its gear. (See Fig. 1.) Secondly, the 


* Prof. Dr. Ing. E. Schrenk, ‘‘Versuche tiber Strémungsarten, 
Ventilwiderstand und Ventilbelastung,” Berlin, 1925. 

7 Bruno Eck, “Potential Flow in Engine Valves,”’ Translation 
Tech. Memo. no. 343, N.A.C.A., Washington, 1925. 
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use of D, carries with it the assumption that the port is to be 
of simple cylindrical form down to the seat of the valve. This 
was not the case in all tests, and was found to be in some respects 
undesirable. These considerations lead to the definition, limit 
area = DL, with a maximum of 7D?/4, as a measure of the 
capacity provided in the valve gear. 

Actual Area Ag. The actual area is determined from the 
detail dimensions of the valve and its seat, according to the 
following equation: 


L 


in"which Ro = inner radius of valve seat = D,/2, and a = 
valve-seat angle. With large lifts a maximum opening equal to 


Aa max. = (D,? — 


4 
is attained. Where a test is made with the valve removed, Aa 
becomes rD,*/4. The calculation of area for the special form 
of valve had to be done graphically for some openings. 

Table 1 summarizes the numerical values applying to valves 
used in the various tests. 


TABLE 1 NUMERICAL CONSTANTS FOR TEST VALVES 


ulip”’ 
D, in . 2.82 2.82 
wire! | 0.625 


Dp, in 
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P, = total pressure (static plus velocity pressure) before 
nozzle, lb. per sq. in. abs. 

P, = static pressure after nozzle, lb. per sq. in. abs. 

temperature before nozzle, deg. fahr. abs. 

u = coefficient of discharge. 


= 


Taking this view of the functioning of the valve, various steps 
are immediately suggested which may be expected to improve 
its performance. These are implied in the form of the equation, 
and in the known means of raising the discharge coefficient of a 
mouthpiece toward its limiting value of unity. They may be 
summarized as follows: 


1 Employ large passages for approach and discharge. By 
this means friction will be minimized and the full pres- 
sure drop (P; — P2) will be available across the valve 
itself 

2 Design the valve to give a large actual opening for a 
given lift. That is, a small seat angle is to be preferred 
to a large one 

3 Round the edges of the valve and its seat, particularly on 
the approach side. 


That this approach to the problem is capable of producing 
valuable results is shown particularly by the experiments of 


A 


0. 0. 0. 

0. 0.2% 0. 
0.050 0.01774 0.443 0.360 0.385 
0.075 0.0266 0.665 0.542 0.578 
0.100 0.0355 0.886 0.726 0.769 
0.150 0.0532 1.329 1.098 1.130 
0.200 0.0710 1.771 1.476 1.480 
0.300 0. 1064 2.66 2.249 2.150 
0.400 0.1419 3.54 3.045 2.770 
0.500 0.1774 4.43 3.87 3.330 
0.600 0.213 5.32 4.55 3.710 
0.750 0.266 6.23 5.11 3.950 
0.900 0.319 6.23 §.11 4.075 
1.050 0.372 6.23 5.11 *.123 
200 0.426 6.23 5.11 4.123 
Valve removed ........ 6.23 5.41 4.430 

' Diameter of throat above valve. - 


“Unity Orifice’ Area. The third aspect of valve opening, 
namely, the area of the equivalent “unity orifice’ is defined as 
A, = wAe. The overall efficiency of the valve set is given by 


particularly for design purposes. The importance of actual area 
Ag and of the true coefficient u lies in their combined effect in 
the product 


VALVE AS ORIFICE OR NOZZLE 


The familiar treatment of a valve is as a more or less restricted 
orifice opening into the cylinder. In this case the flow may be 
calculated by any of the usual formulas for air flow under a 
moderate head, such as that of Moss for “Normal Air,’ 


P 
G = 157.6Au Ps) [3] 
. T; 
where = air flow, lb. per sec. 
A = nozzle area, sq. ft. 


*'S. A. Moss, “Measurement of Flow of Air and Gas With Nozzles,” 
Trans. A.S.M.E., vol. 50 (1928), no. 2. 
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Fie. Evementary DIFFUSER 


Tanaka, already mentioned. The ideal limit is set approxi- 
mately by the value » = 0.98 for a rounded mouthpiece; the 
practical limit is much lower, being imposed by construction 
requirements and by the unavoidable abrupt change in direction 
of flow in a poppet-type valve. 


VALVE AS DIFFUSER 


The limit » = 1 which applies to a rounded mouthpiece is 
removed if the valve and its passages be constructed to act as a 
diffuser. The phenomenon of a high throat velocity, with 
nevertheless, slight overall resistance or pressure drop, is common 
in the operation of venturi tubes. It seems that this form of 
construction has not had the application in the design of engine 
valves which its advantages merit. These advantages appear to 
be considerable, even after they are discounted—as they must 
be—on account of the practical design limitations which exist. 

Theoretically, the flow of air or gas which will pass through an 
ideally constructed diffuser is limited only by approach to the 
velocity of sound at the throat. This in turn is established by 
the existence in the throat of the critical pressure, namely: 


( 2 
Pa = K+1 = 0.53P, (for [4] 


in which Py, = static pressure in throat, lb. per sq. in. abs. 
Thus the flow through the diffuser is the same as the flow through 
a rounded orifice when P;/P; S$ 0.53, namely, in the form given 
by Moss* 
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76.367A uP, 


in which, in this instance, A is the throat area in square feet. 

The ideal diffuser (see Fig. 2) will be capable of attaining this 
flow even when the overall pressure drop (P; — P:) approaches 
zero as a limit. 

The actual diffuser falls far short of this capacity even when 
conditions are favorable. Its losses are of two kinds: (1) Fric- 
tion loss, both internal friction, due to turbulence of flow, and 
friction at the wall surface. (2) Inefficiency in the conversion 
of velocity head (at the throat) into static pressure head (at the 
point of discharge). Of the two, the loss by friction is com- 
paratively small. 

Referring to the sketch (Fig. 2), the diffuser is divided by the 
throat section (indicated by the broken line) into two parts. 
The upstream portion is no more than a rounded mouthpiece. 
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true either in the ideal or actual cases. The actual diffuser case 
is irreversible and is accompanied by an increase of entropy 
The increase of entropy may be traced to the two distinct sources 
of loss, that is, friction and inefficiency of diffuser action. 

Difficulty in obtaining a good diffuser form in valve arrange- 
ment, particularly for the intake direction of flow, greatly narrows 
the possibilities of the principle. Its application may neverthe- 
less be looked on as a possible means of going beyond the unit, 
discharge coefficient. 

DescriPTiION OF APPARATUS 

The test apparatus consists essentially of a flow meter followed 
by a suitable holding device for the model under test. Air enter- 
ing the equipment flows first through the meter, then to the test 
valve, whence it is discharged to the atmosphere. 

The general arrangement is shown by Figs. 3 and 4. The 
course of the air through the apparatus may be followed }) 
reference to Fig. 4. The items referred to are readily discernil)le 
in the photograph, Fig. 3. 

Air for the tests was drawn from the shop compressed-air line 
through a throttling valve. A tank about 30 in. in diameter 
and 8 ft. in height was secured and filled to a point near the top 
with coke. Air from the throttle valve entered near the bottom 
of this tank and flowed upward through the coke. Water was 
drained out at the bottom. Air after passing through this drier 
was free of water drops. Provision for heating by means of a 
steam coil was found unnecessary, and all tests were run at 
atmospheric temperature. 

Entering the test apparatus, the air flows through a diffuser 
of 10 deg. included angle. This serves the double purpose of 


Ta. Tw 


Here the static pressure of air before the valve is converted into 
velocity head at the throat. In other terms, the internal energy 
of the gas is converted by adiabatic expansion into kinetic 
energy. The process is easily accomplished with little loss, the 
efficiency being perhaps 98 per cent. Downstream from the 
throat, the reverse process of restoring static head and internal 
energy proceeds in the expanding nozzle. This is less efficient. 
Under favorable conditions the efficiency may be 80 or 85 per 
cent. When the diffuser shape is not favorable it will be much 
lower. In any case where the included angle of the cone exceeds 
8 to 10 deg., the diffuser action will be poor. 

It may be noted that thermodynamically the ideal processes 
of flow, in the nozzle and in the diffuser, are fundamentally 
different. In the simple nozzle a finite flow requires a finite 
difference of pressure. The process is adiabatic and irreversible, 
and is accompanied by an increase of entropy. In the ideal 
diffuser, a finite flow may take place with only an infinitesimal 
difference of pressure. The case is then adiabatic and fully 
reversible. Internal energy is converted to kinetic energy, and 
is then fully reconverted to internal energy, and the process is 
isentropic. Both processes, when comparing initial and final 


states, are isothermal for air in continuous flow. The latter is 
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Fic. 4 GENERAL ARRANGEMENT OF 


Boffies 


APPARATUS 


Test 


enabling somewhat higher test pressures and of helping to quiet 
the flow of air before it enters the flow meter. Velocity distribu- 
tion over the diffuser discharge area was checked and found 
uniform. 

The diffuser discharges into a 9-in. cylinder fitted with three 
baffles through which the air flows toward the meter. Above this 
cylinder is mounted a box, opening into the cylinder and carrying 
dry-bulb and wet-bulb thermometers (7p; and Tw). This 
equipment at first included also a small motor-driven fan. The 
latter was found unnecessary, since the disturbance of air move- 
ment in the cylinder was sufficient and the fan operation had no 
noticeable additional effect on the thermometer readings. 

At the end of the 9-in. cylinder, the air passes to a 3-in. (ube 
through a smoothly rounded mouthpiece. This tube is sea:n- 
less drawn steel, accurate and uniform in diameter and smoot). 

A pressure reading (p:) is taken in the 9-in. cylinder, and 4 
manometer to read pressure drop (AP) is connected from the 
cylinder to a point on the 3-in. tube. Both pressures are sts‘! 
pressures, the connecting tubes leading to small holes smoot/!ily 
finished at right angles to the inner walls. At each point o! 
measurement, three such holes are used, spaced around the «ir- 
cumference in one plane, and leading into a common pressure tu )¢. 
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The 3-in. steel tube discharges into another 9-in. cylinder 
which also is fitted with baffles made of plate with progressively 
smaller perforations. After the baffles, the air passes to the 
model or cylinder head, through which it is discharged to the 
atmosphere. Readings of pressure (p;) and temperature (7'p2) 
are made immediately before the test model. 


OGP-53-6 83 
sembly. A dial indicator is used in that case for setting the lift. 

Pressures p; and p; are read with alcohol manometers up to 
about 27 in., then with mercury manometers to about the same 
height. Above this point, pressures are read with gages, these 
being checked at frequent intervals in the course of the work. 
The pressure drop AP is read with an inclined alcohol manometer 
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Fic. 5 Test VALVE 


The general arrangement of the model for various tests is 
apparent in the individual sketches (Figs. 5 to 11, inel.). Fig. 4 
shows the standard-type valve in place for test of flow in the in- 
take direction. The valve is carried in two light spiders, which 
are accurately machined to hold it central in the model. These 
spiders are so shaped as to have slight effect on the flow of air. 
The lift of the valve is set by means of a thread (20 per inch) 
on an extension stem. This thread having been checked for 
accuracy, it is used as a micrometer. 

When a cylinder head is being used in test, this is bolted to 
the 9-in. eylinder as is done when making an actual engine as- 


IN 

having a slope of 1:10 to a measured length of 19 in., then with 
vertical alcohol and mercury manometers. Alcohol was pre- 
ferred to water for use in the manometers because of its superior 
meniscus. 


Conpuctr or TEsts 


The test procedure consisted in establishing a valve lift, 
opening the throttle valve to a definite position, and allowing 
air to flow until steady conditions were established. Then a 
reading was taken and the throttle-valve opening altered. When 
a complete series of readings with various throttle openings was 
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finished, a check series was run. In general the agreement was 
excellent. The procedure was then repeated with an increased 
valve lift, to a maximum of 1.200 in. In some cases a further 
test was made with the valve completely removed. At all lifts 
a wide range of throttle valve openings was employed. The 
result of this was to extend the pressure ratios of tests with small 
lifts much beyond the range of ordinary application. Tests 
with large lifts were restricted by the capacity of the supply-pipe 
system. Nevertheless, these in all cases cover the generally 
useful range of pressures. 

Readings of barometric pressure and of room temperature 
were made, in addition to the full series provided for in the test 


arrangement. 


GENERAL OBSERVATIONS ON TESTS 


Noteworthy differences were found in the behavior of the 
special “tulip” and “drop” types of valve on test, as compared 
with that of the standard valves. These took the form (1) of 


Fie. 6 Test Resutts—One STanpARD VALVE IN CYLINDER. HEAD 
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sharp discontinuities in the flow resistance, with only very slight 
changes of pressure, and (2) of differences in flow manifested by 
noise or by instability. 

Air flow through standard valves, in both directions, was 
accompanied by a hissing or rushing sound which changed only 
in degree as the amount of air flowing and the pressure head 
increased. No abrupt changes of resistanc@ or of flow character- 
istics were noticeable at any time. 

The special valves in the majority of tests acted similarly, 
that is, no unusual sound or other behavior was noticeable. 
However, at points where instability of flow appeared, the other 
peculiarities in general developed also. The change in resistance 
was very abrupt and amounted to as much as 4 in. of mercury 
with an extremely slight difference of flow. The change o! re- 
sistance was in the direction of a decrease with increasing flow. 
Hence sometimes actually less pressure drop was required for 4 
large flow than for a smaller one. This effect was most notice- 
able with intermediate valve openings and in the exhaust direc- 
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tion of flow. In one instance the flow appeared to fluctuate 
back and forth between the two types in an interval of about 
1.5 sec., thus rendering readings impossible. 

An extremely loud, high-pitched whistle was associated with 

the discontinuity above described, though it did not appear in 
every instance. This whistle octurred only in the intake direc- 
tion of flow, and was accompanied by only slight pressure fluctua- 
tion; often no noticeable fluctuation at all. The whistle occurred 
only at some pressures in a series with a fixed valve opening, 
starting and stopping once or twice during the series. Some- 
times it would begin and continue for three or four consecutive 
readings, and then stop with no noticeable change in resistance 
or flow. 
’ Another type of instability was seen in some cases with small 
openings. The flow of air instead of being uniform around the 
Periphery of the valve was concentrated at one side. It might 
also be subject to fluttering, the flow shifting about the sides 
of the valve several times in a second. The pressure changes 
associated with this action were slight. 


Test Resutts—Two STanpDarpD VALVES IN CYLINDER HEAD 


Further mention of these observations will be made in reference 
to particular tests. 


CALCULATION OF RESULTS 


The calculation of a test consists essentially of three steps; 
namely, 


1 Computation of air weight from flow readings = G 

2 Computation of theoretical discharge through the known 
area of valve opening under test conditions = (Gy) 

3 Computation of u = G/Gu. 


The type of flow formula given by Equation [3] is suited to the 
flow-meter calculation. For this case the following constants 
are to be entered: 


(3)? 
= -— = 0.0492 sq. ft. 
4 144 0492 sq. ft 


= 0.985. 


2 3 6 6 7 6 914 2 3 4 
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finished, a check series was run. In general the agreement was 
excellent. The procedure was then repeated with an increased 
valve lift, to a maximum of 1.200 in. In some cases a further 
test was made with the valve completely removed. At all lifts 
a wide range of throttle valve openings was employed. The 
result of this was to extend the pressure ratios of tests with small 
lifts much beyond the range of ordinary application. Tests 
with large lifts were restricted by the capacity of the supply-pipe 
system. Nevertheless, these in all cases cover the generally 
useful range of pressures. 

Readings of barometric pressure and of room temperature 
were made, in addition to the full series provided for in the test 


arrangement. 


GENERAL OBSERVATIONS ON TESTS 


Noteworthy differences were found in the behavior of the 
special “tulip” and “drop” types of valve on test, as compared 
with that of the standard valves. These took the form (1) of 


Fic. 6 Test Resutrs—One STANDARD VALVE IN CYLINDER. HEAD 
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sharp discontinuities in the flow resistance, with only very slight 
changes of pressure, and (2) of differences in flow manifested by 
noise or by instability. 

Air flow through standard valves, in both directions, was 
accompanied by a hissing or rushing sound which changed only 
in degree as the amount of air flowing and the pressure head 
increased. No abrupt changes of resistanc@ or of flow character- 
istics were noticeable at any time. 

The special valves in the majority of tests acted similarly, 
that is, no unusual sound or other behavior was noticeable. 
However, at points where instability of flow appeared, the other 
peculiarities in general developed also. The change in resistance 
was very abrupt and amounted to as much as 4 in. of mercury 
with an extremely slight difference of flow. The change o! re- 
sistance was in the direction of a decrease with increasing flow. 
Hence sometimes actually less pressure drop was required for 4 
large flow than for a smaller one. This effect was most notice- 
able with intermediate valve openings and in the exhaust direc- 
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tion of flow. In one instance the flow appeared to fluctuate 
back and forth between the two types in an interval of about 
1.5 sec., thus rendering readings impossible. 

An extremely loud, high-pitched whistle was associated with 

the discontinuity above described, though it did not appear in 
every instance. This whistle occurred only in the intake direc- 
tion of flow, and was accompanied by only slight pressure fluctua- 
tion; often no noticeable fluctuation at all. The whistle occurred 
only at some pressures in a series with a fixed valve opening, 
starting and stopping once or twice during the series. Some- 
times it would begin and continue for three or four consecutive 
readings, and then stop with no noticeable change in resistance 
or flow. 
’ Another type of instability was seen in some cases with small 
openings. The flow of air instead of being uniform around the 
Periphery of the valve was concentrated at one side. It might 
also be subject to fluttering, the flow shifting about the sides 
of the valve several times in a second. The pressure changes 
associated with this action were slight. 


Test Resu_tts—Two STanDArRD VALVES IN CYLINDER 


Further mention of these observations will be made in reference 
to particular tests. 


CALCULATION OF RESULTS 


The calculation of a test consists essentially of three steps; 
namely, 


1 Computation of air weight from flow readings = G 

2 Computation of theoretical discharge through the known 
area of valve opening under test conditions = (Ga) 

3 Computation of u = G/Gu. 


The type of flow formula given by Equation [3] is suited to the 
flow-meter calculation. For this case the following constants 
are to be entered: 


(3)? 
4 144 
0.985. 


= 0.0492 sq. ft. 
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correction factor for velocity of approach 


9\4 
\ 3 


1.006 approximately. 


The flow-meter equation then takes the form: 


AP: P; 


Di 


G = 7.65 


in which AP and P; are in lb. per sq. in. 

Following some early difficulties with moisture, attention was 
given to the possible effects of humidity. A considerable amount 
of condensed water having been removed from the air after com- 
pression, its humidity was somewhat below normal, averaging 
less than 50 per cent. Check calculations showed that Moss’s 
equations for ‘normal air” could be used with a maximum error 
of about 0.3 per cent, and this was considered satisfactory. 
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Equation [6], based on constants for normal air, was used with- 
out further correction. 

Computation of theoretical flow through the valve was made, 
using one or the other of the following equations: 

When > 0.53P3, 


3H 
Gu = 5.37 ps OK P, Ib. per sec 
When P, < 0.53 P3, 
Gu = 0.325 Ac V |b. per sec... 


in which: 
P; = pressure before valve, lb. per sq. in. abs. 
ps density of air before valve, lb. per cu. ft. 
P, atmospheric pressure, lb. per sq. in. abs. 
H = P;—P. = gage pressure before valve, lb. per sq. i0- 
Equation [7] is derived from the expanded form of the thermo- 
dynamic equation of flow, given for normal air as follows:* 
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P, — 0.0755(P; — P. 
G = 158.17A ae 
Todi 


while Equation [8], in which flow depends upon initial conditions 
only, has the form 


The result of each test is expressible in the term » = G/Gth. 
It was found that much labor could be saved by combining 
Equation [6] with Equations [7] and [8], respectively, in the 


forms 


G 6.97 


Gu A 


when P, > 0.53Ps, and 


AP Ton Ps 
P; Tn Ps 
when P. < 0.53P%3. 
Further simplification was attained by the approximations: 


T 
——* = } (error negligible) 
Tr 


= (error in » S 1 per cent) 


Ps 


The equations then reduce to the forms: 
When P, > 0.53Ps 


6.97 


A 
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when ra 0.53P3, 


These forms were accepted as being sufficiently close for the 
purposes of this work. 


EsTIMATE OF ERRORS AND PRECISION OF RESULTS 


Errors contributing to inaccuracy of the results are of two 
kinds: those due to approximations in the formulas, and those 
due to inaccuracies of observations. 

Errors in Formulas and Method of Calculation 

In this class are to be considered: 


1 Flow-meter calculation, Equation [3]. Moss’s curves 
indicate maximum error within the range of application 
= +0.2 per cent 

2 Neglect of humidity. Check calculations showed maxi- 


mum error in density about +0.6 per cent; in u, +0.3 
per cent 

3 Equations [7] and [8]. Negligible errors 

4 Neglect of velocity of approach to valve. 
0.35 per cent, error for worst case 

5 Use of simplified formulas, Equations [13] and [14]. 
Maximum about 1.0 per cent. 


Calculated 


The total effect of these possible errors in calculation methods 
is probably not over 1.5 per cent and averages perhaps 1 per cent. 
Errors of Observation 

1 Setting of Valves. Accuracy of valve lift is affected by the 

following conditions: 


(a) Setting to correct opening 
(6) Movement of valve after setting 
(c) Eccentricity of valves with respect to seat. 


Reading gages and manometers. 
Changing of air pressure while readings were being taken. 
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1 Setting of Valves. In the test of the valves in the cylinder 
head the valves could be set accurately with a dial indicator 
placed against the end of the stem. The settings were checked 
frequently during each run, as pressure against the valve in- 
creased, and any longitudinal movement was corrected by moving 
the valve back to its correct position by means of a screw against 
the end of the valve stem. For openings above 0.200 in. the 
opening was obtained by setting this screw against the stem 
and giving it the proper number of turns. Then the indicator 
was placed in position to register any longitudinal movement of 
the valve. The screws were threaded with 20 threads per inch 
80 that one turn of the screw opened the valve 0.050 in. 

The valves were observed to move longitudinally from 0.001 
to 0.003 in., but this movement was corrected by resetting the 
valve each time the pressure was changed. Movement of the 
valve occurred only at small openings (0.025 to 0.300 in.) where 
the pressure went up to 20 Ib. per sq. in. or more. 

Under these conditions, the error was not over 0.001 in. at the 


time of observation. At an opening of 0.025 in. this error is 
4 per cent; at lifts of 0.100 in. and over, 1 per cent or less. 

When valves were tested in the wooden models, the valve lift 
was obtained by giving the valve a certain number of turns, 
after it had been closed on its seat, to give the desired opening. 
The valve stems were threaded with 20 threads per inch and 
screwed into the spider which held the valve in place. 

A slight looseness in the fit of the thread in the spider per- 
mitted a longitudinal movement of 0.003 to 0.005 in. when 
pressure came against the valve, that is, at small valve openings 
where the pressure went up to 25 lb. per sq. in. or more. The 
movement of the valve in this case could not be measured con- 
veniently by the dial indicator because the airstream came out 
all around the stem and the indicator would be moved by it. 

Inaccuracy of the seat in the wooden model and perhaps a 
slight eccentricity of the valve with respect to the seat could be 
a source of error in the valve setting and in affecting the direc- 
tion of the air stream. The effects would be negligible for large 
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valve lifts. Some difficulty was experienced in getting the air 
to flow out uniformly around the entire circumference of the 
valve at small valve lifts. 

2 Reading Gages and Manometers. Pressures in all cases, 
except where there was unsteady flow and fluctuation, could be 
easily and accurately read by means of the alcohol and mercury 
manometers. In many cases where the flow was steady the 
pressures would remain quite constant and were easily read to 
'/~ in. of aleohol or mercury. Leaks around gage connections 
were guarded against by frequently testing with soap suds. 

3 Changing of Air Pressure While Readings Were Being Taken. 
There were times when the pressures would slowly change and 
one pressure, say P,, might change 1 or 2 per cent before P; and 
(P, — P:) could be taken. Attempts were made, however, to 
get these readings simultaneously or as quickly as possible. 

Errors due to incorrect manometer readings should not exceed 
1.5 per cent. 

Where pressures were read on Bourdon gages the errors in 
readings may be greater. These gages were not highly sensitive, 
and only fair readings could be obtained with them. They 
were calibrated every other day, and readings were corrected 


when necessary. 
Total of Errors. The combined effect of errors in formulas and 


found inexpedient to show individual points for lifts exceeding 
0.200 in. on account of crowding. Probably without exception 
the fitting of curves to points is progressively better with in- 
creasing lift over 0.200 in. Valve lifts over 0.750 in. (L/D = 
0.266) are not plotted here. 

Certain properties of the diagram are apparent. Where the 
tracer between Ag- and A,-scales slopes upward, » > 1, and 
vice versa. The value of 1 = An/Aag may be found for any 
point by extending a horizontal line from Ag-seale and stepping 
off log « from the figure; similarly for ¥ = A,/Ai. 


REsvuLtTs oF TESTS 


Fig. 5 shows a test of a standard valve in the concentric model. 
Details of the so-called standard valve and its port are shown in 
Fig. 12. For reference only, this latter figure shows also in 
broken lines the nearest corresponding S.A.E. standard valve. 
(None of the latter type were used in test.) 

This test is characterized by superior flow characteristics in 
the exhaust direction, and by the absence of sudden variations 
or discontinuities in the coefficient » with changes of pressure 
ratio y. An abrupt drop of the coefficient, especially for the in- 
take direction, takes place between L = 0.200 and L = 0.300. 

Figs. 6 and 7 represent tests of valves identical with the valve 
shown in Fig. 5, with the difference that here they 
are mounted in the cylinder head. 

The cylinder head is designed for two inlet and 
two exhaust valves. One inlet passage supplies 
both valves, the passage being located symmetri- 
cally to the two valves. The exhaust-passage ar- 
rangement is similar. The inlet passage, how- 


~ aes 1 |i ever, is shaped as a diffuser. The area is 7.1 sq. 
| air in. at the entrance, expanding to a combined port 
. area of 10.8 sq. in. at the valves. The exhaust 
passage, on the other hand, contracts slightly in 


Fig. 12 Comparison oF STANDARD VALvE ror Test WitH 25/s-IN. 


S.A.E. 


in observations is estimated at a maximum of 5 per cent to 7 
per cent at 0.025 in lift, and a maximum of 2.5 per cent to 3 per 
cent for lifts of 0.100 in. and over. 


METHOD OF PRESENTING RESULTS 


Some difficulty was found in presenting rather voluminous 
results in a form that could be compact and yet would not lead 
to confusion. The method used is not in all respects satisfac- 
tory, but it does permit a fair comparison of valve performance 
to be gained by inspection, and also to enable numerical data 
for individual cases to be read by simple graphical means. Figs. 
5 to 11, inclusive, give the results of tests of various arrange- 
ments, the inlet and exhaust directions of flow being shown on 
the same diagram. 

The vertical scale is logarithmic and refers to valve area (sq. 
in.) in various aspects. The abscissas give the ratio of pressures 
y = P;/P., before and after the valve, and cover values of this 
ratio between 1 and 2. 

Three equal scales of area are given at the left. On the first, 
the value of A; is marked for each valve lift tested. The second 
scale gives the corresponding actual minimum area Ag. These 
quantities are both established by geometrical relations, and 
hence are identical for either direction of flow. 

Equivalent orifice areas An = uAa are plotted on the diagram 
proper. The variations in u are reflected in the vertical displace- 
ment of individual points, where plotted, and of the curves drawn 
through them. The latter are in all cases extrapolated to the 
limit y = 1, and tied in by tracers to the Aa-scale. It was 


m4 the direction of flow. There is a total of 10.8 
sq. in. port area at the valves, decreasing to 9.4 
sq. in. at the point of discharge. In the test the dis- 
charge at this point was directly to the atmosphere. 

Certain differences in the arrangement are to be noted where 
a cylinder head is tested instead of the model. Firstly, the test 
does not represent a reversal of flow through an identical path, 
for inlet flow was tested only through the inlet passage and 
exhaust flow through the exhaust passage. Secondly, the 
measurement of static pressure before the valve in inlet flow 
required a modified arrangement. In Figs. 6 and 7 the entrance 
pipe at the right is the flow-meter tube. Both tube and passage 
are of 3 in. diameter. The desired pressure before the valve |s 
total pressure. This is taken as P; (pressure before the flow 
meter); the slight flow resistance in the short 3-in. tube is 
neglected. 

Comparing Figs. 6 and 7 with Fig. 5, we find (1) a slight de- 
crease in efficiency for inlet flow and (2) a large decrease for 
exhaust flow for valves mounted in the cylinder head. This is 
shown by the data in Table 2, taken from the diagrams. Like 
Fig. 5 these diagrams show no sharp discontinuities with pressure 
changes. 

TABLE 2 STANDARD VALVES, IN MODEL AND IN CYLINDER 
HEAD. VALUES OF An 
(Valve lift = 0.600 in.; pressure ratio y = 1.05) 


-Inlet Exhat 
One valve in model, sq. in.............20e.0. 2.84 3.70 
One valve in cylinder head, sq. in............. 2.90 2.74 
Two valves in cylinder head, sq. in............ 2.71 2.74 


Figs. 8 and 9 give the results with so-called “drop” and “tulip” 
types of valve, respectively. These models represent an effort 
to reduce resistance by giving the valve a favorable shape, 


| 
i 
r 


Manoneters 


Pipes tc 
Three groups \ /20°apar? 


Holes normol to 
surface 


OIL AND GAS POWER 


OGP-53-6 91 


inlet flow. Inlet resistance is 
seriously increased as compared 


with the ordinary mounting 
without a pocket. 

Figs. 15 to 20, inclusive, 
summarize the data of Figs. 5 
to 11, inclusive, in a manner 
which permits a more direct 
comparison between various 
valve performances, and which 
is suitable for design applica- 
tion. For this purpose it was 
necessary to make an arbitrary 
assumption of a representative 
value for y, the pressure ratio. 
This is taken as 1.05 for all 
these curves, corresponding to 
a pressure drop in engine use 
of 0.700 lb. per sq. in. for intake 
flow, or of 0.735 lb. per sq. in. 
for exhaust flow. The effect of 
operation with other values of 
y is slight for standard types 
of valve, but may be consider- 
able for special valves. 


These diagrams are non-di- 
mensional, permitting their ap- 
Wl plication to any size of valve. 

Fig. 13 Test Mountina For “Drop” ann “TuLip” VALvEs The abscissa is L/D. The 


regardless of the suitability of the valve in practice. For pur- 
poses of comparison the valve mean seat diameter D (= 2.82 in.) 
and the cone seat angle (= 30 deg.) are the same in both as in 
the standard valve. (See Fig. 12.) In addition to the special 
valve shape, the valve port and seat are modified also. The 
effect is to produce an expanding flow area extending from the 
minimum section in either direction. The increase is of course 
much less gradual for inlet flow than for exhaust; this seems 
to be unavoidable. In this respect the “drop” type appears 
somewhat superior, but the valve of Fig. 9 is a closer approxi- 
mation to practical needs. P 

Comparing the test results, both differ substantially from those 
with the standard valve. We note (1) generally much higher 
values of An. These data show u as high as 1.60 at the high 
point and W in several cases above unity, (2) a large variation 
in the value of » with change in y. This variation of yu is ac- 
companied by a discontinuity particularly in exhaust flow at 
large lifts. The curves of A, show maxima which occur at 
decreasing values of y as the lift L is increased. The general 
character of the inlet flow curves is similar to the exhaust curves, 
but the discontinuities are replaced by more gradual changes at 
all lifts. 

The general results in Figs. 8 and 9 are very similar. 
small lifts the “drop” valve appears superior. 

Figs. 10 and 11 are for standard and tulip valves, respectively, 
mounted in a model cylinder head of a “turbulent” type. The 
valve pocket forms the combustion space, and opens on the 
cylinder proper immediately above the top position of the piston. 
Fig. 14 shows the shape of the pocket as tested with the two 
types of valve. It is apparent that resistance to flow in and 
out of the cylinder will be increased by such an arrangement. 
Furthermore, as the lift increases, a point is reached beyond 
which the section will decrease, and therefore resistance will 
become larger. 

Inspection of the curves shows that the tulip valve greatly 
reduces resistance in exhaust flow, but has almost no effect in 


Only at 


ordinate is area in various as- 
pects, referred to +D?/4 as unity. The quantities plotted in- 
clude Ai, Ac, and An. To another scale the variation of ¥ is 


plotted also. 


VALves IN TURBULENT 


Ly 


Fie. 14 STANDARD AND 


Fig. 15 compares standard valves in inlet flow tested in the 
model and in the cylinder head. Fig. 16 makes a similar com- 
parison for exhaust valves. The model test is seen to be a fair 
guide to performance in actual mounting in the case of the intake 
valves, but very misleading in the case of the exhaust valves. 

Figs. 17 and 18 compare “tulip” and “drop” types for inlet 
and exhaust flow. A striking feature of Fig. 18 especially is that 
while the actual section Aq of the special valves is less, the equiva- 
lent orifice is considerably greater than for the standard valve. 

Figs. 19 and 20 compare results obtained using the turbulent 
head with the performance of the standard valves in the simple 
model. By using the tulip type of valve in the turbulent head, 
good performance is attained in exhaust flow, but intake resist- 
ance is comparatively large and not much improved with the 
special valve. 


Speciat Test or Tuuip-Tyrpe VALvE 


After these tests an attempt was made to explore flow condi- 
tions in the restricted section of the valve by observing static pres- 
sure at various points in the path. Pressure connections were 
made as indicated on Fig. 13. Care was taken to locate the 


| 
| = 
| 
~ 
| 
| \ 
7 1 
| a 
| 
err’, 
et 
ae 
Bir 
‘Sar 
. 


al 


40 


Fie. 15 


PERFORMANCE OF STANDARD VALVES, 


tte 


333233 


- 


t 


$ 
4 
33 
$333) 
+f 


ttt 


titt 


t 
+ 


ss 


+ 


pees 


Fie. 16 PrrrorMancn oF STanpARD VaLves, Exnaust Ftow, VARIOUSLY 


2¢ 


MounTED 


re 
HEHE 
INLET Fiow, V 40. 


+ 


pees 


Exuavust Flow 


NDARD VALVES, INLET FLow 


PATIO 


NDARD VALVES 


OTA 
A 


St 


b 


AN 


A 
ND 


ECIAL 


ERFURMAN( 


» 


Thy 


OMPARATIVE | 
$i 


Cc 


1 


18 CoMPARATIVE P@RFORMANCE, SPECIAL A 


1G, 


Fie. 


3 
42 
4 


36 


+ 


bess 


+ 
+4 


> 


Fie. 20 Vatves 1n “TurBULENT’ Heap, INLET 


a 
42 — = — 
Fie. 19 Vatves IN “TurRBULENT’’ Heap, Exnaust 
08 46 20 24 26 32 36 


holes normally to the surface, and to finish the edges smoothly. 
The model was then tested under some conditions identical to 
the original ones. The pressures at various points were observed 
in addition to other measurements taken as before. The pur- 
pose was to find, if possible, the location and cause of losses. 

The results were in several respects unsatisfactory. The tests 
themselves were marred by violent instability when testing flow 
in the exhaust direction, at lifts of 0.300 in., 0.500 in., and 
0.700 in. No readings could be taken with 0.500 in. lift. This 
model differed from the original in being made 
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His results in terms 
of flow coefficient are available only for his standard 45-deg. 


the present results with those of Tanaka. 


valve. The corresponding figures for his 30-deg. valve were 
arrived at by assuming his W ~ (flow weight with valve removed) 
to be the same for either valve, a justifiable assumption. 

The agreement of the two curves is good except with small lifts; 
here precision is in no case so good as with larger lifts. The 
general shape of the curves is also very similar. In the absence 
of other opportunities for comparison, this agreement in the 


of metal whereas the first was of wood; this 


seems to be the only reason for the change in 


behavior, which was one of degree and not 


of kind. Also, extremely loud whistling oc- 


curred with inlet flow at several openings. 


The connections as made failed to give sat- 


isfactory static-pressure readings. This was 


apparent when the sum of calculated velocity 


pressure plus observed static pressure in some 


cases exceeded Ps, the initial pressure. 


No positive conclusions of value could be 


this test. The data were in 
some respects contradictory, and were un- 


drawn from 


satisfactory for analytical purposes. One fact 


of interest was that in several cases the ve- 


locity of the air exceeded that of sound in 


the expanding section of the path. 


COMPARISON WITH THE RESULTS OF OTHERS 


kfforts were made to establish a correct 


basis for comparing the present results with 


those of other experimenters. The com- 


parison is not in all respects satisfactory be- 


cause of differences in presentation of results, 


differences in types of valves and test meth- 


ods, and lack of detail information, especially 


in the case of Nutting and Lewis. 


Table 3 gives the particulars of four dif- 


ferent types of valve and the kind of test 


arrangement used with each. A _ brief in- 


spection will show that no two valves and 


test conditions are identical. The closest 


similarity is between the authors’ standard 


valves (y = 1.25) and Tanaka’s 30-deg. valve 


(y = 1.245). 


In Fig. 21 the various results are placed 


upon a common basis. The abscissa is lift / 


port diameter, a different quantity from 


L/D as used elsewhere in the figures. The 


ordinate is coefficient of discharge based upon 
the area +D,L, also a different quantity 
from that used elsewhere in the work. 
Curves B and E represent results with the two valves above 
mentioned, which form the best available basis for comparing 
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TABLE 3 COMPARATIVE VALVE DATA FROM INLET-VALVE 
TESTS 


Nutting and 


Tanaka Tanaka Lewis Authors 
Diameter of port, in... 2.60 2.60 2.50 2.625 
Angle of seat, deg...... 30 45 (45)! 30 
Valve head angle, deg.. 0 0 ; 15 
Type of model........ Concentric Concentric Cylinder Concentric 
ead 
Approximate pressure 
1.245 1.034 & 1.245 1.03 (approx.) 1.03 & 1.25 
Number of valves... 1 1 2 1 
Corners of valves and 
Sharp Sharp (Sharp)! Sharp 
Type of flow.......... Continuous Continuous Continuous Continuous 


Estimated from sketch. 


COMPARATIVE RESULTS FOR FLow THrouGu INLET VALVES 


two curves is taken as a satisfactory but by no means positive 
check between the two series of experiments. 

Nutting and Lewis’ valve was similar to Tanaka’s standard; 
the exact differences are unknown. But their results do not 
check those of Tanaka, and particularly fail to show the dis- 
continuities which are a feature of Tanaka's curves. Tanaka's 
results are undoubtedly to be preferred on grounds of superior 
precision and completeness. There is no direct comparison 
between the present test and those of Nutting and Lewis. 

Tanaka’s available results with exhaust valves are quoted 
upon a relative basis (W/W . ) which does not lend itself readily 
to comparison. No common basis for a check of results could 
be established. In view of this fact, and also because of other 
criticisms of Tanaka’s exhaust-flow experiments, which will be 
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discussed later, attempts at a comparison were abandoned. The 
work of Nutting and Lewis did not include exhaust-flow tests. 


Discussion OF RESULTS 


The value for design and other purposes of experimental 
results such as the present ones is predicated firstly on the 
precision of the results in themselves, and secondly on the 
influence which operating conditions may have upon their 
interpretation. 

In the case of valve tests, conditions of application which must 
be taken into account include intermittent operation, and par- 
ticulars of valve mounting and connecting passages. Differences 
in gas condition, as for hot exhaust gas, are adequately cared for 
by the proper use of flow equations and gas constants. On the 
other hand, when a special phenomenon is known to exist, such 
as the discontinuities found in the tests of special valves, the 
nature and effects of this condition must be fairly well under- 
stood if the data are to be applied with confidence. 

Some facts bearing on the mounting of ‘‘standard type” valves 
were demonstrated. For inlet flow, the valve had nearly equal 
coefficients whether mounted in the model or in the cylinder head. 
Some loss of efficiency developed where both inlet valves were in 
use. This is attributed directly to friction loss in the somewhat 
narrow passage. The effect of inlet-valve mounting with this 
type of valve may they be disregarded unless the approach pas- 
sage is unusually restricted in any way. Furthermore, the 
present tests in model and in cylinder head not only agree reason- 
ably well among themselves, but they serve as a check upon 
Tanaka’s model test of a similar valve. Doubtless an equal 
valuation is to be placed on his tests with all types. Hence, so 
far as Tanaka’s results for inlet valves may be placed on an 
absolute basis instead of the inconvenient relative basis which 
he employs, they should be used with confidence. His results 
are available for a great variety of detail modifications. A design 
basis for inlet valves, therefore, is to be found in Figs. 5, 6, 7, 15, 
and 21 and in the data of Tanaka. An allowance of 5 per cent 
efficiency loss for cylinder-head mounting as compared with a 
model test should be sufficient, unless the arrangement is pecu- 
liarly unfavorable. The assumption of similar behavior for 
geometrically similar valves will be slightly too favorable for 
smaller valves and the reverse for larger valves. 

Exhaust-valve conditions are quite different. Fig. 16 shows 
the remarkable loss of efficiency for valves mounted in the cylin- 
der head as compared with the valve in the model. The reason 
is apparent in view of the other results found. In reversed flow, 
the rounded mouthpiece of the model acts as a diffuser, and 
artificially cuts resistance much below what may be expected 
where no such provision is specially made. The model as con- 
structed is far from an ideal diffuser for exhaust flow, yet it is 
probably more favorable in this respect than any practical design 
could be. Therefore the model test of Fig. 5 (exhaust direction) 
is thought to be quite misleading. This criticism applies with 
the same force to all the results of Tanaka on exhaust valves. 
As his model is sketched, it will act in reverse flow as an even 
better diffuser than did the present model. Tanaka’s relative 
basis for showing his results (W/W . ) is even more unsatisfactory 
for exhaust than for inlet valves, for with valve removed his 
model is certainly an excellent diffuser. No satisfactory basis 
for design is therefore to be found in this phase of his work. The 
data of Figs. 6 and 7 and the curves for “valves in cylinder 
head,” Fig. 16, are more reliable and should be only slightly 
different if, for example, a 45-deg. valve were substituted; this 
much may be deduced from the relative values of Tanaka’s 
original curves. But in the application of exhaust-valve data, 
the possible effect of the exhaust-passage shape must be con- 
sidered. If this can be given a gradually expanding section, the 
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result may be highly favorable. The effect may be evaluated 
only by test. In any case the character of the passage has a 
major effect on exhaust-valve operation, but only a minor 
effect on the operation of inlet valves. 

In considering the effect of intermittent action as in engine 
operation, the length of intake and exhaust passages is important 
If intake and outlet were direct to the atmosphere without inter- 
vening columns of air or gas, flow during intermittent operation 
should differ very little at any instant from steady flow at an 
equal lift. The air or gas is quiet up to the point of restriction 
at the valve. There is little or no mass of fluid to be accelerated, 
and the flow may assume any rate instantaneously. Where lony 
passages lead to the valves, the column of gas in the passage is 
alternately accelerated and retarded, and the effect on per- 
formance may be considerable. Of such inertia effects it is 
known that the net result may be favorable, as, for example, in 
the “ramming” effect of a long intake pipe. No means is here 
offered for evaluating such effects; any proposed method should 
be checked against suction indicator cards, and data for such « 
comparison are not now at hand. Until new data bearing on the 
question may become available, it is recommended that flow 
during the opening and closing of the valve be treated as similar 
to continuous flow at the same point of lift. Where passages are 
long the criterion is unreliable. 

The two special types of valve gave similar results; we shal! 
refer to the “tulip” type which approaches a practicable shape 
For intake flow this type showed a good improvement over the 
standard valve, amounting to between 10 and 50 per cent at 
operating lifts. This is probably near the limit of what can be 
made good in practice, for the limitations to the diffuser princip|« 
in inlet flow are obvious. 

In exhaust flow the gains are greater and more consistent. 
Also the possibilities of a further development may be con- 
sidered more promising, for there is less to limit the shaping 
of the opening past the exhaust valve and port into a good 
expanding section. 

Discontinuities of the orifice coefficient as the pressure ratio 
increases are a disturbing factor in interpreting and applying 
data, as are also such instabilities as resulted in loud whistling 
with some flow conditions. There can, therefore, be less cer- 
tainty in using for design the data which were obtained than was 
the case with standard valves. To these considerations must !c 
added the fact that modification to the “tulip’’ valve would 
be required to make it practical, resulting in some change 0! 
behavior. 

The peculiarities of the tulip and drop valves remain for tle 
present without full explanation. The sudden change of u with 
increasing flow is doubtless due to a shift in the type of flow, 
particularly a change of the point at which the high-velocity 
airstream leaves the wall surface. For example, considering 

Fig. 13 with flow in the exhaust direction, the lower » muy 
obtain when diffuser action ends at the termination of the 2°/s in 
diameter, and the higher 1. when it continues to the end of the 
25/, in. diameter. If so, the discontinuity would be removed i! 
a cone of proper angle were substituted for the irregular curve 
Also higher efficiency should develop if the diffusers were mace 
longer. Photographic study of the flow, as used by Tanaka, !s 
the best attack on this problem. 

Of the “‘tulip”-type valve with specially formed port, it can be 
said in general that it is promising for either inlet or exhaust 
application. The prospective gain over the conventional valve 
is so large that a valuable reduction in size of valves and gear 
may be anticipated, or in some cases the use of one valve instead 
of two. It is not thought that the present data are sufficient for 
design. Continuation of development is needed both in the valve 
itself and in experimental engine application. 
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The diffuser principle has fad two forms of application in the 
experiments: (1) Locally at the valve head, over a path of 
perhaps 2 in. (2) In the connecting passage, say over a path 
of 6 to 12 in. above the valve. The former was effective in the 
tests of the “tulip” and ‘“drop’’ valves, and showed its value for 
both inlet and exhaust flow. The second was tried in the inlet- 
valve test of the cylinder head, where the passage expanded 
from the cylinder-head entrance to the port openings. Here it 
failed to show any advantages. In exhaust flow, on the other 
hand, the model as before stated acted as a diffuser and caused 
a major improvement in valve performance. Since both types 
of diffuser are applicable to exhaust flow, they should preferably 
be combined; that is to say, the entire exhaust passage from the 
restriction under the seat to the point of release into a receiver 
or to atmosphere should be a continually and gradually expanding 
conduit. 

The “turbulent-head” tests are of less general interest. It was 
shown that with such a special head decrease in flow resistance is 
more readily accomplished for the outlet direction than for inlet. 

The special valves tested for inlet flow behaved similarly to a 
kind of resonator described by J. Hartmann.’ He placed cup- 
like obstructions in the path of an air jet discharged from a 
rounded orifice into the atmosphere. His reservoir pressure is 
above critical. He states that this device will convert as much 
as 10 to 20 per cent of the energy of adiabatic compression into 
sound-wave energy. He thus produced as much as 74 watts 
of sound-wave power when using an orifice 1 mm. (0.040 in.) in 


°J. Hartmann, “On the Production of Acoustic Waves by an 
\ir Jet of a Velocity Exceeding That of Sound,”’ PAil. Mag., London, 
April, 1931. 
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diameter. He was able to produce waves in both audible and 
inaudible ranges. In the present case velocities over that of 
sound can be accounted for only by expanding air path. Assum- 
ing otherwise that phenomena are similar, this accounts for the 
whistling and for the low-frequency oscillations and instabilities. 
The conversion of so much of the energy to sound incidentally 
means considerable increase of apparent flow resistance. 


CONCLUSIONS 


1 Inlet valves of conventional types perform in engine 
assembly approximately as they do in model tests. The results 
of Tanaka and those of the present experiments are suitable for 
design purposes. 

2 Exhaust-valve tests in models are misleading unless the 
possible extent of diffuser action is known and understood. Such 
action should be eliminated or should be made to correspond to 
actual engine conditions. Model tests of exhaust valves by 
Tanaka and by the authors have given results unsuitable for 
design purposes. The present results with exhaust valves 
mounted in the cylinder head are to be preferred as design data. 

3 Improvement in valves may be effected by designing the 
flow path as a diffuser. This may be done locally at the valve 
head and seat, or in the passage above the valve, or in both 
ways. The former method is effective both for inlet and ex- 
haust; the latter for exhaust only. Preferably both methods 


should be combined in the exhaust valve and passage design. 

In closing, the authors wish to acknowledge their indebtedness 
to Dr. O. Tietjens for helpful comments and suggestions, and to 
Messrs. J. B. Ames and R. L. Taylor for valuable assistance in 
the experiments and in the labor of calculation. 
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Development of the Double-Acting Engine 


By LOUIS R. FORD,! 


In less than a decade there has been development of 
the Diesel double-acting engine into a reliable prime 
mover. Double-acting engines for large power-plant 
work are attracting attention. A committee studying 
types of equipment for the extension of the Copenhagen 
electric-power station has recommended acceptance of a 
Burmeister & Wain double-acting, two-cycle engine of 
18,500 b.hp., with continuous overload capacity of 22,500 
b.hp. At present the two-cycle type has forged ahead 
of the four-cycle design. The steps in the development of 
the double-acting engine are reviewed by the author. 


r I NHE development of the Diesel en- 
gine as a type has been so swift that 
at least an annual survey is required 

if one wishes to keep fairly conversant 

with current design practice. The par- 
ticular phase of this development that has 
moved most swiftly in the last few years 
has been the transformation of the double- 
acting engine from a laboratory mechanism 
intoa reliable prime mover, available com- 
mercially in a number of different makes. 

Although attempts were made 18 years ago 

to adapt the Diesel engine to double-acting operation, little prog- 
ress resulted from these attempts, and the double-acting Diesel 
engine of today may be said to represent the result of serious and 
active development work of less than a decade. 

Several factors acted to retard earlier development, one of the 
most important ones being the general disruption of engineering 
and industrial plans by the World War. But even if this inter- 
ruption of orderly progress had not occurred, it is doubtful that 
this early work would have put us any further ahead with double- 
acting engine construction than we are today. In the first place 
the practical realization of the Diesel principle, as represented 
by the single-acting engine, had not proceeded far enough 18 
years ago for us to be ready for the double-acting type. Also, 
the necessary stimulus was lacking; there was not enough demand 
for engine power high enough to be beyond the limits of the 
single-acting type 

At that time the field of the Diesel engine was considered to be a 
definitely limited one, but as more was learned about injection, 
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combustion, cooling, and other problems involved in Diesel-engine 
construction and operation, and better materials and mechanical 
processes became available, the boundaries of the field constantly 
receded. In the marine field the very successful application of 
Diesel-engine drive to larger and larger vessels brought the 
single-acting engine up to what appears to be limiting cylinder 
diameter, and the demand for higher power, coupled with the 
space limitations inherent in marine construction, supplied the 
stimulus required for active development of the double-acting 
engine. 

It is in the marine field, then, that we must look to get a 
picture of this development which has now reached the point 
where double-acting engines for large power-plant work are at- 
tracting wide attention. As an indication of the trend in this 
direction, it is interesting to note that at the time this is written 
a committee appointed to study the types of equipment offered 
for the extension of the electric-power station at Copenhagen, 
Denmark, has recommended acceptance of a Burmeister & Wain 
double-acting, two-cycle engine of 18,500 b.hp., with continuous 
overload capacity of 22,500 b.hp. 

The beginning of the period of active development referred to 
was marked by the start at about the same time of design studies 
for both the two-cycle and four-cycle types, but the latter was 
put far in the lead commercially by the great prestige of the 
famous firm by which it was sponsored, as well as by that firm’s 
superior facilities for promoting it. The four-cycle type was 
heavily handicapped, however, by the mechanical complication 
inherent in the four-cycle principle of operation, a complication 
far more pronounced when we try to use both ends of the cylinder 
than when combustion is confined to the upper end. The elimi- 
nation of much of this mechanical complication, made possible 
by the use of the two-cycle principle, is responsible for a steady 
trend toward the two-cycle type. At the present time it has 
forged ahead of the four-cycle in number of engines under con- 
struction. An indication of this trend is found in the fact that 
during the last year the firm that has been almost fanatical in 
its adherence to the four-cycle principle has bowed to the in- 
evitable and placed a two-cycle design on the market. Dis- 
counting the risk incurred by all would-be prophets of being 
confounded by unforeseen conditions that may develop in the 
future, it is safe to predict that the four-cycle, double-acting 
engine of large size will pass out of the picture before very 
long. 

Although it is of course expected that continued improvement 
of the double-acting engine may bring about great changes in 
construction, the first stage of its development, from an experi- 
ment to a practicable machine of proved performance, may be 
considered as completed, and it is of interest to review some of 
the steps in that development. Without considering the non- 
engineering factors that have a great influence on the commercial 
development of any machine, it is of interest to the engineer to 
view the mechanical development by observing the structural 
elements that prove so troublesome in operation as to require 
corrective redesign. The author is in a position to make such 
observations by reason of having had, throughout this develop- 
ment period, to make maintenance repairs on a number of large 
double-acting engines of different makes. It should be remarked 
at this point that the author does not pretend to have a knowl- 
edge of the inside history of the design work of any engine builder. 
The remarks that follow are based on observation of various en- 
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gines in service, repairs and changes made on these engines, and 
some slight contact with the engineering analyses of problems 
that have arisen in operation. 

In the preliminary stages of double-acting engine design it 
was assumed that the chief difficulties would be to obtain good 
combustion in the lower end of the cylinder and prevent leakage 
around a piston rod operating in an atmosphere of flaming gas 
at high pressure. This despite the fact that for many years 
double-acting gas engines had operated without any particular 
difficulties of this sort. As a matter of fact, these features 
prove to be the source of practically no trouble, but other troubles 
developed at points where they were least expected. In the 
Burmeister & Wain engine—the first design to pass successfully 
the tests of commercial use—the anticipated piston-rod trouble 
was guarded against by removing the rod from the flaming gas. 
This was accomplished by enclosing the rod in a tubular sleeve, 
extending from the under side of the piston to the crosshead, the 
internal diameter of the sleeve being large enough to provide an 
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Fig. 1 Piston-Rop PackinG, WorTHINGTON ENGINE, SHOWING 
PRESSURE AT DIFFERENT POINTS 


annular space between rod and sleeve. This annular space was 
utilized as a passage for the piston-cooling oil. Where the piston- 
rod sleeve passed through the cylinder head a stuffing box was 
provided, with cast-iron snap rings, just like ordinary piston rings, 
except that the spring was inward instead of outward. This 
produced a condition almost similar to that found within the 
cylinders of all engines, the stuffing box with its packing rings 
representing the ordinary piston and piston rings, and the surface 
of the piston-rod sleeve representing the cylinder liner. This 
device proved highly successful in service and has been incor- 
porated in this firm’s newest two-cycle engine. 

That this arrangement, although successful, was not needed is 
indicated by the success of other builders in using plain cast-iron 
rings in the stuffing box, bearing directly on the piston rod, 
without any protecting sleeve. Asa builder of successful double- 
acting gas engines in which such packing was used, it was logical 
that Worthington should use the plain-ring stuffing box in its 
double-acting Diesel engine. When the first Worthington engine 
was tested, indicator diagrams were taken to determine the 
pressure at different points in the stuffing box. Fig. 1, taken from 
the Worthington catalog, shows that the pressure dropped from 


570 lb. at the first ring to 28 lb. at the eighth. The absence o} 
any leakage from the gland indicates that a further drop to 
zero pressure occurs somewhere before the last ring. These 
rings are of a good grade of cast iron, made in sections, and 
held against the rod by simple garter springs. Almost exact}; 
the same type of packing is used in the Deutsche-Werke engin 

The author had occasion to remove the packing from two Worth)- 
ington engines and two Deutsche-Werke engines after one year's 
service and six months’ service, respectively, and all of the rings 
and piston rods were found to be in excellent condition 

This same principle has been followed by practically all en- 
gine builders except Burmeister & Wain, but in some cases the 
mechanical arrangement is rather elaborate. An example o/ 
this is the packing used in the A.E.G. engine, which consists 0! 
a packing sleeve, or ring carrier, built up by stacking on top of 
one another a series of solid rings shaped like the follower, «: 
bull ring, of the steam-engine piston, and placing packing rings 
in the slots formed between these solid rings. There are tw: 
packing rings in each slot, and these are pressed against the rod 
by a spring ring behind each pair. The whole assembly, con- 
sisting of packing rings, spring rings, and solid rings, is held 
together by bolts and slipped into a stuffing box in the cylinder 
head. In general it may be said that experience with the engines 
in service has shown that the piston-rod packing may be very sim- 
ple in design if the shopwork is sufficiently good. The bearing 
surfaces must be carefully finished, and the fitting must be very 
accurate. 

The other anticipated trouble—obtaining good combustion 
in the lower end of the cylinder—did not develop to the extent 
expected. All of the mechanism related to fuel injection and 
combustion in the upper end of the cylinder presents no problems 
not common to both single-acting and double-acting engines. 
Development of the mechanism of injection and combustion is, 
then, in so far as it relates solely to the double-acting engine, 
confined to the lower end of the cylinder. In both the four-cycle 
and two-cycle types the first problem is to obtain good distribu- 
tion of fuel in the air in a combustion chamber obstructed by a 
large piston rod. Since this rod, with its stuffing box, uses up 
large amount of the space available in the cylinder head, a second 
problem is introduced—that of finding a place for the fuel valves 
without unduly complicating the head casting and without too 
much interference with circulation of cooling water. In the 
four-cycle type a further complication results from the necessity 
for inlet and exhaust valves. 

A very practical solution of these problems was worked out by 
Burmeister & Wain in their four-cycle design, in which the com- 
bustion chamber formed by the clearance space in cylinders of 
orthodox design was replaced by a combustion chamber cast 
on one side of the lower cylinder head. Practically all of the 
combustion space volume is concentrated in this side chamber, 
which is connected by a port to the very small clearance space 
under the piston. This arrangement puts the combustion air 
where it can be easily reached by the injected fuel and provides 
a convenient place for mounting the fuel, exhaust, and inlet 
valves. In the Werkespoor design the same idea was adopted, but 
the combustion chamber was made so large that the compression 
volume is too great for full Diesel compression. As a result the 
engine must be started single-acting and operated as such until 
the lower end is warmed up enough to raise the compression 
temperature to the fuel-ignition point. Inthe Burmeister & Wain 
design the possible ill effect of the burning gases sweeping out 
of the combustion chamber on to the piston rod is prevented 
by the previously mentioned sleeve which surrounds the rod. 
The Werkespoor has no such sleeve, but the rod is protected by the 

expedient of casting a boss on the bottom of the piston, around 
the bore for the piston rod, and providing a corresponding recess 
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in the bottom head to receive this boss when the piston is at the 
end of its stroke. The length of this boss is such that it does not 
leave the recess until about 8 per cent of the stroke has been 
completed and combustion is well over. So far as the author 
knows, the only four-cycle design that places the inlet and exhaust 
valves directly in the head is that of McIntosh & Seymour. Ex- 
perience in dismantling and assembling both Burmeister & Wain 
and McIntosh & Seymour cylinders indicates that the side-com- 
bustion-chamber arrangement gives better access for such work. 

The builders of two-cycle, double-acting engines, not having 
the inlet and exhaust valves to contend with, have not used the 
separate combustion-chamber idea, preferring to inject the fuel 
directly into the clearance space under the piston. Since this 
space, because of the presence of the piston rod, has the shape of 
an annulus, a single valve will not give the desired dispersion 
of the fuel mist throughout the air, and it is general practice to 
use two or more injection valves. 

As will be seen from Fig. 2, the Worthington design uses two 
valves, set at an angle to the vertical center line through the cyl- 
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ARRANGEMENT OF FuEL VALVES ON M.A.N. ENGINE 


inder, an arrangement to which the domed shape of the cylinder 
end is particularly well adapted. 

The Deutsche-Werke design uses two valves, but they are not 
placed in the cylinder head. An intermediate ring, called a valve 
plate by the builders, is inserted between the cylinder and cylinder 
head, and the fuel valves are placed horizontally in this ring, dia- 
metrically opposite each other and positioned so that the center 
of the fuel spray is approximately tangential to the piston rod. 

The M.A.N, design does not use the tangential spray idea. To 
obtain wide distribution of the fuel and avoid striking the piston 
rod with the spray, four fuel valves are used, spaced evenly around 
the cylinder, as shown in Fig. 3. It will be noted from the figure 
that the valve bodies are positioned horizontally, but the tips 
are turned upward so that the sprays enter the cylinder almost 
vertically. It is obvious that the use of four valves complicates 
the operating gear. An effect of the vertical sprays that has 
been noted in operation is the burning of cavities in the bottom 
face of the piston. It is necessary at times to fill up these cavities 
by welding in new metal. 


Fic. 2 Wortsineton ENGIngE, SHowinG Ar- 


RANGEMENT OF VALVES AND oF PISTON 
(A, cast-iron cylinder liners; B, port section liner; C, lower clamp rings; 
D, upper clamp ring; EZ, forged-steel piston crowns; F, cast-iron ring carrier; 
G, split plate closing piston head; H, intermediate skirt; J, piston crown 
studs; K, distance pieces.) 
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The success achieved years ago in the use of mechanical, or air- 
less, injection of fuel in small engines, and the attractive possibili- 
ties in the way of simplification offered by this method of in- 
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jection, led to its in- 
tensive development. 
This resulted in a 
steady increase in the 
size of cylinder in 
which it is possible to 
use mechanical injec- 
tion. When the suc- 
cess of the double- 
acting engine became 
assured and the use of 
mechanicalinjection on 
large single-acting en- 
gines had demon- 
strated the practica- 
bility of that system, 
it was but logical that 
the combination of the double-acting, two-cycle principle with 
mechanical injection of fuel should appeal to designers as the 
most desirable means for obtaining greater simplicity. 

From the great: amount of experimental work done with 
mechanical-injection systems we have definitely established two 
important features of the mechanically induced spray. The 
form of spray that breaks up the fuel fine enough for effective 
mixture with the air will not penetrate the dense air in the com- 
bustion chamber more than 7 or 8 in., and the spray that will 
penetrate for longer distances does not give the necessary pul- 
verization. As a result of this, in all double-acting engines in 
which mechanical injection is standard equipment each builder 
uses the same method to obtain proper distribution of the fuel 
in the lower combustion chamber—a multiplicity of sprays of 
limited penetrating power. 

A feature of the spray induced by forcing the fuel at high pres- 
sure through an orifice is that various shapes and lengths of sprays 
can be obtained from a multiple-jet valve by simply varying 
the shapes of the orifices. Examination of three makes of 
double-acting engines that use mechanical injection shows some 
different ways in which this principle is applied. 

As originally designed, the A.E.G. engine used five spray valves 
in the lower head, arranged around the piston-rod stuffing box as 
indicated in Fig. 4, the jets being projected outward toward the 
cylinder wall. This arrangement was later changed to that 
shown in Fig. 5, in which only two valves are used, each dis- 
charging two sprays, the outer spray being in each case shorter 
than the inner, because of the difference in the distances through 
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which the fuel must be projected. Theoretically this second 
arrangement should be superior to the first because of the influence 
of the sprays causing the air to whirl around the piston rod 
and promote mixture of air and fuel. 

In the M.A.N. engine there is a spray-valve arrangement quite 
similar to that of the original A.E.G. design, except that onl, 
two valves are used, and wide dispersion of the fuel charge is 
obtained by using six orifices, as shown in Fig. 6. Here, also 
the sprays are of different lengths, according to the length o: 
path to be traversed, but the whirling effect on the air is absent 

In the Richardson-Westgarth engine is found an interesting 
example of the use of different lengths of sprays, as shown in 
Fig. 7. Two valves, diametrically opposite each other, are placed 
vertically in the cylinder head, near the outer periphery of th: 
combustion space. As shown in the sketch, each valve discharges 
five sprays, four of them horizontal and one vertical. Because 
of the short distance between the valve nozzles and the face of the 
piston, the vertical sprays are widespreading, with little penetrat- 
ing power. It is pertinent to remark at this point that the autho: 
does not claim that the several sketches accurately portray th: 
spraying actions obtained; they simply show the effects sough' 
by the designers in each case. 

A feature of Diesel-engine operation that is easily taken care 
of in single-acting designs, but which has largely controlled th« 
general arrangement of the double-acting cylinder structure, is 
the longitudinal expansion of liner and jacket. This presents 
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Fic. 6 ARRANGEMENT OF M.A.N. Fuet VALves 
no problem in the case [ ~< 
of a cylinder open at | SS: 


one end, but when this 
cylinder has to be 
closed and used as a 
combustion and pres- 
sure vessel at both 
ends, it becomes an 
important factor. It 
is this factor that is re- 
sponsible for the gen- 
erally used method of 
construction whereby 
the cylinder consists 
essentially of two 
single-acting cylinders 
placed end .to end. 

In considering the 
cylinders and frames, 
it may be noted that PLAN 


ELEVATION 


in the cases of the two Fic. 7 Disposition oF Fugu Sprays (% 
successful four-cycle RICHARDSON-W ESTGARTH ENGINE 
designs the builders 

have simply adapted the structure of their previously well- 
established single-acting types to the double-acting princip!e. 
In the two-cycle design a factor that has had an influence in 
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producing almost a standard type of structure is the necessity 
for establishing, at the middle of the cylinder, connections 
between the ports and the exhaust and scavenging passages. 
This suggested the idea of a main fixed structure, of beam type, 
containing the exhaust and scavenging passages and supported 
by the frame, with the upper and lower elements of the cylinder 
attached to its top and bottom, respectively. This arrangement, 
first used in the Worthington engine, is now used in the Earle, 
Krupp, and Richardson-Westgarth. A notable departure from 
this standard type of construction is found in the M.A.N. two- 
cycle design. Originally the main fixed structure of this engine 
consisted of the frames, supporting an entablature on which 
were mounted secondary frames, which supported on their tops 
an upper entablature. The cylinder jacket and lower half of 
the liner rested on top of the lower entablature, while the upper 
half of the liner hung from the under side of the upper entablature. 
This gave great freedom for expansion, but made the lower head 
inaccessible. For this reason the design was later changed so 
that the entire cylinder hangs from the upper entablature, leaving 
room below it to remove the lower head and lower section of the 
liner. It may be noted in this connection that in order to make 
removal of the lower liner section possible it has been shortened 
and all of the ports placed in the upper liner section. 

This matter of liner removal did not receive the attention 
it deserved until liner breakages in service made it evident that 
such removal must be made easier if overhaul expense was to be 
kept within bounds. An example of the development of this fea- 
ture is found in the Worthington engine, first used in marine ser- 
vice. As originally designed, removal of the top cylinder sec- 
tion and its liner was quite easy, but to get the bottom section 
out it was necessary to remove the entire cylinder block, weighing 
several tons, and turn it upside down while suspended in the air. 
This required expert riggers and equipment not ordinarily avail- 
able on shipboard. This design was changed so that the liner 
is now made in three sections. The upper cylinder section can be 
lifted off, the middle liner section taken out, and the lower cyl- 
inder section pulled up through the housing, all with the ordinary 
ship’s gear, without distributing the more massive elements in 
the engine structure. The same feature has been incorporated 
in the designs of the Deutsche-Werke, Earl, Krupp, and Richard- 
son-Westgarth. In general it may be said that great progress 
has been made in the direction of simplification of the cylinder 
unit to permit easy assembly and disassembly. 

This particular phase of development has been accelerated by 
the frequent breakage of liners in the earlier engines, a condition 
that gave the liner an undeserved reputation as a troublesome 
element. Experience, however, developed the fact that liner 
breakage is in practically every case due to piston trouble and 
not to any fault in the liner itself. There is no difficulty originat- 
ing within the liner itself that is not common to both the single- 
acting and double-acting types. The chief problem with both is 
the prevention of rapid wear. This wear usually proceeds at a 
maximum rate during the first 1000 hours of operation, due to 
initial wearing-in. This wearing-in that has heretofore been 
considered a necessary part of the “breaking in” of an engine 
can be eliminated if the engine builders will adopt the same stand- 
ards for cylinder finish as used by the automobile manufacturers. 
Already some builders have adopted the grinding process for 
finishing small cylinder liners. Further progress will be made 
when it is recognized that a final finish by honing will do a lot 
toward reducing the rate of liner wear. Experience with numer- 
ous double-acting engines in service indicates a wide variation 
in the rate of wear of liners, but in any case where wear occurs at 
an unusually rapid rate its cause can usually be traced to some 
abnormal condition of operation. For liners as at present pro- 
duced it may be assumed that 0.005 in. wear per 1000 hours of 
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operation is a liberal allowance. Any rate of wear greater than 
this is excessive. 

Much of the operating trouble with double-acting engines has 
been due to the pistons, although in some cases it required re- 
peated casualties to reveal the identity of the piston as the source 
of the trouble. In the beginning of double-acting engine design 
the structural features required to make a good piston were fairly 
well understood. The educating effect of experience is shown by 
a better understanding of the most effective mechanical form 
these features should take, rather than by any change in the fea- 
tures themselves. Fundamentally the piston is a highly stressed 


Y 
Fie. 8 Burmeister & Wain Piston 


member that must be rigidly connected to the piston rod, yet 
free to distort under the influence of high heat without excessive 
stress. Provision must be made for intensive cooling with water 
or oil, and it is the devising of a practical method of passing this 
cooling fluid into, through, and out of the piston in such a way 
as to provide adequate cooling without leakage into the cylinder 
that constitutes the chief problem of piston design. The only 
available path through which the cooling fluid can reach the 
piston is through the piston rod, and the most practicable way of 
making two flow paths, one for inlet and one for outlet, is to insert 
an axial tube in the piston-rod bore, utilizing this central tube for 
one path and the annular space around the tube for the other. A 
variation of this arrangement is possible with the Burmeister & 
Wain engine with a protective sleeve around the rod. The space 
between this sleeve and the rod is used for the incoming oil, and 
the outflowing oil is passed through the bore of the rod. 
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In every double-acting engine the piston is essentially two 
single-acting pistons placed end to end and fastened together, 
but there are some distinctive differences in the details of con- 
struction of the different makes. 

The simplest of all double-acting pistons is the Burmeister 
& Wain, as may be seen in Fig. 8. The two sections are bolted 
to a singly flange on the rod, a single set of studs serving to secure 
both sections. The path of the cooling fluid is shown by the ar- 
rows in the sketch. It is worthy of note that it has been found 
necessary to make very little change in this design since the first 
engine was produced. It is also interesting to note that this same 
design was adapted to the two-cycle engine recently put out by 
this firm by simply lengthening the side walls of the upper 
section, thus giving the extra length needed for two-cycle opera- 
tion without the addition of the intermediate skirt found on prac- 
tically all other designs. 

What appears to be the most elabo- 
rate piston design is found in the A.E.G. 
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casting ribs on these extensions. The path thus formed may be 
traced by means of the arrows in the sketch. It may be noticed 
that this design eliminates all sliding joints in the piston as- 
sembly. An interesting detail not found in other designs is a 
provision for changing the piston length, for adjusting com- 
pression, by means of liner Z, inserted between the two halves of 
the inner column. The piston heads are of forged steel and the 
central column of cast steel. Since in the original design of this 
engine the liners were of forged manganese steel, rubbing contact 
between piston heads and liner was avoided by making the cast- 
iron skirt larger in diameter than the heads. Trouble was ex- 
perienced due to heating and distortion of the skirts, this distor- 
tion causing the skirt bolts to stretch or break. To correct this 
the skirt was made in two parts—an upper part, about 14 in. 


engine. Referring to Fig. 9, it may be il 
seen that there are five separate parts. = 
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steel; D-O, center column sections of cast steel; 

Q-S, studs; A, intermediate skirt, of cast 

iron; M, piston nut; B, seat for piston assem- 
bly; Z, liners for adjusting piston length.) 


are separated by a trunk, in two parts, D and O, these two sec- 
tions being bolted together by means of flanges. The complete 
assembly, consisting of upper and lower heads and the two trunk 
sections, is held on the piston rod by the large nut M, which 
presses the lower trunk section down on shoulder B on the rod. 
The space between upper and lower piston heads is closed by the 
split cast-iron skirt A. To provide intensive cooling of the piston 
heads the cooling water is guided through channels formed by 
extending the center column sections into the piston heads and 


skirt; D, distance piece; E, water passages 

cast in distance piece; F, inlet to water pas- 

sages; G, water passages in rod flange; H, 

baffle to guide water in lower head; J, rubber- 

packed stuffing box; K, water ports in upper 
baffle; L, upper head studs.) 


long, being made in the form of a solid ring, and the lower part 
in the original split form. The split section was given 2.8 mm. 
greater clearance than the solid ring to insure all the bearing 
being on the latter. After further experience with the first engine 
the manganese-steel liners were abandoned for cast-iron liners. 

The changes that have been made in the Worthington piston “5 
the result of operating experience may be seen in Figs. 10 and |°, 
which show, respectively, the original design and the modified 
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Fie. 12 M.A.N. Piston 


studs holding both heads on rod; D, 

iner to support crown of top head; E, water spreader; F, wearing ring; 

intermediate skirt; H, water inlet to lower head; J, water outlet from 
lower head; A, water outlet from upper head.) 


B, lower and upper heads; C, 


design found in later engines. The original make-up, consisting 
! forged-steel piston heads with cast-iron ring carriers and a 
cast-iron skirt for closing the space between upper and lower 
piston sections, has not been changed. The principal change is 
the removal of the packing gland that closed the joint between the 
flanged lower end of each ring carrier and the piston-rod flange. 
lo effect this the modified design provides for closing the end of 
each ring carrier with a flat plate, made in halves and bolted 
rigidly to the ring carrier. The inner edge bears against the rod 
vad is made tight by simple rubber rings in grooves. This does 
“Way with the troublesome gland and removes the packed joint 
irom a region of high heat to a much cooler one. This change 
permitted the use of short studs, shown at J in Fig. 2, in place of 
the long studs used in the original design for fastening the piston 
heads to the rod. This later change developed another source of 
trouble. Distortion of the steel piston head caused the flange 
held by these studs to cock on its seat and break the short studs. 
In one of these pistons opened by the author it was found that the 
broken studs, with their nuts, had rattled around in the piston 
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until holes were worn through plate G. To remedy this, the 
studs were lengthened, and a sleeve K was placed under each nut. 

In the Deutsche-Werke piston, shown in Fig. 11, there are the 
conventional elements, two piston heads, the lower of cast steel 
and the upper of cast iron, with a split skirt of cast iron to close 
the space between them, but in place of the separate ring carriers 
of the Worthington piston the piston heads have extended skirts 
carrying the rings. The upper piston head, instead of being 
attached directly to the rod, is bolted to a cast-steel distance piece 
of approximately cone shape, which is secured at its lower end to 
the flange on top of the piston rod by means of studs, which 
serve also to fasten the lower piston head to the same flange. 
A troublesome feature of this piston is the stuffing box J, packed 
with rubber packing and closed by a gland held down by studs 
and nuts. The author has had occasion to open up 24 of these 
pistons, and in nearly every case this stuffing box was leaking. In 
several the rubber packing was cooked to a pasty mass. Re- 
peated breakage of the gland studs also has been found. This 
emphasizes the fact that a packed gland on the outer wall is a 
dangerous element in a piston. Another troublesome element 
in this piston is the split skirt which closes the space between the 
upper and lower piston heads. Several of these skirts have seized 
in the cylinders and were distorted enough to break the bolts 
holding the two halves together. That there is also some dis- 
tortion of the upper piston heads is indicated by the fact that 
many of the nuts on studs L have become loose in service. It 
is understood that changes in this piston design have been made, 
but the author is not familiar with the new design. 

In the M.A.N. piston, shown in Fig. 12, there are found the 
usual upper and lower piston heads, with rings in the skirts and 
an intermediate skirt to close the space between heads. In addi- 
tion there is a solid wearing ring F attached to the upper piston 
head. As originally designed, removal of this ring involved 
dismantling the upper head. To permit easier removal of the 
ring, some of the Shipping Board pistons were modified by making 
this ring of two halves, bolted together. The correctness of this 
change is doubtful in view of the trouble experienced by A.E.G. 
and Deutsche-Werke with split skirts used as wearing rings. A 
feature of the M.A.N. piston is the use of bent pipes for circulat- 
ing the cooling water, as shown in Fig. 12. 
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The Richardson-Westgarth piston, in its original and in its 
modified forms, is shown in Fig. 13. It will be noticed that al- 
though two similar halves are used for top and bottom there is 
no intermediate skirt, the skirts of the two piston heads being 
extended downward to meet at the center, with enough clearance 
between edges to permit expansion. Another feature of this 
piston is that the piston rod extends right through both sections 
and a large nut on the upper end holds the assembly together. 
The lower piston head rests on a shoulder on the rod, the central 
boss on the upper head rests on the upper end of the lower head, 
and the nut presses the whole assembly together. This makes a 
very simple piston, but it has some glaring defects; the whole 
assembly is rigidly restrained, with no provision for expansion, the 
large nut is exposed to the heat of combustion, and the cone- 
shaped seat of the nut tends to split the top head. 

In the modified design these faults were corrected as follows: 
The seat for the nut was made square and deeply recessed. The 
seat for the shoulder in the bottom head was similarly recessed, 
thus leaving the two heads free to expand axially and diametri- 
cally. The recessing of the upper head brings the nut below the 
top of the piston, with the exception of enough projection to 
permit attaching a wrench. To prevent burning of the nut, water 
channels are cut in it, and the cooling water leaving the piston 
flows through the nut to reach the outlet tube in the rod. In 
addition, the outer surface of the nut is calorized to prevent 
oxidation in the flame of combustion. A small detail of construc- 
tion that has given trouble in nearly all double-acting engines is 
the lifting arrangement. In practically every case where tapped 
holes in the piston crown were provided for attaching lifting bolts, 
cracking of the pistons has occurred, the cracks starting at the 
lifting-bolt holes. Worthington, A.E.G., Richardson-Westgarth 
and Deutsche-Werke all have eliminated such holes from their 
latest pistons. 

In general it may be said that the main structural features of 
double-acting pistons have been fairly well standardized in prin- 
ciple, but there is considerable variation in the manner in which 
these principles find mechanical expression. 

Probably the most trouble experienced with double-acting 
engines has come from a part from which the least was expected, 
the piston rod. The only anticipated trouble was rapid wear of 
the rod by its packing. This led the Worthington Company to 
develop plating equipment and technique whereby their rods 
could be chromium plated. Their methods proved very success- 
ful, but experience with unplated rods in service indicates that 
this treatment is an unnecessary expense. Measurement by the 
author of a number of unplated rods after varying lengths of 
service shows that if the packing is accurately made and carefully 
fitted very little wear need be expected. The length of service 
to be expected before such a rod becomes unfit for further use 
because of wear is as yet undetermined. 

Shortly after the first double-acting engines were placed in ser- 
vice, breakages of piston rods began to occur. These were at 
first ascribed to faulty material or defects in design of the particu- 
lar engines in which they occurred, but when almost exactly 
similar breaks occurred in Burmeister & Wain, Worthington, 
M.A.N., Deutsche-Werke, and other engines it became evident 
that neither of these causes was the true one. The nature and 
location of some of these breaks indicated that the generally used 
method of making cooling-water connections to the rod was re- 
sponsible for them. Since, as previously stated, the piston rod 
offers the only means of getting cooling fluid into and out of the 
piston, and the crosshead offers the most convenient point for 
making the connection between the moving and the stationary 
members of the cooling system, nearly all builders used some 
sort of bracket on the crosshead with connections to drilled holes 
through the sides of the piston rod. The method of making 
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these connections was usually to mill a flat on each side of the 
rod in the way of the drilled holes and bolt the pipe flanges to these 
flats with studs.tapped into the rod. The combination of water 
passages, stud holes, and facings for flanges decidedly weakened 
the rod at this point, with the result that several builders had rods 
break in this weakened section. The sketch in Fig. 14 made from 
one such rod is typical of what occurred. This sort of thing, 
occurring in several different makes of engines, led to the aban- 
donment of this method of connecting the cooling system to the 
rod. It is general practice now to make such connection by bolt- 
ing a small divided chamber to the bottom end of the rod, under 
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Fig. 14. Typicau Form or Piston-Rop BREAK 


the crosshead, with one part of the chamber connecting wit! the 
axial pipe in the bore of the rod and the other to the annular 
space surrounding the pipe. The inlet pipe is connected to one 


and the outlet pipe to the other. This eliminates any weakening 
of the rod by holes or flats. 

Unfortunately this did not stop the breakage of piston rods, 
although it did reduce the number of such breakages. The 
breaks that occurred after this were confined to no particular 


point on the rod. One rod removed by the author broke off just 
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inside the bore in the piston almost as cleanly as though it had 
been cut in two. Others broke near the crosshead. The cause 
for such breaks is yet to be definitely determined, but a clue that 
is being followed with some promise of results is the possible effect 
of roughening the surface on the inside of the bore of the rod. 
One manufacturer who has made extended tests tried an experi- 
ment that points to a promising line of study. A rod made of 
high-grade material that gave uniform bending-test results was 
operated in the engine until it had made several million alterna- 
tions and the surface of the bore had been roughened by the 
action of cooling waters. Samples were then cut from the outer 
and inner surfaces and given a bending test. The sample from 
the outer surface bent double without breaking, while the one 
from the inner surface broke after a very slight bend. 

It would appear, then, that the surface of the rod bore should 
be finished as carefully as the outside surface, which is always 
polished to make a good rubbing surface for the packing. This is 
borne out by the experience of the Bethlehem Steel Company 
some years ago with cast-steel crankshafts. They found that 
such shafts were safe to use if the bore was polished like a gun 
barrel. A fine finish in the piston rod bore is of no value, how- 
ever, unless it is protected against roughening by the corrosive 
effect of the cooling water. Coating of the surface with zine or 
cadmium, or the application of metal by the spraying process, 
does not give a sufficiently durable coating. Chromium plating 
is durable, but is very difficult to apply in a long bore of small 
diameter. The company previously mentioned as having made 
the bending tests has experimented with rods of stainless steel 
and also with nitrided rods. It is hoped that the information 
gained by these experiments will be made public. 

Another piston-rod trouble, of a minor nature in itself, but 
having serious consequences, was experienced by several builders 
before its nature was discovered. This was the corrosion of 
the lower ends of the internal pipes in the piston rods. The 
author knows of cases of two different makes of engines in which 
such corrosion short-circuited the stream of piston-cooling water 
and caused repeated piston seizures before the nature of the 
trouble was discovered. It is general practice now to make these 
pipes of stainless steel. 

Of the many elements that go into the structure of a workable 
double-acting engine there are few other than those discussed in 
the foregoing that present any problems not already encountered 
in the development of the single-acting engine. This has been 
an important factor in the rapid advancement of the double- 
acting engine to a position of preeminence in the large-engine field. 
At the present time there is a very definite trend toward the two- 
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cycle type with mechanical injection of fuel. There is no reason 
to assume that we have yet reached the limit of power that can 
be built into a single unit, and the increasing number of power- 
plant installations being made in Europe leads to the hope that 
similar applications may be seen in the United States. From the 
author’s viewpognt, that of the repair man, the maintenance of 
such installations offers no more difficulties than does that of the 
older single-acting engine. 


Discussion 


Harte Cooxe.? The paper brings out a number of interesting 
points, one being the difficulty encountered with piston rods of 
very hard steel. 

The wear of one of our steam-engine piston rods may be of 
interest. This was a 6-in. high-pressure piston rod running 
in metallic packing on an engine in a cement mill which operated 
practically continuously, with a shutdown two or three hours 
per week for maintenance. The steam pressure was 180 |b. super- 
heated, and the engine was carrying approximately 50 per cent 
more load than its original rating. 

Due to the breaking of a connecting-rod bolt, the piston rod 
was bent. A section from this was micrometered and showed 
the diameter after twelve years’ service to be 5.995 in., the wear 
being approximately 0.005 in. The surface test gave a Brinell 
hardness of 124. Analysis showed it to be our usual steam-engine 
piston-rod material of approximately 0.20 carbon plain-carbon 
steel. 

This definite information raises a question as to the necessity 
of excessively hard piston rods, and these very hard piston rods 
for other reasons are not desirable, as illustrated by the experi- 
ence given in the paper. 

In regard to vessels with large powers, it is interesting to note 
that two of the newest large high-speed vessels, the Reina del 
Pacifico and the Venus, use four-cycle, trunk-piston-type en- 
gines, supercharged. The fact that they are used in these 
vessels which require so much power would seem to indicate 
that in the builders’ mind the cost per horsepower must compare 
favorably with the double-acting two-cycle engines. 

However, in fairness to the author, it should be stated that one 
of the desirable features of these supercharged trunk-piston- 
type four-cycle engines is the low head room required; that is, 
they could go under the deck. 


2 Mechanical Engineer, McIntosh & Seymour Corporation, Au- 
burn, N. Y. Mem. A.S.M.E. 
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The speed of oil and gasoline internal-combustion en- 
gines has been brought into a higher range following the 
availability of improved materials and the necessity of 
obtaining increased power output without sacrificing 
space and weight. This often makes it necessary to re- 
consider some points of design and to adopt better grades 
of material to solve the problems of higher heat stresses 
and increase in dynamic bearing loads. Therefore the 
piston is sometimes cast of steel in thinner section and 
the cylinder liner is made thinner and is cast of steel to 
reduce thermal stresses. Connecting rods are made of 
special alloy steels and can withstand higher stresses 
than are allowed in plain carbon steel. As a satisfactory 
means of reducing the weight, the author discusses the 
use of aluminum, allowing heavier sections, preserving 
the rigidity, and removing any thermal difficulties en- 
countered in the piston. 


N THE last decade, internal-combus- 
I tion engines of small and medium 

output have gained a firm foothold in 
many special branches of service where the 
motive power is required at instant notice 
with guaranteed reliability and economy. 
Because of the small space it requires and 
because of its light weight, the internal- 
combustion engine has become indispen- 
sable in solving many problems of agri- 
culture, irrigation, dredging, cotton gin- 
ning, excavating, pumping, refrigerating, 
Both types of this engine (gasoline and oil) are success- 
fully used, depending upon preference or local conditions. 

With the course of time, the availability of improved materials, 
and the economic necessity of getting increased power output 
without sacrificing space and weight, the speed of these engines 
has been brought into a higher range. For example, in the case 
of a dredge, a six-cylinder, 180-b.hp., 6'/: by 8*/,, 1000-r.p.m. 
Diesel engine is used; in another installation of a portable air 
compressor, a 92-hp., four-cylinder, 6 by 8, 1000-r.p.m. Diesel 
engine is used to advantage. Both of these engines can be classi- 
fied as high-speed engines. 
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Light Metal-Alloy Pistons and Rods in High- 
Speed Industrial Engines 


By BENEDICT J. ISIDIN,! CLEVELAND, OHIO 


In order to preserve durability and economical upkeep in high- 
speed engines, it often becomes necessary to reconsider some 
points in design and adopt better grades of material to solve the 
problems of higher heat stresses and increase in dynamic bearing 
loads. Thus, to withstand higher stresses and to reduce its 
weight, the piston is often cast of steel with thinner sections, 
The cylinder liner is made thinner and cast in steel to reduce 
thermal stresses. Connecting rods, of special alloy steels, are 
made lighter and can safely withstand much higher stresses than 
are allowed in plain carbon steel. 

In spite of all these refinements in design and materials, the 
aforementioned problems are only partly solved, mainly because 
of the limitations of certain physical properties of the materials 
themselves. The heavy weight and insufficient heat conductivity 
of steel and cast iron are the main handicaps of these materials 
in the construction of connecting rods and pistons for these en- 
gines. The special alloy-steel connecting rod can be made very 
light and sufficiently strong, but always with considerable sacrifice 
of rigidity of construction, as saving in weight is attained by re- 
duction of sections. Rigidity in connecting rods is vital to the 
life of the bearings, as many minute deflections of the shank 
throw the bearings out of proper alignment, resulting in quick wear. 

Cast-iron or steel pistons, when cast light and in thin sections, 
are subject to overheating, with resulting carbon formation on 
the piston head. Local hot spots in the center of the piston head 
result from the insufficient heat conductivity of iron, and the 
heat absorbed by the piston head does not flow rapidly enough to 
the ring belt through the thin sections of the cast-iron piston head 
This induces detonation, and in extreme cases is likely to cause 
the piston to crack, as considerable stress is set up because of the 
difference in temperature between the red-hot center and the 
comparatively cool outer edge of the piston head. High tem- 
peratures destroy the oil film and carbonize the oil. This results 
in sticky rings, upsets the lubrication of wristpin bearings, and 
shortens the life of the piston generally. With increased thick- 
ness in the head sections, all of the aforementioned thermal dif- 
ficulties will be diminished, but the weight of the piston becomes 
prohibitive for use in high-speed engines. 

When the industry itself was in its infancy, low speed, heavy- 
duty industrial engines were necessarily of low power output. 
The inertia loads were of no consideration, and all moving parts 
were made heavy and substantial. It was easy to keep bearings 
in good alignment, well-lubricated and cool, which resulted in 
enviable long life. 

The designer of modern high-speed industrial engines must 
preserve this reliability and long life, which is a very honorable 
but difficult tradition to fulfil, as inertia loads are becoming the 
predominant factors in engine design. He will be compelled to 
find new means to reduce the weight of pistons and connecting 
rods. The most satisfactory way of reducing the weight of 
these parts is to change the material and to use aluminum, which 
will allow the use of heavier sections, preserve the rigidity, and 
remove any thermal difficulties encountered in the piston. By 
use of aluminum alloys of proper physical properties, it is possible 
to fulfil all the requirements and obtain pistons and rods which 
will operate considerably cooler and result in better performance 
than is obtained from conventional iron and steel parts. 
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In general the physical’ properties of aluminum alloys with 
which a designer is concerned are as follows: 

Specific gravity, 2.7 to 2.9 (cast iron, 7.2; steel, 7.8). 

Heat conductivity, 7.7 B.t.u. per cu. in. per hour per 1 deg. fahr. 
(cast iron, 2.2 B.t.u. per cu. in. per hour per 1 deg. fahr.). 

Modulus of elasticity, Z = 10,000,000 lb. per sq. in. (cast iron, 
E = 15,000,000 lb. per sq. in.; steel, E = 30,000,000 lb. per sq. 
in.). 
Aluminum alloys, cast and heat-treated, recommended as a 
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material for pistons: Yield point, 20,000 to 25,000 lb. per sq. in.; 
tensile strength, 35,000 to 40,000 lb. per sq. in. 

Strong wrought-aluminum alloys recommended for connecting 
rods: Tensile strength, 55,000 to 63,000 lb. per sq. in.; yield 
point, 30,000 to 40,000 lb. per sq. in.; Brinell, 90 to 110; endur- 
ance limit, 15,000 lb. per sq. in. 

Coefficient of thermal expansion, 0.0000123 in. (cast iron, 
0.00000556 in. per 1 deg. fahr. per in.). 

By using these alloys for pistons and connecting rods, a weight 
saving of 50 per cent and 40 per cent, respectively, as compared 
with ferrous materials, becomes possible. 

In order to insure satisfactory results when designing parts in 
aluminum, certain peculiar problems of piston and connecting- 
rod designs will be considered. 


PIsToNs 


The problems in piston design are mainly those relating to 
piston-head design and are as follows: 


1 Estimation of heat absorbed by piston head 

2 Determination of thermal stresses 

3 Determination of stresses due to explosion pressure 

4 Proper provision for heat transfer from head to rings and 
piston skirt. 


A piston head forms the bottom of the combustion chamber and 
is the only part of a piston which comes in actual contact with 
burning gases. These gases being extremely hot, supply, during 
combustion and exhaust strokes, a certain amount of heat which 
flows almost entirely (disregarding radiation, which is considered 
very small) to the cylinder wall through contact areas. 

H. F. P. Purday, on the basis of the experiments carried out by 
Professor Hopkinson and others, evolved diagrams, Figs. 1 and 2, 
showing heat flow to the piston, cylinder liner, etc. (See 
“Diesel Engine Design,” pp. 170-171.) In these diagrams the 
percentage of heat passing to the piston liner, etc., is plotted on 
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the basis of the stroke-bore ratio. The total jacket heat is as- 
sumed to be 25 per cent of the total heat supplied. When an ap- 
proximate estimate of heat flow is needed, as is the case when de- 
signing engine details such as pistons, liners, etc., these diagrams 
are very helpful. 

When using these diagrams, the quantity of heat flow per 
square inch of piston head per hour can be estimated as F - 


18,000 X a X 0.42 X b.hp. f j 
Piston area, sq , where 18,000 is the calorific value 
1 . 


of fuel oil in B.t.u. per lb., a is the heat absorbed by piston in per 
cent of total heat supplied, 0.42 is the usual fuel consumption in 
Ib. per b.hp. per hour for Diesel engines. The value of this data, 
as will be shown later, is needed in computing head thickness and 
thermal stresses. 

Heat absorbed by the piston head flows through the head 
toward the cylinder wall. This condition naturally necessitates 
an assumption of a temperature drop from the center toward the 
edge. In the case of a plain disk of even thickness, which condi- 
tion approximates that of a conventional flat-head piston, the 

FX 

to — KEXK’ 
where 7'c — Tz is the temperature difference between the center 
and the edge of the disk, F is the mean quantity of heat absorbed 
per square inch per hour, D is the disk diameter in inches, ¢ is 
the thickness of a disk in inches, K is the heat conductivity in 
B.t.u. per cubic inch per hour per 1 deg. fahr. This formula 
indicates that with a given heat flow F B.t.u. per sq. in. per 
hour, diameter D, and the thickness of the disk t, the temperature 
difference will be inversely proportional to the heat conductivities 
of the materials involved. Thus, in the case of aluminum alloy 
and cast iron, under these conditions, the temperature difference 


heat flow is governed by formula: 
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for the aluminum disk will be about one-third the temperature 
difference of cast iron. Actual temperature measurements by 
means of thermocouples, made in cases where experience indi- 
cates that cracking is not to be anticipated, show that a safe maxi- 
mum value of T’¢ — Tz for cast-iron pistons is about 400 deg. 
fahr. with a temperature in the center of about 800 deg. fahr. If 
the cast-iron piston is replaced by an aluminum-alloy piston of 
the same head thickness, the temperature distribution in the 
aluminum piston head follows essentially the inverse ratio of heat 
conductivities, as described, or the temperature difference be- 
comes reduced to 130 deg. fahr., and the temperature in the center 
of the piston head will be in the neighborhood of 500 deg. far. 


4 
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‘Thermal stresses in plain disks can be estimated by the formula 
S = (Te where E is the modulus of elas- 
ticity and a is the coefficient of thermal expansion of metals used. 
The thermal stresses set up in the piston head will be more com- 
plicated than in the plain disk, but less dangerous because of the 
strengthening of the head by the trunk of the piston. Thus, the 
formula would not represent the actual thermal stresses in a pis- 
ton head and is used only for comparative purposes. 

With the extreme temperature difference of 400 deg. fahr. al- 
lowed in the cast-iron piston, the thermal stresses will be about 
13,500 to 15,000 Ib. per sq. in., depending upon the value of 
modulus E (12,000,000 to 15,000,000 Ib. per sq. in.). These 
stresses appear to be high for cast iron (ultimate strength, 25,000 
lb. per sq. in.) and may serve as a forewarning, showing the 
thermal limitations of the metal. In the case of the aluminum 
alloys used in pistons, though the modulus of elasticity and ten- 
sile strength are affected by high temperatures, and at 500 deg. 
fahr. become correspondingly 5,500,000 and 26,000 lb. per sq. 
in., the thermal stresses in aluminum disks with a temperature 
(To —Tr)X EX a_ 


9 


difference of 130 deg. fahr. will be only S = 


130 5,500,000 * 0.0000123 
2 

of aluminum alloy for pistons at 500 deg. fahr. = 18,000 lb. per 

sq. in.). Thisis indicative of a better safety factor and of a wider 

range of application. 


= 4400 lb. per sq. in. (yield point 
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= ———_, which can 


teturning to the formula 7'c¢ — Ts 


FX D? 
be rewritten ast = 
16 K X (Tc 
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calculate the head thickness of a piston for any given heat flow F 
in B.t.u. per sq. in. per hour, diameter D, and for any predeter- 
mined safe temperature difference. As was shown, for the lightest 
cast-iron piston design, which is reasonably safe, the value of 
l'c— Tx becomes 400, and the piston-head thickness can be ex- 
pressed aster = 0.000071 FD*. In order to get a temperature dif- 
ference of 130 deg. fahr.in an aluminum piston, under the same con- 
ditions, the head thickness will be tar = 0.000063 FD*. This indi- 
cates the possibility of a weight saving of 65 per cent as compared 
With cast iron, but usually the sections are cast heavier in alumi- 
num than in cast iron since the main motive for substituting 
aluminum for cast iron is to increase the power (this increases F), 
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and also to provide rigidity comparable or better than cast iron. 
As a result the total weight saving will be about 50 per cent as 
compared with the cast-iron piston. 

In the foregoing discussion, the stresses caused by explosion 
pressure were not taken into consideration, and the thickness 
figured by the formula must be checked to be within safe limits 
to withstand this load. The calculation of the head thickness for 
strength is based on the supposition that the head of a piston is 
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a flat, round disk, supported around the edge and uniformly 
loaded. 
The dangerous section of a flat, round disk will be along the 
diameter. This section is under the action of two bending mo- 
ments acting in opposite directions. The first one is due to the 
explosion pressure and the second is due to the reaction forces of 
the supports (Fig. 3). The resulting moment is the algebraic 
DY X P xX P 
sum of both and is equal to Mg = - 3 _=— 19 = 
X P 
24 


The section modulus of the flat, round disk with thick- 


xX Dt 
. If S designates stresses, then = x 
P 


D,? X P D > 
S = ——, oS = = Allow- 
S 


ness ¢ is equal to 


24 4t? 9 


able stress for aluminum alloys should not exceed 5500 lb. per 
sq. in. If the ¢ calculated for strength exceeds that calculated 
for thermal stresses, it is usually recommended to reenforce the 
head by a longitudinal rib of a depth in excess of ¢ (strength) 
by '/s in. (Fig. 4). The rib should be cast with as big radii as 
consistent with the size of the piston. This diminishes the 
high cooling stresses which are likely to occur with sharp changes 
of section. 

Fig. 5 shows a typical design of an aluminum-alloy piston. 
As the details of the drawing are self-explanatory, it is sufficient 
to add only a few comments. Pistons are usually cast in semi- 
permanent molds, that is, in metal molds having baked sand cores. 


| 
| 
he 
/ : 
| 
| . 
\ - ¥ 
| 
t i 
| | 
q % 
| 
4 
an 
i 
| 
\ 


112 


The chilling effect of the metal mold produces a hard, close- 
grained surface which insures long life for the thrust faces, ring 
grooves, etc. Further, pistons are heat-treated to attain hard- 
ness and strength and to remove casting strains, thus making a 
uniform product. In the following are summed up a few prac- 
tical observations resulting from experience with aluminum-alloy 
pistons: 

1 A large number of deep, narrow rings are better than a small 
number of shallow, wide rings of equivalent contact area. 

2 A fuil-floating wristpin in combination with stepped-up 
bosses and wristpin plugs, as shown in Fig. 5, is preferred to any 
other type. 

3 A stiffening rib cast around the skirt and between the 
wristpin bosses controls distortion and keeps the thrust faces 
round under all conditions. 

4 A full-pressure lubrication of the wristpin bearing is de- 
sirable; aluminum wristpin plugs prevent an over-lubrication 
of the piston. 

5 In many instances the clearances with which aluminum 
pistons can be operated are essentially the same as for cast-iron 
pistons. 


CoNnNECTING Rops 


From a consideration of Rankine’s column formula, around 
which the design of connecting rods is usually built, it becomes 
apparent that considerable weight reduction can be attained 
when a steel rod is replaced by a rod made of strong aluminum 


alloy. The Rankine formula reads as follows: S = 7 + 


L? 
0.000526 X . x= Re , where P is the total load on the rod, A is 


the area at the section of maximum stress, S is the allowable stress, 
L is the length of the rod, R is the radius of gyration of section. 
The first member of the formula, P/A, represents the compression 


per unit of area of the cross-section of the shank, and the second 
2 


L 
member, 0.000526 X 4 x RY takes account of the additional 


stress due to the bending of the shank. R? is the ratio ]/A 
where J is the moment of inertia of the section. This ratio is 
very flexible and is within the control of the designer. The mo- 
ment of inertia depends upon the shape of the section and may 
have different values for the same area. 

Allowable stresses in the case of plain carbon-steel connecting 
rods are approximately 18,000 Ib. per sq. in. and approximately 
24,000 Ib. in the case of chrome-nickel steel. Allowable stress in 
aluminum-alloy connecting rods is approximately 12,000 lb. 
per sq.in. With a given P and L, the Rankine formulas for these 
three rods may be written as follows: 


2 
1 Carbon-steel rod: — + 0.000526 x =x = = 18,000 
L? 
2 Chrome-nickel steel rod: — + 0.000526 xk — x — 
A: R;? 


0.000526 = = 12,000 

It is evident that A: > Az, and consequently the rigidity of 
the rod with area A, is impaired as compared with the rigidity 
of plain carbon-steel rods. An attempt can be made to restore 
the rigidity by increasing R?, but this increases the rigidity only 
in the plane of motion with considerable loss of rigidity at right 
angles to the plane of motion. This indicates that an attempt 
to save weight by using special steels invariably leads to decrease 
in the rigidity of the structure. This is the result of the elastic 
modulus of steel being essentially independent of the composition, 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


mechanical working, and heat treating of steel. In an aluminum 
rod the sectional area A; is bigger than A; or A; of steel rods. 
With increased area A;, a designer has an excellent opportunity 
to shape the section for the best rigidity in both planes, having 
the considerations of clearance between the edges of the cylinder 
wall and rod as the only limiting factors against this ambition. 

With a given P and L, the rigidity of the shank will be in direct 
proportion to the product of the elastic modulus of the material 
and the moment of inertia of the section. This indicates that 
in order to attain the same rigidity in the aluminum rod as in the 
steel rod, it is necessary to have the equation Ear XJ =Esr 
I ST: 

As the elastic modulus of steel is three times greater than that 


of aluminum, this equation becomes /4z, = 3 X Isr. As the mo- 
Y 
Yj; 
y 0.250 
§ 
| « 0.328 Xi 
ZZ 
= S 
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Fic. 6 INcREASE OF DIMENSIONS FOR RiarpiTy oF I-Bram IN Bort 
SECTIONS 
Area Ixx Iyy 
Steel rod 0.750 0.219 0.043 
Aluminum rod 1.297 0.655 0.129 
Area aluminum rod 1.297 
Area steel rod “0.750 1.783 
_ 0.655 _ 0.129 _ 
Ist 0.219 0.043 


ments of inertia are in direct proportion to the fourth power of 
linear dimensions, it is evident that to satisfy the equation, it 
is necessary to increase the linear dimensions by ~/3 = 1.316 
or 31.6 per cent, with consequent increase of area by V3 = 
1.732 or 73.2 per cent. From the consideration of specific gravi- 
ties for forged aluminum alloy and steel (correspondingly 2.5 
and 7.9), the apparent weight saving for the foregoing conditions 
7.9 — 2.8 1.732 
becomes 7 


From the 


= 38.6 per cent. 


i. 
= 24,000 
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example given in Fig. 6 proper increase of dimensions in the I- 
beam section for equal rigidity in both planes can be observed. 
Whenever there is no interference anticipated between the rod and 
cylinder wall, this change in cross-section is possible; otherwise, 
it requires less efficient metal distribution, with consequent in- 
creases of sectional area and weight. But even under the most 
unfavorable condition, the weight saving in the shank of the rod 
is nearly 30 per cent. 

The weight saving in the wristpin and crankpin ends of the 
rod is considerably greater than is possible in the shank. This 
becomes evident from the following consideration: As the bear- 
ing width remains the same for aluminum and steel rods, the only 
possible change in dimensions will be an increase in the wall 


tar® 
thickness. In this case the ratio —- = 3 becomes equal to rae 


ST 
where t = thickness of wall. 
This indicates that a necessary increase of thickness, in order 
to attain the same rigidity as in steel, will be ./3 = 1.442 or 
7.9 1.442 2.8 


7.9 

49 per cent. From the foregoing considerations it becomes ap- 
parent that the total weight saving of 40 per cent in replacing 
the steel rod with aluminum is a very conservative estimate. 

As the rules applicable to steel-rod design remain the same for 
aluminum, it will be sufficient to mention only a few suggestions, 
as follows: 

1 It is necessary to avoid sharp corners in the machining or 
the spot facing of a recess for the bolt nut and head. Radius 
should be '/;. in. minimum (Fig. 7). 

2 Direct babbitting of the big end of aluminum rod is given 
preference over that of steel or bronze-backed shells. A natural 
bond between babbitt and aluminum insures a very quick evacu- 
ation of heat from the bearing, and the bearing metal is more 
rigidly supported by the solid sections of the rod itself. 


44.2 per cent, with a weight saving of nearly 
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3 A bronze bushing with floating pin in small end of the rod. 

4 Minimum draft angles 10 deg. in drop-forged rods. 

Polar diagrams of big end-bearing loads for aluminum and steel 
rods are shown with a weight reduction of 40 per cent established 
in pistons and connecting rods where aluminum is substit uted for 
iron. This is the case of a six-cylinder Diesel engine, 6'/.-in. 
bore, 8°/,-in. stroke, with a normal operating speed of 1000 r.p.m. 
This engine may be considered at the present time as belonging 


Fie. 7 Minimum Rapius Recess 
to the high-speed class. Improvements in fuel-injection methods, 
however, indicate that in the near future engines of this type may 
have the rotative speed increased to 1500 r.p.m. The complexity 
of thermal and mechanical difficulties arising from attempts to 
increase the engine speed and still preserve intact the reliability 
and longevity of parts common to slower speed engines will not 
be discussed here; therefore only the problem of bearing-load 
reduction in connection rods will be considered. 

Table 1 indicates the comparative weights of iron and alumi- 
num pistons and connecting rods and the weight reduction of the 
reciprocating and rotating masses thus effected. 
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TABLE 1 


Iron, Aluminum, 
lb. Ib. 
Piston. . 22 ll 
Connecting rod.... 25 15 
Total reciprocating weight. . 33.5 22.65 
Rotating weight......... 16.6 10 


The diagram, Fig. 8, was made by using the figures of Table 1 
asabasis. The polar diagram, Fig. 9, compares unit bearing load 
and PV factor for both rods at 1000 r.p.m. Though bearing loads 
and PV are not very high at this speed for both steel and alumi- 
num rods, it is of interest to note, however, that to get the same 
PV using aluminum rods as when using steel rods, the engine 
speed can be increased 10 per cent or up to 1100 r.p.m. (unit 
bearing load, 410 lb. per sq. in.; V = 18 ft. persec.; PV = 7400 
ft. lb. per sq. in. per sec.). At 1000 r.p.m., the normal rating of 
this engine is 180 b.hp. and it is safe to assume that at 1100 r.p.m. 
the output is increased in direct proportion with the increase of 
speed, or almost to 200 b.hp. The polar diagrams, Fig. 10, are 
prepared for the same rods in 1500 r.p.m. At this speed the ad- 


Aluminum Rod 


Loaps IN BEARINGS OF ALUMINUM AND STEEL CONNECTING 
Rops at 1000 R.p.m. 


(Diameter of crankpin, 3.75 in.; projected bearing area, 11.5 sq. in.; rub- 

bing velocity, 16.35 ft. per sec. For aluminum rod: Mean bearing load, 

340 Ib. per sq. in.; mean PV at 1000 r.p.m., 5560 ft-lb. per sq. in. per sec. 

For steel rod: Mean bearing load, 450 lb. per sq. in.; mean PV at 1000 
r.p.m., 7350 ft-lb. per sq. in. per sec.) 
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vantage of lower unit bearing load and PV will be still more ap- 
preciated if the heat-dissipating ability of aluminum is also con- 
sidered. 

If the PV value is not the limiting factor, as may be the case in 
some instances, quite often the consideration of critical speed 
sets the limit for speed increase. In this case the weight reduc- 
tion in reciprocating and rotating masses again is very helpful, 
as it removes the range of critical speeds to higher values. 

The critical speed of an engine occurs when the natural fre- 
quency of revolving masses coincides with the frequency of 
power impulses. In the case of a six-cylinder, four-cycle engine, 
if 1000 r.p.m. will be a critical speed, the natural frequency will 


F [ws 
be equal to 3000 per min. : WwW’ where F is the natural 
1 


PF, 
frequency of the rotating system and W is the total rotating 
weight. This equation holds true only when the location of the 
node is not changed with change of rotating weight. 
Weight reduction in reciprocating parts in the engine is 10.85 
Ib. per cylinder, or 65 lb. for the whole engine. Only half of this 
weight, or 32.5 lb., can be included when considering rotating 
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masses. On the big end of the rod the weight reduction effected 
is 6.66 lb. per rod, or 40 lb. per engine. As this engine has a 
counterbalanced crankshaft, in order to preserve balancing, the 
same weight must be removed from the counterweights. This 
makes a total weight reduction in rotating masses of 112.5 lb. 

As was shown, the natural frequencies for a given system are 
inversely proportional to the square root of the rotating weights 


Aluminum Rod 


Stee! Rod 


Loaps IN BEARINGS OF ALUMINUM AND STEEL CONNECTING 
Rops at 1500 R.p.M. 


(Diameter of crankpin, 3.75in.; projected bearing area, 11.5 sq.in.; rubbing 
velocity, 24.57 ft. per sec. For aluminum rod: Mean bearing load, 563 Ib. 
per sq. in.; mean PV at 1500 r.p.m., 13,830 ft-lb. per sq. in per sec. For 
steel rod: Mean bearing load, 794 lb. per sq.in.; mean PV at 1500 r.p.m., 

19,500 ft-Ib. per sq. in. per sec.) 
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ratio, and the new natural frequency with a weight reduction of 


3000 3000 
112.5 lb. will be equal to F; = ————=_— = ———.._[n 
—112.5 112.5 
Wi Wi 


112.5 
the case of TT, = ().25, which is very possible, as the total origi- 
1 
nal rotating weight for this size of engine hardly could exceed 450 
3000-3000 


V0.75 0.866 
3470 per min., or the engine speed can be safely increased to 1154 
r.p.m. with corresponding increase in power. If PV and critical 
speed are not the limiting factors, and a speed of 1500 r.p.m 
can be attained, consideration of the diagram of Fig. 10 will indi- 
cate that, for given conditions, the bearing in an aluminum rod 
will outlast that in a steel rod. The aluminum-rod bearing wil! 
run considerably cooler, not only because of a smaller unit bearing 
load and PV, but because of the superior heat-dissipating ability 
of aluminum. This results in cooler lubricant, which, retaining 
heavier body, separates two rubbing surfaces in a more efficient 
way, thus prolonging the life of the bearing. 

[Nore: The derivation of the basic formulas, treated briefly in 
this paper, are explained in more detail in the author's paper, ‘‘ Diese!- 
Engine Alloy Pistons, an Engineering Analysis,’’ Oil Engine Power, 
vol. 7, nos. 7 and 9 (July and Sept., 1929), pp. 339-402 and 516-517.) 
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2 Associate Professor, Internal Combustion Engines, University of 
Minnesota, Minneapolis, Minn. Mem. A.S.M.E. 
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of the bearings in the big end of the connecting rod. What 
provision is then made to take care of the additional clearance 
in this bearing when it becomes hot? The coefficient of ex- 
pansion of aluminum is approximately twice that of the steel 
in the crankshaft, which should produce excessive clearance 
when the bearing is hot or too tight a fit when the bearing is 
cold. Assuming 100 deg. fahr. temperature rise, the clearance 
of a 3-in. bearing would increase about 0.002 in. 

Some automobile manufacturers use steel caps in combi- 
nation with aluminum connecting rods to reduce the amount 
of expansion. Is this practice found necessary in heavy in- 
dustrial engines? 


Avutuor’s CLosuRE 


Steel bearing caps, as a measure of reducing the amount of 
expansion in the big end of aluminum connecting rods, are not 
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needed in industrial engines. It has been found sufficient to 
fit this bearing with somewhat closer clearances than is customary 
in steel rods. A temperature range in bearings of industrial 
engines between the cold starting conditions (70 deg. fahr.) 
and the normal operating conditions (180 deg. fahr.) permits 
satisfactory and safe clearances to be obtained. The tendency 
of aluminum rod bearings to increase the clearances when hot 
is sometimes found to be beneficial as more oil passes through in- 
creased clearances, with considerable cooling effect on the bearing. 

At the present time the use of aluminum connecting rods 
with steel caps has been confined to automobile engines, as here 
the temperature range in bearings may vary from sub-zero at 
starting to 250 deg. fahr. or more at operating conditions. The 


steel cap removes the trouble sometimes experienced with the 
all-aluminum rod, if initially fit too tight, of the freezing of the 
rods on the crankpins in sub-zero weather. 


Pay, 
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The Diesel-Engine Situation Today 


By MAX ROTTER,' ST. LOUIS, MO. 


The first commercially successful Diesel engines were a 
product of American manufacturers, but now large Diesels 
are being built principally in Germany. This country, 
however, is making considerable headway in manufacture 
of engines up to 1000 b.hp. per cylinder. The author dis- 
cusses developments in atomization, combustion, and 
supercharging. He feels that there is now a need for 
standardization, but it must not interfere with progress. 


N 1898 the first Diesel engine in the world, to be put into 
I commercial service, was built by Adolphus Busch and in- 

stalled in the Anheuser-Busch brewery in St. Louis. Be- 
tween that time and 1912, the Busch organization designed and 
sold the only Diesel engines built in this country. In 1912, 
when the Busch-Sulzer company started its new factory, this 
type of engine was being built, both here and in Europe, solely 
for stationary service, and when the plant was laid out, the en- 
gineers considered themselves quite optimistic when they set as 
the probable limit in engine size, a cylinder of 400 b.hp. and 
an engine of six such cylinders. Fortunately the overall di- 
mensions and weight of this engine were determined on the basis 
of the then current piston speeds and heavy designs, so that 
the factory, as actually built, can turn out engines of more than 
three times the then estimated probable limit of power. These 


circumstances are mentioned to bring out the phenomenal ex- 

pansion that has taken place in the intervening 18 years. 
Today there is not one field of power generation and use that 

has not been penetrated by the Diesel, from the aeronautic 


engine to the large stationary engine of 15,000 b.hp. And by 
far the greatest and most rapid expansion has been in the ap- 
plication of the Diesel to marine propulsion, executed for the 
first time, in 1905, by Sulzer Brothers, in Switzerland, as a two- 
cycle, and in 1908, by Nobel, in Russia, as a four-cycle engine. 

It is but fitting that this survey of the past include the rec- 
ognition that is due, but has never been accorded to the Ameri- 
can engineer who, at the very beginning, impressed his ideas upon 
the Diesel of two decades; namely James D. McPherson. It 
was he who designed the first trunk-piston type and the first 


1 Vice-President of Engineering Busch-Sulzer Bros.-Diesel Engine 
Co. Mem. A.S.M.E. The author was born in London, England, 
August 13, 1867. Educated in City of London School. From 1883 
to 1888 he was apprenticed with Greenwood & Batley, Leeds, Eng., 
builders of steam engines and special machinery, while attending 
engineering courses of Governmental Science and Art Department, 
South Kensington, and of City and Guilds of London. From 1888 
to 1891, draftsman for Maxim-Nordenfelt Co., Erith, England. 
He came to the United States in 1891, and worked as machinist with 
Browne & Sharpe; 1891 to 1894, chief draftsman for Walker Manu- 
facturing Co., Cleveland; 1894 to 1911, first as draftsman and me- 
chanical engineer for Fraser & Chalmers, Chicago, later as me- 
chanical engineer, and finally chief engineer for Allis-Chalmers Com- 
pany, Milwaukee, during which time made special investigations 
in Europe, as a result of which Allis-Chalmers Company took up 
manufacture of steam turbines and large gas engines. From 1911 
to date, chief engineer, and since 1917 vice-president in charge of 
engineering for Busch-Sulzer Bros.-Diesel Engine Co., St. Louis, 
and doing private work as consulting mechanical engineer in Mil- 
waukee. During World War, he supervised designing submarine 
engines for U. 8S. Navy. 

Presented at a meeting of the Washington, D. C., Section, May 8, 
1930, of Taz American Society OF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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multicylinder, vertical Diesels in the world; who developed a 
fuel pump and its governor control that are typical of those still 
being built; who showed, in his design of the combustion chamber, 
that he had a true understanding of penetration, diffusion, and 
turbulence that by many years antedated the adoption of these 
terms; and who installed the first Diesel engines in the world 
to run on coal tar, which they did successfully, for many years, 
in the plant of the United Gas Improvement Co. in Philadelphia. 

McPherson’s engines were the original type A, Busch-Sulzer. 
They were not as refined as modern designs; but 65 of them have 
been in regular operation more than 20 years; the dean being 
a 225 b.hp. engine, installed in Texas in June, 1904, and still 
going strong. It is worth noting that the fuel consumption 
of these early engines was about as good as that of quite modern 
Diesels, namely 0.42 to 0.43 lb. per b.hp.-hr. Incidentally, 
such records should serve to condemn the habit of many engineers, 
of estimating the useful life of a Diesel engine as 10 to 15 years. 

It is a lamentable fact that Europe has now far outrun us 
although it was this country that in the beginning established 
the type for Diesel engines. Those who read trade journals 
that contain news of Diesel engines, cannot fail to be struck by 
the fact that we have not built a single stationary engine of 
over 4000 b.hp.; while, for example, Germany last year built 
two of 11,500 b.hp. each, and is building 5 stationary engines of 
5000 b.hp. each for a single South American installation. In 
the marine field the comparison is still less pride-inspiring. Last 
year European countries completed 135 motorships of 3000 gross 
tons and over, with an aggregate propelling power of nearly 
600,000 s.hp. of Diesels, only 3 of which ships were for American 
account; while we did not turn out a single such motorship, 
our output being limited to the conversion by the Shipping 
Board of 10 ships, of a little over 6000 gross tons each, with a 
total of less than 40,000 s.hp. Among the European-built 
ships are notable the St. Louis and Milwaukee, each of 17,000 
gross tons, and each powered by 12,500 b.hp. in M.A.N. 2- 
cycle Diesels; also 3 ships for the New Zealand Shipping Com- 
pany, each of 17,600 gross tons, and each powered by two 5000 
b.hp., 5 cylinder, 2-cycle, Brown-Sulzer Diesels. And none of 
the foregoing figures include Japan, which last year completed 
the Asama Maru, of 16,500 gross tons and 15,000 s.hp., in 2-cycle 
Sulzer Diesels. 

It would be ridiculous to assume from the foregoing that we, 
in this country, are incapable of producing large Diesels, equal 
to those built in Europe. We have always excelled in large 
things. In the sister industry we have designed and built the 
world’s largest gas engines, which are operating successfully on 
leaner gases than are used anywhere in Europe. That the Ameri- 
can Diesel industry generally turns to Europe for its large en- 
gine types, and restricts itself to adapting these to American 
methods and conditions, is natural, in view of the limited demand 
we have enjoyed, which has not justified the expense of inde- 
pendent development. Even our Navy has adopted a German 
design of submarine engine. One wonders whether our ship- 
ping industry is following the same fatuous course it did 70 
years ago, when it lost its supremacy on the seas by clinging to 
the sailing clipper, of which it was justly proud, while Europe 
adopted the steamship. 

While we are marking time in large Diesels, we have, in the 
past few years, proceeded very rapidly in engines of smaller 


rer. 
ij 
| 
4 
= 
¢ “af 
3 
“Se 
j 


118 


capacities. The Diesel locomotive is making headway in capaci- 
ties up to 1000 b.hp.; the Diesel railcar is an established ve- 
hicle, the aeronautic Diesel has been perfected, and the auto- 
motive Diesel is coming to the fore. It is not egotistical to assert 
that we are doing more research work relating to liquid-fuel 
injection and combustion than any other country. 

While the investigation of the processes of fuel injection is far 
from complete, and has unfortunately been confined to airless 
injection, we are learning the limitations of jet penetration and 
diffusion—knowledge that is vital in the design of large airless- 
injection engines. This explains why such large engines gener- 
ally show mean pressures much below those attained in their 
smaller prototypes. At present, airless-injection engines with 
cylinder bores larger than 24 in. show mean indicated pressures 
below those attained with air injection; while in smaller engines 
the reverse is the case. These researches also explain the proved 
desirability of imposed turbulence in an airless-injection engine; 
and give a clearer understanding of some of the functions per- 
formed by the spray air of an air-injection engine, beyond that 
of merely spraying the fuel into the cylinder; namely, the crea- 
tion of turbulence and the improvement of diffusion by the in- 
timate mixing of air and fuel during injection, and the expansion 
of the spray air, as well as its jet velocity as it enters the cylinder. 

Difference of opinions have developed concerning atomization 
and combustion, and, while some of them may be academic, they 
are interesting. As a matter of fact many will probably affect 
the design of Diesels as little as the theories of water-drop for- 
mation in the vapor affect the design of condensers. Little 
concerning atomization has yet been established beyond the 
fact that the drops of fuel break up as they travel through the 
compressed air. Undoubtedly a certain amount of atomizing 
is caused by the sudden expansion of the fuel, as it leaves the 
nozzle. After that, one theory is that the pressure against the 
leading side of the drop flattens it, until the fluid tension is 
overcome, and the drop breaks up; another, that the velocity 
of the drop creates a pressure reduction behind it, the drop as- 
sumes a streamline shape, and its trailing end is gradually tri- 
turated. Then there is the question whether vaporization or 
gasification precedes combustion, or the drop burns directly on 
its surfaces. Intricate calculations of flame propagation, which 
were inherited from gas-engine theories, seem to have been 
wasted effort. It may even be doubted that combustion proceeds 
according to the commonly accepted pictures; that is, accom- 
panied by projected flames. Possibly it proceeds in the manner 
in which finely divided iron combines with oxygen, when in- 
troduced into it. That it is flame that issues from a cock in the 
cylinder may be due to the lower outside pressure. 

The remarkable thing is that these processes can be accom- 
plished in the time available for them, sometimes a little over 
two-thousandths of a second. Without practical demonstration 
this would seem to indicate the advisability of preventing the 
atomized fuel from striking a surface by which its combustion 
would be retarded until it is decomposed; nevertheless there is 
evidence that the drop may strike a hot piston surface and be 
broken up, the smaller drops rebounding from it, due either to 
their resilience or to the pressure of vapor formed under and 
within them, as a drop of water explodes on a hot stove lid. 
Likewise, the drops of fuel should not collide, unless while their 
velocity is still high enough to disrupt them, and before it is low 
enough to allow them to coalesce. 

In conjunction with questions of fuel injection in Diesel 
engines, it is interesting to consider that of excess air; that is, 
the large percentage of the air, contained in a cylinder, that is 
not required for the combustion of the fuel. This excess air 
is generally about one-half of the total, sometimes nearly two- 
thirds, and rarely less than 40 per cent. The natural snap judg- 
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ment is to ascribe this to lack of perfection in the fuel-injection 
process, and to assume that perfecting the process would afford 
some of the advantages now attained by supercharging. While 
it may be true that, even if it were desirable, we are not yet able 
to consume a greater proportion of the air and attain smokeless 
combustion; it is doubtful that we could, at this date, go much 
farther in that direction, being limited by the temperature re- 
sistance of available materials; and it is equally true that we 
could not attain anywhere near the complete utilization of the 
oxygen, without a substantial loss in overall efficiency, and 
without an increased engine cost. Ordinarily the air, in a 
Diesel cylinder, is compressed to about 6'/2 per cent of its orig- 
inal volume, attaining a pressure of 480 Ib. absolute, and a 
temperature of 880 deg. fahr.; in this air is burnt a given weight 
of fuel, say at normal engine load about one-half of the weight 
for which the air could supply the necessary oxygen, the volume 
of air and gases expands to about 2'/, times the original volume 
of compressed air, with little increase in pressure but with an 
increase in temperature to about 2700 deg. fahr. The air and 
gases then expand about 6!/; times in volume, and to a pressure 
of about 50 lb. absolute, performing work equivalent to a mean 
indicated pressure of about 115 lb. per sq. in. of piston area. 
Should 50 per cent more fuel be burnt in the same quantity of 
air, the temperature at completion of combustion would increase 
to at least 3700 deg. fahr., too high for ordinary present-day 
materials and design. These conditions do not exist in a properly 
proportioned supercharged engine in which the air excess is 
considerably greater than in a non-supercharged type. 

Supercharging, by which is understood the artificial increasing 
of the weight of combustion air with which the cylinder is charged 
before the fuel is injected, is gaining some adherents. Witness 
the propelling engines installed by Harland & Wolf in the motor- 
ship Llangibby Castle, each engine normally rated at 3200 b.hp., 
and capable of developing 4250 b.hp. when supercharged. 

The general idea of supercharging is quite old; 20 years ago 
Sulzer Bros. were experimenting with it, but were turned aside 
temporarily by more urgent lines of development, such as the 
two-cycle engine. 

There are several systems of supercharging. The best known 
are the Rateau and the Buechi, both of which provide the super- 
charging air by means of centrifugal blowers, driven by tur- 
bines using the exhaust gases of the engine as motive fluid. In 
general, these systems are similar to that developed in this 
country, under Dr. Moss, of the General Electric Company, 
for supercharging the gasoline engines of aircraft, to maintain sea- 
level air conditions in the engines, at high altitudes and thus enable 
the engines to carry almost full load regardless of the rarified 
atmosphere. As stated before, by proper adjustment of the 
compression ratio and the air excess, these supercharged engines 
are not subjected to higher temperatures or higher maximum 
pressures than those existing in similar normally charged en- 
gines; although, of course, the average cylinder pressures are 
higher. The pressure of the supercharging air is about equal to 
the pressure of the exhaust gases, generally 18 to 20 Ib. absolute; 
and the capacity increase of the engine, 30 to 40 per cent. 

In the Buechi system the speed of the blower and therefore 
the pressure of the supercharging air automatically adjust them- 
selves to the existing engine load, due to the variation of the 
exhaust pressure with the load. The result is high efficiency, and 
a very flat fuel-consumption curve. This system is, therefore, 
suitable for continuous operation. To date it has been applied 
exclusively to four-cycle engines; although it might well be 
applied to certain two-cycle types. The reason why the latter 
has not been done lies in conflicting patent interests. 

Distinguished from the former systems of supercharging, in- 
tended as a regular condition of operation, is the Sulzer system 


> 
- 


OIL AND GAS POWER 


intended primarily to increase the overload capacity of a two- 
cycle Diesel engine. In this system the supercharging air is 
furnished by a compressor, attached to the engine, which com- 
pressor comes into and goes out of action under control of the 
engine governor, so that supercharging takes place only at the 
higher engine loads. The automatic valves in the upper tier of 
the Sulzer scavenging ports for the normal scavenging and charg- 
ing are supplemented by timed valves, controlling the delivery 
of supercharging air to the cylinder, so that the latter air, fur- 
nished by the supercharing compressor, is admitted only toward 
the end of the charging period; that is, after the piston has 
covered the exhaust posts, and before it covers the upper scaveng- 
ing ports. With this arrangement the capacity and power con- 
sumption of the supercharging compressor are reduced to the 
minimum. The capacity of the engine may temporarily be in- 
creased as much as with the Buechi system; but the fuel efficiency 
of the engine is adversely affected to the extent of about 5 per 
cent, due to the power consumed by the supercharging pump, 
even when not in action. However, it is an inexpensive means to 
increase the peak capacity of an engine, and when the available 
space does not permit the installation of a larger engine. 

Still another system of supercharging has been applied to 
certain German four-cycle engines, for the same purposes as 
accomplished by the Sulzer system. In this system also, the 


supercharging air is furnished by a compressor attached to the 


engine. In addition to the normal admission valve, a timed 
supplementary piston valve is provided, which gives access of 
atmospheric air to the admission valve during the earlier portion 
of the suction stroke, and of supercharging air during the later 
portion of the stroke. This, as in the Sulzer system, reduces the 
dimensions and power consumption of the charging compressor, 
below what they would be if all of the charging air were fur- 
nished by it; but it, too, increases the fuel consumption at all 
loads. 

As in the Buechi system, the compression and air excess in 
the Sulzer and German supercharged engines are adjusted so 
that the combustion temperatures will be substantially the 
same as in the un-supercharged engine. The process of scaveng- 
ing, that is, clearing the cylinder of the products of the previous 
combustion, has a close relationship to supercharging, and is re- 
ceiving considerable attention. 

The scavenging of a four-cycle engine is an obvious process. 
When the exhaust valve is opened, the major portion of the prod- 
ucts of combustion are expelled from the cylinder by their 
expansion; the remainder is pushed out by the piston. This 
necessitates opening the exhaust valve against the terminal 
pressure in the cylinder, about 35 lb., requiring rugged valve 
gearing. Attempts have been made to reduce this work by 
providing exhaust ports, uncovered by the piston near its outer 
dead center, but the complication of this construction has not 
been justified by its advantages. A recent invention provides 
a smaller relief valve, within and opening in advance of the main 
exhaust valve, but it is almost a foregone conclusion that this, 
also, will not be worth while. 

The scavenging of a two-cycle engine is a more difficult prob- 
lern, including, as it does, the simultaneous recharging of the 
cylinder. These processes must both be accomplished in 40 to 
50 deg. of crank travel, as compared with 360 deg. available for 
the same, in a four-cyele engine. Moreover, the process is not a 
definite mechanical one, as it uses air to displace the spent gases, 
and it has therefore been and still is the subject of considerable 
experimentation, including, as it does, the creation of the de- 
sired character of turbulence. All such experiments suffer from 
the same limitations. They are made with a substantially 
constant stream of air, through a constant cylinder volume, 
against a constant pressure, through constant openings, without 
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disturbing mechanical motions within the cylinder. They have 
been of value, however, in pointing the direction of ‘‘cut-and- 
try” experiments, but can scarcely be considered as more than 
remote indications of processes that are complicated by the varia- 
tion in pressures, and stream velocities and directions, caused 
by the progressive uncovering and covering of ports by the piston; 
by the variable cylinder volume; and by the already existing 
turbulence of the gases due to their expansion and outflow. 
Every catalog picture, illustrating a scavenging system, shows 
clean-cut curves and loops, embellished with arrowheads, some- 
times in two colors, red for the hot exhaust gases, blue for the 
pure cold air, which indicate what might reasonably be expected 
if the cylinder were a vertical slice through a hemisphere, with a 
scavenging port to the east, and an exhaust port to the west. 

It does not appear that any Diesel designer has yet attempted 
to scavenge and charge a two-cycle cylinder through exhaust and 
scavenging valves, both in the cylinder head. All other com- 
binations include piston-controlled ports, either for exhaust, 
or for scavenging, or for both. Most of the earlier two-cycle 
engines exhausted through ports and admitted scavenging air 
through valves in the head; but this arrangement has been 
almost universally abandoned. Reversing the process, we now 
find the new B. &. W. two-cycle, double-acting engine admitting 
scavenging air through piston-controlled ports, and exhausting 
through timed valves in the cylinder heads. This, including 
the use of the exhaust valves as supplimentary power pistons, 
is decidedly the most novel development of last year, and the 
performance of the engine in the Amerika will be watched with 
keen interest. Its reported efficiency and capacity are remark- 
able for a double-acting, airless-injection engine. 

The simplest arrangement has been most generally adopted, 
piston-controlled ports for the scavenging air around one-half 
the cylinder circumference, and the same for the exhaust around 
the opposite half, but in at least one construction the scavenging 
and exhaust ports alternate around the whole circumference. 
Usually the exhaust ports are first uncovered by the piston, and 
the scavenging ports somewhat later, the interval being sufficient 
to allow the pressure in the cylinder to fall below that of the 
scavenging air. This arrangement affords the least time for 
charging, and under certain conditions allows exhaust gases to 
blow back into the cylinder. An improved condition is ob- 
tained, in engines like the Fiat and Setz, by locating the edges 
of both scavenging and exhaust ports so that they will be un- 
covered simultaneously, and providing the former with inwardly 
opening valves. Neither of these arrangements enables the 
charging of the cylinder to a pressure higher than the exhaust 
back pressure; in fact, the eductor action of the exhaust may 
cause an under-pressure in the cylinder charge. There are 
examples of increasing the back-pressure, by throttling the ex- 
haust, but this is liable to affect the scavenging adversely, and 
should be resorted to only to assist in equalizing the work among 
the several cylinders. 

The arrangement that most nearly fulfills the desired condi- 
tions is that developed by Sulzers, and improved by Reale, in 
which the scavenging ports are arranged in two tiers, the upper 
being provided with automatic inwardly opening valves, and 
being uncovered before and re-covered after the exhaust ports, 
thus providing the maximum time for charging. 

A marked tendency at this time is toward airless injection. 
Although this system has long been in use on engines of smaller 
capacities, and has been applied to large engines, by M.A.N. 
occasionally, by Doxford more extensively, and with marked 
success in the A.E.G.-Hesselman engine, its more general use 
in large engines has recently increased notably. A comparison 
of the performance of air injection and airless quickly dispels 
the former common belief that the efficiency of the airless is 
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higher to the extent of the power consumed by the injection air 
compressor, which consumption has ordinarily been stated to be 
10 per cent of the power developed by the engine. The average 
airless-injection engine actually consumes only about 5 per cent 
less fuel than an equivalent engine with air-injection. 

The injection of 1 lb. of fuel requires about 20 cu. ft. of free 
air, compressed to 800 to 1000 lb. pressure. If these quantities 
are considered as being per minute, they would apply to an engine 
of about 150 b.hp.; and the compression of the spray air would 
consume about 10 b.hp. In ordinary practice, adjustments 
are not made so closely, and the compressor load may readily be 
50 per cent higher than this, apparently justifying the stated 
consumption of 10 per cent. The spray air is compressed in 
three stages, and cooled to about atmospheric temperature before 
it reaches the fuel valve. Thus the conditions are, roughly, 
that air at say 900 lb. pressure and atmospheric temperature in 
the fuel valve, enters the power cylinder with a pressure drop 
to say 475 lb. There its temperature is raised by the compressed 
air in the cylinder, to about 840 deg. fahr. From this point the 
spray air acts as part of the compressed-air charge in the cyl- 
inder, expanding and performing work on the piston, just as 
does the air compressed in the cylinder itself, whether the injec- 
tion be by air or airless. The actual power chargeable to the 
compressor is, therefore, its friction (say 2'/2 hp.), plus the power 
consumed in compressing the spray air from 475 to 900 lb. 
(say 1'/2 hp.); this sum, liberally figured, is thus less than 3 
per cent of the net engine output. The weight of the air in 
the compressor space of the engine is about 30 lb. per pound of 
fuel, and its temperature, as stated, about 880 deg. fahr. before 
being cooled by the injection air. The acceleration and atomiza- 
tion of the fuel consumes about the same power as in an airless- 
injection engine, say */, hp. per lb. of fuel per min., and the tem- 
perature of the whole cylinder contents is reduced about 40 
deg. fahr. To overcome this and place the engine on a par with 
airless injection, the compression in the power cylinder of the 
air injection is increased about 20 lb., adding to the work of 
compression about 2'/: hp., which is absorbed by the cooling 
effect of the spray air. Thus, the total power consumption, in 
such an engine, chargeable to air injection, ranges from 6!/2 to 
8 hp., or about 41/2 to 51/2 per cent of the engine capacity. 

The foregoing accounts for the difference in fuel consumption, 
and the higher compression usual in air-injection engines. The 
figures are, of course, subject to modification according to the 
size of the engine, and the commercial value of the saving must 
be adjusted to the prices of the fuels that may be used success- 
fully in the respective engine types. It must not be assumed that 
the higher efficiency, simplification, and reduced first cost of the 
airless-injection engine are gained without some sacrifice in 
ability to use fuels that may be cheaper, and this disability may 
become important if and when liquid fuels other than petro- 
leum, shall be produced to sell at prices below those of petroleum, 
and this is not an unlikely development. 

Other tendencies in construction and arrangement, some of 
which may be overstepping the desirable limit, and about each 
of which much could be said if time would permit, are the double- 
acting engine; Diesel-electric propelling engines, as installed 
in the coverted American ships Triumph, Courageous, and 
Defance, a type of propulsion that has not found favor in Europe; 
Diesel-geared propulsion, as installed in a number of large 
European ships, including the recently commissioned St. Louis 
and Milwaukee, with 12,000 s.hp. each, and the much discussed 
Ersatz Preussen, with 50,000 s.hp.; but in only one moderate- 
sized American ship, the Herman Falk, with 2600 s.hp. There 
is also the composite steam turbine and geared Diesel installation, 
in a naval cruiser, in which the center propeller, consuming 12,000 
b.hp. will be Diesel driven, to obtain high efficiency and long radius 
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of action at the ordinary cruising speed of 18 knots and in which 
the two outboard propellers, each consuming 30,000 b.hp., will 
be driven by steam turbines, to enable a ship speed of 32 knots 
when necessary. 

It is natural that in an industry that has grown to the magni- 
tude of Diesel manufacturing, there should be an urge toward 
standardization, and standardization confined to proper chan- 
nels is most desirable, but it must not overflow into domains in 
which it would retard progress, or discountenance efforts toward 
improvement. For example, it is clearly most desirable to 
standardize the form and dimensions of articles, also the com- 
position and properties of materials, if such articles and ma- 
terials are extensively used, but it is most undesirable to stand- 
ardize the application and conditions of use and service of such 
articles and materials. Where would the steam-turbine in 
dustry be if the speed, steam pressure, and steam-temperature 
conditions had been standardized or limited 25 years ago, leaving 
no incentive for engineering skill and metallurgical research, 
beyond that of endeavoring to reduce the cost of manufacture? 
Standardization must not be such as will abridge the effort to 
improve, as well as to reduce cost, by skillful design and the 
intelligent selection of materials. The recently suggested limi- 
tation or standardization of Diesel-engine ratings, on the basis 
of mean indicated pressures, would appear to come within this 
proscribed territory. This limitation has been predicated on the 
theory that the Creator gave us certain materials, which possess 
definite properties; it must not be overlooked that He gave us 
also brains to modify such properties by combinations and treat- 
ment of such materials, and to select materials according to 
their intended use and service. Consider, for instance, the 
piston head of a Diesel. It may be well designed or poorly de- 
signed; it may be cooled or uncooled; it may be made of or- 
dinary or special-alloyed cast iron; of forged or cast carbon or 
alloyed steel, or of aluminum or magnesium alloys; and super- 
imposed on this choice of materials are infinite variations in 
molding, casting, and heat treating. In addition to which, every 
change in diameter and rotative speed presents changed prob- 
lems. To require the application to all of these of a single rule, 
based on temperatures, is not reasonable. 

A maximum basis of rating is not a protection for the pur- 
chaser. Its acceptance will not ensure good judgment or hon- 
esty, any more than constitutional amendments and laws en- 
sure abstemiousness and chastity. As in these, the violators 
will discount the probabilities of being caught, and there are 
conditions of service, such as marine propulsion, in which the 
actual power consumption cannot be readily established. A 
maximum rating is likely to be a standard rating, when the 
conscience is flexible; whereas the rating of an engine should 
express the work that particular engine may be depended upon 
to perform, with safety and reasonable wear, and with a fair 
margin to allow for possible improper adjustments, with due 
regard for the available opportunities for correcting them. for 
this reason, Busch-Sulzer, for example, establish frum 3 to 5 dis- 
tinct ratings for one and the same engine, the highest being for 
stand-by service, in which the engine may operate only a few 
days in the year; the lowest for single-engine ocean-going ship 
propulsion. 

The variety of the bases of rating, proposed by British engineers, 
indicates the complexity of the matter. For example, they 
have suggested that the rated normal capacity of an engine be 
the power it will develop continuously for 12 hr. (presumably 
with invisible exhaust), and that the continuous rating be 10 
per cent below this; but they apparently recognize the deficiency 
of this method by limiting it to engines for driving electric gener- 
ators. It has also been suggested that the ratings be fixed at 
established percentages below the stalling torque, or the load at 
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which the engine definitely begins to drop its speed; but this 
torque and load will vary considerably with the immediate 
condition of the engine, the character of fuel, lubricating oils, 
and atmospheric conditions. And neither of these methods 
differentiate between different qualities of engines; nor does the 
third European suggestion that the rating be a definite percent- 
age below the maximum load the engines will carry with smoke- 
less exhaust. 

The recent American proposal to limit Diesel ratings to cer- 
tain maxima in mean indicated pressures, assumed to reflect 
maximum permissible temperature stresses, is unsatisfying for 
the previously stated reasons, and, furthermore, selects a criterion 
that is confessedly unreliable, excepting in slow-speed engines, 
but which it proposed to apply to engines of speeds up to 800 
r.p.m. It would appear more logical to limit the amount of fuel 
burned per minute per square inch of piston area, but this is not 
being advocated in this paper. It is rather the writer’s belief 
that so long as the majority of purchasers compare engines on 
the basis of price per horsepower, per pound, and per cubic foot 
of cylinder volume, which latter, by-the-way, a purchaser re- 
cently did without considering that he was comparing a four- 
cycle with a two-cycle engine, it is each builder’s job to justify 
his own rating, as applied to his engine for the contemplated 
conditions of service. 

The foregoing leads to another question: What is the m.i.p. 
of a four-cycle engine? This is important, in view of the prac- 
tice of many consulting engineers of limiting this pressure and 
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requiring a guarantee of brake efficiency. That such limitations 
and guarantees are of little value, without qualifications that 
would practically specify the make of engine, is beside the ques- 
tion. The purpose of the practice is obviously to limit the 
temperature stresses at the specified useful power output. There- 
fore, the method of measuring the m.i.p. should be such that this 
pressure will truly reflect the temperature conditions. 

In a four-cycle indicator card, the bottom loop area represents 
the work of pushing out the exhaust gases and drawing in the air 
charge. The more inadequate the valve areas and ports, the 
larger will be this work, and, if the area representing it be de- 
ducted from the upper diagram area, to determine the m.i.p. and 
brake mechanical efficiency, the poorer the engine design the 
greater will be the area of the upper diagram for the same m.i.p. 
and efficiency, and the higher the temperatures. Moreover, the 
bottom loop represents the same work as is performed by the 
scavenging pump of a two-cycle engine, yet it would be enter- 
taining to hear the remarks of the purchaser’s engineer if the 
builder of a two-cycle engine were to deduct the mean pressure 
calculated from the scavenging pump diagram from the mean 
pressure of the power-cylinder diagram in establishing his 
m.i.p. and brake mechanical efficiency, although there is little 
difference between the work consumed by the scavenging pump 
of a well-designed two-cycle engine, and that consumed in the 
exhausting and charging of a less well-designed four-cycle, and 
there is a substantial cooling effect exercised by the large volume 
of scavenging air passing through the two-cycle cylinder. 


/ 
3 


4 


OG P-53-10 


The Quiescent Combustion Chamber 


By JOHN A. SPANOGLE,! HAMPTON, VA. 


The term ‘“‘quiescent’’ is originated as describing more 
accurately than “‘non-turbulent” the condition of the 
combustion chamber in some fuel-injection engines at the 
time of injection of the fuel. Such a combustion chamber 
is considered quiescent if the movement of the air has 
no appreciable effect on the distribution of the fuel to 
the air with which it must unite during the process of 
combustion. Performance tests of a_ single-cylinder 
unit furnished the material for the paper, in the general 
program of the National Advisory Committee for Aero- 
nautics in investigating the compression-ignition, fuel- 
injection engine as a source of power for aircraft. The 
simplest combustion chamber is the quiescent one, 
and the simplest injection orifice is the round hole; 
and the main tests were directed toward obtaining the 
optimum combination of these two elements. 


NY discussion of the compression- 
A ignition, fuel-injection engine is 
hampered by the lack of general ac- 
ceptance and universal use of descriptive 
terms for the elements and functions of 
’ elements which are incorporated in this 
Le type of engine. Descriptive adjectives 
& / for combustion chambers denoting the con- 
- ia ditions of air flow therein have not as yet 
4a a come into general use for the fuel-injec- 
tion engine, although the authorities on the 
carbureted engine seem to be generally 
satisfied with the use of the respective terms “turbulent” and 
“non-turbulent”’ for combustion chambers with and without cer- 
tain kinds of air flow. The use of the term “turbulence” in this 
sense is by definition (deviation from mean velocity) apparently 
unsuited for use by any one connected with aeronautics. In 
addition to this objection, there is also the thought that turbulent 
flow is not suited to the requirements of the fuel-injection engine 
and that better results may be obtained if the air flow is entirely 
orderly and reproducible for every individual engine cycle. 

This consideration discourages the use of the opposite term 
“‘non-turbulent,’’ and in casting about for another properly 
descriptive term with the requisite background, it was found 
that there are objections to all such terms in common use. 
Therefore it was decided to use an adjective that is without 
definite engineering precedent, but which describes the condition 
of the combustion chamber at the time of injection of the fuel 
in a manner that is satisfactory but not necessarily ideal. 
Any combustion chamber for a fuel-injection engine is considered 
“quiescent” if the movement of the air in this combustion 
chamber has no appreciable effect on the distribution of the fuel 
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to the air with which it must unite during the process of com- 
bustion. 

The material in this discussion was obtained from performance 
tests of a single-cylinder test unit with a combustion chamber 
that seems best suited to operation without effective air flow. 
The work was done by the staff of the National Advisory Com- 
mittee for Aeronautics at the Langley Memorial Aeronautical 
Laboratory in the course of the general program for investigating 
the possibilities and limitations of the compression-ignition, 
fuel-injection engine as a source of power for aircraft. This 
type of power plant has well-known, inherent advantages which 
make it particularly desirable for aircraft service, but the re- 
quirements for this service are so rigid that these natural ad- 
vantages cannot be made available unless the performance of 
the compression-ignition, fuel-injection engine can compare 
favorably with that of the carbureted gasoline engine. 

The cylinder head of the engine used in these tests is not neces- 
sarily ideal and probably has disadvantages for commercial 
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production, but it is a convenient design from the standpoint 
of an investigator and can be considered as satisfying the re- 
quirements for a quiescent combustion chamber when used as 
such. To justify the investigation of the quiescent combustion 
chamber when design trends seem to show the increasing popu- 
larity of the use of air flow in combustion chambers, there are 
the examples of several sciences, notably biology, in which it is 
possible to learn much from the study of simple types before 
going on to the higher, more complicated forms. The simplest 
type of combustion chamber is naturally the quiescent com- 
bustion chamber, and the simplest injection orifice is the round 
hole. These two forms are the basis of this investigation, 
and the main series of tests were directed at the determination 
of a method for obtaining the optimum combination of these 
elements. In the course of this work some other investigations 
have been conducted on this test unit, but they may be con- 
sidered as interesting digressions from the main investigation. 


, 


APPARATUS 


The test unit used in this work is shown in Fig. 1. It includes 
the engine connected to an electric dynamometer and the neces- 
sary auxiliaries and apparatus for securing the performance 
data. The parts of the engine are, as far as practicable, the 
same as those of the N.A.C.A. universal test engine, the main 
exception being the cylinder head, which is designated in our 
test series as N.A.C.A. cylinder head No. 4 and has a vertical 
disk-shaped combustion chamber formed between the heads of 
horizontally opposed intake and exhaust valves, as shown in 
Fig. 2. This cylinder-head arrangement makes it possible 
to have three alternative positions for the fuel-injection valve 
and the pressure elements of the various cylinder-pressure 
measuring and recording devices. Another feature of this 
cylinder head is the removable orifice between the cylinder and 
the valve chamber. The clearance between the piston crown 
and cylinder head was from 0.030 to 0.040 in. at top center. 

The fuel-injection pump was the usual cam-actuated plunger 
pump with injection controlled by a bypass valve. The plunger 
displacement was much greater than was necessary for injecting 
full-load fuel quantities, and the cam gave the plunger a variable 
Fuel Valve __.---. Maximum Cylinder 
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velocity throughout its stroke, so that by varying the settings 
for the closing and opening of the bypass valve, different rates 
of plunger displacement could be used for injecting the fuel. 
The pump was driven from the crankshaft through a reduction 
gear in which there was an adjustment for changing the angular 
relation between the crankshaft and the pump cam. Different 
fuel-injection valves were used, but they all were of the same 
general type, having spring-loaded stems hydraulically controlled. 
The pump and valve were connected by a steel tube 36 in. 
long and !/, in. inside diameter. 

The electric dynamometer was used to absorb the engine power 
and to motor the engine for starting and for the friction runs 
immediately after the power runs. The stop watch and revolu- 
tion counier were actuated electrically. Fuel and air con- 
sumptions were determined by timing the displacements of 0.5 
lb. of fuel and 80 cu. ft. of air. Water and oil temperatures 
(out) were maintained at 170 and 140 deg. fahr., respectively. 
The temperature in the air intake was 95 deg. fahr., except 
during supercharging. 

Compression pressures and maximum cylinder pressures 
were indicated by a Bourdon spring gage in connection with a 
trapped pressure indicator for most of the tests, but toward 
the end of the investigation the balanced-diaphragm apparatus 
was used. Indicator cards were taken with the Farnboro 


electric indicator during the course of its remodeling at the 
Langley Memorial Aeronautical Laboratory, and the accuracy 
of the cards increased as the test work progressed. The cards 
presented may be considered sufficiently accurate, since the 
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i.m.e.p. as determined from the area of the P-V diagram is 
within 5 per cent of the sum of the b.m.e.p. and the f.m.e.p., 
although the summation was used in plotting indicated per- 
formance curves. Any values presented may be considered 
average and readily reproducible. 

Sincie-Srem VALVE 

The first idea which governed the design of fuel-injection 
nozzles for this cylinder head was that the sprays should not have 
penetration enough to reach the boundaries of the combustion 
chamber. It soon became apparent that restricting the sizes 
cf orifices to reduce penetration also prevented enough fue! 
from being introduced into the engine in a sufficiently short 
time for high-speed operation even with undesirably high pres 
sures in the injection system. The idea of restricting penetra 
tion was therefore abandoned, and a series of tests was started 
to determine, by actually varying the sizes of orifices systemati- 
cally, the optimum size for each orifice in a seven-orifice nozzle. 

The main orifice diameters were varied from 0.010 to 0.02! 
in., and best performance was obtained with the 0.018 in. di 
ameter, although an inspection of carbon deposits on the pistor 
showed that actual impingement started with the 0.012-in 
orifices. Of course, some excess fuel is necessary to take car 
of the combustion air in the clearance between the piston crow: 
and the cylinder head, but the surprising part of these data is 
that the power increases and the fuel consumption decreases 
consistently up to a diameter of 0.018 in., indicating that the 
distribution of fuel to the air is not impaired but actually im 
proved by this impingement on the piston crown. 

After the optimum size for the main orifices had been deter- 
mined, the outside orifices were varied, and although the powe: 
increased up to a diameter of 0.012 in., it was decided to maintai: 
these orifices at 0.010 in. diameter because the smokier exhaust 
did not warrant the utilization of the small increase of powe: 
available with the 0.012-in. orifices. 

Enlarging the intermediate orifices decreased the power, and 
this decrease was rather hard to explain until spray photographs 
were taken inside a dummy combustion chamber. These spray 
photographs showed that the large outer sprays were hitting 
the combustion chamber walls and rebounding into the space 
which probably was not reached by the short intermediate 
sprays. Therefore it seemed quite likely that when these 
intermediate sprays were enlarged they merely put more fue! 
into air that was also being served by the outer orifices. 

Even before these spray photographs had been taken a lin 
of reasoning had indicated that it would be advisable to try « 
nozzle based on the proper mixing of the fuel and air by metering 
the fuel directly to the air and neglecting entirely any air flow, 
especially as work with air flow in a simulated combustion 
chamber had indicated that the actual velocities encountered were 
too low to affect the penetration and distribution of the oil sprays 

The basic assumptions on which this line of reasoning depends 
are that air flow is ineffective in this combustion chamber, that 
the coefficient of discharge of all orifices in a multiple-orifice 
nozzle will be the same, and that the pressure effective in causing 
the discharge will be the same for all orifices. These assump- 
tions seem reasonable, and all factors determining the discharge 
of an orifice should be identical except the orifice area. Ii, 
then, these orifice areas are in the same proportion to the total 
discharge area as the volumes of air they serve are to the 
total volume of air served, the homogeneity of the resulting 
mixture of air and fuel is dependent upon the dispersion of the 
fuel in the spray and the shape of the volume served. 

This proportional principle of course requires some orifice 
area as a starting point, and it was decided for the sake of com- 
parison with previous data to adopt the two main 0.018-in.- 
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diameter orifices which seemed to be better established as an 
optimum than the other orifices. When calculating the air 
volumes to be served, the air in the clearance between piston 
crown and cylinder head was considered to be served by these 
main sprays. The spray angles as used in the previous nozzles 
were continued in these nozzles, and two more orifices were 
added on each end of the line, making a total of nine in one plane. 
There is nothing either in the performance data or in spray 
photographs to indicate that these orifices discharged enough 
fuel to make any difference in performance, and therefore their 
addition is considered an unwarranted complication. It is 
possible that when entering at an angle in the flow passage, 
as they do, they do not have the same effective discharge pressure 
as the other orifices. 

The first. nozzle in this C-series was built without the center, 
filler orifice, in an attempt to determine its value. This value 
was quite evident from the increase in the engine performance 
with the center spray and at the time was attributed solely 
to the fact that the greater part of the fuel in the main sprays 
traveled through the space they were supposed to serve and 
left but little fuel in the first few inches, thereby presenting 
the opportunity for the center spray of shorter range to serve 
the air in this space and improve the engine performance. 

The work with the C-series of nozzles confirmed the pro- 
portional principle in a satisfactory manner; so it was decided 
to diseard the original angular spacing and try to find out just 
how far it was necessary to follow this proportional principle 
for good performance. Spray photographs were consulted, 
and as the spray-cone angles for sprays under comparable con- 
ditions, except temperature, varied from 18 to 22 deg., an angle 
of 20 deg. was adopted, and a nozzle was designed which would 
have a total of 16 orifices in three planes, with an angle of 10 deg. 
hetween planes, as shown in Fig. 3. 


SECTION AA PLAN VIEW SECTION B-B 
OF NOZZLE 
2) Auxiliary 
Sprays ~~~ 


Fic. 3. Prosgecrep Spray DisrripuTtion, Using Nozze E-16 


This nozzle was built as two separate nozzles, in which the 
orifices were drilled two at a time, and performance tests were 
made between the drillings. This method gave checked per- 
formance data which were desirable because of the complicated 
nature of the nozzles. These nozzles are denoted by the letter 
“i” and a number showing the number of orifices in the nozzle 
at the time of testing. 

The performance data from the E nozzles showed rather 
conclusively that for this cylinder head the advantages gained 
by using more than six orifices were not commensurate with the 


OGP-53-10 125 


complication of the nozzle. These tests determined the number 
of orifices to be used in future nozzles and simplified the work 
considerably. 

During these tests the engine-operating characteristics indicated 
that the sprays were too close together, and about this time the 
results of the work on dispersion of fuel sprays at the Pennsyl- 
vania State College were published. Following the method 
of Dr. Schweitzer, the “boundaries of combustion’ were laid 
out for the E-6 nozzle. Assuming this “boundary” to enclose 
the minimum space requirement for combustion, it was evident 
that the boundaries overlapped and that the sprays probably 
interfered with each other during combustion. 

In view of these considerations it was desirable to obtain 
information on the effect on engine performance of the angular 
spacing of the fuel sprays, so another series of nozzles was designed 
in which the angle between the sprays was the only variation 
between the nozzles of the series. This series was characterized 
by the letter ‘“F’’ and a number corresponding to the angle in 
degrees between sprays; thus the E-6 and the F-20 nozzles 
are identical nozzles. The proportional principle was not 
adhered to exactly for the F series, because, as the angular 
spacing changed, so did the volumes of air to be served by the 
different orifices, but the constant orifice sizes for all angles 
produced an average deviation small enough to seem negligible. 

The results of the tests with these nozzles show very little 
difference between them so far as the performance curves are 
concerned, but observation of exhaust conditions and sensitive- 
ness to controls led to the adoption of an angle of 25 deg. be- 
tween sprays for further work with this cylinder head. 

As a further check on the value of filler sprays, two 0.005-in.- 
diameter orifices were added in the center of nozzle F-29. This 
alteration brought the performance up to that of the F-26, 
and this improvement in performance advances the idea that the 
efficacy of the center jet in the C-series was in a measure, at 
least, due to the wide angle (30 deg.) between the main sprays. 

The work thus far has shown that the number, size, and 
direction of the orifices in a multiple-orifice nozzle do not have 
critical values upon which good performance depends when 
used with a quiescent combustion chamber. Engine operation 
indicated that this combination is less sensitive to controls than 
an engine which uses air flow for distribution of the fuel. For 
example, the range of the injection advance angle from knock 
to miss is greater with the quiescent combustion chamber than 
with some test units using air flow in the combustion chamber. 


SUPERCHARGING 


These tests have, so far, neglected the total discharge area of 
the orifices in the fuel-injection valve nozzle as a definite part of 
the test program, but when supercharging tests were started 
with this cylinder head it was considered the proper time to 
investigate an increase in total orifice area, because with 
more air available for combustion it would naturally follow 
that more fuel should be supplied. The nozzles in this series are 
designated by the letter ‘‘H.”” The nozzles in themselves did 
not produce enough difference in performance to be of interest, 
although the oscilloscope showed that for the final H-4 nozzle 
the discharge orifice areas were definitely too large for the rest 
of the injection system and the main orifices maintained their 
discharge longer than the other orifices. 

The significant features of these supercharging tests that can 
be taken from the performance curves are that the i.m.e.p. will 
be proportional to the weight of air available for combustion, 
provided that a suitable amount of fuel is distributed to this air. 
Therefore, from a superficial examination of performance curves 
(Fig. 4), supercharging merely extends the performance curves 
and does not essentially alter their characteristics. All this 
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could normally be expected, and it might seem that the tests 
produced nothing unusual. 

However, if one looks into the conditions of engine operation, 
it is found that operation is considerably smoother when the 
engine is supercharged. The balanced-diaphragm, maximum- 
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cylinder-presssure indicator shows that the difference in maxi- 
mum cylinder pressure bet ween individual cycles becomes consid- 
erably less than for the unsupercharged condition, and this absence 
of variation of course makes the engine run smoother and allows 
higher injection advance angles to be used. In fact, with 
9 in. of mercury supercharging pressure it was possible to peak 
over the power curve by advancing the injection until approxi- 
mately a 10 per cent drop in power was recorded. This curve, 
as shown in Fig. 5, is quite flat, and in combination with the 
maximum-cylinder-pressure curve shows that the power gained 
by advancing injection beyond a certain point is too expensive 
in added stress on the engine parts. 

This ability to peak over the power curve was not entirely 
due to the supercharging, but was in a measure due to the con- 
struction of the nozzle, which did not entirely conform to the 
specifications of any of the series mentioned, and will therefore 
be designated as nozzle X. For comparison, the performance of 
a nozzle with more nearly proportional orifices is shown, and 
these curves are parallel to the others, except the maximum- 
cylinder-pressure curve. The difference in these pressure 
curves indicates that higher rates of pressure rise may be achieved 
with homogeneous mixture of fuel and air and that an unbalanced 
mixture has a suppressing influence on both the rate of pressure 
rise and the maximum pressure attained. 

The term homogeneous is used only in a comparative sense, 
as a study of dispersion data will show the futility of trying to 
obtain a truly homogeneous mixture when injecting fuel through 
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a round-hole orifice nozzle into a quiescent combustion chamber. 
This improbability is reflected in specific fuel consumption 
values. As the time of injection was advanced the engine 
performance conditions diverged from those of the true quiescent 
combustion chamber because of the injection of an increasing 
amount of fuel into the air that still had some forced flow due 
to the motion of the piston. 

From this work it appears that the quiescent combustion 
chamber in conjunction with a multiple round-hole orifice 
nozzle has inherent limitations that may prevent it from at- 
taining the high performance which is ultimately expected of 
the compression-ignition, fuel-injection engine. But on the 
other hand it makes for a consistent engine and one which is 
not particularly critical, so that the combustion phenomena 
proceed in an orderly manner, and therefore these phenomena 
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can probably be studied and experimented upon to better ad- 
vantage than in the more complicated forms of combustion 
chambers with air flow. 


FuEL-INJECTION VALVE 


One objection to the use of round-hole orifices for the injection 
of fuel is that the area is rigidly fixed, and within the range of 
pressures between valve-opening pressure and the maximum 
injection pressure, it is difficult to obtain much variation in the 
rate of discharge. For those who desire to control the rate of 
combustion by the rate of discharge this is a very definite hand:- 
cap. An attempt was made with this engine to design a cam 
which would inject fuel at a theoretical rate determined from 
an ideal indicator card, taking into account the compressibility 
of the fuel, injection lag, and ignition lag. The results ob- 
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tained did not indicate that ideal combustion was taking place 
in the cylinder, so the problem was attacked from a different 
angle. 

To produce a fuel-injection valve that would be more adapt- 
able, the different means for varying the discharge area were 
investigated, and this resulted in the adoption of a multiple- 
orifice nozzle in combination with a fuel-injection valve in which 
two concentric stems uncovered two sets of orifices at different 
pressures in the injection system. The fuel-injection valve 
incorporating this feature is shown in Fig. 6, and although it is 
complicated in construction, it functioned satisfactorily. The 
only mechanical inconvenience with this valve was the necessity 
for lapping the flat seats occasionally to remove erosion marks, 
but this was by no means excessive. 

The first nozzle D-1 tested with this double-stem valve had 
no homolog among the single-stem valve nozzles, and its per- 
formance was disappointing. To determine the cause of this 
decrease in performance a nozzle D-2 was designed homologous 
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to No. 9 nozzle of the first single-stem series. This D-2 nozzle 
also incorporates the idea of placing the primary injection in 
the relatively cold outer portion of the combustion-chamber 
disk, and thereby should give an opportunity for determining 
whether there is any advantage to be gained by trying to preheat 
cooler sections. It is possible that these sprays in close proximity 
to cooled walls did not accomplish this purpose, but in the ab- 
sence of proof as to whether the sprays heated the section or 
whether the section had a quenching action on the sprays it will 
be considered that this section did get some preliminary heating. 

The opposite effect was obtained with the D-3 nozzle (homolog 
E-8) by directing the primary sprays down the central axis 
of the combustion chamber to create a super-hot spot between 
the valve heads through which the main sprays had to pass when 
the main injection was started. 

Indicator cards were taken and injection rates determined 
with a receiver mounted on the flywheel of the engine. A 
coordination of these data with the usual performance data 
shows that the pressures in the engine cylinder can be controlled 
within limits by the rates of injection obtained with a double- 
stem valve, but the effect on the combustion process is usually 
deleterious, and the resulting m.e.p. is not so good as with the 
corresponding single-stem valve. One striking feature of the 
data is the apparently constant time interval of 0.0033 sec. 
between the first introduction of fuel and the start of pressure 
rise due to combustion. 


INDICATOR CARDS 


This discussion has thus far considered only such information 
as may be gained through comparatively direct measurement 
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of the quantities involved. The analysis of indicator cards 
furnishes information which may not be as exact quantitatively 
as the usual performance data, but is none the less valuable 
in showing trends and tendencies which can be determined 
in no other way. An analysis of indicator cards taken during 
these engine tests not only checks many conclusions from the 
engine data, but also supplements them with additional in- 
formation as to the manner in which the benefits indicated as 
possible by theoretical calculations may best be realized in 
actual engine practice. 

The most interesting series of cards were those taken with the 
X nozzle in the single-stem valve corresponding to the engine 
performance in Fig. 5. These cards, as shown in combined 
form in Fig. 7, were taken with all engine controls in the same 
setting except for the variation of injection advance angle. 
They differ from the engine conditions of the unsupercharged tests 
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in that the inlet air pressure is 8.75 in. Hg instead of atmos- 
pheric, and the inlet air temperature is 125 deg. fahr. instead 
of 96 deg. fahr. The pressure curves are differentiated by giving 
for each curve the apparent start of injection as determined 
with the oscilloscope when injecting into the atmosphere. The 
reference point shown by the circle on the pressure curve is the 
point at which the start of cut-off at the fuel pump affects the 
rate of injection. This point can be determined more definitely 
than the start of injection, so it was used as a reference point for 
determining time lags. The method devised by Schweitzer 
was used for the analysis of the indicator cards. The curves 
of rate of combustion in Fig. 8 show that the combustion process 
changes with injection advance angle and checks the observation 
of engine performance characteristics in that several knock 
ranges are passed through with the attendant change in rate of 
pressure rise. 

Another point that is forcibly demonstrated is the importance 
of the start of ignition for smooth operation, and this, in turn, 
indicates that perhaps the supercharger air pressure is not 
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responsible for the smooth operation during the supercharging 
tests, but that probably the increased temperature of the air 
was more responsible. ‘To supplement this reasoning the calcu- 
lated temperatures at the end of compression are shown in Fig. 9 
for the usual range of initial pressure and temperature and of 
compression ratios. 

The curve of rate of combustion in the case of the double- 
stem valve shows a remarkable tendency to follow the rate of 
injection for the first part of the curve, but in no case is the 
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maximum as great as with a single-stem valve, and the last 
part of the combustion curve shows a lengthy period of after- 
burning which was indicated during the engine tests by red 
flame and black smoke in the exhaust. A typical rate of com- 
bustion curve for a double-stem card is shown in Fig. 10. It is 
possible that the higher temperatures resulting from the com- 
bustion of the primary fuel reduced the penetration of the main 
injection to such an extent that the whole scheme of distribution 
was disarranged with resulting rich zones which had difficulty 
in finding sufficient air for combustion within the required time 
limit. 

A number of improvements in method suggest themselves, 
and further work with the double-stem injection valve may be 
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done at some future time, but at present it is thought that 
other simpler means of improving performance offer better 
opportunities and that perhaps a better understanding of the 
combustion process with the single-stem valve would be of 
considerable value in outlining any future programs for the 
double-stem valve. 

The indicator cards presented here were not taken for the 
purpose of analysis, but were taken along with the performance 
tests mainly for a check on the pressures involved, and it is 
hoped that indicator cards taken in the course of a program 
intended for the sole purpose of studying the combustion process 
will yield information that will be of even more value for specific 
applications. This consideration brings up the question of 
comparison of data from different test units and the application 
of results obtained from one engine to another similar engine. 
The results obtained in this work are comparable and consistent 
within themselves, and the general effects noted during the 
performance tests will obtain in all quiescent combustion 
chambers to a greater or less degree. 

The two great factors in obtaining improved performance for a 
compression-ignition fuel-injection engine are of course the 
control of distribution and control of combustion. For the 
distribution of the fuel to the air in the quiescent combustion 
chamber by means of multiple-orifice injection nozzles, these 
tests give a principle which may be followed in the design of 
the nozzles and show some of the difficulties encountered. 
lor the control of combustion these tests give indications of 
the possibilities for control of rate of pressure rise through 
the control of rate of combustion and show that the rate of fuel 
injection is not particularly important in influencing the rate 
of combustion, and therefore the rate of pressure rise for high- 
speed operation. 

This discussion has neglected entirely the effect of various 
factors on the physical parts of the engine, because in more 
than 800 hours of engine operation included in these tests there 
have been no failures or replacements due to the conditions of 
operation imposed upon the mechanism. Maximum cylinder 
pressures have usually been less than 800 lb. per sq. in., but in 
the supercharging tests the pressures encountered were slightly 
over 1000 lb. per sq. in. without mechanical troubles, so it is 
believed that an engine with a quiescent combustion chamber 
is entirely practicable for continued consistent performance. 
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Discussion 


C. L. Cunmmins.? The writer’s experience in developing a 
high-speed Diesel engine confirms the author’s conclusion that 
the quiescent combustion chamber is a consistent performer. 
The combustion chamber of the Cummins engine is not strictly a 
quiescent one, although it may be considered quiescent so far as 
the distribution of the main part of the fuel charge is concerned. 
Air flow is used only for a particular purpose directly under 
the fuel-injection valve, and the percentage of air involved is 
small. 

The author has neglected to say much about spray penetra- 
tions, which are of considerable interest to the engine designer 
when laying out similar combustion chambers for different sizes 
of engine. These penetrations are especially important with our 
injection system, which gives a better atomized and more widely 
dispersed spray than it is possible to obtain with “‘solid injec- 
tion” through a round-hole orifice. 

The use of air flow in combustion chambers appears to have 
some interesting possibilities, but there is almost a complete 
lack of reliable information upon which to base the utilization of 
air flow. Experience has shown some of the advantages to be 
gained, but there have always been accompanying disadvantages 
which have kept us from using air flow as a means for distribut- 
ing fuel in a combustion chamber. 


AUTHOR’s CLOSURE 


Mr. Cummins is quite right in pointing out that spray penetra- 
tions have been neglected, but as this work was done with only 
minor changes in the combustion chamber shape or dimensions, 
the question of spray penetration was considered of less impor- 
tance than the factors which had been investigated at the time the 
paper was prepared. 

In connection with Mr. Cummins’ observations on combustion 
chambers with air flow, at the present time the author quite 
agrees with him in general, but wants to make it clear that, al- 
though this paper deals entirely with the quiescent combustion 
chamber, the work has not been abandoned on combustion 
chambers with air flow. It is hoped that further research may 
discover methods for making the benefits of air flow available 
without incurring prohibitive penalties. 


2 President, Cummins Engine Company, Columbus, Ind. 
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Lubrication of Textile Machinery 


By L. A. BAUDOIN, 


Cotton textiles require absolute cleanliness during 
manufacture and finishing, and all operations including 
the lubrication of the equipment are secondary to this 
requirement. Present designs incorporate modern de- 
velopments which aid lubrication, and also provide a 
reserve supply of lubricant with ample protection to the 
fabric. Frequent application of minimum quantities of 
lubricant is accepted practice, but ‘‘freak’’ oils are not 
necessary. A list is included which indicates the fre- 
quency of application, cleaning period, and the product 
required. 


resolves itself to the consideration 

of groups of machines, each abso- 
lutely essential to the finished product, 
but performing their several duties as in- 
dependent operations on the fiber, yarn, 
or cloth. To avoid complications, only 
cotton textiles are considered in this 
paper, for the reason that linen, woolen, 
carpet (combination cotton and _ wool), 
jute, silk, rayon, and knit goods each re- 
quire independent handling from a manu- 
facturing standpoint, and each process differs from the other and 
all from cotton. There are many similar features, many ma- 
chines have a close resemblance, but the staple of wool varies 
from several inches to a foot or more, and silk and rayon are 
continuous. 

Linen has characteristics that are not found in either, and 
knitting machines differ materially from any cloth-making 
equipment. 

The care of textile machinery is one of the lessons that must 
be learned by actual experience with the equipment. The care 
includes lubrication, because the performance required of the 
intricate machines used in the textile industry can be attained 
only when friction has been reduced to a minimum. It is well 
known that this is not an actual achievement, and this paper 
points out a few of the numerous handicaps. 

In the first place, many textile mills, long established, are 
sing machinery designed and built some years before lubrication 
arrived at the stage of perfection forced by the demands of auto- 
motive equipment, and the fact that mill owners have not 
changed their machinery as rapidly as new developments along 
lubrication lines were advanced is not a reflection upon them 
it all, for the reason that in many instances such a move would 
require the scrapping of thousands of machines which are other- 
wise suitable for use. 


I UBRICATION of textile machinery 


Assistant Supervising Engineer, Sinclair Refining Co. For 

“it years Mr. Baudoin was connected with various plants as assis- 
‘ant engineer and in 1910 became master mechanic for the Edwards 
ind Loomis Co., Chicago, Ill. While with that company he de- 
veloped several new material-handling and labor-saving systems for 
creasing production. He joined the Sinclair Refining Co. as lubri- 
eation engineer in 1919. 

Contributed by the Lubrication Engineering Sub-Committee of 
‘ae Petroleum Division and presented at the Textile Sessions of the 
\nnual Meeting, New York, N. Y., Dec. 1 to 5, 1930, of THe AMERI- 

AN Society OF MECHANICAL ENGINEERS. 
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In many instances where a small number of large capacity 
machines could be replaced to advantage it has been done, and 
the lubrication features of these new machines are in line with 
the very best practice today. For instance ball and roller 
bearings are replacing plain babbitted journals on fan shafts and 
all load-carrying bearings. Gear sets are well protected from 
dust and lint and so arranged that the cut gears run in a bath of 
oil, and in cases where first cost prohibits redesign to incorporate 
roller bearings, the ones provided are equipped with pressure-gun 
fittings and reservoirs for grease and provision to shield the bear- 
ing from the work so that the lubricant does not come in con- 
tact with the cotton fibers. 

Throughout the cotton-manufacturing industry lubrication has 
been a secondary consideration, being forced into the near 
background by the absolute necessity of keeping oil and grease 
from spotting the goods. This care starts at the bale breaker 
and is vigilantly maintained until the cloth is shipped from 
the finishing plant. 

Hand oiling of intricate machine parts requires a conscientious- 
ness bordering on the superhuman to insure that each and every 
bearing and stud requiring it has an ample oil film. In this 
case experience alone is no safeguard, and when once passed by, 
the bearing, stud, or oil hole is soon passed again, and worst of 
all, the corresponding location on every similar machine is soon 
absolutely forgotten and neglected until excessive wear causes 
misalignment or actual breakage, contributing to lowered pro- 
duction. The seriousness of this condition is plainly shown 
by the accompanying illustrations which show worn parts picked 
at random. These parts may be readily identified. 

Textile mills must have hundreds and in some cases thou- 
sands of certain machines, and one manufacturer regrets that 
the price at which the machines are sold does not allow equipping 
them with devices for holding an ample supply of oil and regu- 
lating its flow to the working parts. Oil holes and open bearings 
make up the oiling system on these machines. But the sky is 
clearing, because another manufacturer is now experimenting 
with one-shot oiling, and has built two large machines equipped 
with this system. 

Passing from the spinning and weaving departments to enter 
that of cloth finishing, most of the lint and dust is left behind, and 
many of the machines are equipped with roller bearings or 
pressure-gun fittings and recesses for excess lubricant. Where 
gear sets are required they are well protected and contain ample 
lubricant. However, some of the cloth-handling machines 
are retained with their characteristic plain bearings. 

Cleanliness is an absolute necessity and frequent cleaning 
periods have always been in order. Lint and waste allowed to 
accumulate on or near bearings and wearing surfaces cause 
endless trouble from wear because of the sand and grit present; 
so all machines, from bale breakers to cards, are brushed daily 
and thoroughly cleaned each week. At one mill the cans supply- 
ing the slivers are all allowed to run out together, and before full 
cans are replaced the back of the machine is thoroughly cleaned. 
The fronts of the slivers are cleaned every day. 

The grit getting into the bearings wears them out rapidly, but 
the lint and fly which adhere to the outside of bearings and ad- 
jacent parts absorb oil readily and actually dry out the bearing by 
capillary action. 

Mill owners and agents naturally consider cost of production. 
Operators and machine designers consider lightening the opera- 
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tion, convenience of handling, cleanliness, and adaption to high 
speed when any new equipment is contemplated. Lubrication 
is still secondary and must give way completely to cleanliness. 

Lubricant manufacturers must work out the problem with 
existing equipment, but are insisting that, where necessary, 
future designs incorporate provision for an adequate supply of 
the proper oil to suit that particular condition. 

Cleanliness is paramount, and so freak oils have found their 
way into the textile industry to the extent that one of the prime 
requisites is that it does not flow at room temperature. An- 
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Bottom Rocker S#Harr From Loom 
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other condition of combination high pressure and hot bearing 
is met by removing the bearing cap entirely and replacing it with 
That serious trouble has not 


a piece of leaf tallow or suet. 
occurred is simply that the journal speed is slow. 


The oils actually required for textile-mill lubrication are com- 
paratively few in number, their characteristics and particular 


conditions of service being as shown in Table 2. 


High-grade straight mineral oils should be chosen where 


possible for textile-mill service, because when well refined their 
They do not tend to 


In some special 
cases such as wet twisters, water-resisting compounds are neces- 


characteristics do not change in service. 
form gummy residues nor become rancid. 
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TABLE 2 
——-Viscosity 
At 100 At 210 

Flash, deg. fahr., deg. fahr., 
Oil minimum maximum minimum Compound 
No. 1 330 265 45 None 
No. 2 380 770 59 None 
No. 3 405 390 55 High film strenygt} 
No. 4 330 78 36 None 
No. 5 355 105 3S None 
No. 6 525 150 None 
No. 7 330 105 38 High film strength 


Clean non-drying grease approximately 190 deg. fahr 
melting point, having approximately 280 worked 
penetration. 

Oil portion composed of highly filtered oil of approxi- 
mately 300 viscosity. 


No. 9 White grease insoluble in water of medium con- 
sistency. 
No. 10 High melting point of approximately 400 deg. fahr 


Oil portion composed of cylinder stock. 
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sary, and in the case of shearers where the knives run steel to 
steel a special compound is necessary. Calenders, dry cans, and 
printing machines running at high temperature and high bearing 
pressures require a filtered oil of high viscosity. Other bearings 
subject to high pressure, but slow speed, require a special heavy 
grease that will feed slowly and not carbonize under the tem- 
perature or dry out in service. 

The list of textile machinery (Table 1) for manufacturing 
and finishing cotton cloth is given for completeness. The key 
numbers given with the lubricant indicate the particular grade 
to use. The application period is given as a guide only, but 
conforms to actual experience in large plants manufacturing 
and finishing cotton cloth. The periods shown for looms were 
copied verbatim from one manufacturer's bulletin. 

The author wishes to thank Messrs. F. K. Hendrickson and 
S. H. Hillard, of Whiting Machine Company; W. H. Chase, 
Draper Corp.; L. A. Latham, Crompton & Knowles Loom 
Works; E. H. Marble, Curtis and Marble Company; “ F. 
Broughton and W. O. Buzzell, Wamsutta Mills; and Arthur 
Hirsh, American Print Mills, for their kind cooperation and 
aid in offering details for this paper. 


Discussion 
D. V. Warers.? The writer has had no experience wit! the 
lubrication of textile machinery. 


2 Machine Design Division, Western Electric Co., Chics 
Mem. A.S.M.E. 
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experience gained with machinery which insulates wire with 
cotton or silk could be, to some extent, applied. 

The author has mentioned certain places on machinery difficult 
to lubricate because any excess or leakage of lubricant is detri- 
mental to the product. If loads and speeds are not too high, it is 
perfectly feasible to use anti-friction bearings made from one of 
the stainless steels. Such bearings are packed with light grease 
at assembly and thoroughly sealed against the entrance of foreign 
matter, after which they are run indefinitely with no attention 
whatsoever. We have found that these bearings give no trouble 
during the period between machine overhauls. It is believed 
that the use of such constructions will, in many cases, eliminate 
many of the problems connected with getting oil into bearings 
and its retention thereafter. 

Where lubrication facilities must be provided, wick-feed oil 
systems appear to possess certain advantages, as the oil is filtered 
by its passage through the wick and a uniform and not too copious 
amount of oil is fed. Careful proportioning of the length and 
diameter of wicks, oil-level height, etc., is required in any satis- 
factory wick-feed oil system. 

The company with which the writer is connected has conducted 
laboratory tests of various commercial feeding systems. These 
tests have indicated that such systems work best with oils coming 
within relatively narrow range of viscosities. 


C. H. Ramsey.’ To that portion of the paper having to do 
with the lubrication of old-fashioned sleeve-type bearings, stud- 
supported idle gears, sprockets, etc., illustrations of which have 
been submitted, no reference is made other than to commend the 
suggestions therein contained. 

Earnest emphasis of the development of anti-friction bearings, 
however, is believed to be very appropriate. There is a con- 
stantly increasing and more insistent demand for ball and roller 
bearing equipped textile machinery, not only because of its 
contribution to the diminution of power consumption, but also 
because they lend themselves so admirably to complete en- 
closures, with ample capacity within the enclosures for lubricant 
reservoirs. 

Complete enclosures for gearing of all types is also being more 
and more resorted to, not only because of the safety factor, but 
also because of the cleanliness, protection of the gearing from 
dirt, grit, ete., and also because the enclosures provide lubricant 
reservoirs tending toward a more quiet action of the gears and 
materially preserving their wearing qualities. 

The writer thinks that two very important natural forces often 
used in the machinery field and yet again too often neglected are 
the action of centrifugal force and the force of gravity. They are 
utterly and always dependable and have wide possibilities of 
application in the field of lubrication. 

\ notable example of this will be found in the writer’s patent 
(1,778,432, October 14, 1930, entitled “Lubricating System”’). 
We have made practical application of this patent in our speed- 
reducing transmission, and it has worked out in full accord with 
our expectations. In this example, a disk is mounted on the 
lighest speed shaft, which penetrates the box, which, in action, 
(Ls'ributes the lubricant over the entire interior of enclosure, 
deluging the surface of the enclosure, the action of gravity of 

urse causing it to drain back into the common reservoir in 
‘hich the disk dips and, in passing, it percolates through all the 
bearings and gearing, lubricating them thoroughly. 

Another familiar detail of textile machinery is the friction- 
plate method of securing variable speed, which still finds a wide 
‘ange of usefulness and, indeed, is very efficient and dependable 
‘! properly designed and strategically mounted. Years of ex- 
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perience have quite conclusively demonstrated the most useful 
and dependable type of thrust bearing (to keep the friction disk 
in contact with the friction wheel) to be two steel pins of glass 
hardness running against each other. The one objection to this 
has been the difficulty of keeping them properly lubricated, the 
heat generated being so great at times as to draw the temper from 
the steel points and, hence, ruining them. This difficulty has 
been entirely obviated by enclosing these two points within a 
housing and constructing in the upper portion of the housing a 
suitably designed funnel, the lower aperture of which is trained 
to drip the contents of the funnel on the contacting points of the 
steel thrust bearing. A disk dipping in the lubricant, the lower 
half of the enclosure forming a suitable reservoir therefor, deluges 
the complete interior of the housing with lubricant all the while 
the machine is in motion. A generous supply of this deluge finds 
its way into the funnel, providing a continual stream of lubricant 
for the thrust bearing all the while the machine is in motion. 
This has worked out admirably in practice. We have made 
applications of it and have made application for patent thereon. 

It is of course obvious that the use of gravity and centrifugal 
force in the distribution of lubricant entails the use of fluid oil. 
Experience has indicated to us that fluid oil is superior if it can be 
properly confined within its enclosures, so as to preclude the 
possibility of discharge, so that fabric being handled on textile 
machines, may be kept immaculate. 


M. A. Gotrick, Jr.‘ The subject of lubrication is generally 
accepted with a nod of the head and then dismissed from the 
conscious mind until forcibly reminded by the failure or more 
often the lack of lubrication at some point. If the subject were 
of a controversial nature, it would be constantly in mind and 
freely discussed. It is the lassitude of every one who should be 
vitally interested that makes lubrication a secondary instead of a 
primary issue. 

The author mentions the difficulties of old machines and the 
attention required to lubricate by hand these old machines. 
However, it is believed he could emphasize this condition as 
many plants continue to use machines which were designed for 
heavy duty and long life. Due to their inherent designs, these 
machines are the ‘“‘perpetual or everlasting type,” which seem to 
live forever, yet are a constant source of trouble. In most cases 
this is due to the increasing increments of speed which are added 
one after another. It seems impossible to run many of these 
machines indefinitely, yet this is apparently the policy that is 
maintained for many reasons. In most cases the reason is that 
the cost of new machines is too much for an industry which has 
labored so long under financial stringency. On the other hand, 
the constant demand for increased speed does not allow a stable 
lubrication condition to be maintained. 

The schedule presented on frequency of lubrication and clean- 
ing is worthy of special attention, for this forms the basis of an 
admirable schedule, though the writer would caution against its 
adoption in whole without careful consideration. In one finish- 
ing plant, which had considerable machinery of the type requiring 
constant lubrication attention, a complete lubrication chart had 
to be made for each machine. The chart was in minute detail 
for each machine and showed the total number of points to be 
lubricated, so that new employees and also old employees would 
be well informed as to each machine’s requirements. In passing, 
it might be well to mention that a 100 per cent factor of safety 
was used to set the frequency period, and this proved to be an 
ample safeguard. This schedule was an absolute necessity in this 
case, as repeated failures due to lack of lubrication were not 
corrected until the schedule was adopted. 

Now, machinery is generally well designed to require only a 
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minimum of attention from the operator, and the author has 
covered this phase well. His statement that manufacturers 
must design to meet lubrication requirements is one that is being 
accepted by most designers. The subject must be constautly 
kept to the fore by lubricating engineers as their special duty 
toward industry. 


SamMvuE.t Casor.® To be effective, a lubricant must interpose 
a smooth, mobile film between the two moving surfaces, thus 
keeping them apart. Lubricants of high viscosity are required 
where the film has to withstand great pressures between the 
moving surfaces. For light-weight parts, low viscosity lubri- 
eants are preferred because high viscosity means increased 
internal friction or friction between the molecules of the lubricant. 

An ideal lubricant is one which would have the quality found in 
high-viscosity liquids of resisting the squeezing-out action 
caused by the pressure of one bearing on another bearing, and 
would at the same time have the low internal friction found in 
liquids of which the molecules are small and thus have low 
viscosity. 

Certain products called colloids which may be introduced into 
lubricants are attracted by the metal surfaces of the bearings. 
They are adsorbed to each of the bearings quite strongly in a thin 
film, said to be the thickness of one molecule. Attached, but less 
strongly on this film, is a more loosely grouped layer of these, 
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much like minnows around a dead clam. These large molecules 
are not actually dissolved in the lubricating liquid, but in colloidal! 
solution in it. They are in constant motion and can be seen 
swarming under an ultra-microscope. When they come close to 
the metal surface, they are attracted to it, become adsorbed to it, 
and lose their motion, concentrating largely near the metal sur- 
faces. 

These colloids impart to the lubricant some of the ideal quali- 
ties of high viscosity and low internal friction. The reason for 
this is that colloids being on the metal surface and adsorbed by it 
are very difficult to squeeze out, and as they have a strong 
affinity for the lubricant, they prevent it from being squeezed out 
Thus a lubricant of somewhat lower viscosity may be advan- 
tageously used where high viscosities have been the rule. The, 
also tend to smooth any microscopic roughness on the meta! 
bearing surface. 

The qualities the writer has been trying to describe may be 
briefly termed “‘oiliness or slip.” It is what a small amount of 
the colloid, called soap, gives to water, or mud gives to an asphalt 
road. The best colloids to use with lubricating oil are those 
which are most closely related to the oil: They are called iso- 
colloids, which means that they are of the same family as the 
liquid they arein. From 5 to 20 per cent of a colloid of this kind 
added to a lubricant will make it more slippery, less likely to 
squeeze out of a lower cold test, and will maintain a lubricating 
film longer after oil feed has been shut off. 
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New Pipe-Still Design 


By LUIS pe FLOREZ,! NEW YORK, N. Y. 


Methods and apparatus for applying heat to oil consti- 
tute the essential features of modern refinery practice. 
The tabular oil heater has developed rapidly since ade- 
quate turbulence can be obtained in the tubes by high 
velocity and the surface can be arranged to give compara- 
tively even distribution of heat. 

The author describes a new design of still which does 
away with the conventional brick-lined combustion space 
and permits absorption of heat to begin immediately 
after its generation. This has led to an arrangement of 
heating surface where the flame from the burner is ex- 
posed directly to what may be considered as an excess of 
heating surface. With this arrangement the flame heats 
the tubes by radiance, and the tubes cool the flame. 


SE of the tubular oil heater in re- 
fining has increased rapidly in re- 
cent years. In its simplest form 

it consists of a box-like furnace contain- 
ing a pipe coil through which the oil is 
pumped continuously, and heated directly 
by gas or oil burners located in the lower 
part of the structure. A study of the heat 
distribution shows that the bulk of the 
work of the heater is actually accomplished 
by the comparatively small section of 
coil at the fire. Under these circum- 
stances, it is evident that the capacity of the heater is limited to 
the maximum safe loading on this section of the coil, since any 
endeavor to increase the work of subsequent sections by increasing 
the fire would result in burning the tubes in the already fully 
loaded section. For a time it was believed that tube failures 
were caused by the effect of radiant heat, and designs were made 
with shielded tubes in an endeavor to avoid the difficulties en- 
countered. Still later, however, it was realized that the trans- 
fer of heat by radiance was desirable, if properly controlled, 
which led to the design of the more modern tubular heaters 
where the heating elements are generally divided into two sec- 
tions, the first receiving heat mainly by radiation, while the second 
_ ‘Consulting Engineer. Mem. A.S.M.E. Luis de Florez was 
born in New York City in 1889. He obtained his school education 
in France and Spain, and was graduated from Massachusetts In- 
stitute of Technology, with the degree of B.Sc. in Mechanical En- 
wineering in 1912. Upon graduation he entered the aviation field, 
in design, construction, and operation of airplanes, with Burgess 
‘ompany and Curtiss Company at Marblehead, Mass. In 1913 
he went with W. A. Hall, as chemical engineer; later he was chief 
cugineer of the Motor Petrol Company. In 1915 he went with the 
\nglo-Persian Oil Company designing plants for the Russian and 
sritish Governments for the manufacture of toluol and benzol from 
petroleum, returning to America in 1916, designing, erecting, and 
operating cracking plants for the Texas Company at Bayonne, N. J. 
uring the war he was head of the Instrument Division of the 
‘viation Section, Bureau of Construction and Repair, U. 8. Navy. 

!919 he was engineer for Cochrane, Harper & Co. and consulting 
‘vasneer for New England Oil Co. and Invincible Oil Co. and in 
125 chief engineer of New England Oil Company. Since 1923 he 
has been a consulting engineer. 

Pres *nted at the Metropolitan Section Meeting, New York, N. Y., 
\pril 16 1929, of Tae American Society oF MecuHaNicaL Enat- 
NEERS. 

Nore: 


Statements and opinions advanced in papers are to be 
prey we as individual expressions of their authors, and not those 
ot the Society 


is heated by direct contact with the flowing stream of product 
of combustion. 

The problem of transferring heat to oil differs materially from 
that of transferring of heat to water in view of the wide boiling 
range of crude oils and distillates and the danger of depositing 
coke on the inside of the tube if the transfer of heat is too rapid. 
It is known that, with adequate velocity, transfer rates as high 
as 10,000 or 12,000 B.t.u. per hr. per sq. ft. of heating surface are 
possible and these rates are actually being obtained in practice 
on certain portions of the surface in pipe stills. With the usual 
design of heaters, however, the average rate of transfer for the 
whole apparatus is much less, usually of the order of 3500 B.t.u. 
per sq. ft., since the load is not evenly distributed throughout 
the heating surface. More even distribution has been sought by 
the use of recirculating flue gases and the wasteful practice of 
employing excess air in combustion. 

One of the chief aims of the design lies in increasing the average 
transfer rate for the total surface rather than to increase the maxi- 
mum safe loads per sq. ft., although this may be found possible 
later. This condition can be approached by transferring the bulk 
of the heat, and in some cases all of the heat by radiation, and 
arranging the absorbing surface in such manner that it will re- 
ceive as nearly as possible an equal portion of the heat radiated. 
The transferring of heat from the flame direct to the absorbing 
surface by increasing the flame temperature, caused by reducing 
the excess air to a minimum and preheating the air required, 
permits not only an even distribution of heat to the absorbing 
surface but is a simpler and more economical method of utilizing 
fuel. 

Perhaps the most radical departure found in the new design 
is the elimination of the conventional brick-lined combustion 
space, to permit the absorption of heat to begin immediately after 
its generation. This has led to a new arrangement of the heating 
surface where the flame from the burner is exposed directly to 
what might be considered an excess of heating surface. With 
this arrangement the flame heats the tubes by radiance, and, 
conversely, the tubes cool the flame. Thus a balance can be 
struck between these two factors which results in limiting the 
maximum temperature to which the tubes may be subjected in 
service. It is thus possible to operate the heating surface under 
conditions known to be safe by former practice, and at the same 
time to burn fuel with high flame-burst temperatures. 

In general terms, the vertical tube heater comprises what may 
be termed a radiant section and an economizer section. The 
radiant section is constructed in the form of a vertical cylindrical 
shell, the walls of which are lined with vertically disposed tubes, 
symmetrically spaced with respect to the center of the cylinder. 
A burner admits fuel at one end of the vertical chamber, and the 
products of combustion are discharged at the other end and car- 
ried to the economizer section through a suitable flue. The econo- 
mizer section may consist of a more or less conventional tube- 
still arrangement for the tubes or may, in some cases, be an air 
heater which would replace the tube bank. The firing may be 
effected downward or upward according to the duty intended. 

Fig. 1 shows a downshot type with the economizer section dis- 
posed vertically and the horizontal flue connection between the 
two sections continued into the base of the stack to provide an 
outlet for emergency. 

The vertical section is formed by a cylindrical steel shell sup- 
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ported on columns and provided with a lining of insulating brick 
and firebrick. The upper portion of the shell is provided with 
an angle section turned inward which supports the weight of the 
tube sheet and tubes. This is allowed to slide on the surface of 
the supporting section to compensate for expansion. 

The tube sheet itself is composed of a number of sectors, usually 
of cast metal, rigidly connected to an inner ring made of boiler 
plate, uniting them into a continuous circular shape. The tube 
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sheet is perforated to permit the insertion of the tubes which it 
supports, and is so designed as to be self-supporting. Owing 
to its circular form it cannot break inwardly without stressing 
the inner annular ring of metal which joins the casting, and at 
the same time is free to move laterally as a whole. The burner 
or group of burners is supported at the center by radial members, 
and a flat arch is suspended from the radial members to form the 
top of the combustion chamber. The base of the chamber is 
provided with a circular opening of smaller diameter than the 
chamber connected with the flue, which forms the outlet pas- 
sage for the products of combustion. 

A second tube sheet in the form of an annular ring is provided 
at the base of the chamber with perforations corresponding to 
the top tube sheet. This lower tube sheet is supported by the 
shell on the outside, also by the structure formed by the outlet 
flue on the inner side. In this particular design, the whole of 
the weight of the tubes is taken by the top tube sheet, the bottom 
tube sheet acting merely as a support for the lining of the shell and 
the refractory material for its own protection. The tubes are 
thus permitted to expand and contract freely in a vertical direc- 
tion, and their weight tends to keep them straight, eliminating the 
tendency to sag. 

It will be noted in this arrangement that the position of the 
tubes is such that they are substantially out of the direct path 
of the products of combustion which tend to channel through the 
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center, at the same time they are in full view of the flame. The 
return bends or junction boxes connecting one tube to the other 
are shielded from the fire by the tube plates, and housed in by 
side plates and removable covers which provide access for clean- 
ing. 
The tubes are usually connected in series to form a single coi! 
to insure positive flow of the oil, but they can be divided to pro- 
vide a multiple flow, if desired. In the series heater, the oil is 
admitted to the top of the economizer bank, passes downwari 
progressively toward the hotter zone, and from thence is led t« 
the inlet tube of the vertical section around the cirele and out. 

It will be seen from this general arrangement that all the tubes 
in the vertical section receive a large amount of radiant heat, 
while, due to their s: mmetrical arrangement with respect to the 
fire, they all receive an approximately even amount of radiation 
Of course, as the oil becomes heated and the temperature of the 
tubes increases, the hotter tubes will absorb somewhat less heat 
than the cooler tubes, which is advantageous as it relieves the 
heat load on the tubes which might be expected to give the most 
trouble. The absorption of heat in the vertical section is suf- 
ficiently great to reduce the 
temperature of the gases de- 
livered to the economizer section 
to 1200 to 1400 deg. fahr., a tem- 
perature at which they can be 
readily handled with a conven- 
tional setting. 


With a comparatively large ‘orcea 
Orarr 
absorbing surface in the vertical 
section, the products of com- ay la Ms 
bustion are cooled very rapidly, = He Hy 
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making it possible to maintain 
a high heat gradient between 
the flame temperature and the 
average temperature of the gases 
surrounding the tubes, and fur- 
ther, by proportioning the 
amount of absorbing surface to 
the amount of fuel to be burned, 
it is possible to limit the maxi- 
mum skin temperatures of the | 
tubes independent of the flame- NA 
burst temperatures. 

Actually the temperature at a 


point 10 in. to 12in. away from SWZ, 
the tubes toward the center of > 1 ) 
the furnace will seldom exceed Gos Wh : 


1500 deg. fahr., with flame tem- 
peratures of 2700 to 3000 deg. 
fahr., which appears to be a safe 
limit for tubes carrying oil. In 
existing installations, the tem- 
peratures usually run materially 
lower than 1500 deg. fahr., and 
it has been found that the variations in temperature in the length 
of the chamber are seldom over 100 deg. fahr. Average transfer 
rates for the whole surface of between 5000 and 8000 B.t.u. per 
sq. ft. are possible with heaters of this type, depending on thi size 
of the economizer section, which reduces the average. 

Another effect resulting from the rapid absorption of heat is 
evidenced by the reduction of the volume requirements for com- 
bustion made possible by the correspondingly rapid contraction 
of the products of combustion. In the conventional pipe still 
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heen possible to liberate from 15,000 to 16,000 B.t.u. per hr. 
per cu. ft. in a tube still of the type described and to continue 
to do so over long periods of time without endangering the tubes 
or interfering with combustion. It seems probable that this 
figure can be materially increased. 

Doubtless these figures seem moderate when compared with 
boiler practice. In oil heating, however, they represent sub- 
stantial progress. 

In oil heating, where tube temperatures are usually higher than 
in steam practice, and where there is likely to be deterioration 
of the surface due to oxidation, another advantage results from 
operation with minimum excess air, apart from the standpoint 
of economy. The life of the tubes is materially increased by re- 
ducing the amount of free oxygen in the gases, and although there 
always appears to be a slight oxidation at high temperatures, 
the benefits of running with a minimum of excess air are very 
marked. In one particular installation, made on a high-tempera- 
ture cracking plant, tubes have been in service about two years 
without substantial oxidation when running at oil temperatures 
of 1050 to 1100 deg. fahr., and where the outside-skin tempera- 
ture of the tube is materially in excess of this figure. 

There has been, to date, very little occasion to effect repairs on 
briekwork of furnaces built; in fact, the brickwork of the lining, 
flues, and economizers has shown practically no effects of heat- 
ing. 

In order to provide adequate surface in the combustion cham- 
ber, it is usually customary to stagger the tubes to form two rows 
in such a way that the inner row does not shield the back row from 
the flame. This usually leads to a staggered arrangement which 
is very flexible and permits varving the surface with standardized 
shells and obviates the necessity of making numerous general 
designs for different requirements in duty. The addition of 1 
ft. on the diameter gives roughly 3 ft. on the tube sheet which 
leads to economy in the large sizes. 

Vertical stills are now being built with a range of capacity be- 
tween 12,000,000 B.t.u. per hr. and 40,000,000 B.t.u. per hr. 
The larger size stills have a shell diameter of about 20 ft. and a 
tube length of about 25 ft. in the combustion chamber with the 
steel work in the economizer in proportion. It is interesting to 
note that the cost of materials increases at a very moderate rate 
with capacity owing to the form of the structure, and it is expected 
that the larger sizes will show a substantial economy in materials 
per unit of capacity. 

Visibility of the tubes, which is important especially in crack- 
ing, is provided by peep holes in the side of the shells, and the tubes 
can be viewed by looking diagonally across the furnace from vari- 
ous points symmetrically disposed in the shell. In the larger 
furnace top and bottom peep holes are also provided to view 
the flame. 

\ccess to the tubes for cleaning is provided by removable 
covers enclosing the top and bottom tube space. The junction 
Hoxes connecting the tubes are provided with the usual removable 
lugs to permit turbining the tubes in place. This operation is 

irried out from top to bottom, and, due to the disposition of the 
‘ubes around the circumference of the combustion chamber, a 
‘urge number of cleaners can be employed simultaneously, if de- 
sired, without interfering with each other. With certain types of 
junction boxes, dirty tubes can be withdrawn by means of an 
‘verhead trolley or crane and replacement effected in a re- 
tnarkably short time. Rapid cleaning is often important since 
‘he furnace is usually connected to a large amount of equipment 
which must remain idle during cleaning periods and therefore 
non-productive. 

The vertical still controls with great rapidity, and at the same 
‘ime it appears to be unusually stable. The moderate variations 
of fuel required to maintain desired outlet temperatures do not 
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seem to affect the percentage of CO, to any great extent and the 
control of the heater can be normally effected without changing 
the forced-draft pressure. It is interesting to note that if the 
CO, falls off, more load is put on the economizer, and, whereas the 
outlet temperature of the heater may remain constant, the out- 
let temperature from the economizer to the vertical section may 
vary considerably. In this manner changes in combustion condi- 
tions may be noticed quickly on the control board of the refinery 
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Fic. 3) Recent-Type Heater With Horizontat Five ForMiING 
SeconDARY RapbIANT SECTION 


unit and corresponding corrections made. Over two-thirds of 
the work of the heater is done in the vertical section, the re- 
mainder in the economizer. Without the economizer an efficiency 
of the order of 50 per cent may be expected. Under service condi- 
tions an overall efficiency of 70 to 75 per cent can be readily ob- 
tained, and it is possible that even better results can be secured 
when oil-inlet temperatures are not too high. 

Fig. 2 illustrates an upshot heater in which the economizer 
section has been replaced by an air heater, shown more or less 
diagrammatically above the vertical section. The purpose of 
the air heater is to reclaim heat from the stack kases and transfer 
to the air required for combustion. With preheated air it is 
obvious that higher combustion temperatures will be obtained 
and therefore more heat will be made available for transfer to the 
tubes by radiation, This type of heater, many of which are now 
in operation, is of considerable interest since it carries out more 
fully the idea of transferring heat from a source at high initial 
temperatures. It is used in connection with processing where 
the inlet-oil temperature is of the order of 800 deg. fahr., a tem- 
perature which would render a tubular economizer section of 
little value. In installations of this type average heat-transfer 
rates for the surface run as high as 10,000 B.t.u. per sq. ft. 

The mechanical structure of the heater is very simple, requiring 
little ground space, and it seems probable that it will lead to 
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considerable economy in materials. The comparatively short Fig. 3 shows a more recent modification of the type of heater 
length of travel of the oil should permit high velocities without first described. The chief points of interest in this design lie in 
undue pressure drops, thereby enhancing the transfer rate of heat details of construction, in particular in the use of the horizonta| 
from metal to oil and reducing the steam required for pumping. flue to form what may be termed a secondary radiant section. 
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Use of Superheated Steam in Oil-Well 
| Drilling 


By V. WEAVER SMITH,' NEW YORK, N. Y. 


Advent of deep drilling for oil has greatly increased the 
size of the equipment necessary for drilling. The cost of 
equipment has been mounting very much faster than the 
return from the wells. Furthermore, the transportation 
of this heavy equipment is becoming a serious problem. 
These factors have turned the oil industry to the engineer 
for assistance in solving the problem of reducing the cost 
of drilling wells. 

Conditions have become so serious that in spite of the 
fact that the driller pays nothing for his fuel, he is now 
able to buy power in some cases from public utilities, who 
pay for this same fuel, more economically than he can 
produce it. This condition has been brought about be- 
cause little attention has been paid to decreasing the ini- 
tial cost and increasing the life of the equipment. Utili- 
ties have overcome the fuel cost by more efficient design 
and operation of the power-plant equipment. The pro- 
ducing industry is in an excellent position to reduce the 
cost of drilling wells by taking advantage of the improve- 
ments that utilities and other industries have made in 
design of power equipment. By so doing they will recover 
the advantage of low or no fuel cost, and thereby reduce 
the cost of drilling. 


P UNTIL a short time ago, as 
equipment failed or did not seem 
powerful enough, the tendency 

was to build it heavier or build it larger. 
Very little attempt was made to build the 
equipment more efficient and make it ca- 
pable of doing more work without increas- 
ing its size and weight. 

As an example of this the single engine 
was replaced by a twin engine, and, more 
recently, the size of the cylinder was in- 
creased from 10 in. by 10 in. to 11 in. by 

11 in. and finally to 12 in. by 12 in. The size of fluid pumps 
increased from 10 in. by 4 in. by 12 in. to 15 in. by 78/, in. by 
20 in. In very few instances has any attempt been made to 
reduce the power required or the weight per unit of work pro- 
cuced. Hence the boiler plant has increased to meet the larger 
steam demand from two 73-hp., 175-lb. boilers to four 125-hp., 
350-lb. boilers necessary to operate a rig. 


' Engineer, The Superheater Company. Mem. A.S.M.E. The 
author received his degree of B.S. in Chemical Engineering from Penn- 
*yivania State College in 1914 and the M.S. degree in 1915. After 
«raduation and until 1921 he served in various capacities with the 
british Chemical Company, Renfrew, Ont., British American 
‘ hemical Company, Ridgefield Park, N. J., and Harbor Sales & 
M anufacturing Company, New York. He then joined the Atlantic 
‘ar & Chemical Works, Ltd., Bayway, N. J., in the capacity of 
works manager, having charge of rebuilding the plant, until he 
joined The Superheater Company in 1926. 

Presented at the National Petroleum Meeting, Tulsa, Okla., 
Oct. 6 to 8, 1930, of THe American SocteTy OF MECHANICAL ENGI- 
NEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Steam is the ideal power medium for drilling for many reasons. 
It gives more flexibility to the ever-changing demands for power 
over a day’s operation. Fuel is invariably available at the 
location, and water is required for drilling the well. Hence, 
with all the raw materials necessary for supplying power on the 
location, the cost of transportation of any other power medium 
should be overcome very readily by the efficient use of the 
power medium. Electric power is not available at many loca- 
tions, particularly in new pools where drilling is often competitive. 
By standardizing on equipment of one power medium that is 
usable under all conditions, and developing its efficiency to the 
highest degree, the initial investment in equipment is reduced, 
and the problem of replacements is greatly simplified. 

The principal reasons for the slow introduction of efficiency 
into steam power-plant equipment for drilling have been two- 
fold: (1) Most refinements in power-plant equipment have been 
looked upon as fuel savers and the driller has no fuel cost, (2) 
until recently the size of the power plant was too small for most 
refinements to justify their cost. With the heavy power de- 


mands of modern drilling and the rapid strides made in power- 
plant engineering, this condition is now entirely different. 
Furthermore, in analyzing the advantages and disadvantages 
of any piece of equipment it is often necessary to go into detail. 
For instance, while it is commonly supposed that the reason for 
using superheaters on locomotives is because of the large saving 


in fuel and water, it will probably be found on careful analysis 
that the increase in the capacity of the locomotive and other 
factors would alone more than justify the investment. And so 
in considering the use of superheaters for oil-well drilling, a 
careful analysis of the whole problem must be made. Before 
considering the advantages it may be well to consider what 
superheated steam is and how steam is superheated. 


SUPERHEATED STEAM 


Steam is superheated when it has been heated above the 
temperature corresponding to the saturation temperature. The 
temperature difference between superheated steam and saturated 
steam at the same pressure is known as the degree of superheat. 

Steam that is superheated contains no moisture, and cannot 
condense until its temperature has been lowered to that of 
saturated steam at the same pressure. Superheated steam is a 
more efficient medium than saturated steam for transforming 
heat energy into mechanical energy and, therefore, fuel into 
power. 


How Sream Is SuPERHEATED 


Steam is superheated by adding heat to it, after the steam is 
removed from contact with water. Usually the steam is passed 
through a vessel located in the path of the furnace gases. Some- 
times separate sources of heat are employed. Steam may be 
superheated or reheated in reheaters or steam resuperheaters 
while passing from the high- to the low-pressure stages of large 
turbines, where the heating agent is live steam. Superheaters 
with separate furnaces, known as separately fired or portable 
superheaters, sometimes are employed. 

Steam can be superheated by throttling. This method, how- 
ever, is a special instance and is not ordinarily employed, since 
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any degree of obtained superheat is at the expense of reduced 


pressure. 
A STEAM SUPERHEATER 


A steam superheater is an apparatus to increase the tempera- 
ture of steam without increasing its pressure. It is used generally 
for raising the temperature of saturated steam direct from a 
It consists of a system of tubular units or elements 
One end of 


steam boiler. 
with the steam flowing inside and hot gases outside. 


each tube or unit is connected to a distributor or saturated-steam 
header, the other end to a collector or superheated-steam header. 
A superheater as shown in Fig. 1 for oil-country boilers con- 
sists primarily of: 
1 A special cast-steel header comprising two compartments, 
one acting as the distributor for the saturated steam coming 
from the boiler, and the other for the collection of the steam 
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with corresponding reduction in scale formation 
9 By reducing the fuel consumption 
10 By increasing the boiler efficiency. x 


Most of these advantages can be determined theoretically o1 
from experience in other industries. But in order to test in « 
practical way the use of superheated steam under actual drilling 
conditions, two boilers were built and equipped with super- 
heaters. The set-up was made as later described in detail so as 
to approach normal operations as far as possible. 

The boilers were set up according to the common practice used 
in the Gulf Coast fields. The arrangement is shown in Fig. 2 
A 3-in. line connected the steam header of the saturated-steam 
boilers to the rig. The boilers equipped with superheaters were 
set up in the same manner with a connection from their header, 
which is in front of the boiler, to the 3-in. line running to the 


Return Bends “integrally Forged” 
with Tubing (Elesco Make) 


Fie. 1 


(1, Unit shape No. 1; 2, Unit shape No. 2; 


outlet pipe nipples; 33, Offset boiler flange; 34, Bushing for list No. 33; 


after it has been superheated, and from which the steam is carried 


to the main steam line. 

2 Detachable units of heavy-gage, seamless, drawn, steel 
tubing, which are formed by bonding two or more lengths of 
tubing by forged return bends. These units are connected 
to the header by means of clamped metal-to-metal ball joints. 

3 Connecting pipe between the boiler nozzle and the satu- 


rated-steam inlet, safety valve, and bleeder valve. 
EFFEcT OF SUPERHEATED STEAM IN OIL-WELL DRILLING 


A careful study of drilling operations was made to determine 
if superheated steam offered any advantages over saturated 
steam. This investigation indicated that the use of super- 
heated steam would offer the following advantages: 

1 By reducing the steam consumption of the drilling engine 
and the fluid pump 

2 By reducing radiation losses in pipe lines from boilers to 
the drilling rig 

3 By reducing the steam pressure of the boilers for required 
steam pressure at the engine and pump 

4 By increasing the pressure of the fluid pumped to the well 

5 By increasing the capacity, speed, and flexibility of the 
drilling rig 

6 By increasing the life of the pumps, engines, and boilers, 
due to better operating conditions 

7 By decreasing weight of boilers required to operate the rig 

By decreasing the amount of water required for boilers 


SUPERHEATER APPLICATION TO O1L-CouNTRY BoILeRs 
3, Unit supports; 9, Header; 30, Connecting flanges; 31, Bent connecting pipe;' 32, Superheater inlet and 
35, Superheater outlet tee; 
38, Superheater safety valve; 39, Gaskets for 4-in. connections; 40, Gasket for 1'/:-in. connection; 41, Superheater header brackets.) 


36, Bleeder valve; 37, Bleeder-valve nipple 


rig. Valves were provided so that either set of boilers could be 
cut in or out at will without interfering with the operation of 
the rig. A manifold was provided between the boilers and the 
rig in which were installed connections for recording pressure, 
temperature, and the flow of steam from either set of boilers. 

A second manifold, as shown in Fig. 3, was provided on the 
branch line going to the pump in which connections were made 
for measuring the steam consumption of the pump. Provisions 
were made for measuring the moisture and temperature of the 
steam at the boilers, engine, and pumps. Steam gages were 
provided to register the steam pressure at those points. 

Water was ordinarily supplied to the boilers by means of 1"- 
The water was taken from a common source of supp!y, 
A 6 X 4 X 6 duplex pump 
No feed- 


jectors. 
namely, two 250-barrel tanks. 
was provided for supplying feedwater in emergencies. 
water heaters were used. 

Casinghead gas was used for fuel of approximately 1400 1.1.u 
quality. This gas was passed through a centrifugal seru!)e! 
to remove any oil or water carried over from the separ.‘o! 
The gas was measured by means of an orifice meter. The supp!) 
of gas to the boilers was controlled by means of the Doreco 
boiler governor on the superheater-equipped boilers, anc 5y 
means of the Neilan-Schumacher spring-type governor 0! 
saturated-steam boilers. Provision was made at the smoke- 
box of the boilers for measuring the flue-gas temperatures 2nd 


making flue-gas analyses. The arrangement of the equipm:!! 
9 i! 


the 


and the location of the instruments are shown on Figs. 2 
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18 


Engine, 12 in. by 12 in. Twin Ideal Ajax roller bearing 

Pumps, two 12 X 6 X 16 Wilson-Snyder 19 

Rotary, 20-in. Boykin 

Drawworks, Beaumont, 4-post 20 

Swivel, Ideal, type 6-A 21 
22 


Traveling block, 3-sheave Boykin 
Crown block, Baash-Ross 

Drill pipe, 6 in. to 4000 ft., 4 in. on down 

Hook, 8 in. Ideal spring 

Water pump, Gardner-Denver 6 X 4 X 6 

Injectors, Penberthy 

Leeds & Northrup potentiometer and thermocouples 0 deg. 
to 2000 deg. fahr. for measuring all temperatures 

Hays Orsat flue-gas analyzer 

Ellison inclined draft gage 

Ellison throttling (U-path) calorimeter 

Schaeffer & Budenberg separating calorimeter No. 1601 
Ashcroft test pressure gage, 0-300 Ib. 


23 
24 


25 


SSsey 


NGINE AND Pumps 


Brown recording pressure gage, 0-300 lb. No. 85549 
Cochrane flow meter, orifice 2885 in. dia. 0-12,000 Ib. per hr.; 
used to measure total steam flow 

Brown gas-actuated thermometer, 0-600 lb. No. 85736 
Chaplin-Fulton gas-pressure regulator, 0-600 lb. 

Pressure gage, 0-100 lb. High side of gas regulator 
Pressure gage, 0-60 lb. Low side of gas regulator 
Westcott orifice meter, No. 19912, static pressure 50 |b. 
differential 100 in. water, used as gas meter, 1'/:-in. orifice 
Westcott orifice meter No. 29731, static pressure 500) !b., 
differential 100 in., to measure steam flow, 2?/,-in. orifice 
Foxboro recording pressure gage, No. A-75807, 0-—1000 !b.; 
used to record fluid pressure put up by pump 

U.S. gage, 0-1000 lb., fluid-pressure check 

Regular 0-300 lb. boiler gages 

120 deg. fahr. thermometer for feedwater temperature 
0-60 Ib. gage used for engine cylinder pressure 

Four 0-300 lb. gages 
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It is to be noted that all of the equipment used for drilling the 
well were identical throughout the test with the exception of the 
boilers and burners for the boilers which were used to provide 
the superheated and saturated steam respectively. 
fications of the boilers are given in Table 1. 


The speci- 


rABLE 1 COMPARA 


TIVE DATA ON SUPERHEATER- EQUIPPED 
AND SATURAT T 


ED-STEAM BOILERS USED IN TES 
Superheater equipped Saturated steam 


Type of boiler Locomotive, portable Locomotive, portable 
- as 


Code A.S.M.E. .S.M.E. 
Rating, horsepower 65 90 
Working pressure, Ib. per sq 

in 180 200 
Test pressure, Ib. per sq. in 270 300 
Heating surface, evaporative, 

sq. ft ‘ 649 919 
Furnace volume, cu. ft 74 86 
Furnace volume per sq. ft 

heating surface, cu. ft 0.114 0.094 
No. tubes, 3 in. od 46 80 
No. tubes, 5in. od 16 None 
Length tubes, ft 12 14 
Steam outlet diameter, in 3 4 
Stack diameter, in 25 25 
Stack height, ft 32 28 
Weight of complete boiler, Ib 

cach 18,885 21,460 
Burners used on boilers, low- 

pressure gas Doreco Perfecto 


Meruop or ConDUCTING THE TEST 


Since the purpose of the test was to obtain a comparison be- 
tween superheated steam and saturated steam for the drilling 
operation, each set of boilers (two each) was operated for alternate 
periods of 24 hr. throughout the duration of the test. The test 
was started when the well was at a depth of approximately 1800 
ft. and discontinued at a depth of approximately 4000 ft. The 
test was carried on for 18 days to be sure of obtaining average 
drilling conditions at the well while both kinds of steam were 
supplied. Readings of steam pressure, temperature, speed, 
fluid pressure, moisture in steam, steam and fuel consumption, 
ete., were taken every half hour throughout the test. 

In order to eliminate the advantage of steam pressure of one 
kind of steam over the other, the automatic fuel regulators were 
set to obtain the same pressure at the point of measuring the 
flow of steam on both sets of boilers. 

The entire test was conducted under normal drilling conditions. 
Throughout the test period no interruption to the drilling opera- 
tion was caused by running the test. The operation of the 
drilling rig and the firing of both sets of boilers were done by the 
regular drilling crew. 

Data on the boilers, engines and pumps, and at the instrument 
manifold were collected at half-hour intervals throughout the 
run. The data collected are shown in Tables 2, 3, 4, and 5. 


DATA TAKEN AT BOILERS? 
Saturated Superheated 


TABLE 2 


steam steam 
Boiler steam 
Pressure, Ib. per sq. in., gage... 181 7 
Temperature, deg. fahr 380 569 
ouperheat, deg. fahr.. 190 
Moisture in steam, per cent... 0.5 
Fuel 
Calorific value, B.t.u. per cu. ft. 1400 1400 
Fuel consumed, average cu. ft. per hr 14,017 12,011 
Temperature flue gas, deg fahr.b. es 697 700 
Draft at base of stack, inches of water........... 0.19 0.18 
Feedwater temperature, deg. fahr............... 81 


\verages for 18 days. 
® Saturated-steam boiler operated at average rating of 167 per cent and 
perheater-equipped boiler at average rating of 228 per cent. 


The data thus obtained permit a comparison of the effects of 
the saturated and superheated steam upon the operation of the 
pumps and engines, the pressure drop and heat losses in the lines, 
and thermal efficiencies of the boilers, and other points of interest. 
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TABLE 3 DATA TAKEN AT INSTRUMENT MANIFOLD 
COMMON TO BOTH SETS OF BOILERS¢ 


Saturated Superheated Increase Decrease 


steam steam per cent per cent 
Steam flow, average Ib. per hr. . 9053 8010 ee 11.5 
Steam pressure, lb. per sq. in., gage po 168 ; 
Steam temperature, —' fahr..... 5 497 
Superheat, deg. fahr. 122 


® Averages for 18 days. 


TABLE 4 DATA TAKEN AT PUMP AND ENGINE” 


Saturated Superheated Increase Decrease 


steam steam per cent per cent 

Steam pressure at pump, lb. per 

sq.in.. 142 151 
Loss in steam pressure between 

manifold and pump, Ib. per sq 

26 17 34.6 
Steam temperature, total deg. fahr. ee 424 
Superheat, deg. fahr... 58 
Moisture in steam, per cent... 17 és 
Radiation losses in pipe lines from 

boiler to pump, hp ; 39.3 18.2 53 7 
Steam used by pump, lb. per hr. 6180 5320 13.9 
Per cent of total steam required 

used by the pump 68.3 66.4 
Fluid pressure developed by pump, 

average ; : 347 387 11.5 
Pump speed, strokes per minute. . 57.4 60.4 
Hydraulic output of pump, average 

hp. developed....... ‘ ‘ 91.4 106.3 16.3 
Water rate of pump, Ib. per hy- 

draulic hp-hr ‘ ; 67.6 50 26.1 
Speed of engine, r.p.m 160 164 
Back pressure in exhaust chest of 

pump, !b. per sq. in : 12 9 25.0 


* Averages for 18 days 


GENERAL NOTES ON TEST 


Saturated Superheated Increase Decrease 


TABLE 5 


steam steam per cent per cent 

Horsepower of boilers, rated, 

total.. awe 184 130 
Horsepower of boilers, ‘devel- 

oped, total......... 308 297 
Per cent of rating hee atti 167 228 
Pounds of water evaporated per 

hr. per boiler 4526.5 4005 11.5 


Pounds of water evaporated per 
hr. per sq. ft. heating surface 4.94 6.17 24.9 


Cu. ft. gas burned per hr per 
boiler 7 5 6005.5 14.3 
Furnace volume of boilers, cu. 
ft 86 74.4 
Cu. ft. gas burned per ‘hr. per 
cu. ft. furnace volume...... 81.5 80.7 
Furnace volume per sq. ft. 
heating surface, cu. ft....... 0.094 0.114 
Furnace volume per senate 
developed, cu. ft... 0.279 0.25 
Calorific value of fuel per cu. = 
Heat release per cu. ft. furnace 
volume per hr., B.t.u....... 114,000 112,980 
Temperature flue gas, deg. 
697 700 
Temperature of steam at boiler 
pressure, deg. fahr...... 380 379 
Temperature of steam leaving 
superheater, deg. fahr....... 569 
Difference between steam and 
gas temperature, deg. fahr... 317 131 
Gas burned per hp-hr. devel- 
wan 45.5 40.44 11.0 
B.t.u. per boiler hp-hr. devel- 
oped, theoretical (1). 33,479 33,479 
B.t.u. gas consumed per boiler 
hp-hr., cu. ft. X heat value (2) 63,700 56,616 = 11.0 
(1) + (2)... 52.8 59.4 12.5 nw 


Boiler efficiency = 


@ Saturated boilers operated at average rating of 167 per cent and super- 
heater-equipped boilers at average rating of 228 per cent. 


Resvutts oN Pumps AND ENGINES 


It can be seen from the foregoing data that the hydraulic 
horsepower developed, which can be used as a measure of the 
work done by the steam, was increased with a corresponding 
reduction in the steam consumption of the rig. Hence it is 
necessary to calculate the savings in fuel, water, and the increased 
capacity in terms of the work done to appraise the full benefit 
derived from the use of superheated steam. 

From the foregoing table it is seen that the hydraulic horse- 
power of the pump increased 16.3 per cent when superheated 
steam was used; hence: 
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9053 X 1.163 = 10,528.64 Ib. of saturated steam to develop 
106.3 hp. 
8,010.00 Ib. of superheated steam to de- 
velop 106.3 hp. 


2,518.64 lb. saving in steam, or a decrease 
of 23.9 per cent in the quantity 
of steam required for the same 

- work done. 


Fig. 4 is a water-rate curve, plotted from the data taken on 
the pump for the different horsepower developed under change- 
able conditions. This curve indicates that as the fluid horse- 
power is decreased, the savings due to superheat increase rapidly. 
At a load of 60 hydraulic horsepower the water rate is reduced 
from 112 lb. of saturated steam per hour to 64 lb., or a saving 
of 43 per cent. 

While the water rates may not be true figures, they are com- 
parative since they were determined the same way for both kinds 
of steam. The hydraulic horsepower developed was figured 
from the speed, displacement, and pressure developed by the 
pump. Since there is bound to be some slippage of the pump, 
both steam rates per hydraulic horsepower should be increased 
25 per cent or more to represent actual steam rates. 
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Fic. 4 Sream CONSUMPTION OF THE Mup Pumps 


(When operated with steam furnished by the saturated-steam boilers and 
the superheater-equipped boilers.) 


The question has often been raised as to how it is possible for 
there to be such a large saving in steam in a cylinder with super- 
heated steam when no expansion takes place. It is because in 
uninsulated cylinders the heat radiation is so great. This can 
be seen from the curve. The slower the pump is running, the 
greater is the time per stroke or the time the steam is exposed 
to radiation or cooling. 

Likewise, the starting of the piston to move in the opposite 
direction is a relatively large part of the total time of the stroke. 
Hence, a pump with a short stroke with saturated or super- 
heated steam is less efficient than a long-stroke pump, all other 
things being equal. 

Since there were no easy means of measuring the work done 
by the engine without interfering with the operations, no mea- 
surements were taken. Since the engine is a reciprocating type, 
taking steam for the full stroke, superheated steam would be 
expected to show an equal decrease in the quantity of steam 
required. 

The speed of operation and the flexibility were improved due to 
the elimination of moisture from the engine. The saturated 
steam contained 17 per cent of moisture, while the superheated 


steam still contained some 50 deg. of superheat at the engine 


It was observed that it was necessary to pick up several more 
“thribbles” in low speed with saturated steam than with super- 
heated steam. This reflects the improved operation of super- 
heated steam. 


Losses IN STEAM LINES 


The steam line from the saturated boilers to the pumps con- 
sisted of 44 ft. of 4-in. standard line pipe and 219 ft. of 3-in. stand 
ard line pipe, together with twenty 90-deg. angle fittings. The 
steam line to the engine consisted of 19 ft. of 4-in. pipe and 210 
ft. of 3-in. pipe, together with thirteen 90-deg. angle fittings. 

The steam line from the superheater-equipped boilers to the 
pumps consisted of 50 ft. of 4-in. standard line pipe and 244 ft. 
of 3-in. standard line pipe, together with twenty-one 90-deg 
angle fittings. The steam line to the engine consisted of 25 ft 
of 4-in. pipe and 235 ft. of 3-in. pipe, together with fourteen 
90-deg. angle fittings. 

The lines would have been considerably shorter under normal 
operating conditions, and would have contained less 90-deg. 
angle fittings. The longer lines and increased number of fittings 
were necessary to install the manifolds for test purposes. 

The radiation losses in the case of superheated steam amounted 
to 610,000 B.t.u. per hr. and for saturated steam 1,350,000 
B.t.u. per hr. These losses are equivalent to 18.2 boiler horse- 
power for the superheated steam and 39.3 boiler horsepower for 
the saturated steam. 

The average pressure drop between the instruments on the 
manifolds at the boiler and the pump was 17 lb. for superheated 
steam and 26 lb. for saturated steam. This line consisted of 200 
ft. of 3-in. standard line pipe with eleven 90-deg. angle fittings. 

For safety reasons the use of superheated steam, therefore, 
permits the boilers to be placed at a greater distance from the 
rig for the same amount of heat and pressure losses. However, 
for maximum efficiency, the steam lines should be as short and 
as free of turns as possible. 


RESULTS OBTAINED ON BOILERS 


No attempt was made to conduct an accurate thermal-efficiency 
test on the boilers, but readings of the fuel consumption, steam 
output, flue gas, and feedwater temperatures were taken periodi- 
cally. The saturated-steam boilers operated at an average out- 
put of 9053 lb. of steam per hr. or 308 hp., which is 167 per cent 
of their rated (92 hp.) capacity. The superheater-equipped 
boilers were operated at an average output of 8010 Ib. per hr 
or 297 hp., which is 228 per cent of their rated (65 hp.) capacity. 
At these average operating conditions, the flue-gas temperatures 
for the saturated-steam and superheater-equipped boilers were 
697 deg. and 700 deg. fahr., respectively. 

From the data it can be seen that the fuel required to operate 
the rig with saturated steam was 14,017 cu. ft. per hr., while 
with superheated steam only 12,011 cu. ft. were required to 
operate the rig at 16.3 per cent increased capacity, hence: 


14,017 * 1.163 = 16,301 cu. ft. required to do same work 
with saturated steam 
12,011 cu. ft. required to do same work 
with superheated steam 


4,290 cu. ft. fuel saving per hr., equiva- 
lent to 26.3 per cent in fuel for 
same work done. 


From the data it can be seen that the average steam required 
to operate the rig with saturated steam was 9053 Ib. per br. 
With superheated steam it was 8010 Ib. per hr. Since the steam 


used is equivalent to the water evaporated, the saving in water 
consumption can be calculated as follows: 
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9053 X 1.163 = 10,528 lb. water evaporated to do same 
work with saturated steam 
8,010 lb. water (when superheated steam 
was used) 


2,518 lb. water saving, or a decrease of 
23.9 per cent in the quantity of 
water required. 


Since scale formation is directly in proportion to the water 
evaporated, it can be said that there is a reduction of 23.9 per 
cent in the seale deposit. 

The overall thermal efficiencies of the saturated-steam and 
superheater-equipped boilers were 52.8 per cent and 59.4 per 
cent, respectively. The saturated-steam 
boilers had previously been used to drill 9100 
ft. of hole and the superheater-equipped 
boilers had been used to drill 4000 ft. of hole. 

On a preliminary test these two superheater- 
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any difficulty in operating superheater boilers. They seemed 
well satisfied with them. Superheater-equipped boilers are fired 
in exactly the same manner as saturated-steam boilers except 
that when firing up, a bleeder at the outlet of the superheater 
must be left open to permit passage of sufficient steam to protect 
the superheaters until they are put on the line. 

No difficulties of any nature were encountered in operating 
the rig. No special knowledge is required of the operators in 
using superheated steam. It is to be noted, however, that a good 
grade of high-flash lubricating oil should be used for the engine 
and the pump. With superheater-equipped boilers the steam 
header is across the front of the boiler. When injectors are used 
to supply the feedwater, a small saturated-steam header is re- 


URE- 2 


equipped boilers developed 393 hp. under 
maximum firing conditions and without con- 
sideration of efficiency. This represents 325 g 
per cent of the rating. ® 4 XX 

With the reduction in water evaporated to 3 
operate the rig, it is obvious that the scale 2 aS \ \ 
deposit in the boiler is reduced a correspond- y SA 4 
ing amount. This results in less foaming of Aa Rieu. CA 

. NE FLOWS 
the boiler, and decreases the amount of blow- eh Ay, 
COCHRANE 

down on the boiler. 

Since less steam is required for drilling, and fa.3 +- 

more pressure is developed by the mud pump © NO. @ 
by the same steam pressure when using super- 
Satucated 

heated steam, it is apparent that smaller FOR 24HRE ENOING. 

CORD AT... 
boilers can be used to perform the work re- . 
quired. This will reduce the difficulty and wW / 
cost of transporting the boiler in the field, and ‘ 
also reduce the working pressure of the boiler. z 
The superheater-equipped boilers were un- » 

loaded at three different locations in running ‘ 
the preliminary and final tests. In trans- x . 1 
porting them, due to bad roads, they were es 
thrown off the trucks on one trip. During r .) 


transportation, the superheaters were not re- 
moved from the boilers. No leaks or other 
mechanical troubles developed in the super- 
heaters although the boilers did leak some- 
what. This leakage in the boiler was proba- 
bly due to excess operating pressures when 
attempting to carry the load at the prelimi- 
nary test location. This indicates that no 
trouble in transportation is to be expected with superheater- 
equipped boilers. 

The elimination of excessive moisture by the superheated 
steam from engine and pump and the better lubrication indicated 
that the life of this equipment would be longer than with satu- 
rated steam. The decrease in scaling troubles of the boilers will 
increase the life of the tubes and the entire boiler. Lower 
operating pressures will have the same effect. 

It can be seen from the data taken that the capacity of the 
rig is increased 16.3 per cent by the use of superheated steam. 
This will result in decreased drilling time in drilling wells. With 
more holes drilled per rig, the entire investment in drilling equip- 
ment can be reduced. When drilling offset wells, the increased 
capacity due to superheated steam is particularly advantageous. 


Fia. 5 


OperatTinG ConpiTIONs WHEN UsiInG SuPERHEATED STEAM 


Neither of the firemen at the well on which the preliminary 
test was run, or when conducting the regular test, experienced 


e 


TYPICAL STEAM-FLOow CHART FOR TOTAL SATURATED-STEAM REQUIREMENTS OF 


THE 


(Variations in steam demand for the various operations on tie rig are indicated.) 


quired from the dome of the boiler as injectors do not operate 
as readily on superheated steam. 

The superheater is of simple construction, consisting of two 
steam headers and units inserted in large flues in the boiler. 
These units are clamped to the headers with a ball joint held in 
place by one bolt. To replace a unit it is necessary only to open 
one bolt to make the change. Only two types of units are re- 
quired, so the investment in replacements and number of parts 
necessary to stock is small. 

As pointed out, no mechanical troubles were encountered in 
the use of the superheaters. The superheat obtained was as 
high at the end of the run as at the start of the preliminary run. 
This indicates that the units are remaining clean. In view of 


this, no trouble is anticipated in the life of the equipment. 

It is to be pointed out that the large flues containing the 
superheater units cannot be swabbed out as readily as the regular 
tubes. This does not seem to present a serious disadvantage 
as they can be cleaned readily with a steam lance. 
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Boilers equipped with superheaters do not contain as much 
heating surface as saturated-steam boilers of the same size due 
to the large flues necessary to accommodate the superheater 
units. However, the increase in boiler efficiency and capacity 
of the drilling rig, as shown in this report, indicates that this is 
not a disadvantage. 

It can be seen from the results of this test that the use of 
superheated steam gives a remarkable improvement in the 
operation of all the major equipment on the drilling rig. It can 
be seen that in addition to the fuel and water saving that can 
be made, the increased capacity of all the equipment without 
increased weight, the increased life due to better operation, 
increased speed of drilling, and flexibility due to superheating 
offer many decided advantages. 

After this test was made, boilers equipped with superheaters 
were introduced into Oklahoma, and additional results are now 
obtainable. It is interesting to compare the operation given 
in Table 6 on rigs using the same pumps and engines, but using 
saturated-steam and superheater boilers, all operating at ap- 
proximately the same depth of hole. 


TABLE 6 


Super- Super- Satu- 
heater heater rated 


Rated hp 110 125 
Steam pressure 265 } 355 
Flue-gas temp, deg. fahr 910 
Pump speed, cycles per min....... 60 


The burners used on these four rigs were the same, so that the 
flue-gas temperature is a good indication of how*much harder 
it is necessary to fire a saturated boiler to run the rig on an equal 
basis. These saturated rigs were typical of all the boilers used 
in the Oklahoma City field. ; 

Operating the rigs with lower steam pressure is an important 
factor in the life of the boiler. The question is sometimes raised 
as to why the speed of the pump can be maintained with lower 
steam pressure when operating with superheated steam. Due 
to the excessive condensation taking place in an uninsulated 
cvlinder the effective cylinder pressure required is not built up 
as fast with saturated steam as with superheated steam. Conse- 
quently a higher line or boiler pressure is required to effect the 
required cylinder pressure with saturated steam. 

When some operators saw the advantage of the superheated 
steam at 250 lb. pressure, their first reaction was to increase the 
pressure further to improve their operation. They found little 
advantage, for once the effective pressure required was met, any 
further pressure only increased it slightly due to the higher total 
steam temperature. 

In the Oklahoma City fields it is quite common to see batteries 
of four 125-hp., 350-lb-pressure, saturated-steam boilers operat- 
ing a rig. If the results of the test are considered it can be 
seen that three superheater-equipped boilers would not have to 
be operated at any higher rating than the four saturated-steam 
boilers to run the rig. 

The comparison of weight of boilers given in Table 7, to be 
transported from one location to another, shows a decided ad- 
vantage of the more efficient power plant. 

COMPARISON OF WEIGHT OF BOILERS PER 
BATTERY TO TRANSPORT 


Weight of four 350-lb., 125-hp., saturated-steam boilers, |b 
Weight of three 250-Ib., 125-hp., superheater-equipped boilers, Ib. . 


TABLE 7 


Less weight to be transported per well drilled, Ib. 
Reduction in per cent in favor of superheaters 

Boilers are moved to many locations during their life, so that 
this saving in transportation charges is saved many times over. 
When one boiler is eliminated from a battery, it is not only the 
boiler that is saved—all the auxiliary equipment such as burners, 


blowoff valves, pop valves, check valves, and gages are elimi- 
nated from the first cost as well as the cost of replacement, in- 
stallation, and transportation. 

By reducing the quantity of steam required, thereby reducing 
the water consumption, the equipment serving the boiler plant, 
such as feedwater pumps, condensers, feedwater heaters, fuel 
regulators, ete., can be smaller, thereby reducing the investment 
in this equipment. 

The use of condensers to supply pure water to the boilers 
offers a big improvement by the elimination of scale. Yet con- 
densers are not economical except in special cases because of the 
large quantities of water required and the high cost of the con- 
densers. Since superheaters reduce the quantity of steam, to 
condense it will assist in making possible the advantages of 
condensed water. 

In using superheated steam it is highly important that a good 
grade of lubricating oil be used in the cylinders. Furthermore, 
greater care must be exercised to see that the lubricators are kept 
filled at all times. When operating with wet steam, operation 
without lubrication for short periods may not harm the cylinder 
walls because the moisture acts as a partial lubricant. This is 
not the case, however, with dry steam, which has no lubricating 
properties. However, with the improved lubrication due to 
dry steam, the life of the cylinders will be greatly increased. 

In pumps and engines using piston-type valves no difficult, 
has been experienced when operating at a total steam temperature 
of 550 deg. fahr. With slide-valve equipment such as is used in 
California no troubles will be encountered with a total steam 
temperature of 500 deg. fahr. With the improvement in metals 
that are now used on pumps and engines for oil-country practice, 
these temperatures can even be exceeded without any harm to 
the equipment. Most steam-pump and engine manufacturers 
recommend total steam temperatures of 500 deg. fahr. on slide- 
valve equipment and 650 deg. fahr. on piston-valve equipment. 

Since the condensation in uninsulated cylinders is great, it is 
necessary to have from 100 deg. fahr. to 150 deg. fahr. of super- 
heat at the cylinder to overcome the losses and secure the fullest 
benefit from the superheater. This, together with the line losses 
makes it essential to start with from 200 deg. fahr. to 250 deg 
fahr. of superheat at the boiler plant. 

In California in one field which is very mountainous, where 
very long steam lines are used, a separately fired superheater has 
been tried. The purpose there has been to furnish practicall) 
dry steam at the rig, but no superheat in the engine and pumps 
With covered lines this does not require a high degree of super- 
heat, and 100 deg. of superheat has proved satisfactory in most 
cases. While this method reduces the load on the boilers equiva- 
lent to the line losses, the use of an additional 100 deg. fahr. o/ 
superheat would improve the operation greatly and further reduce 
the load on the boilers. In this particular field the water is ver) 
hard and contains a large amount of solids, so reducing the 
amount of water necessary to evaporate, offers a particuls: 
advantage. 

Insulation of steam lines on drilling rigs presents many diffi- 
culties. While it is true that savings can be made which wil! 
justify its installation, it is always a problem to maintain insula- 
tion when frequent set-ups are made in new locations. So 1! 
the final analysis the saving is hard to prove and justify. For 
this reason it would appear that a high degree of superheat be- 
comes a more practical substitute for insulation. The cost 0! 
an integral superheater for 200 to 250 deg. is very little more 
than one for 100 deg. of superheat. Very little additional hea‘ 
is required for the higher superheat and the fuel necessary t 
secure it has no value. Line losses with superheated steam ar 
much smaller than with saturated steam so that in a large pe' 
centage of the locations all the line losses can be absorbed 
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the superheat, and still provide sufficient superheat at the rig 
to give it the full benefit of superheated steam. This system 
does not throw any additional load on the boilers for no con- 
densation takes place. 

Some thought should be given to the type of superheater best 
adapted to oil-country practice. Up until the present time the 
locomotive-firebox type of boiler has proved the most practical 
for oil-country drilling operations. In this type of boiler it is 
possible to install economically a superheater for high-degree 
superheat which will outlast the life of an oil-country boiler. 
This superheater is automatic in its operation without any atten- 
tion necessary other than to provide a flow of steam to it during 
the firing-up period. Being located in the flues of the boiler it is 
always protected by the water surrounding the flues for all 
variations in load. Its weight is very little, and it can be moved 


with the boiler without being disturbed, so that its first cost is 
practically its last cost. 

Separately fired superheaters for high degrees of superheat for 
the quantity of steam used on drilling operations cannot be 
built in a portable type unless a large portion of the heat is ab- 
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sorbed by radiation. In Fig. 5 the variation in steam flow over 
a day’s operation is shown. Experience in other industries has 
demonstrated that it is difficult to protect a superheater of this 
type with large variations of steam flow. Automatic-firing equip- 
ment assists greatly in this protection, but failure for a very short 
time is usually fatal. 

When separately fired superheaters are built in a permanent 
brick setting it is possible to afford some more protection to the 
superheating surface for low-degree superheat. The first cost 
of this type is possibly lower than any other type, and where 
boilers are used in one location for a long period of time they 
are probably economical. However, when the additional cost 
of piping, valves, fittings, automatic control, and the small 
salvage value of the heating surface and setting are considered, 
it is probable that when the battery of boilers has to be moved 
frequently the low first cost is soon dissipated. 

It can be seen from the results of the test and from the opera- 
tion in the Oklahoma City field that the use of superheated steam 
for oil-country drilling presents an excellent opportunity to 
reduce the cost of drilling operations. 
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Lubrication Research Activities 


Fifth Report of A.S.M.E. Special Research Committee on Lubrication! 


A new general program for experimental work and 
publications recently formulated by the Committee is 
outlined in this report, and is followed by a brief state- 
ment of results already accomplished. Particular atten- 
tion has been given to the coordination of data obtained 
by various investigators on viscosity under high pressure, 
to the study of pressure distribution in the oil film as 
applied to both thrust bearings and journal bearings, 
and to the development of methods for measuring oiliness. 
From experiments on the flow of liquids through very 
fine glass and platinum capillaries, it appears that the 
ordinary laws of viscosity may safely be relied upon down 
to a film thickness at least as small as one-millionth 
of an inch. The report concludes with a brief review of 
recent European investigations. 


Research Committee on Lubrication over a period of 

three years since the previous report (Ref. 1)? was sub- 
mitted. During the first half of this period, the investigation of 
the effect of the length-diameter and clearance-diameter ratios 
on the frictional resistance of full journal bearings was com- 
pleted at the Bureau of Standards (Ref. 2), a study of oil-ring 
bearings was conducted by the Westinghouse Electric & Manufac- 
turing Company (Ref. 3), and a series of experiments to test the 
hydrodynamic theory of lubrication was initiated by the Com- 
mittee at the Pennsylvania State College. During the latter 
part of the same period a new general program (Ref. 4) for experi- 
mental work and publications was formulated by the Committee, 
as described hereafter, a substantial beginning was made toward 
collecting funds to support the experimental work, and accord- 
ingly some very interesting results are now being obtained. 


{i report summarizes the work of the A.S.M.E. Special 


EXPERIMENTAL PROGRAM 


The program outlined is a continuation of the earlier work of 
the Committee (Ref. 1). The Lubrication Committee is chrono- 
logically the oldest one of the many existing Special Research 
Committees of the Society. It was organized in 1915 to investi- 
gate the fundamental problems of lubrication phenomena, to 
formulate results of investigations previously made, and to keep 
in touch with contemporary research in this field. It deals with 
a subject of basic importance in many different branches of 
engineering, including railway and marine transportation, power 
generation, and manufacturing industries. 

The estimated requirement for effectively conducting the fol- 
lowing program over a period of two years is $22,500. This pro- 
gram utilizes personnel and facilities which are already available, 
otherwise a larger fund would be needed: 


‘The personnel of this Committee consists of Alan E. Flowers, 
Chairman, Poughkeepsie, N. Y.; Earle Buckingham, Secretary, 
Cambridge, Mass.; L. P. Alford, New York, N. Y.; L. J. Bradford, 
State College, Pa.; H. C. Dickinson, Washington, D. C.; M. D. 
Hersey, Washington, D. C.; H. A. S. Howarth, Philadelphia, Pa.; 
G. B. Karelitz, New York, N. Y.; Albert Kingsbury, New York, 
N. Y., and A. E. Norton, Cambridge, Mass. 

Presented at the Annual Meeting, New York, N. Y., Dec. 
| to 5, 1930, of Tae American Socrety OF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 

* References to literature will be found at the end of this report. 


1 Continuation of the study of viscosity under high pressure. 
Preparation of a paper on coordinated results of data 
obtained in England, Germany, and the United States. 
(b) Study of practical applications, including relations to 
oiliness and seizure phenomena. 
(c) Extension to higher pressures and temperatures. 
2 Journal bearing investigations...................++- $10,000 
(a) Study of pressure distribution in the oil film, with varia- 
tions of clearance and length. 
(b) Determination of load-carrying capacity for com- 
mercially finished bearings. 
Further study of the friction of small-sized bearings 
(up to 2/s in. diam.) in relation to mechanical design 
and other factors. 
(d) Development of apparatus for extension of the friction 
measurements to larger diameter bearings. 
(a) Further development of four types of oiliness machines 
(Herschel, Dickinson, McKee, and Kingsbury) and 
comparison of results obtained from them on the same 
series of oils and of bearing metals. 
Study of fundamental facts regarding effect of speed, 
load, temperature, and condition of the bearing surfaces 
upon the coefficient of friction under oiliness conditions. 
A beginning on the difficult problem of finding the 
limiting thickness of film below which the properties of 
the lubricant are no longer the same as when tested in 
bulk. 
4 Investigations in progress which have already been financed: 
(a) An experimental test of the hydrodynamic theory of 
lubrication at the Pennsylvania Staté College, using a 
journal-bearing machine designed by Mr. Kingsbury 
and loaned to the College for this purpose. 
Experiments on pressure distribution in oil films at the 
Kingsbury Machine Works by means of electrical ob- 
servations on large-scale models. 
Experiments on waste-packed bearings, ring oiling 
and forced lubrication in the Research Department of 
the Westinghouse Electric & Manufacturing Company. 


(b) 


(c) 


(5) 


(c) 


PUBLICATION PROGRAM 


Some of the most valuable papers on Lubrication published 
by the Society are now out of print. The Committee has been 
asked to compile a representative collection of such papers for 
reprinting in a single volume, uniform in style with other volumes 
in the A.S.M.E. Research Publications Series. A number of 
translations and abstracts of foreign papers may also be included. 

Several articles are in preparation for Mechanical Engineering 
and other periodicals outlining briefly the history and present 
status of lubrication research, as well as the elements of the me- 
chanics and thermodynamics of lubrication. 

The results of research conducted by members of the Commit- 
tee or in cooperation with the Committee are made available in 
the form of papers presented for discussion at the regular meet- 
ings of the Society. 


Stratus or ExpERIMENTAL WorRK 


The status of work recently begun under the experimental 
program outlined is briefly as follows: 

1 Viscosity Under Pressure. Table 1, prepared in connection 
with the coordination of numerical data from different sources, 
indicates the range of variables covered. Table 2 summarizes 
the data thus far obtained on the apparent solidifying pressures 
and corresponding temperatures. A number of very striking 
relationships can be brought out by mathematical and graphical 
representation. It may be noted, however, that no conclusive 
evidence has yet been obtained of the solidification of either 
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pure castor oil or a pure asphaltic-base petroleum oil. As re- 
gards the accuracy of these determinations, it may be stated that 
excellent agreement has been found between the diversified in- 
struments used for the purpose of viscosity measurement, but 
that the agreement is not so close under the conditions of plastic 
flow involved in determining solidifying pressures. This was 
to be expected and should be further investigated when possible. 
The practical applications in view will include a search for cor- 
relations with oiliness (i.e., reduced frictional resistance), wear, 
and seizure of surfaces operating under low speed, heavy load 
conditions such as roll necks, gear teeth, and cutting tools. 
PRESSURE AND TEMPERATURE LIMITS?® IN VIS- 
COSITY INVESTIGATIONS hon 


temp., 
deg. cent. 


TABLE 1 


Max. press., 

Ib. per sq. in. 
7,000 
3,000 
18,000 
16,000 
17,000 
16,000 
18,000 


Investigator Lubricant 


Lard oil 


Hersey 
Mineral oil 1 


(Ref. 4) 


(Ref. 5) 


Sperm 
Castor 
Rape seed 

{ Mineral oil 2 


Hyde Neatsfoot 


Mineral oil 3 
Mineral oil 4 
Mineral oi! 5 


Lard oil 
Castor 
Mineral oil 4 
Mineral oil 6 
Mineral oil 7 


Oleic acid 
Kerosene 


Hersey 
and Shore 
(Ref. 6) 


Bridgman 
(Ref. 7) 


Kiesskalt 
(Ref. 8) 


\ Neatsfoot 

~ Raw linseed 
Peanut 

{ Mineral oil 8 
Mineral oil 9 

| Mineral oil 4 

{ Mineral oil 5 

| Ref. machine 
Spindle 

| St. turbine 
Coal-tar oil 
Voltol 
Lard oil 
Minera! lard 
Sperm oil 
Castor 
Rape seed 
Mineral oil 10 
Mineral oil 4 

Mineral oil 7 


’ Approximate values only are given in this table. The maxi- 
mum pressures were not always observed simultaneously with the 
maximum temperatures. The lower limit of pressure was, in all 
cases, atmospheric. The lower limit of temperature was not in any 
case below 20 deg. cent. For description of oils see references 
cited. 

TABLE 2 APPARENT SOLIDIFYING PRESSURES 


Temp., Press., 
deg. cent. lb, per sq. in. 


Kleinschmidt 
(Ref. 9) 


u 


Lubricant 
Lard oil 


Mineral lard 
Sperm oil 
(unrefined) 


Sperm oil 

(N.P.L.) 

Castor oil‘ 

Rape seed 

Mineral oil 10 

Oleic acid 

Minera! oil 7 
4 One sample only, hence doubtful. 

In preparing for the extension of observations to higher tem- 

peratures a study has been made by G. H. S. Snyder of the ac- 
euracy of the temperature measurements, especially as affected 


by time-lag; and the Flowers viscometer (ball-and-slanted tube) 
has been calibrated with a larger diameter ball to adapt it for 
lower viscosities. A very simple confirmation of the increase 
in viscosity of castor oil due to high hydrostatic pressure, and of 
the corresponding increase in the stiffness of soft cup greases and 
pressure-gun greases, has been obtained by forcing these materials 
through a long metal capillary discharging into the free atmos- 
phere. The curve for rate of flow plotted against inlet pressure 
passes through a maximum, i.e., increasing the inlet pressure 
beyond a certain point reduces the rate of flow. It seems pos- 
sible that this method may offer some advantages for observa- 
tions under extremely high pressures. 

2 Journal Bearings. A simple drill-press attachment de- 
signed by S. A. McKee of the Bureau of Standards has been used 
for exploring the pressure distribution in the oil film. The ver- 
tical bronze bearing is completely immersed in a bath of the lubri 
cant and loaded by a spring balance in a horizontal position. 
The bearing contains one small hole suitably connected to a pres- 
sure gage. By rotating this bearing the circumferential pressure 
distribution can be determined at as many points as desired. 
The working portion of the journal is considerably shorter than 
the bearing, and is driven from above by a spindle of smaller 
diameter, so that the longitudinal pressure distribution can readily 
be determined by elevating or lowering the bearing relative to 
the journal. The line of application of the load can also be varied 
at will so as to investigate the effect of eccentric loading. Ob- 
servations to date have shown a decided departure from the 
Sommerfeld distribution curves for full journal bearings without 
side leakage. 

It is proposed to investigate the load-carrying capacity of com- 
mercially finished journal bearings by determining the location of 
the minimum points on the diagram in which coefficient of friction 
is plotted against ZN /P, where Z denotes viscosity in centipoises, 
N revolutions per minute, and P the bearing pressure, i.e., load 
per unit of projected area, in pounds per square inch. The mini- 
mum point is considered as marking the transition from stable to 
unstable lubrication. From the results of such tests it should be 
possible to prepare tables of permissible loads, corresponding to 
any given speed, lubricant, and temperature, for bearings that 
are not run in. After running in occurs, the factor of safety is 
considerably increased. The problem is a statistical one in the 
sense that a large number of tests must be made to establish 
reasonable limits within which the minimum point may be ex- 
pected to lie. 

To date the tests have been completed on two sets of white- 
metal journal bearings of widely differing composition. Al- 
though the load capacity as defined above was found to be very 
nearly the same, it is interesting to note that the bearing with 
the greater lead content showed a more pronounced running-in 
effect, i.e., the minimum point could be shifted a given distance 
toward the origin with a much smaller expenditure of frictional! 
work in foot pounds. 

One of the objects of the investigation of the effect of the 
length-diameter and clearance-diameter ratios recently completed 
(Ref. 2) was to provide correction factors for reconciling the load- 
capacity observations that might be made on commercial bearings 
of unequal lengths and clearances. 

3 Oiliness Research. The first machine known to this Com- 
mittee as being suitable for quantitative measurements of oiliness 
was designed and constructed by Albert Kingsbury and described, 
together with numerical data on several different lubricants, in « 
paper presented at the 1895 annual meeting of the Society (Ref 
10). 

This horizontal-axis machine was later installed by Profes- 
sor Kingsbury at the Worcester Polytechnic Institute, where it 
is hoped that further tests can be made. The horizontal machine 
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is particularly adapted for tests on screw threads, thrust bearings, 
and flat annular surfaces. It should not be confused with the 
vertical-axis machine developed by Professor Kingsbury at 
Worcester Polytechnic Institute at a later date (Ref. 11), more 
commonly known as the Kingsbury oil-testing machine, and in 
which two separate bearing blocks are pressed against the opposite 
sides of a revolving journal. Both of these machines were found 
effective in bringing out characteristic differences between the 
frictional resistance of different lubricants that cannot be fully 
accounted for by differences in viscosity. These investigations 
by Mr. Kingsbury may therefore be considered the first scientific 
contribution toward the measurement of oiliness. 

Further progress, especially in cooperative efforts, required 
agreement on the definition of oiliness. It was clearly desirable 
that in comparing any two oils they should possess equal vis- 
cosities and be tested under identical conditions; but it was not 
self-evident whether the viscosities should be equal at atmospheric 
pressure or under the actual pressure of the test. From an early 
date W. H. Herschel had advocated the former alternative. Her- 
schel’s definition is now generally accepted. Accordingly, oili- 
ness may be defined as the property which causes a difference in 
friction when two lubricants having the same viscosity at atmos- 
pheric pressure, and at the true temperature of the film, are 
tested under identical external conditions. The lubricant giving 
the less friction is considered as possessing the greater oiliness. 

At least six types of oiliness 
machines are available for in- 
vestigation at the Bureau of 
Standards, including the Her- 
schel oiliness machine (Refs. 12 
15, inel.), Dickinson grooved- 
specimen machine (Refs. 16, 13), 
Kingsbury oil-testing machine 
i (Refs. 11, 17, 13), McKee jour- 
nal-bearing machine (Refs. 18, 
19, 2), Amsler wear-testing ma- 
j chine (Refs. 20, 21), and a slow- 

motion inclined plane for static- 
friction observations. 

Among the cardinal require- 
ments of any oiliness measuring 
machine are: (1) elimination of 
the influence of viscosity, (2) 

reproducibility of results, and 
(3) variability of physical condi- 
tions over the full range to be 
met in service, in so far as it may 
be found that the property of 
oiliness depends upon such con- 
oe ditions. It does not, however, 
A appear necessary for the geo- 
as metrical form of the test surfaces 
Beas, to be the same as those employed 
. in service, any more than it 
would be necessary for the con- 
struction of a viscometer to re- 
semble the construction of an 
engine for which the oil is being 
selected. In applying the results of tests on any newly defined 
property of a material such as oiliness, after the measurements 
have been completed the task still remains of establishing 
empirical curves to connect the performance of the machine, 
taken as ordinate, with the property of the material, taken as 
abscissa. A report on the logic of oiliness is in preparation in 
— it is hoped that these questions can be dealt with more 
ully. 


Fig. 1 KINGSBURY OIL- 
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The Herschel oiliness machine appears to be the simplest of 
those mentioned above as regards construction of the test sur- 
faces. The friction of commercial steel balls is measured against 
flat annular disks of bearing metal. While the procedure for 
the use of the Herschel machine has not yet been fully standard- 


Fic. 2 HerscHet O1LINess MACHINE 


ized nor its limits of reliability marked out, the following typical 
results will indicate its applicability to show the effect of changes 
in chemical composition on the oiliness of a series of lubricants. 
Six samples of straight mineral oil and six samples of the same 
oils treated by the addition of a small percentage of oleic acid 
were obtained from the refiner for oiliness tests. These samples 
ranged from the lightest to the heaviest grade of automobile oil, 
and were tested on five types of bearing metal (bronze, brass, 
babbitt, lead babbitt, and cast iron). Absolute viscosities were 
then determined at approximately the temperature of the test, 
as a basis for plotting curves showing the observed coefficients 
of friction as functions of viscosity. The five pairs of curves 
thus obtained show a slight systematic decrease in friction with 
increasing viscosity, and a distinct reduction in friction averag- 
ing about 20 per cent, due to addition of the fatty acid. 

In the procedure adopted by Mr. Herschel it is intended to elimi- 
nate or greatly diminish the influence of viscosity on the per- 
formance of the machine by choosing so low a speed for the test 
that the coefficient of friction, f, will be at or near its maximum 
value. The existence of such a maximum has been found ex- 
perimentally, and it lies far below the speed corresponding to the 
more familiar minimum point. So far as concerns the intrusion 
of purely hydrodynamic action, it may be inferred that when f 
passes through a maximum on the speed diagram it must like- 
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wise do so on the ZN /P diagram, and that therefore df/0oZ = 0 
when Of/ON = 0. 

A collection of lubricants tested on the Herschel machine are 
now awaiting their turn on the other machines to ascertain 
whether they will stand in the same qualitative order of sequence. 
A good degree of correlation has already been found between the 
results of static friction observations by W. C. Wilharm of the 


Fie. 3 Dickinson GROOVED-CYLINDER MACHINE 


Westinghouse Electric & Manufacturing Company and the re- 
sults obtained by Mr. Herschel on the same lubricants, using the 
same pair of bearing metals (steel and brass). 

G. H. S. Snyder has conducted a large number of experiments 
for the Committee on the Dickinson grooved-specimen machine 
at the Bureau of Standards, using brass, steel, and white-metal 
alloys for the bearing metals, in conjunction with lard oil, castor 
oil, high- and low-viscosity mineral oils, and oleic-acid mixtures. 
These observations have served to map out roughly the magni- 
tudes of the friction values to be dealt with, and the degree of 
scattering to be expected upon repeating the tests using succes- 
sive grooves. This machine was intended for seizure experiments 
rather than for oiliness measurements in the strict sense, and was 
designed primarily for testing cutting fluids under conditions of 
rapid abrasion. Three steel balls, or balls of any desired tool 
material, are forced against the rotating cylinder of work material 
in which grooves have already been machined with the same 
radius as that of the balls, while the load is read on a dial-indi- 
cator gage. 

A study of conditions at the left of the minimum point (i.e., 
at low values of ZN/P) was undertaken for the Committee 
several years ago by C. W. Staples, using the Kingsbury oil- 
testing machine. This investigation was begun at the Carnegie 
Institute of Technology through the courtesy of Professor W. 
Trinks, and afterward repeated and continued at the Bureau of 
Standards. 

In the original Pittsburgh experiments sperm, lard, mineral 
lard, heavy, medium, and very light mineral oils, and oleic-acid 
mixtures were tested in conjunction with brass bearing blocks 
and a steel journal. These bearing blocks were constructed, as 
in Mr. Kingsbury’s tests (Ref. 11), with only a pair of narrow 
ridges on each block making actual contact on the journal. These 
ridges were well separated, in order, so far as possible, to prevent 
the usual tilting action of partial bearings from occurring, in the 
hope of avoiding the formation of any true fluid film. All this, 
of course, is for the purpose of eliminating viscosity effects and 
obtaining boundary lubrication alone, isolated from hydro- 
dynamic action. 

Bath lubrication was employed in order to control the tempera- 
ture of the film and to standardize the amount of lubricant reach- 
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ing the surfaces. Bearing pressures were brought up to the limit 
of the capacity of the machine, or about 10,000 Ib. per sq. in. as 
a maximum. This resulted in a noticeable amount of wear, and 
a moderately wide scattering of observations. 

The coefficients of friction, when plotted against ZN /P, 
showed a very wide divergence between the several oils. Now, if 
it were not for the existence of oiliness, i.e., some property of 
the lubricant which can influence friction, other than viscosity, 
all the curves would be expected to coincide (Ref. 22) provided the 
rate of wear is not too great. Accordingly, the differences be- 
tween the ordinates of the curves can be taken as an indication of 
real differences of oiliness. 

The curves for the heavy and medium mineral oils fall high 
up on the chart, while those for the fatty oils (lard, mineral lard, 
and sperm) fall considerably lower down, as might have been 
expected. A surprising fact was, however, that the curve for the 
very light mineral oil (a paraffin-base spindle oil) intersected the 
curves for the fatty oils at a sharp angle, so that over a limited 
range of ZN/P the oiliness of this mineral oil appeared to be 
superior to that of the fatty oils. 

This anomalous result was the occasion for repeating the greater 
part of the work after a new machine of the same type had been 
constructed by Mr. Staplesin Washington. The absolute values, 
to which little if any significance can be attached, differed con- 
siderably from those obtained in Pittsburgh. The relative posi- 
tions of the curves for the respective oils were almost exactly re 
peated, including the anomalous intersection point. 

One advantage of the Kingsbury machine over any type in 
which spherical or cylindrical contacts are employed is that the 


Fic. 4 McKee JourNnat-BEARING MACHINE 


total bearing area is a readily measured quantity unaffected b) 
the elastic constants of the metal surfaces. Calculations of 
the effective film thickness can, therefore, be made, considering 
the viscosity in the film the same as that of the bath, and working 
back from the observed friction torque. From such calculations 
it appears that the film thickness under the heavier loads em- 
ployed in the foregoing experiments was of the order of only one 
or at most a small number of molecular diameters. 

While the McKee journal-bearing machine was not originally 
intended for oiliness measurements and requires a long period 0! 
careful running in before reproducible results are obtained, i! 
has the advantage that the data will be obtained on actual bear- 
ings. The nature of the results that may be expected can be 
inferred from McKee’s investigation of the effect of kerosene upo! 
the oiliness of lubricating oils (Ref. 23) conducted with an earlic! 
form of journal-bearing machine. Observations on the relative 
oiliness of a series of lubricants using the McKee machine with « 
set of well run-in white-metal bearings have recently been begu” 
for the purpose of a comparison with the other oiliness machines. 
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Another form of journal-bearing test, from which data may be 
obtained relating to oiliness and seizure, was described by H. C. 
Mougey in a recent paper (Ref. 57). 

The Amsler machine which is in use at the Bureau of Standards 
for wear tests in connection with metallurgical investigations 
offers the possibility of oiliness measurements based on the fric- 
tional resistance of disks that are in contact circumferentially, and 
to which any desired differential motion can be given. It has 
been suggested that film formation might be successfully pre- 
vented by rotating the two disks in opposite directions. On 
account of the friction developed in the measuring mechanism 
itself, however, this machine is better suited for conditions under 
which the friction between the specimens is very high, rather 
than for tests in which the surfaces are to be preserved unchanged. 

Another form of rotating-cylinder and stationary-specimen test, 
from which data may be obtained relating to oiliness and wear or 
“scuffing,”’ was described by E. Wooler, Timken Roller Bearing 
Co., before the S.A.E. at Cleveland, November 17, 1930. 

The inclined-plane apparatus will be held in reserve until fur- 
ther experience has been reported by the Westinghouse Electric 
& Manufacturing Company and the Bell Telephone Laboratories, 
Inc., both of whom are now investigating the problem of static 
friction measurement. It has been found that to obtain repro- 
ducible results requires an extreme degree of protection from vi- 
brations. 

With respect to the problem of ascertaining the minimum 
thickness of film below which the properties of a lubricant are no 
longer the same as in bulk, it has generally been considered for 
practical purposes that Albert Kingsbury’s experiments with the 
tapered plug (Ref. 24) established a superior limit of 0.000025 in. 
The ordinary laws of motion of viscous fluids could therefore be 
relied upon down to films at least as thin as that amount. 

From an investigation conducted by Ronald Bulkley at the 
Bureau of Standards and at Johns Hopkins University, it would 
appear that the limit has now been pushed down to, at most, no 
more than about one millionth of an inch (25u4u). Dr. Bulkley’s 
experiments were carried out on extremely fine capillaries of 
glass and of platinum in conjunction with mineral oil, oleic-acid 
mixtures, water, and other liquids of widely different chemical 
composition. The metal capillaries were skilfully drawn down 
to an internal diameter of about 0.0008 in. (200uu) and the glass 
capillaries to less than 0.0004 in. (100uu). The details of these 
experiments have been submitted for publication in the Bureau of 
Standards Journal of Research. It was concluded that no plastic 
adsorbed film could have been formed on the walls of the capil- 
laries greater in thickness than the above stated limits without 
being detected in the course of these experiments as a departure 
from Poiseuille’s law. Poiseuille’s original experiments on the 
viscosity of water included measurements with glass capillaries 
down to 0.014 mm. (14) diameter without finding measurable 
effects that could be attributed to wall films. 

As a preliminary step in the foregoing investigation it was 
necessary to check up very definitely on the curious phenomenon 
known as “clogging of capillaries’ discovered by Wilson and 
Barnard in tubes as large as 0.3 mm. (over 1/100 in.), and at- 
tributed by them to the gradual building up of plastic adsorbed 
films of astonishing thickness. (See Ref. 25.) It may be con- 
cluded from Dr. Bulkley’s experiments that the clogging effects 
previously mentioned were due solely to foreign particles such as 
lint and dust which could be eliminated by appropriate methods 
of filtering, and should not be attributed to the adsorption of any 
chemical constituent of the liquid. 

Further evidence tending to disprove the supposed existence 
of extremely thick adsorbed films of a plastic consistency (Ref. 26) 
has recently been found by Ronald Bulkley and F. G. Bitner in 
connection with surface-tension measurements. (See Ref. 27.) 
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In general, therefore, it appears that there is not so much valid 
experimental evidence in favor of extremely thick adsorbed films 
as was at one time assumed, and that the views of Langmuir (Ref. 
28) and of Woog (Refs. 29, 30) to the effect that such films are 
generally monomolecular, or at most only a few molecules thick, 
are receiving important confirmation. 

4 Other Investigations on the Program of the Committee. Pro- 
fessor Bradford at Pennsylvania State College has carried out a 
number of experiments in which careful measurements have been 
made of the total pressure on the bearing and the pressure values 
at different angular positions and has covered a range up to rela- 
tively high pressures as compared with standard bearing practice. 
This work it is expected will continue for at least another year. 

A paper is in preparation by Mr. Karelitz entitled “The Oil 
Flow in a Perfectly Lubricated Bearing,’’ which describes the 
results of experiments recently completed. 

The investigation by Mr. Kingsbury designated as 4(b) in the 
above outline of the Committee’s Experimental Program is re- 
ported in a paper being presented for discussion at this meeting 
under the title “(On Problems in the Theory of Fluid-Film Lu- 
brication, with an Experimental Method of Solution.”’ 


Status oF PUBLICATIONS 


Fourteen of the earlier publications no longer available have 
been selected for reprinting as Volume I of Collected Papers on 
Lubrication Research. The list includes Albert Kingsbury’s 
papers on the friction of screws, on the experiments with an air- 
lubricated journal, on the new oil-testing machine, on the tests 
of large shaft bearings, and the first report of the Sub-Committee 
on Lubrication,’ of which Mr. Kingsbury served for a long period 
as Chairman. (Refs. 10, 31, 11, 32, and 24, respectively.) It 
includes the paper by Professor A. W. Duff* on empirical formulas 
for viscosity as a function of temperature (Ref. 33), and two 
papers by Dr. A. E. Flowers, one on viscosity measurement 
and a new viscosimeter, the other on a cylinder friction and 
lubrication testing apparatus. (Refs. 34 and 35, respectively.) 
The remaining papers are by M. D. Hersey on the laws of lubrica- 
tion of horizontal journal bearings (experimental), on the laws 
of lubrication of journal bearings (mathematical), and on the 
theory of the torsion and the rolling-ball viscosimeters and their 
use in measuring the effect of pressure on viscosity (Refs. 36, 22, 
and 4, respectively); by H. A. S. Howarth on slow-speed and 
other tests of Kingsbury thrust bearings (Ref. 37); by H. A. 8. 
Howarth and N. Ogden on friction tests of propeller thrust bear- 
ings (Ref. 38); and by Commander L. J. Linsley, U. 5S. N., 
on the investigation of critical bearing pressures causing rupture 
in lubricating films (Ref. 39). 

While no steps have been taken toward the publication of 
translated matter, a considerable number of the more recent 
French and German research papers have been translated and 
carefully edited, with photostats of illustrations, for the use of 
members of the Committee and contributors to the Lubrication 
Research Fund. For services in this connection acknowledgment 
is made to Winslow H. Herschel, Dr. Glenn F. Rouse, and Miss 
H. P. Bell. 

Five articles dealing in some manner with the history and pres- 
ent status of lubrication research were prepared for publication 
in response to specific requests. (Refs. 13 and 40-43, incl.) 

In connection with the proposed work on the elements of the 
mechanics and thermodynamics of lubrication, consideration has 
been given to questions of nomenclature, definitions, and units, 
and further applications have been made of the theory of dimen- 


5’ The Special Research Committees of the Society were at that 
time designated as Sub-Committees of the Research Committee. 

* Member of the committee until 1927 and adviser to the com- 
mittee since that date. 
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sions, or dimensional analysis. (Refs. 44, 45.) The theory has 
been extended to include, as dependent variables (e.g., ordinates 
of a curve): the hydrostatic pressure in the film, the volume of 
oil flowing through a bearing due to its own pumping action, and 
the angle from the line of action of the load to any characteristic 
point of the film, such as the point of nearest approach and the 
points of maximum and minimum pressure; and as independent 
variables (e.g., abscissas of a curve): the inertia, compressibility, 
and capillarity of a lubricant; its pressure-coefficient of vis- 
cosity; gravity, as affecting delivery by oil rings or otherwise; 
and the static pressure of the oil supply in forced-lubrication 
systems. The use of the f vs. ZN /P diagram under oiliness condi- 
tions has been fully considered. In the extension of dimensional 
analysis to cover any of the foregoing practical conditions, in- 
cluding oiliness (except in the ideal limiting case where the effect 
of viscosity totally disappears) it is only necessary to introduce 
the appropriate additional dimensionless variables, without dis- 
turbing ZN/P or its equivalent. This variable, designated by 
the less convenient notation un/p in the earlier papers (Refs. 36, 
22, and 46) can still be retained as the chief argument of a table 
or the base line of a diagram. As a further simplification the 
single letter g (for generalized variable) has been proposed in 
place of ZN/P, so that the customary method of plotting coef- 
ficient-of-friction observations can be designated more briefly 
as the “fg diagram.” 

A beginning has been made on the mathematical treatment of 
plastic lubricants, also on problems concerned with the rise of 
temperature in the oil film. A relation from which it appears, 
under certain conditions, that the excess of temperature in the 
oil film relative to the adjacent metal will be proportional to the 
square of the surface speed and independent of the film thickness 
was discussed at a meeting of the Committee in December, 1915, 
but not published. The same or an equivalent formula was in- 
dependently discovered by Donald Bratt of the Brooklyn Edison 


Company (unpublished communication, 1927); and A. G. M. 


Michell (Ref. 47). A solution for the effect of a uniform change 
of temperature upon the coefficient of friction of a full journal 
bearing has been published to illustrate a new method of calcula- 
tion that might be further applied. (Ref. 48, pp. 152-154.”) 

Eight papers on lubrication have been presented for discussion 
at the meetings of the Society, either by members of the Com- 
mittee or upon the recommendation of the Committee, during the 
period elapsed since the publication of the last report, viz.: 
“Journal Running Positions,” by H. A. S. Howarth (Ref. 49); 
“Friction of Journal Bearings as Influenced by Clearance and 
Length,” by S. A. and T. R. McKee (Ref. 2); “Service Tests on 
Diesel-Engine Lubricating Oil,” also ‘“The Purification of Diesel- 
Engine Lubricating Oil,’’ by A. E. Flowers and M. A. Dietrich 
(Refs. 50 and 51); ‘““Grooving Bearings in Machines,”’ also ‘‘Per- 
formance of Oil-Ring Bearings,’”’ by G. B. Karelitz (Refs. 52 
and 53); “Progress in Fluid-Film Lubrication,” by A. G. M. 
Michell (Ref. 47); and “‘A Study of Tin-Base Bearing Metals— 
II,” by G. B. Karelitz and O. W. Ellis (Ref. 53). 


CooperRATION WITH OTHER COMMITTEES 


The Special Research Committee on Lubrication cooperates 
with a number of other Committees working in closely related 
fields. At the present time contact is made with the Special 
Research Committee on Cutting of Metals through M. D. Her- 
sey; with the Special Research Committee on Worm Gears 
through Earle Buckingham; with the Research Committee of 
the Society of Automotive Engineers through H. C. Dickinson; 

7 A misprint occurs in Equation |{74] of the reference cited. There 
should be a dot over the C on the left-hand side. C itself denotes 


the bearing clearance, while C represents the fractional change of 
clearance per unit rise of temperature. 


and with Committee D-2 of the American Society for Testing 
Materials, Petroleum Products and Methods of Testing, through 
A. E. Flowers, official representative of the A.S.M.E. on Com- 
mittee D-2. 

The following publications recently issued through the medium 
of various other Committees are of interest in connection with 
lubrication research: ‘Cooling and Lubrication of Cutting 
Tools” (Ref. 54); “Present Practice in the Use of Cutting 
Fluids,” by S. A. McKee (Ref. 55); ‘‘Worm Gears—a Study 
and Review of Existing Data’’ (Ref. 56); ‘The Significant 
Properties of Automotive Lubricants,” by H. C. Mougey (Ref. 
57); ‘‘Progress on Efficiency Tests of Electric Street-Car Trucks,”’ 
by S. A. McKee (Ref. 58); ‘Bearing Metals and Bearings,”’ by 
W. M. Corse (Ref. 59). 


REcENT FOREIGN INVESTIGATIONS 


At the time of the organization of our Committee 15 years ago 
the amount of activity in European countries in the field of 
experimental lubrication research was relatively insignificant. 
Today, the situation appears to be reversed. No one who has 
followed the work of such investigators as Hanoeq in Belgium, 
Hardy and Stanton in England, Trillat and Woog in France, 
Kiesskalt and the Vieweg brothers in Germany, to name only a 
few, can fail to be impressed with the high standard of talent 
that is being concentrated upon lubrication problems, the extent 
to which such investigations are encouraged and promoted by 
the industries, the engineering societies, and the national govern- 
ment organizations, and the consequent rapid progress that is 
being made. 

References 60-113, inc., will indicate the general character of 
the investigations in progress in European countries during the 
past three years. English, French, and German publications 
are separately grouped and arranged alphabetically by authors. 
The subject matter of the investigations listed herein includes 
hydrodynamic theory; the development of testing technique for 
friction and film thickness measurements; experiments on 
boundary lubrication, seizure, and high-temperature operation of 
bearings; and researches on oiliness (onctuosité, Schmierfahig- 
keit), including adsorption and molecular orientation. 
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Discussion 


C. G. A. Scumipt, Jr.'* In reading the paper, the writer 
fails to find any reference to research activities in connection 
with the lubrication of anti-friction bearings, and it seems that 
this phase of the question should receive careful consideration 
and investigation. 

For the past three years this company has designed and mar- 
keted a series of roller-bearing rock crushers of the overhead 
eccentric-shaft type. This shaft operates the moving jaw. 
This jaw is mounted on the eccentric shaft with spherical rolle: 
bearings, and the shaft is supported in the crusher frame in 
spherical roller bearings. A machine of this type is subjected 
to unusually severe shock loads, practically of indeterminate 
quantity, subjecting the bearings to the most severe type of 
service. 

Another serious phase is the presence of a great amount of 
gritty dust, naturally resulting from the crushing of stone, gravel, 
and similar materials. For this reason it has been considered 
the best practice to use grease as a lubricant rather than oil. 
Fresh grease can be pumped into the bearings every day, thereby 
forcing out the used grease with any gritty substance that ma) 
have accumulated at the outer ends of the bearings. The usua! 
speed of these machines is approximately 300 revolutions per 
minute, and operating temperatures are expected not to exceed 
100 to 125 deg. 

The determination of the proper grease lubricants for use 
under such conditions should be a worthy contribution by you: 
committee. 


12 See also Ref. 15. 
18 Chief Engineer, American Road Machinery Company, Kennet! 
Square, Pa. Mem. A.S.M.E. 
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Louts ILtMer.'* This report shows intensified activity on part 
of the Special Research Committee on Lubrication. It is noted 
that the so-called ZN /P relation is accepted as established and 
infallible. After carefully analyzing many authoritative fric- 
tion tests (see “Friction Coefficient Research,’’ S.A.E. Journal, 
June, 1930), the writer has been unable to find that such relation- 
ship does actually prevail as determined over wide-range operat- 
ing conditions. The mere fact that a straight-line ZN /P plot 
may be obtained under certain working conditions affords no real 
proof that a more accurate basis for coordinating friction co- 
efficients may not be afforded by a different and more compre 
hensive groundwork. 

Other aspects of the present issue have been elaborated upon 
in the published discussion of the writer’s paper. The accom- 
panying curves clearly show the deviation from the ZN/P re- 
lation to become particularly marked, when the per cent of 
actual contact area is kept at a relatively low value. The net 
degree or effective contact ratio is a matter that apparently 
has been neglected by prior investigators. 

It would appear, therefore, that the constancy of the alleged 
ZN/P ratio is taken too much for granted; possibly this is one 
reason for having to call upon the corrective “‘oiliness’’ function 
in order to reconcile the present findings. It might be expected, 
however, that the effect of oiliness should come into play only 
when the bearing load approaches the seizing pressure. The 
recent fashion of reporting experimental friction determinations 
in terms of the composite ZN /P relation alone is thought to be 
wholly unjustified from a scientific standpoint and makes the 
results practically useless for test-analysis purposes. It is the 
writer's opinion that the criticized ZN/P method has been made 
into a fetish and is unlikely to lead to a complete and satisfying 
solution of the friction-coefficient problem. 

The writer has been unable to locate any reasonably simple 
and readily understandable treatment of the hydrodynamic 
theory of lubrication that convincingly proves up the expecta- 
tion of the ZN /P relationship, especially one applicable to rela- 
tively low contact factors. As matters now stand, engineers 
are still unable to predetermine friction coefficient for many of 
their common but more-important operating conditions. Hence 
it may be expedient to wait with the further formulation of a 
complete theory of lubrication until the laboriously acquired 
experimental data of others have first been more thoroughly 
analyzed. A large and valuable mass of such work is already 
available, and it is not seen wherein continued experimentation 
without a more concrete objective will allow fully grasping the 
significance of past test findings. 

There is apparently still need for new concepts regarding the 
inherently complex principles that underly friction behavior. 
In the present endeavor, it should clearly be kept in mind that 
the conventional coefficient is not a physical constant in a ra- 
tional sense, but merely represents a convenient resultant 
measure of bearing efficiency. The factors that control such 
behavior center in a number of different variables, of which each 
such variable exerts an influence at its own distinctive rate, and 
‘hese combine to produce a composite result. It is believed 
that after the effect of each such factor is more accurately known, 
‘ propitious time will have arrived for definitely formulating a 
theoretical basis for friction behavior that may or may not justify 
the use of the ZN/P relation. 


R. Macponatp." The writer would draw the attention of 
(his committee to the necessity of research on troublesome noise. 
'* Development Engineer, Brewer-Titchener Corporation, Cort- 
land, N. Y. Mem. A.S.M.E. 
_ '* Small Motor Engineer, Westinghouse Elec. & Mfg. Co., Spring- 
field, Mass. 
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He refers particularly to bearing noise, affected by lubrication. 

Since the installation of motor appliances in offices, hospitals, 
apartments, and private homes, the demand for quiet operation 
has become more and more imperative. It has been found by 
experiment in the Westinghouse Laboratories that unnecessary 
noise may be prevented by lubrication. 

There are many instances in industry where noise may be 
absorbed, and as there seems to be no precedent, much might 
be accomplished through research on this subject. 


D. V. Warers."* In view of the increasing use of anti-friction 
bearings in machine construction, some information relating 
to their lubrication is suggested as a fit subject for committee 
investigation. Some information in regard to the use of greases 
and blended oils also would be valuable. 

Oiliness is defined as ‘‘the property which causes a difference 
in friction when two lubricants having the same viscosity at at- 
mospheric pressure, and at the true temperature of the film, 
are tested under identical external conditions. The lubricant 
giving the lesser friction is then considered as possessing the 
greater oiliness.’’ This is taken to mean, not that two oils, 
to be comparable in respect tu oiliness, must have the same vis- 
cosity at the same temperature, but that to compare the oiliness 
of the two oils, the tests must be made at such temperatures as 
will make the viscosities the same. The present knowledge of 
this quality, what it is, how it should be measured and in what 
units, and what it means in regard to performance of lubricants, 
is not such as to make it of much immediate value from the 
practical standpoint, but oiliness research seems to promise 
considerable future help and should be followed rather closely 
by those interested in lubrication. 

The reference to other research agencies, and especially the 
appended list of publications on the subject, should prove help- 
ful to those studying the subject. 


C. M. Larson.!? The question of evaluating film strengths 
has been one on which our company has been doing consider- 
able research work. The film-strength testing machine (Fig. 5) 
and the following procedure are being used for testing various 
products. 

The machine consists essentially of a steel pin A, which is 
turned by suitable means within three steel bushings at a con- 
stant speed, running in a bath of oil. There is a housing which 
acts as a support for the bushings and is substantial enough 
to keep them rigidly in absolute alignment, at the same time 
providing ample space for the lubricant being tested. ‘This 
housing also bears projections for the purpose of providing a 
fulerum pin upon which a substantial lever is rotatively mounted. 
This lever is provided with a counterweight and two poises so 
located that ratios of 40 to 1 and 10 to 1 may be obtained. 

The pin A is exactly 1 in. in diameter and 3 in. long (1 in. by 
3 in. +0.005), with a hexagonal head '/, in. long to provide means 
for turning. 

The bushings completely envelop the pin, the internal diame- 
ter being 1 in. plus 0.007 in. (1.007 in.) to allow ample space 
for viscous lubricants. The two end bushings are held rigidly 
in a suitable retainer, and the center bushing is held from turning 
in a suitable link, but is free to move vertically with the link 
which transmits the load from the lever to the pin. 

Disks weighing 25 lb. each are provided, and when these are 
applied as at C, or upon the 40-to-1 poise, a load of 1000 lb. is 
imposed upon the projected area of the pin within the center 


16 Development Engineer, Western Electric Company, Chicago, 
Ill. Mem. A.S.M.E. 

‘7 Supervising Enginer, Sinclair Refining Company, New York, 
N. Y. Mem. A.S.M.E. 
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bushing. (This is exactly 1 sq. in.) When the disks are ap- 
plied as at B, or upon the 10-to-1 poise, a load of 250 lb. is im- 
posed upon the same area. 

The pin is driven through a flexible coupling link (located 
within the oil well to facilitate removal of pins) by means of a 
constant-speed motor and reduction gear at exactly 100 rev. per 
min. The motor must be of ample capacity so that no variation 
in speed occurs even though chattering starts, because it has 
been found that slight variations in speed under the predeter- 
mined rate result in actual seizure and damage to the machine. 

A voltmeter and an ammeter are provided, and the variation 
in the current supplied indicates the performance. 

The weights are applied one every 10 sec. until the oil film rup 
tures, which is indicated by the ammeter reading. At this point 
the load is removed with the motor still operating and the pin 


Fie. 5 Fitm-Strencra Testing MACHINE 


turning, so that a true estimate may be made of performance 
by comparing the scratches (if any) which show upon the sur- 
faces of the pins. 

It is important to note that the 40-to-1-ratio poise is used when 


examining heavy viscous products such as gear lubricants, etc., 
and that a combination of the 40-to-1 and the 10-to-1 poises is 
used when examining oils of comparatively low viscosity. The 
results are plotted on cross-section paper, applied pressure 
versus meter reading in amperes. 

This machine has the advantage of determining quickly the 
actual load in pounds per square inch that a lubricant may be 
expected to sustain without rupture, rapidly and with a minimum 
amount of oil. 

It has been found that petroleum lubricating oils vary in film 
strength from 3000 lb. per sq. in. up to 12,000 lb. per sq. in. before 
seizure of the steel shafting and the steel bearing occurs. It 
also has been found that lubricating oils of the same viscosity 
made from different crudes have different film strengths. For 
instance, by taking three oils having a viscosity of S.A.E. 30, 
it will be found that a naphthene or Texas base oil has a film 
strength of around 3800 Ib. per sq. in., a Mid-Continent 30 pour- 
point oil a film strength of about 4400 lb. per sq. in., whereas a 
Pennsylvania oil of 30 pour point has a film strength of approxi- 
mately 4700 lb. per sq. in. 

When the Mid-Continent oil is dewaxed to zero-pour, the film 
strength is raised to 5100 lb. per sq. in., whereas the Pennsyl- 
vania product when dewaxed has a film strength of 5800 lb. per 
sq. in. 

By adding free fatty acid to an oil the film strength is raised 
approximately 5 per cent. It is possible to take an oil of 100 
viscosity at 100 deg. fahr., which normally has a film strength 
of 3100 lb. per sq. in., and by adding 5 per cent of compound, 
to raise the film strength to 26,000 lb. per sq. in., and the vis- 
cosity of this blended product would not be more than 128 sec. at 
100 deg. fahr. 

High-film-strength lubricants are being developed for hypoid 


gears on rear axles, for roll necks, and for heavily loaded journals. 

In testing used oils from automotive-engine crankcases, the 
film-strength testing machine shows definitely that the film 
strength decreases as the oil decomposes through oxidation and 
carbonization. 


ALPHONSE A. ALpER.'’ The paper makes frequent reference 
to two physical properties, viscosity and oiliness. Since the 
terms used in this work will receive wide publicity and will find 
their way into future literature, the writer would like to suggest to 
the committee to give due thought to the choice of nomenclature. 
The well-known physical property of capillarity does not appear 
in the report. It is the writer’s belief that this property is the 
basic property underlying both viscosity and oiliness. The wet- 
ting of surfaces by water, oils, etc., and the non-wetting phe- 
nomena of mercury on glass also can be explained by the property 
of capillarity. 

If oiliness and viscosity are shrouded in mystery, research 
should be directed along these lines so that their phenomena 
may be coordinated properly with classical physics. The evi- 
dent question to be answered is, What makes a substance a 
lubricant? 

CLOSURE 

The question of including the lubrication of ball and rolle: 
bearings within the scope of this Committee may be worthy 
of further consideration, as suggested both by Mr. Schmidt and 
by Mr. Waters, but has always hitherto been decided in the 
negative. The function of oil or grease in such bearings is not 
primarily one of lubrication, but rather for the purpose of pro- 
tecting the surfaces and keeping foreign matter out of the bearings. 


Fie. 6 MACHINE 


From Mr. Illmer’s discussion of the ZN/P diagram we are 
left in doubt whether he has thoroughly examined the origina! 
papers of 1914 and 1915 in which this method of analysis was 
first outlined. No claim has ever been made in publications 
of the A.S.M.E. Committee that the plot would necessarily 
be a straight line, but it is believed to offer a convenient method 
for separating the effects of viscosity from the unknown factors 
that remain to be investigated. 

The determination of critical loads at which seizure occurs, 
as described by Mr. Larson, has much in common with th: 
procedure described by H. C. Mougey of the General Motors 
Research Corporation, for seizure tests on automobile rear- 
axle differential pins (Ref. 57). 

The investigation of conditions at seizure was the purpose in 


18 Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
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mind in the Dickinson machine as described by C. F. Marvin, 
Jr. (Ref. 16). All such methods are of great interest. The 
Committee hopes to ascertain whether any correlation exists 
between the critical loads so determined, and the solidifying 
pressure determined hydrostatically, as stated in Table 2 of 
the present report. 

The Committee is indebted to Dr. Rolf Voitlinder of the 
Hydraulisches Institut Technische Hochschule, Munich, for 
sending a brief description and a photograph, reproduced here- 
with as Fig. 6, of his improved form of oil-testing apparatus, 
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developed as a continuation of his previous investigation (see 
Ref. 108). This apparatus will be fully described in the next 
“Mitteilungen des Hydraulischen Instituts der Technischen 
Hochschule,” Miinchen, Heft 4, which is to appear shortly. 
The previously published work dealt with a comparison of differ- 
ent oils using a given combination of bearing metals. The 


more recent work with the newest apparatus, as conducted by 
W. Biirner and reported by Dr. Voitlinder, includes also an 
intercomparison of bearing metals, and very satisfactory results 
are reported as being obtained. 


pk 
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Repairing Oil Trunk Lines by Arc Welding 


By ALBERT N. HORNE,' BARTLESVILLE, OKLA. 


Repairs to oil trunk lines should be made in the field 
without interruption to the service, and the methods of 
fixing up split joints, leaking couplings, and line breaks 
by the use of arc welding are described. Pipe line that 
has been corroded or that has become badly pitted also 
is patched and repaired by this means. Data are given 
to show that patch welding pays. 


IL TRUNK LINES are usually 

() operated very nearly continuously 

and at such capacity factor or 

on such time schedule that any interrup- 

tion of service is detrimental to efficiency 

and may mean loss of revenue. If the 

interruption is a line break or leak, con- 

siderable loss of oil and attendant damages 

may result therefrom. In years past the 

general practice in the oil industry has 

been to have large storage-tank “farms” in 

the field, along trunk lines, and at the re- 

fineries. This system was the result of a policy of getting the oil 
out of the ground as quickly as possible when a productive area 
was found and of storing it as a reserve over periods of lean pro- 
duction if the immediate supply were greater than current de- 
mand. Storage along a trunk line was partly with the idea of 
having an intermediate buffer to take care of oil movements in 
case of line outage. Each trunk-line pump station was equipped 
with considerable storage for the same purpose, and also to 
provide two or more working tanks in order to enable a check 


on receipts and pumpings over each section of line between 


stations. By receiving the oil in one tank and pumping it out 
of another tank, losses or shortages were quickly detected and 
leaks or line breaks more readily located. 

Modern methods are tending to place the location and pro- 
duction of crude oil on such a basis of certainty that the storage 
of large volumes of crude for reserves is not warranted, and 
modern trunk lines are so constructed that the hazards of opera- 
tion, such as outages due to split joints, leaking couplings, and 
line breaks, are practically eliminated. Protection of under- 
ground lines against the ravages of corrosion has progressed 
remarkably in the last few years. 

These factors, together with possibilities of unit production 
of crude, are causing a definite trend toward smaller storage- 
tank farms. The development of centrifugal pumping equip- 
ment makes possible the total elimination of tankage at relay 
pump stations. Thus the trunk line itself must more nearly 


‘General Superintendent, Empire Pipeline Company. Mem. 
A.S.M.E. Mr. Horne was born Nov. 4, 1894, in Mississippi. He 
worked in the yellow-pine lumber districts between schooling, in saw- 
mills, planing mills, log camps, office, commissary, etc. He is a 
graduate of Mississippi A. and M. College, B.S.E.E., 1917. He 
was with the Tank Corps, U. 8S. Army, 1918; student engineer with 
the Empire Companies in 1919 and in various capacities until 1928; 
General Superintendent of the Empire Pipeline Company since 1928. 
Mr. Horne is on the A.S.M.E. Research Committee on Automatic 
Pump Stations and a member of the Reserve Officers Association 
of the United States and Captain, Infantry Reserve. 

_ Presented at the First National Petroleum Meeting, Bartlesville, 
Okla., Oct. 6-8, 1930, of THe American Society ofr MECHANICAL 
ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. P 


than ever operate close to 100 per cent as to capacity and time 
factors. 

These conditions therefore have caused the development of 
more efficient methods of making emergency repairs and of re- 
conditioning the older lines without taking them out of service 
for any lengthy period of time. 

On the old screw-coupled line the method of repairing a break 
or a split was to cut out a section of the pipe with pipe cutters, 
rethread with hand dies, and then couple up with a companion 
flange. The smaller pit holes were repaired with saddle clamps, 
and leaky couplings were calked or collar clamps were applied. 

With increasing use of welding in pipe-line construction, 
breaks are repaired by draining the line, cutting out the section, 
plugging the open ends of the pipe by tamping full of mud to 
hold back the oil and vapors, and then welding in a section of 
pipe. On a screw-coupled line this method is probably no more 
rapid than the screw-flange method, due to having to wait 
some time under certain conditions to drain the line sufficiently 
to prevent blowing the mud plug, but it does permit of making 
the repair with a lesser number of men, as only a bell-hole for 
the welder is required, whereas to screw-couple it requires that 
considerable line be stripped and raised from the ditch to facilitate 
flange-coupling. 

In order to keep oil moving through the line continuously 
and at the same time to recondition a stretch of line economically, 
both in summer and in winter, the arc-welding machine has 
been successfully put to use. 

A typical method, on an 8-in. loaded line, is to uncover the 
pipe, raise it from the ditch and place it on skids over the ditch, 
and then run a traveling cleaning machine over it. The pipe 
is then carefully inspected, and all serious pit holes, defective 
couplings, and badly corroded areas are marked with chalk. 

A gasoline-engine-driven arc-welding machine mounted on 
wheels is then pulled alongside the line where the repairs are 
to be made. The machine is equipped with a long cable so as 
to work upon as much pipe as possible at one set-up. The 
metal electrodes are ordinary mild-steel general-purpose rods, 
from 4/3. to */i¢ in. in diameter and 14 in. long. 

Where the pits are not too deep or too numerous, the repair 
is made simply by filling the depressions with the arc-weld 
deposit. On a line under pressure, a rough estimate for safety 
is a pit that is very little more than half through the pipe wall 
and not over 1!/, in. in diameter. No special cleaning of the 
pit is necessary nor is any special technique required for welding. 
The striking of the are expels with explosive force the small 
amount of oxides and corrosion deposit, and this same material 
seems to act in the capacity of a flux. The bond is always good, 
as evidenced by numerous specimens cut out, cross-sectioned, 
and carefully examined. The actual welding time of the average 
pit, up to '/, in. in diameter, is 15 to 30 sec. 

In nearly four years’ continuous recondition by one gang, 
with two welding machines, only two or three “burn throughs”’ 
on loaded lines have occurred, and these were not serious. 

If the pits are nearly through the pipe wall or are grouped so 
closely that individual fills are not economical, the next step 
in the operation is to apply a patch or “half sole.” 

This patch is made by cutting with the oxyacetylene torch a 
piece of the desired length and width from the same size of pipe 
as that under repair. The patch is then placed on a joint of 
pipe and hammered with a few sledge blows, which shape it 
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Fie. 1 


Fie. 3 


RustTep AND Pitrep Piper, Cross-SEcTION 
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Typicat Corrosion aT LEAKY COLLAR 


Fic. 6 SLEEVE PLace 


Fie. 8 


Couuar ‘“‘Ropep” By Arc-WELDING 


Fig. 4 


Fia. 5 


Fia. 


Fic. 2) Typtcau Pirrep Pipe 


SPLIT SLEEVE IN Pace, READY FOR WELDING 


‘ 


Spuit SLEEVE IN Piace, READY FOR WELDING 


Pitrep Pipe Arc-WELDED IN THE FIELD 
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nearly enough to the outside diameter on which it is to be ap- 
plied. A good source of supply is straight junk pipe which may 
be badly corroded on only one side. For an extended job of 
reconditioning, patches are cut at one central point in lengths 
of 6, 5, 4, 3, 2, 1, and '/, ft., then distributed to the welding 
machines. 

A patch is clamped in place over a badly corroded area, usually 
the bottom side of the pipe, and is tacked and then welded to 
the pipe with one heavy bead. No special cleaning or grinding 
is necessary on this, and these patches have been subjected 
directly to pressures far exceeding operating pressures, without 
It is sometimes necessary to patch the full length of 
This is done by joining 


failure. 
a joint, or even several in succession. 
up the required lengths of patches. 

In some instances, such as creek crossings or areas where the 
pitting or corrosion covers the entire pipe area, it has been 
necessary to encase one or more joints entirely. This is done 
by splitting a joint of 10-in. pipe, then placing it over the pipe, 
the seams being welded and the ends swaged down and welded 
to the line. 

Leaky couplings that can be calked dry or couplings that 
appear to be weak due to threads not being run up fully are 
“roped,” by welding each end of the coupling to the pipe. This 
method does not weaken the joint. Several full-joint roped 
couplings and one regular screw coupling properly set up were 
shipped to one of the pipe mills for pull tests, and results show 
that the roping added considerably to the strength of the screw 
coupling. 

If the coupling cannot be calked dry or is corroded excessively, 
the repair is made by applying a special split sleeve designed 
for the purpose. This sleeve is the equivalent of a double-end 
swage, split in half, with a recess fitting fairly snugly over the 
coupling and of sufficient length to enclose any exposed threads. 
The two halves are clamped in place, the seams are welded, and 
then the ends are welded to the pipe. 
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These couplings have been directly subjected to over 2000 Ib. 
pressure without failure, and bend and pull tests were entirely 
satisfactory. 

These same split sleeves are being used instead of straps to 
reinforce welded joints on river crossings. They are welded 
in place, and the recess or annular space is filled with molten 
lead through holes cut for the purpose. 

Emergency repairs are being made on operating lines by are- 
welding patches over holes in place of saddle clamps, and meth- 
ods are being worked out to repair sizable collar leaks, splits, 
and cracked or broken welds. Arc-welding machines for emer- 
gency-repair gangs are being mounted on regular maintenance- 
gang trucks and are driven from the truck motor. Machines 
are on the market which have take-offs for lights and for operat- 
ing cleaning brushes and grinding wheels. 

The economic limit of repairing a line by the various patch 
methods in the worst places is a cost per foot equal to the cost 
per foot of cutting out and replacing with new pipe. If con- 
tinuous operation of a line is a factor, this limit may be exceeded, 
within reason. 

Accurate cost data on recondition work have been kept, and 
results show that patch welding pays. 

A section of 8384 feet of pipe in very bad condition may be 
cited to give an idea of costs, the repairs being summarized 
as follows: 

Sleeves 

Feet of weld bead for sleeves 
Collars roped 

Feet of weld bead for collars 
Pits filled, feet of weld bead 


Patches, square feet 
Feet of weld bead for patches 


Casing, 10-in., lineal feet. 

Lineal feet 8-in. line reconditioned 
Labor... 

Material 


Equipment, operation, depreciation, etc 


Total 
Cost per linea! foot 


5275 
2105 
80 
8384 
$ 712.26 
767.20 
352.75 
$1832.21 
$0. 2185 
; 
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By C. M. LARSON,! 


The Navy work-factor method, although sufficient in 
itself to indicate the rate of decomposition, loss through 
evaporation, and the corrosive tendencies in steam-tur- 
bine oils, fails to measure definitely the resistance to emul- 
sion. Considering demulsibility at 150 deg. fahr. of sam- 
ples taken every 25 hr. during the 100-hr. Navy work-factor 
run, however, the emulsion tendencies are recorded, and 
this demulsibility change is a measure of the stability of 
steam-turbine oils. 


T IS a well-known fact that various 
I turbine oils in the presence of dif- 
ferent combinations of heat, air, and 
water deteriorate at varying rates. The 
usual measure of stability is determined by 
four things: (1) How fast the turbine oil 
decomposes, (2) resistance to emulsion, (3) 
loss through evaporation, and (4) whether 
the oil becomes corrosive. The practical 
test by placing the oils in the steam tur- 
hine and recording the changes in charac- 
teristics or analyses, as shown in Fig. 1, is 
tedious work. It takes months to evaluate turbine oils in 
actual service. Then, too, due to the variation in conditions 
under which turbines are operated, it never has been possible 
to make a direct comparison of the sludge and emulsion per- 
centage increases between two oils while in service or even two 
lots of the same oil. 

In order to simplify the procedure and have a compact test 
for steam-turbine oils, a Navy work-factor machine, Fig. 2, 
was built, the work-factor evaluation method being required for 
Navy approval of lubricating oils when bidding on U.S. Navy 
contracts. This machine has been used very successfully for 
evaluating lubricating oils. However, for turbine oils, Navy 
grading by the formulas, Table 1, did not seem complete, so that 
a scheme of including the demulsibility at 130 deg. fahr. (Method 
320.31, Technical Paper 323-B) on the oil when new, the 25-hr., 
50-hr., 75-hr., and 100-hr. periods was added The constants 
of the machine are as follows: 


Motor speed 3500 r.p.m. 


Gear-reducer 1.75 to l 
2000 r.p.m. 
Journal diameter (D)...........00055. 3.82 in. 
Journal cireumference...............-.. 12 in. 
Bearing length (ZL). 6 in. 
Bearing chord (effective, C)................ 3.5 in. 
Projected area (effective) 21 sq. in. 


1 Supervising Engineer, Sinclair Refining Co. Mem. A.S.M.E. 
Received degree of B.S. in M.E. from Armour Institute of Technology 
in 1913. Became Lubrication Engineer, The Texas Co., and ad- 
vanced to Chief Engineer, Chicago District, in charge of lubrication 
service engineers, comparative tests, lubrication equipment installa- 
tion, and development of new products. Served as Wing Lubrica- 
tion Engineer, Ist Lieut., Air Service, U. 8S. Army, and joined the 
Sinclair Refining Co. in 1919. 

Contributed by the Petroleum Division and presented at the 
Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Toe Amerti- 
CAN Society OF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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Evaluation of Steam-Turbine Oil Stability 


NEW YORK, N. Y. 
Oil pressure to bearing (P)..............065 15 lb. per sq. in. 
Length of run (continuous)................. lOOhr. 
—t— 
ity Saybolt at 100 De rah 
200 viscos 
_ 
100 | 
| 
00 + 4 
Pp 9 Mo 
60 
1.00 + + 
0.50 — 
Tonradson Carbon 
0.0 
Aci (ty 
0.00 — | } +— 
| | | 
0.50 — 
Sea/sm ent 
0.00 
| | |_| 
80 930 100 


| 
| 
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Days Operation 


110 120 130 140 


Fig. 1 CHANGE oF CHARACTERISTICS OF TURBINE O1L IN 
10,000-Kva. Steam TURBINE 
TABLE 1 NAVY ENDURANCE TEST WORK-VALUE FORMULAS 
Formula Turbine oils 
No. Symbol General formula Formula for oils 2110-2190 
= Ss — So 1 St — So 
1 —_ — 4 
1 1.00 x c 1.00 x 6 
V% = At 100 deg. fahr. Work value based on Say- 
bolt viscosity 
Vv", At 130 deg. fahr. Use same formula as for V's 
V"," At 210 deg. fahr Use same formula as for Vs 
Vi 3 Average viscosity work value 
y, 0.55—Co 
~ Ko 0.55 
3 Ry 1.05 — 
Ky — Co 1.05 — Co 
Ves Vs Average Conradson carbon 
2 work value 
1.01 — Co 
V's Neutralization work value 
4 yr Ry — 1.01 — & 
ke — Co 1.01 — Co 
Vv" Precipitation work value 
Va r} Average work value 
Legend: Legend 
Se = Initial Saybolt viscosity ky = Final rejection point 
Sy = Final Saybolt viscosity Co = Initial content 
Ro = Initial rejection point Cy = Final content 
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oil-line thermometer; 


Fig. 2 


C, revolution counter; 
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speed reducer; 
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Navy WorkK-Factor MAcHINE 
Ts, bearing thermometers; 7,4, 


Gi, oil-line pressure gage; 
P, Viking motor-driven pump: R, D. O. 
M, induction motor.) 


sump thermometer Ts, 
Ge, film pressure gage; 
James 
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By referring to Fig. 3 it will be noted that there are plotted 
the neutralization numbers of the oil when new and at the end 


of the 100-hr. Navy work-factor run. 
that enter into the work-factor evaluation. 


These a 


re the numbers 


The lower set of 


curves are those plotted from the demulsibility numbers deter- 
mined from the 25-hr. period samples of the same oils whose 
neutralization numbers are plotted in the top set of curves. 
In general there is some similarity in decomposition of the oils 
as based on the neutralization numbers and judged by the de- 


mulsibility changes. 


That is, oils 1 and 5 that have the greatest. 


increase in acidity fall off the most in demulsibility, whereas 


oils 2, 3, and 4 are the reverse. 


1600 


However, when oils 2 and 3 are 
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Fig. 4 
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RESULTS OF TEsT oF O1Ls N-48 aNp N-66 IN FUNK SLUDGING- 


Test APPARATUS AND Navy WorkK-Factor MACHINE 


classified by the demulsibility determined by the 25-hr. samples, 
oil 2 appears to be better than 3 throughout the entire 100-hr. 
range, and yet making a comparison of the two oils based on the 


neutralization numbers alone, 3 is better than 2. 


variations are shown by oils 1 and 5. 


The same 


Now, by studying two turbine oils of exactly the same source 
and produced under the same refinery methods, with the excep- 
tion of a slightly different degree of filtration, the value of using 
the demulsibility determinations of the 25-hr. period samples in 
addition to the work-factor numbers can be seen. 


The analyses 


Fic. 3 (Lerr) Demu.stpitiry AND NEUTRALIZATION NUMBERS OF 
Orts WHEN NEw AND AT THE ENp oF A 100-Hour Run 
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TABLE 2) TURBINE OIL N-48—-CONTROL LABORATORY TEST DATA 


-— Viscosit y—~ 
(Saybolt) 


100 24.6 430 495 414 179 55 20 7 plus None 0.22 
Demulsibility on new sample at 130 deg. fahr.—1620 
Demulsibility on used sample at 130 deg. fahr.—840 (Used 100 hr.) 
Navy WorK VALUES 


- -Viscosity (Saybolt)—--—~ ——Conradson carbon——~ 


100 130 210 Average Original Final Average Acid No. 
Vi V2 Vs Vas V"s 
0925 0945 0.986 0.952 0.836 0.865 0.850 0.972 


Demulsibility on 25-hr. sample at 130 deg. fahr.—1020 
Demulsibility on 50-hr. sample at 130 deg. fahr.—-1080 
Demulsibility on 75-hr. sample at 130 deg. fahr.— 900 
Demulsibility on 100-hr. sample at 130 deg. fahr..— 840 


TABLE 3. TURBINE OIL N-66—CONTROL-LABORATORY TEST DATA the resistance to emulsion. By taking into con- 
—Viscosit y— = sideration the demulsibility at 130 deg. fahr. of 

Saybolt) Acid Precipita- 
Hours Gravity Flash Fire 100 130 210 Pour Color Ash Carbon No. tion No samples taken every 25 hr. during the 100-hr. 
0 25.4 435 510 409 178 54 10 3plus None 0.06 0.028 None EE ST | ee - e cies 
100 25.3 430 510 413 180 54 10 6— None 0.10 0.042 None Navy work-factor run, the emulsion tendencies 


Demulsibility at 130 deg. fahr. on new oil —1620 
Demulsibility at 130 deg. fahr. on 25-hr. samp.—1500 
Demulsibility at 130 deg. fahr. on 50-hr. samp.—1260 


Demulsibility at 130 deg. fahr. on 75-hr. samp.— 60 
Demulsibility at 130 deg. fahr. on 100-hr. samp 60 
Navy WorkK VALUES ° 
Werk Discussion 

- Viscosity (Saybolt —~ -——Conradson carbon——- Precipita- value 

V's Vv"; Vv"; V1 V2 V3 Vas V"% Va mat li ti oile : f 
0 930 0 945 1 000 0 985 0 891 0.959 0.925 0.986 1.000 0.974 neutralization numbers of oils as measures of rates 


of the new oil and 100-hr. period samples, the Navy work values, 
and the demulsibility determinations are given in Tables 2 and 3. 

Under the Navy work-factor method of evaluation turbine oil 
N-48 would be classed as having a value of 0.944 (consider- 
ing the acid number separately 0.972), whereas turbine oil N-66 
has a higher work evaluation of 0.974 and an acid number rating 
of 0.986; so that by work-factor evaluation, turbine oil N-66 is 
a superior product to oil N-48. However, by determining the 
demulsibility numbers of the 25-hr. period samples, Tables 2 


Acid Precipita- oil N-66. 
Hours Gravity Flash Fire 100 130 210 Pour Color Ash Carbon No. tion No. Further to prove the superiority of turbine 


0 24.8 430 500 408 177 54.5 20 3'/:plus None 0.09 0.043 No Bagg “ 
ie _ on 0.07 None Oil N-48 over N-66, the two oils were checked 


Precipita- value ° 
shen tie. (avg.) Tranked N-66, as shown in Fig. 4. 


vs Va From the foregoing it is rightly concluded that 
1.000 0.944 the Navy work-factor method, although sufficient 


and 3, N-48 is shown to be superior to turbine 


in the Funk sludging-test apparatus. The results 
of both the demulsibility numbers and the Funk 
Work sludging test proved that turbine oil N-48 out- 


in itself to indicate the rate of decomposition, loss 
through evaporation, and the corrosive tendencies 
in steam-turbine oil, fails to measure definitely 


can be recorded as well, and this demulsibility 
change is a real measure of the stability of steam- 
turbine oil. 


of deterioration, useful information is frequently 
obtained by determining how much of this acidity is water- 
soluble. Even though an oil may have a high acidity it does not 
necessarily follow that the oil is corrosive. The nature of the 
acidity is important 
? Process Laboratory, De Laval Separator Company, Pough- 
keepsie, N. Y. 


{Note: Joint discussion of this paper and that of James G. 
O'Neill by E. H. Thompson, Nevin E. Funk, and G. B. Karelits 
will be found following the O'Neill paper. ] 


The usefulness of the standard laboratory tests in judg- 
ing the quality of lubricating oils in the past has been 
limited, due to widely different crudes from which lubri- 
cating oils are produced and to the varied processes used 
in their refinement. The new method proposed for evalu- 
ating lubricating oils seeks to extend the application of 
the standard laboratory tests in that their results will 
indicate the service that will be obtained from the oils in 
actual operation. Increases in viscosity, neutralization 
number, precipitation number, and per cent of carbon 
residue of a lubricating oil when subjected to an endurance 
test, which simulates service conditions as found in a 
forced-feed lubrication system, are expressed numerically 
by means of formulas, and the average of these results is 
called the work factor of the oil. A description of the 
method and apparatus of the endurance test is given, and 
the concordance of results obtained is shown when differ- 
ent machines are used to test the same oil. The work fac- 
tors of turbine, Diesel-engine, and aviation oils are dis- 
cussed with relation to their performance in actual ser- 
vice. The Navy method for purchase of lubricating oils 
employing the work factor is discussed, as also are the ad- 
vantages derived from the use of the work factor. 


UBRICATING OILS for turbines, 
ts Diesel engines, and aviation engines 


may show by the standard tests to 


have properties that are in accordance with 
oils that are known to be satisfactory, yet 
." they may be very unsuitable. Specifica- 
tions for lubricating oils embodying the 
standard tests are of value when they cover 
a narrow range of oils made from a crude 

and by processes of refinement which are 

r known to yield satisfactory oils, but when 

such specifications are used for oils made 

from widely different crudes or by widely different methods 
of refinement, their value is very doubtful. Lubricating oils, 
when obtained from various refiners having different crudes 
or different process of refinement, must, in order to insure safe 
and economical operation of machinery, be subjected to some 
test which will give true information of their suitability and 
the quality of the service to be obtained from them; in other 
words, the test must tell whether or not an oil is satisfactory for 
use and also properly evaluate satisfactory oils, in order that the 


1 Chief Chemist, United States Naval Engineering Experiment 
Station, Annapolis, Md., and technical adviser to the Bureau of 
Engineering, Navy Department, Washington, D. C., on lubrication. 
Mr. O'Neill was graduated from Cornell University in 1903. He has 
been associated as chemist with the Carborundum Company, the 
Cayuga Lake Cement Company, the Empire Coke Company, and the 
Semet-Solvay Company. He was the first to devise and operate a 
successful liquid purification process for coal gas, the description 
of the process being presented to the Eighth International Congress 
of Applied Chemistry. : 

Contributed by the Petroleum Division and presented at the 
Annual Meeting, New York, N. Y., Dec. 1 to 5, 1930, of Toe AmeErt- 
CAN Society OF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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The Work Factor of Lubricating Oil 


By JAMES G. O’NEILL,! ANNAPOLIS, MD. 


consumer may be able to decide what oils are the most economi- 
cal to purchase. 

The suitability and evaluation of lubricating oils are believed 
to be very well accomplished by means of the work-factor evalua- 
tion method. This method is the result of the accumulation 
of information over a long period of time of the behavior of 
oils in service and their behavior when subjected to an endurance 
test which simulates service conditions. In reality it is an ac- 
celerated service test for lubricating oils carried out in a rugged 
machine, equipped with a test journal, which operates at a fixed 
speed and bearing pressure continuously for 100 hours without 
means for heating or cooling the oil. It is not the purpose of 
the endurance test to replace the standard tests for lubricants, 
but rather to increase the usefulness of these tests in determining 
the suitability of lubricating oils and in evaluating them. 


APPARATUS AND Metuop oF TEST 


The apparatus, as shown in Figs. 1, 2, 3, and 4, consists of 
a machine steel journal K 6 in. long and 3.82 in. in diameter, 
which revolves in a split babbitt-metal bearing, the lower half 
of which is embedded in the base A and the upper half in the 
bearing cap U. The journal is directly connected to a flexible 
coupling L on the shaft of a 3'/;-hp. motor M. The bearing 
pressure is applied to the bearing cap by means of four cali- 
brated springs D. The revolutions of the journal are obtained 
from revolution counter J. The bearing cap is fitted with a 
pressure gage // and a mercury glass thermometer F for the 
purpose of ascertaining the oil-film pressure and the tempera- 
ture of the bearing. The temperature of the oil to the bearing 
is obtained from mercury glass thermometer E inserted in a 
thermometer well in the inlet oil line V to the bearing. The 
oil to the bearing is supplied from the oil reservoir in the base 
A through the pump O. The oil reservoir is equipped with a 
gage glass B, filling connection C, and a drain plug P, in the 
oil line R. The driving motor M is calibrated and equipped 
with voltmeter and ammeter. 

Five quarts of the oil to be tested are poured in the oil reservoir, 
through the filling connection. The oil is pumped from the 
reservoir to the oil groove in the bearing. The journal is then 
started, and the bearing pressure is equally and gradually ap- 
plied by the springs until the nominal pressure of 150 lb. per 
sq. in. is obtained, when the speed of the journal is raised to 
2000 r.p.m. The test is then started and run continuously 
for 100 hr., during which time hourly readings are taken of all 
the instruments. During the test all oils of the ultra-heavy 
grade (S.U.V. at 130 deg. fahr. 300-340) and heavier are fed 
at a pressure of 15 lb. and lighter oils at a pressure of 10 lb. 
During the test the leakage loss of oil amounts to about 5.0 
per cent, which leaves sufficient oil for the test. It is essential 
that no new oil be added during the test. The oil is examined 
before and after the test in order to determine the nature and ex- 
tent of the changes in the oil during the test. 


Work Factor 
The foregoing test was developed in 1920, some of the results 
obtained being published in 1921.* Since that time a large 


2? “*Endurance Test of Force Feed Oils,’’ by J. G. O'Neill, Asso- 
ciate, Journal of the American Society of Naval Engineers, vol. 33, 
no. 2, May, 1921. 
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number of tests have been conducted on oils using this method. of evaluating lubricating oil for forced-feed and motor-cylinder 
The results of these tests have been used in determining the use, based upon the oil’s behavior in the endurance test as re- | 
suitability of oils for naval use. All oils showing abnormal = gards increases in viscosity, neutralization number, precipita- } 
tion number, and per cent of carbon residue. Since the publi- 
cation of this article, slight changes have been made in the ' 
method of calculation of the work factor, and it is considered j 
advisable to give a brief description of the method. Table 1 | 
gives the Navy’s classification of the oils, and Table 2 gives . 
D. the limitations of the necessary characteristics for determining 
ja the work factor of these oils. 
OB TABLE 1 U. S. NAVY CLASSIFICATION OF OILS 
= Navy Viscosity at S.U.V. at | 
—= symbol Commercial designation 130 deg. fahr 210 deg. fahr. i 
= 1075 Refrigeration oil........... 85 
2110 Light forced-feed and motor-cylinder oil 100-115 


125-145 


2135 Medium forced-feed and motor-cylinder oil 
180-200 


2190 Heavy forced-feed and motor-cylinder oil 
2250 Extra-heavy forced-feed and motor-cylinder 


240-260 
oil... a 300-340 
3080 Winter aviation oil... 
3100 Summer aviation oil. . +100 
3120 Heavy aviation oil is 5-125 


) 
L \ 
N Ss | 
OF | 
N ‘ad 
F 
Fie. 1 oF Front View oF ENDURANCE O1L-TESTING 
MACcHINE 4 
2 DiaGram oF Sipe View oF 


increases, when subjected to the test, in viscosity, acidity, 


asphaltic matter, and carbon residue, were rejected. These MACHINE i 


tests showed that acceptable oils did not increase beyond the 
following limits in these properties, when subjected to the test: 


Viscosity { All oils below aviation oils in viscosity, per cent. . . 20 

25 
Carbon Oils of viscosity 190 sec. at 130 deg. fahr. and below 1.05 
residue, { Oils of viscosity 190 to 340 sec. at 130 deg. fahr.... 2.05 


In 1928, Keleher and McGeary? proposed a work-factor method 


3 “How the Navy Selects Its Lubricants,”’ by Com. T. J. Keleher, 
U.S.N., and F. M. McGeary, Manufacturing Industries, August, 1928. 


The viscosities of the new and used oils are taken at three 
temperatures, 100, 130, and 210 deg. fahr., and the work value 
for the oil at each of the temperatures is calculated; the average 
of the three work values is the viscosity work value. 

The formula used for oils 1075 to 2310, inclusive, is as follows: 


Final viscosity — initial viscosity 


Work value = 1.00 — — — x 5 
Initial viscosity 
The formula used for oils 3080 to 3120, inclusive, is: 
‘acosity — initi 
Final viscosity initial viscosity x 4 


Initial viscosity 


| 
| | 78, a | 
M [He —— 
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The neutralization number and precipitation number work 
values are each determined by the following formula: 


Final rejection point — Final content or 
content of used oil 

Final rejection point — Initial content or 
content of new oil 


Work value = 


TABLE 2 LIMITING VALUES FOR WORK-FACTOR DETERMINA- 
TION 


Used oil 
after endur- 

Unused oil; ance test; 
initial re- final rejec- 


jection point tion point 
S.U_V. viscosities at 100, 130, and 210 deg. fahr. of 
oils 1075 to 2310, incl. : ee eo In excess of 
20% increase 
S.U.V. viscosities at 100, 130, and fahr. of 


oils 3080 to 3120, incl......... In excess of 


2507 


25% increase 
Neutralization number ve 0.11 1.01 
Precipitation number 0.05 1.01 
Oise 1075 to 2190, incl. . 0.55 1.05 
Oils 2250 and 2310 1.05 2 05 
as 1 Oils 3080 to 31: 20, incl... 1.55 3.05 
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Work value for new oil = 


Initial rejection point 


Fic. 4 PHoToGrRapH oF Sipe View or ENnpuRANCE O1L-TESTING 
MACHINE 


Fic. oF Front View oF ENpURANCE MACHINE 


The carbon residue work value is calculated from two for- 
mulas—one used for the oil when new and the other for the 
oil after the test; the average of the two being the carbon resi- 
due work value. 

The formulas are as follows: 


Work value for used oil = 
Final rejection point — Final content 


Final rejection point — Initial content 


To obtain the average work value of the oil 
the foregoing results are assembled and ex- 
pressed as follows: 


Work-value viscosity at 100 deg. 


Work-value viscosity at 210 deg. 
fahr.. 


(A) Viscosity work value = 
Total of above work values 


(B) Neutralization number, 
work value....... 
(C) Precipitation number, 
Work value, carbon residue, 
Work value, carbon residue, 


(D) Carbon residue, work value = 


New and used oil, work values 


Total (A), (B), (C), 


Average work factor of oil = 
Total of work values 


4 


The highest work factor possible for an oil 
is 1.00. Where any of the foregoing work 
values is less than zero, a zero rating is given. 
An oil having an average work factor less than 
0.50 is not considered suitable for use, nor is 
any oil which, when subjected to the test, ex- 
ceeds any of the rejection points shown in 
Table 2 


ConpiTIons AFFECTING WoRK-F 
DETERMINATION 
In a previous paper,‘ there were discussed the work factors of 
lubricating oils made from different crudes, the lack of tempera- 


‘“Evaluation of Lubricating Oil by the Work Factor Method,” 
by J. G. O'Neill and F. M. McGeary, National Petroleum News, 
June 11, 1930. 


Initial rejection point — Initial content 


| 4) | 
| 
‘ 
; 
A Work-value viscosity at 130 deg. at 
ay 
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ture control, reproducibility of results on different machines, 
and the consumption of lubricating oils in service which have 
different work factors. Since this was published a lubricating 
oil was subjected to endurance tests in four different machines, 
all operating at the same time. The work factor for the oil 
from each machine was determined, and it was found that the 
results from all four machines varied less than 5 per cent. These 
tests were run during a hot summer month. Previously, the 
work factor of the same oil had been determined during a cool 
fall month. It was found that the average work factor for the 
four runs during the summertime was 0.73 per cent greater 
than the work factor of the oil as determined in the fall month. 
Table 3 gives the results of the endurance tests of the oils, and 
in Table 4 are shown the calculated work factors of the oils 
and their properties after being subjected to the endurance test. 


TABLE 3 RESULTS OF ENDURANCE TEST 
(Oil, Navy Symbol 2110) 


Test conducted in........... Oct., 1929 ——— July, 1930—-_——_—_~ 
Run on machine No......... 3 1 2 3 4 
100 100 100 100 100 
Average of journal, 

ey 2034 2008 2035 2020 1955 
Average room ‘temperature, 

deg. fahr.. 75 86 86 86 86 
Average bearing temperature, 

181 197 181 186 185 
Average difference in tempera- 

ture in deg. fahr. (bearing- 

room). 106 111 95 100 99 
Average oil ‘inlet ‘temperature, 

deg. fahr.. 143 156 161 133 143 
Oil pressure to bearing, Ib. per 

10 10 10 10 10 
Bearing pressure, |b. per sq. in. 150 150 150 150 150 
Oil film pressure, lb. per sq. in. 


gage... 240 252 296 
Coefficient of friction. 0.0040 0.0039 0036 0.0037 
Condition of bearing at ‘end of 


Bearing in good condition after all tests. 
No indications of scoring, corrosion, or 
formation of gummy deposits. 


TABLE 4 PROPERTIES OF OIL AFTER ENDURANCE TEST AND 
THEIR WORK FACTORS 


(Oil, Navy Symbol 2110) 
Test conducted in......... Oct., 1929 July, 1930. 
Run on machine No....... 2 3 4 
Piash poiat, open cup, dee 26.07 25.55 25.37 . 25.37 
Flash nt, open = eg. 
fahr. . 335 340 340 340 340 340 


380 385 385 380 385 385 
5 


Fire point, open ‘cup, deg. 
ahr. 


Pour point, "deg. edie 5 5 5 5 5 
Viscosity, S.U.V. at 
220 253 250 247 244 247 
109 120 120 120 119 119 
46 48 48 48 48 48 
(Dil.) (Dil.) (Dil.) (Dil) (Dil.) 
1.5 3.0 3.5 3.0 3.0 3.5 
Neutralization No......... 0.06 0.16 0.19 0.19 0.19 0.19 
Precipitation No. ; None None None None None None 
Carbon residue, per cent. 0.08 0.12 0.13 0.11 0.10 0.13 
Work Factor Determination 
Work value viscosity at 
100 deg. fahr........ 0.250 0.318 0.387 0.455 0.389 
130 deg. fahr.. ae acheri 0.495 0.495 0.495 0.542 0.542 
210 deg. fahr.. 0.783 0.783 0.783 0.783 0.783 
(A) Viscosity work value. . 0.509 0.532 0.555 0.593 0.571 
(B) Neutralization No., work 
0.894 0.863 0.863 0.863 0.863 
(C) Precipitation No., work 
ea ae 1.000 1.000 1.000 1.000 1.000 
Carbon residue work value: 
New oil. 0.854 0.854 0.854 0 0.854 
Used oil. 0.958 0.948 0.969 0.979 0.948 
(D) Carbon “residue ‘work 
value ; 0.906 0.901 0.911 0.916 0.901 
Total (A), (B), (C), and (D) 3.309 3.296 3.329 3.372 3.335 
Average work factor. . ‘ 0.827 0.824 0.832 0.843 0.834 


In order to apply the bearing pressure, no clearance can be 
allowed between the test journal and the bearing. Therefore, 
the metals of the two members are separated during operation 
only by the thickness of the oil film. This means that the 
bearing must be in good condition and run in by means of bear- 
ing grinding compound. Immediate seizing will take place 
between the journal and bearing if the oil pressure ceases for 


an instant. Good mechanical condition of the endurance ma- 
chine is necessary if proper results are to be obtained. When 
starting the test, care must be taken that the bearing pressure 
is gradually and uniformly applied. 

The endurance test offers a convenient means for study of 
various problems of lubrication, such as the effect on the oil 
of different bearing metals, the depreciation of the oil with ex- 
cessive or scant flow of oil to the bearings, the effect of excessive 
vibration of the journals, and, possibly, the effect of different 
gases on lubricating oil during operation. It is believed that 
the solution of these problems will be greatly aided by means 
of the endurance test and the work factor. 


Factor or TURBINE OILS 


Turbine oils, as manufactured in the United States, show 
work factors from almost 1.0 to well below the allowable mini- 
mum of 0.50. The Navy, like most other large consumers of 
lubricants, purchases, in widely separated sections, lubricating 
oils which are made from different crudes and by different proc- 
esses of refinement. In addition, there are many “freak” 
oils placed on the market, for which manufacturers make mar- 
velous claims. It is therefore necessary that definite informa- 
tion of the suitability and value be obtained of all oils offered 
for use. It is not practicable to submit all such oils to extended 
service tests; first, on account of the possibility of casualties, 
and, second, because of the time and expense involved. Before 
an oil is placed aboard ship for a service test, there must be 
confidence that it will give satisfactory service. If an oil dur- 
ing its endurance test increases abnormally in viscosity, in per 
cent of carbon residue, in acidity, and in “sludging’’ matter, 
it is but a matter of good judgment not to submit such an oil 
to a service test, but to reject it. 

In the early days of the endurance test, year of 1924, a heavy 
turbine oil was submitted to be tested for naval use. The 
standard tests for physical and chemical properties indicated 
the oil to be of such excellent quality that it was sent aboard 
ship before being subjected to the endurance test. The en- 
durance test of the oil was then run, and it was found to have 
a work factor of 0.32. The report from the ship stated that 
the oil became thick and heavy, seriously reducing the flow 
of oil through the gravity flow boxes, also depositing a heavy 
sludge, the oil purifier separating out 50 gal. of sludge out of a 
total run-through of 600 gal. A sample of the sludge was ana- 
lyzed and found to contain 28 per cent oil, 38 per cent water, 
and 34 per cent asphaltic matter. 

The results obtained from the use of the endurance test in 
the testing of turbine oils have been so satisfactory that there 
is a growing conviction that this test is more reliable in indi- 
cating the quality of an oil than a single service test. Condi- 
tions may arise during a service test which may have a deleterious 
effect on the oil, for which the oil is not responsible; in an en- 
durance test this is not so possible. 


LUBRICATING OIL 


The lubricating oil in use in Diesel engines undergoes the 
following changes: 


With engine in good condition, piston rings tight, and combustion 
satisfactory: 


Increase in specific gravity. Flash and fire points and pour point 
not much affected. 

Increase in viscosity, neutralization number, precipitation number, 
and per cent of carbon residue, to practically the same extent as en- 
countered in a lubricating oil in a force-feed turbine lubrication sys- 
tem. 

The oil is darkened more than oil used in a turbine system, but not 
as greatly as oil used in gasoline engines. 


3 
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Very little contamination from the fuel. 
Demulsifying properties depreciated. 


With engine in poor condition, piston rings loose, or combustion un- 
satisfactory: 


Specific gravity decreased. 

Flash and fire points considerably decreased. 

Pour point decreased. 

Viscosity decreased. 

Neutralization number, precipitation number, and per cent of 
carbon residue increases with period of use. 

The oil is darkened. 

Considerable contamination from the fuel. 

Demulsifying properties considerably depreciated. 


In view of the foregoing, a high-work-factor oil should prove 
more stable and be a better lubricant than a low-work-factor 
oil for use in Diesel engines. This has proved to be true, less 
troubles are experienced in the use of the higher work factor 
oils, and oils which have passed satisfactory endurance tests 
have also passed satisfactory service tests in Diesel engines. 


Work Factor or AVIATION OILs 


The Navy has completed a remarkably successful year in 
aviation. It is believed that the lubricating oil used in the 
aviation engines contributed somewhat to this success. In 
the beginning, aviation was handicapped by a lack of knowledge 
of the proper oil to use for lubrication. The motor industry, 
while much older, offered little assistance of value. Even such 
a simple matter as the proper viscosity oil to be used required 
a long time for its solution. The advance in aviation engine 
design from the low-compression water-cooled motor to the 
high-compression water-cooled motor and then to the high- 
compression air-cooled motor added to the complications. Lubri- 
cating oils which appeared to give good service in the water- 
cooled motor were not satisfactory for the air-cooled motor. 
Why such oils proved to be unsatisfactory no one knew. An 
oil subjected to the standard laboratory tests did not differen- 
tiate sharply between good and poor lubricating oils. A great 
deal of idle conversation was indulged in about high flash points, 
low per cents of carbon residue, and so on, but such did not 
advance the art, and consequently many things happened to 
motors which were difficult to explain. 

Since the endurance test demonstrated its value in examining 
turbine and Diesel engine oils, it was thought that it might 
possibly be of value in determining the quality of aviation oils. 
Aviation oils in service are contaminated with the gasoline fuel, 
but this contamination does not generally exceed 3 per cent by 
volume. The gasoline absorbed by the oil reduces slightly the 
viscosity and fire point, and very markedly the flash point, 
closed cup, of the oil. The neutralization number of the oil 
is not greatly increased due to the short period of use, but the 
precipitation number and per cent of carbon residue very often 
increase greatly, dependent on the quality of the oil. 

The endurance test of the aviation oils and the calculated 
work factor showed that oils which had at one time been con- 
sidered satisfactory, but had been discarded on account of gen- 
eral poor performance and fouling of the engine, had work fac- 
tors from 0.50 to as low as 0.10, and, on the other hand, lubri- 
cating oils which gave excellent performance and would run 
indefinitely in the engine with scarcely a sign of carbon deposits 
on the top of the pistons had work factors of approximately 
0.90. The high work factor could not be explained by considera- 
tion of carbon residue content of the oil alone, for some of the 
oils which had very low work factors showed less carbon residue 
content in the original oil than some of the oils which had high 
work factors. In fact, it was impossible, and is still impossible, 
to differentiate between good and poor aviation oils by means 
of the ordinary standard tests, but it is possible to do so by de- 
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termination of their work factors. The work-factor method 
of qualifying aviation lubricating oils has so accurately demon- 
strated its value by a great number of practical tests that it is 
scarcely necessary to subject them to service tests in order to 
prove their suitability. Any one familiar with the operation 
of high-compression aviation engines recognizes the necessity 
of maintaining the pistons and cylinders free of carbon deposits; 
a very slight amount of carbon deposit on these parts greatly 
increases the detonating properties of the gasoline. While all 
are aware of the necessity of using gasoline which will with- 
stand the high compression without detonation, very few take 
into consideration the fact that the use of a lubricating oil which 
produces carbon deposits on pistons or cylinders is just as ob- 
jectionable as the use of an unsuitable gasoline. The necessity 
for the use of high-work-factor aviation oils will become more 
apparent with the increased use of aviation engines of higher 
compression ratio. 


PURCHASE OF OILS ON WorK-Factor Basis 


Lubricating oils are purchased by the Navy on the service 
cost per gallon, using the following formula: 
Cost per gallon 

Work factor 


Service cost per gallon = 


the low service cost per gallon being considered the low bid. 
This method of purchase has many advantages, viz.: 

(a) It creates a means to compare quality with price and 
allows selection of the most economical oil from the consumer’s 
standpoint. 

(6) It eliminates the personal element in the decision as to 
acceptability or non-acceptability of a brand of oil. 

(c) It is an incentive to refiners to produce oils of higher 
quality, with some hope of remuneration for the better quality 
of oils. 

(d) It offers a ready means of evaluating oils, when con- 
sidering the factors of safety, upkeep and repair of engines, 
and length of service; the higher work factor oils increasing 
the safety of operation and length of service and decreasing the 
cost of upkeep and repairs. 


CoNCLUSION 


The object of lubrication is to substitute liquid friction for 
solid friction in operating machinery. To do this satisfactorily, 
it is necessary that the liquid possess low internal friction and 
be capable of long use with minimum change in its properties. 
The very nature of mineral oils in being resistant to chemical 
action makes them valuable for lubrication, but this resistance 
also makes it difficult to evolve satisfactory tests for their quality. 
The stability of an oil must then be recognized as of great value, 
but the stability must be determined in a manner which is in 
agreement with its application; not at too high temperatures 
or in highly concentrated oxygen atmosphere, but under pres- 
sures, temperatures, and in atmospheres which have some rela- 
tion to service conditions. The results obtained from lubri- 
cating oil in service have been the governing factors from which 
the work-factor evaluation method has been evolved. The 
changes which take place in the oil in the endurance test and 
the actual service obtained from the oil are co-related, and conse- 
quently form the basis for the work-factor evaluation method. 


Discussion 


E. H. Tuomprson.’ The Petroleum Division is fortunate in 
obtaining research information such as Messrs. O’ Neill, Larson, 


5 Lubricating Engineer, Baltimore Copper Smelting and Rolling 
Company, Baltimore, Md. Mem. A.S.M.E. 
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and Hersey have given. The pioneer is the milestone along the 
pathway of progress. His work frequently stands out above that 
of the many who profit thereby. 

The industrial lubrication engineer can improve operation and 
reduce costs, but in any one given application his progress is 
limited by commercial costs and other requirements. 

Lubrication engineering, however, is a going concern, and is 
not necessarily stopped permanently by such conditions. These 
will eventually yield to further improvement by means of the tools 
which research from time to time gives us. The measurement 
of oil-film strength is likely to become such a tool. 


Nevin E. Funk.* The oils used in steam turbines are sub- 
jected to the deteriorating influences produced by heat, air, and 
contact with various metals and with water. Heat, air, and con- 
tact with some metals cause changes in the character of oil by 
oxidization, thus producing some harmful and some harmless 
combinations from the oil structure. 

The harmless combinations remain dissolved in the oil, showing 
their presence by darkening the oil and increasing its acidity, but 
do not make sludges or emulsions when brought in contact with 
water. 

The harmful combinations not only darken and acidify the oil, 
but also are changed from a liquid to the form of semi-solid sludges 
and emulsions by contact with water, or to sludges even when 
water is not present, if they are of a certain type and have been 
formed in sufficient amount. 

These sludges and emulsions are suspended in the oil and de- 
posited throughout the lubricating system of the turbine, clogging 
the system and reducing the flow of oil, covering the cooling coils 
and reducing the heat transfer, thus increasing the oil temperature 
and accelerating the deterioration process. 

The rate at which sludge and emulsions are produced from an 
oil has a greater bearing on the practical usefulness of that oil 
than most of its other characteristics; therefore any test that 
does not in some manner take into consideration the behavior of 
serviced oil in the presence of moisture cannot accurately deter- 
mine the service value of the oil. 

The writer agrees with Mr. O’ Neill’s conclusion that endurance 
tests made under conditions approaching those of operation are 
best, and he is therefore led to the conclusion that, for the testing 
of turbine oils, the elimination of so important a factor as moisture 
from the test apparatus is very apt to lead to erroneous classi- 
fications of lubricating oils. 

Mr. Larson in his paper has pointed to this fact and has shown 
that a material classification error results if the emulsifying ten- 
dency of the oil is neglected. 


G. B. Kareuitz.?. Any oil user as well as oil manufacturer 
would like to have some formula or specification that would en- 
able him to determine by laboratory tests the quality of a product 
as a lubricant. Any work done along these lines is of high value 
to the industry, particularly when the amount of work and time 
necessary for a reliable investigation in this field are taken into 
consideration. 

The oil-testing machine described by Mr. O'Neill has been 
built apparently with a main object of testing turbine oils. It 
does not take into consideration the quality of oil which is called 
oiliness. It is true that some investigators found the performance 
of oils in internal-combustion engines depending on their vis- 
cosity, but there are a number of indications that the lubricating 
quality of an oil in a reciprocating engine depends on oiliness to a 


® Philadelphia Electric Company, Philadelphia, Pa. Mem. A.S. 
7 Associate Professor, Columbia University, New York, N. Y., and 
with Westinghouse Elec. & Mfg. Co. Mem. A.S.M.E. 


marked degree. The machine must necessarily serve, then, as 
a good controlling apparatus to differentiate between good oils 
submitted by oil manufacturers from the standpoint of their 
durability. Is there not a danger that oils may pass the test and 
show a service cost per gallon lower than others without having 
the proper oiliness? The paper by Mr. Larson seems to sub- 
stantiate such a possibility.” 

The work test is a further step in oil testing, but there is ap- 
parently a long way to go before a reliable specification for pur- 
chasing lubricants on the basis of laboratory tests alone can be 
agreed upon. 


A. E. FLowers.* It should be borne in mind that the work 
factor as described by Mr. O'Neill represents a quite arbitrary 
choice of factors to be observed and an entirely arbitrary method 
of combining results of several different tests into a composite 
number. Since this method is actually employed by the Navy 
it is very desirable that information should be made available as 
to the method of test, but a heavy burden of proof lies upon the 
author to justify his selections for the method of carrying out 
the test and evaluating the results. 


M. A. Dierricu.® Have any tests been made and are figures 
available which show any definite relation between the work fac- 
tor and sludge deposition of lubricating oils in Diesel-engine 
service? It is difficult to see how this test can measure the re- 
sistance to breakdown of oils under such temperature conditions 
as are encountered in Diesel-engine use. 

In steam-turbine lubrication the rate of breakdown and forma- 
tion of sludge is materially affected by the presence or absence of 
water. The Navy work test will apparently not measure the 
effect of steam leaks on the rate of deterioration of an oil. 

What were the considerations taken into account in the adop- 
tion of the final rejection points for neutralization number and 
carbon residue? The question of what constitutes a maximum 
upper limit for neutralization number is subject to considerable 
dispute. 

The test is undoubtedly a considerable improvement over the 
present arbitrary laboratory methods of test. 


A. Mr. O’Neill’s paper is timely. It 
shows progress. Perhaps some day we may be able to specify 
accurately an oil for a particular purpose so as to encourage pro- 
gressive manufacturers by rewarding them for a meritorious prod- 
uct and at the same time take effective steps in penalizing those 
whose product borders on the nebulous. It is frequently a dif- 
ficult matter to deny a product consideration unless there is a 
simple, cheap, and effective test which is just and which the ob- 
jectionable product cannot meet by a wide margin. 

Discussion of oil qualities in the past were as meaningless as 
discussions on what pure air is. The science of air conditioning 
has recognized certain essential qualities like temperature, humid- 
ity, air motion, cleanliness, freedom from odors, freedom of dan- 
gerous constituents, etc. By an arbitrary rating, for ventilation 
purposes, agreement was reached by giving each element a certain 
weight so that several aggregations of the elementary prop- 
erties might reach the same percentage. The final result is 
a measure of fitness of the air for the particular purpose. For 
example, should the air be required for drying, it is possible that 
the elements pertaining to odor, cleanliness, etc., may not be as 
important as they are for breathing purposes. Accordingly a 
new scale of weights would be agreed upon. 


8 Engineer in Charge of Development, De Laval Separator Com- 
pany, Poughkeepsie, N. Y. Mem. A.S.M.E. 

®* Process Laboratory, De Laval Separator Company, Pough- 
keepsie, N. Y. 


10 Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
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It seems to the writer that some such scheme may be of pos- 
sible application to oils for specific purposes. One example may 
suffice. An aircraft oil may be subjected to extremely low tem- 
peratures, and it must remain fluid. Another oil may be used in 
a factory where under no circumstances would the operating 
temperature fall below about 50 deg. Desirable viscosity at 
zero would be of no especial value in the latter application. 

We should go on with fundamental research to tell the whole 
story ultimately. In the meantime a partial and somewhat arbi- 
trary analysis is far better than none at all. 


AvuTHOR's CLOSURE 


Does the work-factor method of evaluating lubricating oils 
apply to lubricants for motor cars? The arguments in favor of 
the affirmative are as follows: 

(a) The object of lubrication is to substitute liquid friction 
for solid friction in operating machinery. To do this satisfac- 
torily it is necessary that the oil used for lubrication have low 
internal friction and be capable of long use with minimum change 
in its properties. An oil which is unstable and changes rapidly in 
its properties, when used as a lubricant where the moving parts 
float on a film of lubricant, is unquestionably not as satisfactory 
as one which, under the same conditions, shows great resistance 
to change. The moving parts of a motor-car engine float on a 
film of oil, and it is reasonable to suppose that an oil which shows 
great stability in film lubrication will give better service than one 
of lesser stabilitv. In other words, a high-work-factor oil should 
be a guarantee of satisfactory operation in any machinery em- 
ploying film lubrication. 

(b) Lubricating oil used in the modern Diesel engines is sub- 
jected to high heat from the combustion of the fuel and to a fairly 
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long period of service. The conditions under which it is used are 
between those of a turbine oil and a gasoline-engine oil. During 
use the main changes in the oil are increases in viscosity, neutrali- 
zation number, precipitation number, and per cent of carbon resi- 
due, or in other words, properties which determine the work factor 
of the oil; oils having suitable work factors being satisfactory for 
use in Diesel engines. 

(c) It is known that certain oils prove excellent lubricants 
for aircraft engines; they are high-work-factor oils. It is known 
that certain oils are unsatisfactory for such use; they are low- 
work-factor oils. Aircraft engines are gasoline engines, and 
motor-car engines are gasoline engines; however, lubricating oil 
in an aircraft engine is subjected to more severe service than lubri- 
‘ating oil in a motor car. If it were possible to standardize 
motor-car-engine operation as thoroughly as is aircraft-engine 
operation, the quality of the oil, as expressed by the work factor, 
would be as valuable as it is for aircraft engines. Most of the 
troubles experienced in motor-car-engine lubrication are due to 
the use of oil of the wrong viscosity; this trouble is so widespread 
that it tends to overshadow difficulties which are experienced 
from the use of poor-quality oils. Consequently, in view of such 
conditions, it is difficult to obtain widely affirmative data on the 
value of high-work-factor lubricating oils. The installation on 
motor cars of reclaimers will tend to standardize their lubrica- 
tion and will also tend toward the use of more stable or higher- 
work-factor oils. 

It is safe to assume that, if an oil of high work factor is 
more suitable for use under very severe conditions, as in an 
aircraft engine, this oil will still be more suitable for use under 
conditions less severe, but of the same nature, as in motor-car 
engines, 
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Stresses in Dished Heads of Pressure Vessels 


By CYRIL O. RHYS,! ELIZABETH, N. J. 


The paper develops the problem of the proper profile 
for the dished heads of pressure vessels. The author’s 
company uses large drums for high internal pressures. 
The results are given of tests made over a period of several 
years on these drums in which strain-gage readings were 
taken. The bending stresses therein are more critical 
than the meridional-loop stresses. 


OR some years past, the problem of 
| ie proper profile for the dished 

heads of boilers and other vessels 
subjected to internal pressure has been in- 
vestigated and discussed. As a result a 
number of papers in technical literature 
and at least one book, ‘“‘Ueber die Festig- 
keit der gewdélbten Béden und der 
Zylinderschale,’’ have appeared. Almost 
all of these are written in German, and 
they are not presented in a form conven- 
ient for use and reference by the designer. 
A discussion by Mr. W. M. Coates of a paper presented by Mr. 
T. W. Greene at the December, 1929, meeting of the A.S.M.E.? 
gives the full theory and shows how it can be applied to heads 
of elliptical profile. 

The main features included in this paper may be described as 
follows: 

The Standard Oil Company (New Jersey) uses large drums for 
high internal pressures. For several years tests have been made 
on these and strain-gage readings taken. The drums have some- 
times been tested to destruction, and it has been observed 
that failure has taken place at pressures considerably below 
what would be predicted by an application of the older formulas, 
in which the effect of bending stresses is not included. 

Most of the heads referred to have profiles made up of two ares 
of circles, whose radii are described as the knuckle radius and 
the crown radius. It is therefore impossible to apply the modern 
bending-stress theory directly from such a paper as that referred 
to for elliptical heads. It consequently becomes necessary to 
develop the theory as applied to these double-radius heads, 
which have surface discontinuities at the junction of the crown 
and knuckle as well as at that of the knuckle and shell. This 

1 General Engineering Department, Standard Oil Development 
Company. Mr. Rhys was born in London, England, on Jan. 20, 
1882. From 1906-1910 he was in the employ of the Globe Pneu- 
matic Engineering Company in London, handling nearly all their 
designing work. In 1910 he came to the United States and for 
three years was in the maintenance department of the William 
Cramp & Sons Ship and Engine Building Company. During 1913 
he did engine- and boiler-testing work for the Bowers Southern 
Dredging Company at Galveston, Tex. He then became a designer 
of industrial machinery for the Diamond Match Company at Bar- 
berton, Ohio, and remained with them until 1918. Shortly after 
this he became associated with the United Shoe Machinery Com- 
pany at Beverly, Mass., working in the experimental department. 
In 1922 he joined the faculty of the Georgia School of Tech- 
nology, at Atlanta, Ga. In 1924 he entered the employment of the 
Standard Oil Company. 

? A.S.M.E. Trans., APM-51-13, p. 143. 

Contributed by the Petroleum Division and presented at the 
Hartford, Conn., Meeting, June 1-3, 1931, of Tae American 
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work appears in Appendix No. 1, the final formulas appearing in 
Table 1, in the body of the paper. 

In the following part of the paper, calculations based on these 
formulas are compared with the results of experiment and test. 
The effect of such a comparison is best seen by a reference to 
Fig. 2, in which curves are plotted for the measured and com- 
puted strains. As will be observed, the general shapes of the 
curves show good agreement. The magnitudes of the maximum 
strains check closely, the differences being on the side of safety 

This appears to show that the theory as developed for the 
double-radius head corresponds well with the conditions existing 
in the head of a pressure vessel under load. As the computed 
strains are obtained directly from the computed stresses by the 
usual stress-strain relations, it seems reasonable to suppose that 
the agreement between the computed and actual stresses is 
equally good. The existing experimental data provide no 
means for directly checking this, but at all events the theory 
shows that the pressure causing failure would be accompanied 
by dangerously high stresses. In other words, the present theory 
accounts for failure of heads, as the older formulas do not. All 
the important stresses for the head corresponding with Fig. 2 
are plotted on Fig. 1. As will be shown later, the bending stress 
due to the surface discontinuity between the knuckle and crown 
(denoted by S” max) is the greatest unbalanced stress, and 
will be considered as governing design. 

For design purposes a regular procedure is worked out in the 
body of the paper. It is shown that (for a given diameter and 
depth of head) particular knuckle and crown radii exist which 
will make the governing stress a minimum. The plate thick- 
ness is calculated from these by the simple relationship 


0.147 PA?K 
at 


S” max = 


which appears in Table 1, the proper radii, as explained, being 
taken from Table 3. The thickness being determined, other 
formulas given in Table 1 are used to obtain the remaining 
important stresses. It can then be ascertained whether, in any 
particular case, S” max is or is not the greatest stress existing 
in the head. The design procedure, in general, leads to pro- 
portions for which all the important stresses are of the same 
order of magnitude, S” max being somewhat greater than any 
other net stress. 

An interesting comparison can be made of the different thick- 
nesses obtained by the A.S.M.E. rule and the theory including 
bending stresses. This occupies the last section of the main 
body of the paper. Examples, illustrated by Figs. 7, 8, 9, 10, 
and 11, are worked out, which show considerable discrepancies 
for heads of small knuckle radius. As the best shape of head is 
approached, these differences tend to disappear. 

As already stated, the derivations of all the formulas used are 
given in Appendix No. 1. It has not been found necessary, as in 
most of the literature referred to, to go into the somewhat com- 
plicated and difficult theory of thin shells. As will be seen, the 
derivation requires only the ordinary theory of bending, the 
usual stress-strain relations, and the solution of a simple differ- 
ential equation. 

Appendix 1 also contains the derivation of the equations used 
in selecting the least value of the governing stress S max, from 
which Table 3 has been prepared. The recognition of this 
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Distances Along Shell Distances Along Meridian of Head, In. 


Fic. 1 OvtstpE BENDING Stresses IN 6-Fr. spy 40-Fr. SoakInG 
Drum, Pressure 500 Ls. per Sa. IN. 
(A, effect of shell and knuckle; B, effect of crown and knuckle.) 


minimum and the method for finding it are believed to be new. 

To sum up, the present paper can be divided up into five main 
sections: 

1 Development of the bending-stress theory of heads for 
double-radius head profiles. 

2 Comparison of theoretical and experimental results. 

3 Development of ameth- 
od for obtaining the profile 


of least stress for given di- Shell 
ameter and depth of head. H Pe 

4 Formulation of a pro- H max 
cedure for design calculation. Pa 

5 Comparison of head ™ 
thicknesses obtained by the S max 
A.S.M.E. rule and the bend- 
ing-stress theory. 

H’ mex 
BENDING-STRESS THEORY OF 4 
Heaps ror Dovsie-Rapivs_  S’ sin n°s 
HEAD PROFILES 0.147 Pek 


All the mathematical work ~ t 
for this is shown in Appendix =z” 
No. 1. Table 1 contains the 
formulas for the different 
stresses existing in the head. 
Table 2 consists of a list of 
the symbols used in Table 1, max 


stresses for a typical drum and double-radius head. Its di- 
mensions, etc., are given, and it is discussed from a different. 
standpoint, under the heading “Comparison of Theoretical and 
Experimental Results.”’ 

The following discussion of this chart may be of assistance in 
giving an insight into the bending-stress theory of dished heads. 
The curves shown in full lines are bending stresses and those in 
dotted lines are membrane stresses. A membrane stress may 
be defined as a stress accompanied by a purely radial displace- 
ment of a point in the material. Instances of this would 
be given by the stresses in a soap bubble or a_ bladder 
subjected to internal pressure. The material consists of a 
flexible continuous envelope or surface, which can be stressed 
by stretching. By a continuous surface is meant a surface whose 
radius of curvature undergoes no abrupt changes in either the 
unstrained or the strained state. It can easily be seen that if 
points on such a surface move out in directions normal to the 
surface, their distance apart (measured on the surface) will 
increase, and the material will be stretched. The radius of 
curvature of the surface will increase, so that the material can 
be considered as ‘‘bent,’’ but a flexible surface offers no resistance 
to bending, and no bending stresses occur. 

The foregoing applies to a thin steel shell, with a continuous 
surface. The membrane stresses exist as described, and since 
the material is not flexible, there will be bending stresses. As, 
however, the normal or radial displacements are very small, the 
change in radius of curvature is relatively insignificant and the 
bending stresses almost negligible. When, however, one comes 
to the kind of surface involved by the combination of a cylindrical 
shell, attached to a double-radius head, there are discontinuities 
or sudden changes in the radius of curvature. One of these 
occurs at the junction of the knuckle and crown, and another 
at the junction of the knuckle and shell. The shell, knuckle, 
or crown, considered alone, is a continuous surface, and would 
have only radial displacements, but those in the sharply curved, 
stiff knuckle would be exceeded by those in the less curved, 
more flexible shell or crown. Supposing no separation at the 
junctions to occur, it is easy to see that the knuckle would 
be bent outward near the junctions, like a trumpet, and the 
shell and crown would be bent in. Bending stresses of con- 


TABLE 1 STRESSES IN HEADS AND SHELLS OF PRESSURE VESSELS 


Knuckle Crown 
S(2 — R/r) 
S(2 — A/r) 
PR PA 
PA 
Patk 

v7} e cos X 
Pak 

sin X 
4Ri 3(1 — m?) 
0.147 Pak 
3PAtK Pak 
PA‘%K —PAK 

4ai 4 

3PA°K 3PK 

sin X e-n’s sinn 
4Rt V3(1 — m?*) 
0.147PA2K O.147PAK 


together with their physical x Seite 
4/301 — 4/30 — m) 
On Fig. lare plottedeurves *°." = = a constant n= = f(R) n’ = 4 constant 


showing all the important 
bending and membrane 


Note: , For elliptical heads substitute Kk? fork. Expressions in K do not apply 
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SORE 3 LIST OF SYMBOLS further apart. The knuckle must adjust itself so as still to 


A radius of crown ati 9 
as connect the shell and crown. — From a consideration of Fig. 12, 
6 = depth of dished head é‘ it seems almost certain that it does this by shifting the inner 
e = base of natural logarithm ° as: 
H = membrane hoop —" end of the knuckle radius and also assuming a flatter curvature. 
H’ = bending hoop stress due to shell-knuckle edge i P i , ‘ 7, ; , ati 
; H” = bending hoop stress due to crown-knuckle edge This flattening of the curvature appears to imply 8 reduction 
K = ratio (A/r — 1) in diameter, with consequent hoop compression. With this and 
= ratioa/r ° 
- «sees with the trumpet shape due to bending stresses, the strain dis- 
% = Poisson's ratio placements in the knuckle are of a complicated character, and it 
= tnternal pressure . 
R hoop radius of curvature of knuckle is not surprising that, with a sharply curved, stiff form, great 
r meridional radius of curvature of knuckle esse pec 
Ss = distance measured from either edge of knuckle, along knuckle. shell str s result. An ins on of the broken head, Fig. 13, will 
or crown surface show that the complete line of fracture lies wholly within the 
Ss = membrane meridional stress . 
S’ = bending meridionol stress due to shell-knuckle edge knuckle. 
S” = bending meridiono! stress due to crown-knuckle edge 
t = thickness of metal—the samein head and shell 
= ratio (depth of head) /(shell radius) = 6/a SHELL 
w = radial displacement accompanying bending stresses 0.002r— 7 —T 
w’ = radial displacement accompanying membrane stresses. | 
0.001 — 
TABLE 3 SELECTION OF OPTIMUM HEAD SE 
1 2 3 4 5 | | 
“ r A S” max S’ max S’ max Se 0.001 A + — 
01 0 283 66.5 15,200 52 147 Se 
0.2 0 65 33.7 842 22.6 36.8 =” 0.002 | 1 — 
0.3 1.13 23.1 152 13.0 16.3 10 8 6 4 2 0 2 4 6 8 10 2 14 \6 18 
04 1.78 18.1 44 8.25 9.2 ist A n idi of Head, In 
16.80 5 Distances Along Shell,In. Distances Around Meridian ead, I 
4 Fig. 2 Outstpe Merrpionat Strains IN HEAD AND SHELL OF 6-Fr. 
O08 62 11] 1.29 2 37 23 BY 40-Fr. SoakinG Drum, Pressure 500 Lp. per Sa. IN. 
0.9 7.63 10.4 0.58 1.92 1.81 (A, calculated—modulus of elasticity 30,000,000 Ib. per sq. in., Poisson's 
1.0 10.00 10.0 0 1.47 1.47 ratio 0.3; B, measured.) 
Note See Table 2 for meaning of symbols used. 
SHELL KNUCKLE > CROWN -- 
siderable magnitude are set up in this way. Furthermore, such 10 -—.—_— T 0 BE 


bending must be accompanied by changes in diameter and conse- 

quent large hoop stresses. These are tensile in the knuckle and 
compressive in the shell and crown. 

Consider the curve A on Fig. 1. This represents the outside 

bending stresses set up by the mutual constraints of the shell 

and knuckle. It is zero at the junction, since along this boundary 
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the shell and knuckle load each other somewhat after the manner 5 0 
s 
of cantilevers. Going away from the boundary, along the shell val 
or along the knuckle, the stress reaches a maximum and then > al | Nn 
dies away, as would be expected. The trumpet shape assumed 3 | ko ly] 
by the knuckle would imply compression, and the inward bending 
of the shell tension. ag |_| | 
Curve B, for the knuckle and crown, is of a character precisely € \ | | / 
similar to curve A, and the same features apply to it. Curves 2 0 | 
A and B are combined in the knuckle under S’ and = | 
Curve H’, in the shell, is the compressive hoop stress set up Sie | 11] ‘ee BE ee 2 
by the bending inward of the shell end. It is greatest at the . i | 


boundary, where the decrease in diameter is greatest, and dies 
away as the decrease becomes less. Curve //” for the crown is Fic. 3 Benpino Stresses IN 6-Fr. py 40-Fr. Soaxinc Drum 


precisely similar. These curves are compressive at any point (Knuckle radius, 9.4 in.; crown radius, 55 in.; pressure, 500 Ib. per sq. in.; 
° metal, 2 in. thick. A, effect of shell and knuckle; B, effect of crown and 


in the thickness of the plating, and do not change sign for the eet og 
inside and outside, as the bending stresses do. 

Corresponding tensile hoop stresses exist in the knuckle. They The dotted horizontal line in the crown marked “Meridian 
are combined under H’ and H/’. and Hoop S and H” (see Fig. 1) represents membrane stresses in 


As these bending hoop stresses are not zero at the boundaries, a spherical shell under internal pressure. The radius of curva- 
they illustrate well the discontinuities due to abrupt changes of _ ture is constant all over this part of the surface, and the stresses 
ourvatere. are the same in all directions. All the curves on Fig. 1 are 

The dotted horizontal lines in the shell are the ordinary hoop calculated from the corresponding formulas in Table 1. The 
and axial stresses in a thin cylinder under internal pressure. symbols S, S’, etc., H, H’, ete., occurring in both Table 1 and 
They are computed by well-known simple formulas. Fig. 1, will assist identification. 

The dotted curve in the knuckle marked “‘S Meridian” is the 
stress acting tangent to the surface in a plane containing the 
drum axis. The dotted curve in the knuckle marked “Hoop H” The following data were taken from a drum subjected to a 
is the membrane hoop stress. It is not evident at first sight that hydraulic test: 
this should be compressive. Consider, however, the shell and , all 
crown to be displaced radially outward. Their centers of curva- gone gr tg cylindrical shell, ft............ 6 
ture will still remain on the drum axis, as in their unstrained Cuan radius. eae eh 
state, but points on their junctions with the knuckle will be Knuckle radius, in 


COMPARISON OF THEORETICAL AND EXPERIMENTAL RESOLTS 
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Thickness of head or shell, in............ , 2 
Ratio, head radius to head depth........ 2 
Internal pressure, lb. per sq. in 


The stresses plotted in Fig. 1 were calculated from the fore- 
going. From these, by the usual stress-strain relations, were 
obtained the strains which are shown in Fig. 2 in comparison 
with strain-gage readings taken from the drum while under load. 
The good agreement of theory and experiment in Fig. 2 has 
already been pointed out. 

It will be seen from Fig. 1 that the largest unbalanced stresses 
are the meridian bending stresses, which reach a value in the 
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Fie. 4 Ovursipe Benpine Stresses 6-Fr. sy 40-Fr SoakinG 
(Knuckle radius, 12.7 in.; crown radius, 66.5 in.; shell radius, 36 in.; pres- 
sure, 500 Ib. per sq. in. A, effect of shell and knuckle; B, effect of crown 
and knuckle.) 


knuckle of about 25,000 lb. per sq. in. This is for an internal 
pressure of 500 lb. per sq. in. The pressure was increased up to 
1600 lb. per sq. in., when failure of the head took place. If the 
stress-strain ratio remained constant, the stress at this pressure 
would be 75,000 to 80,000 Ib. per sq. in. As is well known, 
however, the theory only applies up to the elastic limit (in this 
case about 32,000 lb. per sq. in.), beyond which the calculated 
stress in general comes out too high. In the present instance 
the ultimate strength of the material is 50,000 lb. per sq. in. 
Although the test data do not permit of any direct check as to 
stress magnitude, the theory at least indicates that rupture 
would be expected for the pressure which actually accompanied 
it. The photograph of the broken head (see Fig. 13) has every 
indication that failure was caused by a high meridional bending 
stress in the knuckle. 
Following are given some examples of applying the formula 


0.147 PA?K 
at 


S” max 


to the results of tests. Although the stress equations do not 
apply beyond the elastic limit of the material, the following 
results show that failure would be expected. 

A head of the dimensions 


Crown radius = 56 in. 
Knuckle radius = 6 in. 
Shell radius = 36 in. 
Thickness = 1.62in 


Depth of head 


i 
~ 
5 


failed at a pressure of 1200 lb. per sq. in. Applying the formula 


0.147 PA*K 
max = 
a 


there is obtained 


0.147 X 1200 X 3136 X 8.33 
36 X 1.62 


S” max = = 79,000 Ib. per sq. in. 

This would certainly indicate rupture, and the nature of the 
fracture corresponds with failure by meridional bending stress. 

After breaking, this head was replaced by one with a 10-in. 
knuckle radius. From Table 3 it is seen that this is very close 
to the “‘best head,” which would have a knuckle radius of 
2.59 X 36 

10 

joints began to occur, and the test was interrupted to make 
provision for preventing this. Applying the formula, there is 
obtained, for the stress at this juncture 


= 9.4. At 1800 lb. per sq. in., leakage at the shell 


0.147 X 1800 X 3136 4.6 
36 X 2 


S” max = = 53,000 lb. per sq. in. 


On continuation of the test, this head finally broke at 2350 
lb. per sq. in. From the formula a stress would be indicated of 


0.147 X 2350 X 3136 X 4.6 


S”’ max = = 69,000 lb. per sq. in. 
| | 
| | 
| 
2 
| 
| 
10 8 7 © 5 3 
Fie. 5 Least-Stress Two-Raprus Heaps Comparep WITH 


Heaps 
(Broken lines, optimum two-radius heads; solid lines, elliptical heads.) 


The head corresponding with the chart of Fig. 1 has a knuckle 
radius of 7 in. and a crown radius of 56 in. Fig. 3 shows what 
the bending stresses become when these radii are made 9.4 and 
55, the meridian being now approximately an ellipse. The 
ratio (radius of head divided by its depth), or 2.1, remains the 
same. The stresses are reduced by about 33 per cent. Looking 
at the equation for S” max in the knuckle (Table 1), it is seen 
that the stress varies directly as A*K. As shown in Appendix 1, 
A*K has a minimum value, with which the latter pair of radii 
above correspond. For the original head A*K = 56 X 
56(56/7 — 1) = 21,952, while for the approximately elliptical 
head A*K = 55 X 55(55/9.4 — 1) = 14,670. This illustrates 
the change of stress with the change in knuckle radius. Fig. 4 
shows bending stresses with 12.7 in. and 65 in. radii. They 
are somewhat more than for Fig. 3, as would be expected. 

The greatest value of the combined bending-stress curves in 
Fig. 3 is 18,500 lb. per sq. in. At the inside surface there must 


‘ 
~ 
4 
\ 
--SHELL- 
10 1 
| | 
. 
: 
- 
a 
' 
4 


PETROLEUM MECHANICAL ENGINEERING 


be added to this the meridian membrane stress (see S, Table 1) - 
of 


500 X 36 


2x2" 4500 Ib. per sq. in. 


giving 23,000 lb. per sq. in. in all 

The calculations and curves discussed in the foregoing appear 
to show good agreement with the results obtained from the 6-ft. 
by 40-ft. head by actual measurement. In practical design, 
however, the time involved in going through all this would be 
prohibitive, and a simpler method of analyzing head stresses 
must be sought. 

If the expression for S” max is taken from Table 1 and is 
applied to the foregoing case, there is obtained 


0.147 K 500 & 55? & 4.85 


36 X 2 


max bending stress = 
= 15,000 lb. per sq. in 


and if there is added to this the 4500 lb. per sq. in. membrane 
stress, there is obtained at once a total of 19,500 lb. per sq. in. 
as against 23,000 obtained by more elaborate methods. This 
result is probably very much on the safe side. The crown- 
knuckle bending stress (curve S”, Figs. 1, 3, or 4) is derived 
using the hypothesis that there exists a sudden, sharp change 
of radius at the crown-knuckle edge. A very slight considera- 
tion of the manufacturing processes of drum heads will show 


Ruptured 
Head 


Fic. 6 Fartep Heap or a 6-Fr. spy 40-Fr. Drum ComparREep WITH 
THE ELLIPSE AND THE Optimum DovuBLe-Rapius CURVE 


that any such discontinuity as this is almost inconceivable. 
The knuckle and head almost certainly merge into each other 
much more gradually, with a consequent reduction in the bending 
stress. It also has to be remembered that the distortion of the 
head under pressure has the effect of still further reducing the 
stress. 

From the foregoing considerations it is proposed that the 
equation 


0.147 PA*K 


S” max = 
at 


be taken as giving the stress which governs the design of the 
head. 
As an example, this will be applied to the 6-ft. by 40-ft. by 
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2-in. thick drum with the 400 lb. per sq. in. pressure, for which 
it was originally designed. (See Tables 1 and 2.) 

For the original head, 7-in. knuckle radius, 56-in. crown 
radius, K would be 56/7 —1 = 7. Then the maximum bending 
stress in the head would be 


0.147 X 400 X 3136 X 7 
36 X 2 


S” max = = 18,000 lb. per sq. in. 


which is somewhat high. For 500 lb. this would be 22,500 lb. 
per sq. in. See (*) near S” curve in Fig. 1 for comparison with 


26 + + + 


of Head, Inches 


Fa 
50 60 70 80 90 100 0 '20 130 140 150 
Diameter of Shell, Inches 
Fic. 7 Tuickngess oF Heap Versus DIAMETER OF SHELL FOR 


EvurTicaL HEAps 


(Allowable stress, 11,000 lb. persq.in. All cases calculated by bending-stress 
formula.) 


more elaborate method. For the 1600 lb. per sq. in. at which 
the head gave way, the stress would be 72,000 Ib. per sq. in. 
As before pointed out, the stress-strain equations cease to apply 
accurately beyond the proportional limit, but such a result at 
least indicates a stress far exceeding this limit, with accompanying 
grave danger. 

The other important stresses in the head are arrived at as 
follows: 

There will be a bending hoop stress in the knuckle of 


400 X 3136 X 7 
4X 36 X 2 


H” max = = 30,400 lb. per sq. in. 


and a membrane-hoop stress of 
400 X 56 
H = “xe (2 — 8) = —33,600 lb. per sq. in. 

These two stresses both occur at the knuckle-crown edge, and 
practically balance each other. Other stresses in the knuckle are 
relatively unimportant. (See Fig. 1.) 

In the crown the maximum bending stress is given by 


_ 0.147 X 400 X 56 X 7 


S” max ° = 11,500 lb. per sq. in. 
There would be a bending hoop stress of 
~-400 
H” max = Sx? = —19,600 Ib. per sq. in. 
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and a membrane hoop stress of 


_ 400 X 56 
4 


H = 5600 lb. per sq. in. 
leaving a net hoop stress of —14,000 lb. per sq. in. which rapidly 
decreases as the boundary is left. This result is probably some- 
what too high due to the non-existence of really sudden change 
of curvature. 

In the shell, k = 5.14 (see Table 2) and the maximum bending 
stress is 


0.147 X 400 X 36 X 5.14 
9 


= 5430 lb. per sq. in. 


S’ max = 


to which must be added the membrane axial stress of 


giving a total meridian stress of 9030 lb. per sq. in. In this case 
the sudden change of curvature actually exists, as the shell and 
head are two separate pieces. The efficiency of the riveted 
joint between shell and head has also to be considered, which 
will make this stress somewhat more. 
There is a bending hoop stress of 
—400 X 36 X 5.14 


H’ max = = —9250 lb. per sq. in. 
4X2 


which rapidly dies away, as the boundary is left and a membrane 
hoop stress of 
400 X 36 


7200 Ib. per sq. in. 


Thickness of Head, Inches 


| |_| 
50 60 70 90 100 10 120 130 140 150 
Diameter of Shell, Inches 


Fic.8 Tuickness oF A.S.M.E. Heaps Versus DIAMETER OF SHELL 


(Knuckle radius = 6% of shell diameter. Solid line, thickness by bending- 
stress formula; broken line, thickness by A.S.M.E. rule.) 


which is the same everywhere. The riveted joint efficiency also 
increases this. 

From the foregoing, the 18,000 lb. per sq. in. bending stress 
in the knuckle is the stress which should govern design. For 
the head considered, it is considerably too high. If a head is 
taken of approximately elliptical form, the knuckle and crown 
radii would be 9.4 in. and 55 in., respectively (see Table 3), or 


K = 55/9.4 — 1 = 4.85. The maximum bending stress in the 
knuckle would be 
0.147 X 400 3025 4.85 


S” max = 36 x 2 = 11,900 lb. per sq. in. 
) « 


Other stresses would change correspondingly. The different 
stresses in the two cases are given, for purposes of comparison, 
as follows: 


5.14 3.82 
7 4.85 

Knuckle radius, in 7 9.4 
Crown radius, in. . 56 55 
Shell radius, in 36 36 
Ratio radius to depth, in.......... 5 > 2 2 
Maximum bending stress in knuckle, |b. per sq. in., 

S” max 18,000 11,900 
Maximum bending stress in crown, Ib. per sq. in., 

S” max 11,500 7,850 
Maximum hoop stress in crown (net), Ib. per sq. in., 

H max 14,000 —7,800 
Maximum meridian stress in shell, lb. per sq. in., 

Ss S’ max 9,030 7,650 
Maximum hoop stress in shell, Ib. per sq. in., 7,200 7,200 


For the large knuckle radius, the bending stress in the knuckle 
still governs the design. If 70 per cent is taken for the efficiency 
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Fig. 9 Knuckie Raprus Versus Heap THICKNESS AND CROWN 
Rapivus 


(Shell diameter, 72 in.; depth of head, 18 in.; pressure, 200 lb. per sq. in 
Solid line, head thickness; broken line, crown radius.) 


of the riveted joint, there is a hoop stress H in the shell of 10,300 
lb. per sq. in. This may be further increased by the effect of 
manheads, showing that, taking 

_ 0.147 PA*K 

at 


S” max 


as the governing stress, gives maximum stresses in the head and 
shell, which are in fair agreement. In the above, the stresses 
have been calculated from the given dimensions. If the maxi- 
mum stress be decided upon first, the thickness can of course 
be obtained by simple transformation, or 


0.147 PA?K 
a.S” max 


If the meridian were formed by one continuous curve, such as 
an ellipse, so that the radius of curvature varied gradually, the 
bending stresses due to the crown-knuckle joint would disappear 
altogether. It might be pointed out, however, that a perfect 
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ellipse is just about as unlikely as a sudden change of radius. 
The treatment adopted in this report is based on the assumption 
of conditions somewhere between these two improbabilities. 
The results show good agreement with the facts brought out in 
testing the 6-ft. by 40-ft. soaking drum to destruction, and the 
discrepancies are on the side of safety. 


PRroFiLe or Least Srress 


From the foregoing it will be seen that, for a given diameter 
and depth of head, more than one “two-radius” meridian curve 
can be used. There can be any number of such curves, and, as 
shown in Appendix No. 2, one of them will give the lowest value 
for the maximum bending stress. Table 3 has been prepared, 
from which the crown and knuckle radii for the best “two-radius”’ 
head can be selected. The formulas for the greatest bending 
stresses are also given. For the sake of comparison and com- 
pleteness, the formula for an elliptical head is included. It 
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Knuckle Radius, Inches 


Fic. 10 Kwnuckxie Raprus Versus Heap THIcKNEss AND CROWN 
Rapivus 


(Shell diameter, 72 in.; depth of head, 21'/2:in.; pressure, 200 Ib. per sq. in 
Solid line, head thickness; broken line, crown radius.) 


might be noted that for the two-radius head, the bending stress 
is set up by the crown-knuckle junction. For the elliptical head 
it is set up by the head-shell junction. 

In Table 3 the shell radius is taken as 10 in., the internal pres- 
sure as 1 lb. per sq. in., and the plate thickness as lin. For 
other values the numbers in the table will change in proportion. 
Thus for a head where u = 0.5, a = 36 in., P = 400 lb. per 
sq. in., and ¢ = 2 in., there would result 


16.5 3.6 400 


2 


S” max = = 11,900 lb. per sq. in. 


as in the previous example. 

Columns 4 and 5 in Table 3 refer to stresses in double-radius 
heads. Note that in very deep heads, column 5 may give the 
governing stress. Column 6 is for elliptical heads, and the use 
of the table for these is self-evident from the foregoing. 

Fig. 5 shows the optimum (or least-stress) two-radius heads 
compared with elliptical heads. As will be seen, the correspon- 
dence is close, being almost exact in the knuckle, where the 
important stresses come. As will be seen from the chart, when 
the crown is displaced radially under load, the head profile is 
brought still closer to the elliptical shape. It is of interest to 
note this coincidence, as it agrees with results of experiments 
made by Continental investigators. 

Fig. 6 shows the head of a 6-ft. by 40-ft. drum, which failed 


Fie. 11 


PME-53-7 55 


under test, compared with the ellipse and the optimum double- 
radius curve. The very marked divergence of the ruptured 
head from the other two, especially at the knuckle, can be readily 
noted. 


PROCEDURE FOR PRACTICAL DEsIGN 


For practical design the following procedure is tentatively 
proposed. 

Assuming the depth of the head and the shell diameter to be 
known, the knuckle and crown radii for the optimum head can 
be selected from Table 3 from columns 2 and 3. For most 
heads the governing stress is found by means of the formula for 
S” max in column 4. For very deep heads as stated in the 
explanation of Table 3, the governing stress may be that given 
for S’ max in column 5. Column 6, in the table, brings out the 
great advantage of elliptical heads, except in cases where the 
hemispherical form is approached. 

The internal working pressure being known, a thickness can 
now be assumed and the governing stress can be calculated, or 
the stress can be assumed and the thickness can be determined. 
The other stresses can now be computed, and it can be seen 
whether the principal stresses in the head and she!l (usually the 
head bending stress and the shell membrane hoop stress) show 
no great discrepancy. In making this comparison, the increase 
in the shell hoop stress due to the riveted-joint efficiency should 
be allowed for and the effect of manheads considered. The 
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Knvuckie Rapius Versus HEAD THICKNESS AND CRowN 
Rapivus 


(Shell diameter, 72 in.; depth of head, 20 in.; pressure, 200 Ib. per sq. in 
Solid line, head thickness; broken line, crown radius.) 


+ and — membrane and bending hoop stresses also can be 
checked against each other, the largest difference appearing to 
be in the crown at its junction with the knuckle. As shown in 
the foregoing, a radius-to-depth ratio of 2 to 1 gives good re- 
sults, but special cases may arise in practice which are better 
suited by different proportions. 
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CoMmPARISON OF HEAD THICKNESSES BY A.S.M.E. anp 
BENDING-StrREss THEORY 


In Fig. 7 are plotted thickness of head against diameter of 
shell for elliptical heads, ‘‘best’’ two-radius heads (see Table 3), 
and heads with a knuckle radius of 6 per cent of the shell diameter 
as permitted by the A.S.M.E. Boiler Code. The last named have 
an exceedingly small knuckle radius, which gives a meridian 
curve considerably different from an ellipse. It will be noticed 


SECTION ON 


Shaded Area 


Ar: 
g 


SR.AgG.AO.t 
B 
Fie. 12 Heap Sections anp Force DIAGRAMS FOR STRESS 


CALCULATION 


that the thickness for the ‘‘best’’ two-radius heads (which is 
obtained by means of Table 3) lies between the A.S.M.E. head 
on the one hand and the exactly elliptical head on the other. 
The thickness formulas for the three heads plotted reduce to 
A.S.M.E., 0.000119 DP; best two radius, 0.000075 DP; ellip- 
tical, 0.0000268 DP—where D is the shell diameter in inches and 
P the internal pressure in pounds per square inch. For other 
pressures than those given the thicknesses are obtained by simple 
proportion. For instance, take a “best head” of diameter 72 in. 
for 400 lb. per sq. in. pressure. For the 200 lb. per sq. in. line 
on the chart (see Fig. 7) 72 in. diameter corresponds with 1.08 in. 
thickness, so that 400 lb. per sq. in. would require 2.16 in. thick- 
ness. The chart is based on a fiber stress of 11,000 lb. per sq. 
in. Compare the 2.16 with 2 in. for 11,900 lb. per sq. in. given 


previously. Again, calculating from Table 3 there should be 
obtained 
16.5 X 3.6 K 400 
S” max = 3 ~ = 11,000 lb. per sq. in. 


2.16 


For any other stress than 11,000 lb. per sq. in., the thicknesses 
will be obtained by simple proportion. 

Fig. 8 shows the thickness required for A.S.M.E. heads with 
a knuckle radius of 6 per cent of the shell diameter, as calculated 


by the meridian bending-stress formula and the A.S.M.E. rule. 
The great increase of thickness required to take care of the crown- 
knuckle bending stress will be noticed. The knuckle radius is 
so small that the bending stresses become very high, and these 
are not taken into account in the A.S.M.E. rule. 

With a larger knuckle radius the bending stresses are reduced, 
and the discrepancy between the A.S.M.E. rule and the bending- 
stress formula tends to disappear. As an instance, take a head 
72 in. in diameter and 18 in. deep. From Table 3 it is seen that 
u = 0.5, and the best shape would be given by a knuckle radius 
of 2.59 & 3.6 = 9.35 in. and a crown radius of 15.2 * 3.6 = 55 in, 
Let the internal pressure be 200 lb. per sq. in., and the tensile 
strength of the steel be 50,000 Ib. per sq. in. Applying the 
A.S.M.E. rule, for the thickness there is 


8.33 &K 200 55 
: — — 0.92 in. [A] 
2 380,000 
Calculating from Table 3 and using a factor of safety of 5 


(or S” max = 10,000) there would be 
16.5 200 * 3.6 
t 


(B) 
10,000 


= 1.19 in 

If the depth of the head is increased to 21'/, in., or u = 0.6, 
the crown radius for the best shape becomes 13.6 X 3.6 = 49 in. 
The A.S.M.E. rule then gives 


8.33 200 49 


2 50,000 


= 0.82 in. 


Broken Heap, SHow1nGc Line or Fracture WHOLLY 
WITHIN THE KNUCKLE 


Fie. 13 


and, calculating from Table 3, 


, 7.12 X 200 X 3.6 
10,0000 


It thus is seen that, for a value of u (the depth of head/shell 
radius ratio) somewhere between 0.5 and 0.6, the A.S.M.E. 


<e 
= 
| A { 
H 
a 


PETROLEUM MECHANICAL ENGINEERING 


rule agrees with the bending-stress formula for the best-shaped 
two-radius head. A head of such proportions would be in 
accordance with good modern practice. It is interesting to note 
that the A.S.M.E. rule, the result of long and widespread prac- 
tical experience, conforms with a bending-stress formula derived 
from purely mathematical considerations. It is further note- 
worthy that this conformity occurs only when rule and formula 
are applied to that head whose meridian contour is theoretically 
the best. 

The foregoing calculations correspond with points A, B, C, 
and D on Figs. 9 and 10. These charts, together with the 
chart of Fig. 11, illustrate the effect of the small 6 per cent 
They 
also bring out clearly the existence of an optimum head, or one 
which requires the least thickness, either a small knuckle radius 
or a large crown radius accompanying high bending stresses. 


knuckle radius, as shown by the bending-stress formula. 


This can be seen by inspection of the formula for S” max, refer- 
ence being made to Table 2 for the full significance of the symbols. 
These charts also demonstrate how the A.S.M.E. rule and the 
bending-stress formula approach each other in the neighborhood 
of the ‘best head”’ for heads of about the proportions shown. 
If it is desired to compare the A.S.M.E. rule for elliptical 
Take a head 
72 in. in diameter, 18 in. deep, and 200 lb. per sq. in. pressure, 
Let the safe working stress be taken as 10,000 Ib. 


heads with the theory, one can proceed as follows: 


as before. 
per sq. in. 

The A.S.M.E. rule requires that, for such a head, the thick- 
ness shall be the same as that of the accompanying (seamless) 
shell This is given by the formula 


t 0.72 in. 


10,000 
Applying Table 3, the required thickness would be 


5.88 X 3.6 & 200 


10,000 


72 in. thickness, an application of Table 3 would 


give a fiber stress of 


or, for the 0. 


5.88 3.6 200 
S = -——. - 5860 lb. per sq. in. 
0.72 

From the first two equations preceding, it is easy to see that 
the thickness would be 0.72 in each case, if the value 5.88 (see 
column 6 of Table 3) were changed to 10. This would corre- 
spond with a value of u (column 1 of Table 3) of slightly less 
than 0.4. It is thus seen that the A.S.M.E. rule would require 
a dish depth of about 25 per cent more than that called for by 
the theory, for the same thickness of metal. 

From these considerations it would appear that the A.S.M.E. 
specifications for elliptical heads are well on the safe side. 

It might be noticed that for any head diameter to dish-depth 
ratio there is one and only one ellipse, instead of an indefinite 
number, as in the case of the two-radius head. Such charts as 
those of Figs. 9, 10, and 11 are therefore impossible in this com- 


parison. 
Appendix No. 1 
DERIVATION OF STRESSES IN HEADS AND SHELLS OF 
PRESSURE VESSELS 
ONSIDER a cylindrical drum with dished heads. Let a 
be the radius of the shell or cylindrical portion, r the 
knuckle radius, and A the crown radius; let ¢ be the thickness 


and P the internal pressure; R is the radius of the curvature 
in a direction at right-angles to the knuckle curvature 1/r. 
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For the shell, considered alone, the stresses are given by the 
well-known simple relations: 


iP 
Hoop stress = // = =. ; (1] 
aP 
Axial stress = S = — (2) 
2t 


The strain displacements are radial only. If a point in the 
shell is moved from radius a to radius a + w’, the cireumference 
will increase from 2ra to 2r(a + w’), and the hoop strain 


will thus be 


2nr (a + w’) 


a 


2ra 


There can then be written, by the usual stress-strain equation: 


mw’ 1 
a E 


mS) 


aP 
— (2 m) 
2Et 


from [1] and [2], or 


[3] 
2Et 


In the head, it is seen that the total pressure acting normally 


1 
to a small sector of area =i d@ (see Fig. 12-A, section 1-1) 


would be 
1 
5PR? de (4] 


and this would be accompanied by a normal tension over an 
area of metal equal to 


tR-d@ [5] 
so that the stress in the direction of a tangent to the head, in 


a plane passing through the axis, would be [4] divided by (5}, 
or 


Fig. 12-B represents an element of the knuckle. It has radii 
of curvature r and R for directions at right-angles. The edges 
are subjected to forces of SRdgt and Hr-dé-t. Their radial 
components are SRdgdét and //r-d@dgt. They are balanced by 
the total pressure over the area or PR-do-r-dé. Putting the 
pressure equal to the sum of the two radial components, and 
transposing, gives 


Hrt = PRr — S-Rt 
H = PR/t — SR/r 
Substituting from [6], gives 
H = S(2— R/r) [7] 
By the same procedure as for the shell, the radial displacement 
is 
= R/r—m) 8] 


In the crown, R and r are each equal to A, and the radial 
displacement is 


| 
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PA? 
(1—™m).. 


. [9] 


= 


These displacements are for the shell, knuckle, and crown 
acting alone. From [3] and [9] it is seen that the displacements 
are the same, everywhere in the shell and everywhere in the 
crown. Equation [8] shows that displacement varies in the 
knuckle, since R changes gradually from A at the junction of 
the crown and knuckle to a at the junction of the shell and 


knuckle. There then are, for these edges, proportional radial 
displacements as follows: 

Crown (1 — m) 

Knuckle (2— A/r — m) 

Shell (2 — m) 

Knuckle (2 — a/r — m) 


The radial displacement is positive outward. It is thus seen 
that the crown and shell expand. Since, for all reasonable pro- 
portions, a/r and A/r are numerically more than 2, the knuckle, 
if free to do so, would contract. This agrees with [7], which 
shows that the hoop stress would be compressive if R/r exceeded 
2. As the crown, knuckle, and shell are not free of each other, 
it is easy to see from the foregoing that the knuckle will tend 
to be bent outward at the edges, like a trumpet, while the shell 
and crown will tend to be bent in. The bending moments will 
be zero at the edges, since they change sign there. This can 
also be seen from the fact that the meridian curve will have 
points of inflection at the junctions of the crown, knuckle, and 
shell, and the bending moment will there be zero, as in a beam 
fixed at the ends. 

Accompanying bending will be a hoop stress, quite apart from 
that already derived for simple pressure. The trumpet shape 
assumed by the knuckle sets up hoop tension. The correspond- 
ing inward bending of the shell and crown bring about hoop 
compression. 

There will also be the usual shear stresses, which occur with 
bending moment. 

Let s be the distance measured along the meridian of the 
knuckle from the shell-knuckle edge. There would then result 
by the fundamental equation of bending moment (see ‘‘Calculus 
for Engineers,’ John Perry, p. 108, or other textbook) 


[10] 


where M = bending moment and F = the force, acting normally 
to the knuckle surface, per unit of length s. This corresponds 
with the-distributed load on an ordinary beam; i.e., so many 
pounds per inch. 

In a thin cylinder or shell, the bending hoop stress can be 
taken as constant over the thickness t. Let the bending hoop 
force per unit of length s be called h, so that h/t = bending 
hoop stress. The radial component of h is obtained by the 
method described in the paragraph following Equation [6], and 
is h/R per unit of length s for a strip of unit width. It is easy 
to see that this is numerically equal, though of opposite sign, 
to the force (or distributed load) per unit of length accompanying 
bending. There is thus obtained from [10] 


—h 
ds? R 


Since the hoop strain is w/R, the usual stress-strain relation 
gives 


where S’ is the stress in the s direction and m is Poisson’s ratio. 
Since ¢ is relatively small, and the + bending stresses are equal 


to the — bending stresses, there can be used the average value 
of S’or O. Then 
u h 
R Et 
or 
h Etu 
R R? 
and there is obtained from [11] 
aM —Etw 
{13} 


To get M, the bending moment, take the well-known equation 


dtw M 
ds? El 
A little consideration will show that the narrow meridional 
strips, considered as beams, cannot deform laterally, as does an 
ordinary beam. The stress-strain equations would then be of 
the form 


] 
Strain in the s direction = — (s — in) 


Ss’ 


or it can be stated that the net lateral strain for a thin strip is 
taken as 0, the + strains for one half thickness canceling the 
— strains for the other half thickness. In any case, from the 
foregoing equations 


E 
1 
Strain in the A direction = E 


‘7 


Strain in the s direction = z (1 — m?) 


in calculating the bending moment. 


or E is replaced by 
1 — m? 


I = the moment of inertia of a strip section of unit width = 
(8/12 (unit width is taken for convenience, since the width cancels 
out in the final result), and from [14] 


Et® d*w 


12(1 — m2) ds? 


Differentiating twice 
aM - 
ds? ds‘ 


Substituting this in [13] and transposing, gives the differentia! 
equation 


d‘w 12(1 — m?) 
— + ———w =0 
ds* Rt? 
If there is taken 
12(1 — m? 
(16] 


* 301 — 


or 


| 
ds? 
- 
w 1 fh 
S’m 
R E ( ) 
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the differential equation becomes 


d‘w 
a + 4n‘w = 0 
Symbolically (D‘ + 4n‘)w = 0 
The four roots of this are n(1 + 2), 
and —n(l — i), which give the solution 
(a; cos ns + a2 sin ns) + e™ (a3 cos ns + a, sin ns) 
Experiment shows that the bending moment dies out as s 


+12), n(1 — 7) 


gets large. This can be possible only if a3 and a, vanish. 
By differentiation 
dw 
a = ne~"*| (a, — a,) cos ns — (a, + sin ns 


— = 2n*e-"* sin ns — Cos n| 


At the edge, where s = 0), there is a point of inflection (see 


: 
second paragraph following Equation [9]) or oe 0 there. 
The last equation then shows that a, = 0, or 
— = 2an*e—" sin ns. [17] 
ds? 
and 
w = cos ns 
= a, whens = 0)... 


Note that n is a function of R, so that this solution applies for 
a small arc, over which R may be regarded as constant. At the 
edge R = a. Anywhere inthe shell R = a, corresponding with 


n = n°, and the equation 


“cos n°s 


w A’ 


applies anywhere in the shell, since a and n° do not change 
with s. For the shell « The shearing force is 
given by the well-known relation 


is negative. 


dM 
Shear —- 
ds 
Et® 
12(1 m?) ds’ 
-e-"* (cos n°s — sin n°s) from [17] 
6(1 — m?) 
Et®a,n°* 
. [20] 
6(1 — m?) 


This is for the knuckle at the edge. Using [19] there is found 
for the shell at the edge 
EtA'n® 


6(1 — m?) 


Shear = 


and since [17] and [18] both represent the shear at the edge, 
—A’= : 
Now collect from [3], [8], [18], and [19], and obtain 


Total radial deflection of shell at the edge 


2p 
< (2 m) — a 
[22] 
Total radial deflection of knuckle at the 
a’P 
edge (R = a), DE (2 ar m) + a 
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These deflections must be equal, since the shell and knuckle 
do not separate. There thus is given a, = a*Pk/4Et if a/r = k. 

For the knuckle, the bending deflection due to the shell- 
knuckle edge is, anywhere near the edge, 


a’Pk ° 
wy = n°s, 23 | 
4Et 
and 
sin n°s 
ds? 2Et 


The section modulus is (*?/6, so that the bending stress be- 
comes, using [15} 


3a2Pk n°? 


S’ = + ‘sin n°s [24] 
12(1 — m?) 
or since 
3(1 m?) 
= n°4 
3Pk 
= me sin n°s 25 
4n°?t? 


for the head. 

As already stated, |21] only applies near the edge for the head. 
To obtain an equation which applies for any distance s from the 
edge, the procedure is as follows: n is now a function of R. 
One can then write [24], for points close to the edge, as 

3a*Pkn? 


26 
12(1 m?) 


which is correct when s is small and n differs very little from n°. 


When s is not small, one must replace ns by f'n.ds. There is 
also V3(1 — m*) = n*Rt, so that [26] can be written 
3a*Pk 
S’ e~S"4s gin (Jn.ds).. [27] 


— 


Bending Hoop Stress. This is h/t, and it is seen from [12] 
that this is Hw/R, or Ew/a at the edge. 
Substituting from [23] the hoop stress can be given as 


Pk 
H’ = cos ne. 


[98 
4t 


close to the edge. Remote from the edge, Ew/R must be sub- 


stituted in [23] and ns be replaced by /n.ds. This gives 
2P, 
H’ = = cos (f'n.ds). [29] 


For the bending stresses set up by the knuckle-crown edge, 
Equation [22] becomes, using [8], [9], and [18] with R = A 
instead of R = a: 

Total radial deflection of crown at the edge, 


PA? 
2Et 


(1 — m) 


Total deflection of knuckle at the edge, 


PA? (2 4/ 
A/r m) +a 


Since these are equal, there is obtained 


A 

‘ 

’ 
y 
| 

5 

| 
q 
a 

for 
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PA? 
= — (A/r—1 
a; (A/r ) 


4Et 


if A/r-—1=K 


There then are, for the stresses, remembering that s is now 
measured from the crown-shell edge, equations of the same form 
as [25], [27], [28], and [29], A being substituted for a and K 
for k. 

The stress formulas derived in the foregoing are collected 
and arranged in Table 1. 


Maximum STRESSES 


As will be seen from Figs. 1, 3, and 4, the meridional bending 
stress (due to the crown-knuckle edge) in the knuckle, is the 
most serious stress. This is S” for the knuckle in Table 1 
Considering the part of the formula e~* sin X, it is seen that 
this has a maximum value when 

d 


= (e~* sin X) = 0 


cos X = sin X 


and the maximum value is 
e ms = 0.324 


As this occurs near the shell-knuckle edge, one would be a 

little on the safe side in taking R = a, or 
0.147 PA*K 
at 

where m = 0.3. 

By the same method the maximum values of S’ for the shell 
and knuckle and S” for the crown can be obtained. 

The greatest value of the function e~* cos X occurs when 
X = O, when the function equals unity. Consequently 


with similar expressions for H’. 
Membrane Hoop Stress. The greatest value of this occurs at 
the crown knuckle edge, and is 


Membrane Meridional Stress. The greatest value occurs when 
PA 

2t 


The foregoing maximum stresses are included in Table 1. 

By taking the shell radius a as the value of R for the stress 
S’ max in the head, the answer is a little too high. However, 
a stress of this amount must occur in the shell, since a is con- 
stant all over it. 

The use of S” max as the governing stress has already been 
discussed in the body of the paper. 


Appendix No. 2 


Best SHAPE oF Meripian Curve Mapes UP or Two Arcs or 
CIRCLES 


HE maximum stress in any head whose meridian curve is 
composed of two ares is 


0.147 
at 


S” max 


and for any given (head radius) : (depth) ratio, or a/b, there 
can be an infinite number of such meridian curves. 


If r = 0, there is obtained A*K = A*%(A/0— 1) = @ 


If r 


b, A = infinity, there is obtained A? ( - ') = © 


from which it would appear that somewhere between these two 
extremes there are values of r and A which make A°K a mini- 
mum. This would give a head for which S” max would have 
the least value. 
Between A, r, q, and b, there is the relation (see Fig. 12-A) 
(A — b)? + (a —r)? = (A — r)? 
from which 
a? + b? — 2ar 
2(b — r) 


and 


OK (a? + b? — 2ar) P (a? + 6b? — 2ar — 1) 
2(b — r) 2(6 — r)r 
Differentiating with regard to r, simplifying, and equating to 
zero, gives 
2r(b — r)? + (a — r)2(a — b)? — (a? + b? — 2ar)2ar? 
— (a? + b*)(2r b) =0 
Putting b = ua, this becomes 
a(5 — 2u + u? + a?(2 — u + 2u?)(1 + u?)r 
+ (1 — u)*] + (1 — u)*] 
+ 0 
4{1 + (1—u)?] 


which is of the form 
r+ + +C’ =0 


Put r = X — C°/3. Then by the usual procedure for solving 
cubic equations, there are obtained 


x = V go t+ P3 + -Vg?— P3 


2 
P =- -_— 
3 3 
-(C°)8 1 ) ce 
a(5 — 2u + u? + 
2{1 + (1 — u)?] 
a2(2 u + 2u?)(1 + u?) 
2{1 + (1 — u)?] 
~a3(1 + u*)*u 


4(1 + (1 — u)?*] 


From these equations the knuckle and crown radii in Table 3 
have been calculated. 

Elliptical Heads. The meridian curve is continuous, so that 
only the shell-knuckle junction (stress S’) has to be considered. 
S” will not exist. 

The radius of curvature of the ellipse at the junction is well 


| 
max = ——... 
4at 
| 
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known to be a/K? if K = . This is the r of Equation [22] 
which will read: 
a? 
Total deflection of shell at edge = SEI (2 — m) — a, 
a?P 
Total deflection of head at edge = —_ (2 — K?— m) +a, 
From which 
a, = 
4Et 


2 


so that the equations in Table 1 hold for elliptical heads, K? 
being substituted for k. As before pointed out, the expressions 


in K do not apply to elliptical heads. 


Discussion 


W. M. Coares.* The results which the author has obtained 
are rather surprising. The exception is that the method which 
he has used would show the discontinuity effects introduced by 
joining knuckle and crown to be of less consequence than those 
by joining cylinder and knuckle, especially if the head is of favor- 
able form. The results of experiments also point in this direction, 
but inasmuch as the demonstration here is a purely theoretical 
one, it will be criticized on that basis. The explanation of the 
discrepancy between results and expectations lies in an incorrect 
application of the method. 


for Sphere 
~ 
~ 


W for Knuckle 


for 
Cy/inder 


hig. 14 


To show this, consider the accompanying Fig. 14. The heavy 
lines show the meridional sections of the vessel, and are broken 
where geometrical changes occur in the nature of the shells. 
The dotted lines indicate to an exaggerated scale the normal dis- 
placements w in each part,‘ the magnitudes being laid off along 
perpendiculars to the contour. In the figure, the parts are con- 
sidered as membranes under uniform inner pressure, stretched 
at their edges by the tensile forces necessary to maintain equilib- 
rium. Then the first state of stress to be considered is the state 
in the membrane, given by the usual formulas for the case of 
eylinder and spherical cap. It is clear from the figure that in 
addition to this, a consideration must be made of the state of 
stress caused by the mutual restraints at points A and B which 
prevent the occurrence of the indicated discontinuities. This 
‘discontinuity 


‘ 


second group of effects is the one referred to as 


3 Professor of Engineering Mechanies, University of Michigan, 


Ann Arbor, Mich. : 
4 For the sake of the figure the values shown for w in the knuckle 
are made smaller than the actual ones, in comparison with those 


shown for crown and cylinder. 
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effects.” There are very significant errors in the computation 
of both sets of effects in this paper. 

Turning to Appendix No. 1, Equations [1] to [3] and |6] 
and [7] represent the well-known membrane formulas for the 
stresses and displacements, [1], [2], and [3] for the cylinder, 
{6] and [7] for the general curved shell. The last two hold for 
both crown and knuckle, the latter being the zone of a torus, 
starting from the equator. 

Equation [8] represents the membrane normal displacement 
of the knuckle surface, but is true only for points on the equatorial 
circle. The correct value for points off this edge circle may be 
derived by the general method and is very different from that 
given. To illustrate, the values of w at the top of the knuckle, 
point A in Fig. 14, are: 


rom data at 


fos Equation [8] — pd (9880) error is 
Et 
bottom of third < 


approx. 


page correct value — (5790) 70 per cent 
Et 
Pp 
From data at by Equation [8] — mi (11,970) error is 
bottom of fourth P approx. 


P 60 per cent 
Pa 450 per n 
(7450) 


page correct value 

The error in this expression is of fundamental importance, 
since w is used to determine the constants which enter the final 
expressions for the discontinuity stresses; see the work at the 
bottom of the eleventh page and the top of the twelfth page. 
It is much too high, as are also these stresses. Equation [30] 
is consequently incorrect, and the discussion which is based 
upon it in Appendix No. 2 and in the body of the paper loses 
thereby its significance. 

It is to be regretted that the author has done so much work 
without proper study of the literature. This general method 
of attack will work if correctly applied; however, it should not 
be assumed that either its derivation or its application is new. 
Geckeler, for example, has given both in “Uber die Festigkeit 
achsensymmetrischer Schalen,’’ Forschungsarbeiten a. d. Gebiete 
des Ingw., V.D.I., No. 276. He uses a slightly different method 
of applying the boundary conditions at the junction of crown 
and knuckle. 

In applying the method used in this paper, it should be kept 
in mind that the fundamental differential equation which is to 
give the discontinuity effects, 

d*w 

a + 4n‘w = 0 
is strictly true only for the thin cylinder. However, it is approxi- 
mately true also for the equatorial zone of the knuckle, if the 
thickness is not too great and the radius not too small. In going 
to the top of the knuckle, n is variable and the equations take 
the form of [27] and [29]. Although the author states these 
equations, they are not used, and additional errors are the 
consequence. 

In comparing heads in the group of “favorable shapes,” it 
must be shown that the small quantities neglected in the fore- 
going simplified form of the differential equation are of higher 
order than the differences to be expected between the results for 


’ See, for example, the reference quoted at the beginning of the 
paper, Héhn-Huggenberger, “Uber die Festigkeit der gewdlbten 
Béden,” ete., part II, Equations [69a] and [69b], and note the 
misprint in the latter. This method applies also to the case of the 
cylinder, but is unnecessarily complicated there, and is generally 
replaced by that given in the paper, between Equations [2] and [3]. 


‘ 
Oo 
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heads which are themselves only slightly different; otherwise the 
conclusions based upon the computation may give false testimony 
as to the actual state of affairs. Some discussion on this question 
has been given elsewhere. The tangential displacement at the 
top of the knuckle, point A, should be investigated in connection 
with the determination of the constants of integration; also, the 
discontinuity hoop bending stress should be included among 
the stresses. 

There are other points in the paper with which it is not possible 
to agree, but in view of the seriousness of those mentioned, it is 
not thought worth while to list more. 


kK. O. Waters.’ Engineering practice with regard to pressure- 
vessel heads has passed through an interesting process of de- 
velopment. Starting with the flat head, it was realized at an early 
stage that a head of this form has no membrane strength what- 
ever, and it has been abandoned for pressure-vessel use, excepting 
those cases, such as tanks for liquid storage, where the pressure 
is low and external reinforcement can be provided. Next came 
the spherical sector head with sharp knuckle; this had a inem- 
brane strength which was easily calculable, but it was obvious 
that it set up very severe stresses in the shell even if the junction 
between head and shell were assumed to be flexible; and, if the 
joint were not flexible, severe bending stresses were encountered 
in both shell and head in the vicinity of the junction. The first 
of these disadvantages led to the adoption of hemispherical 
heads, as in water tanks and steam accumulators, but that did 
not remove the second source of weakness, i.e., the bending 
stresses. 

This condition was mitigated by the next step in development, 
the use of a knuckle having a small radius of arbitrary amount, 
together with a spherical crown, and more recently, the evolu- 
tion of this type into (a) the spherical crown with large radius 
knuckle and (b) the full semi-elliptical head. Having reached 
this point, there may be some who have been misled into a 
belief that now we have only to design for the membrane stresses 
and the bending stresses will take care of themselves. To dis- 
prove this, one has only to study this very admirable paper, 
which shows that, as far as double-curvature heads are concerned, 
the critical stress exists near the shell-knuckle junction rather 
than in the crown where the membrane stress is the highest. 
This paper and a recent one by W. M. Coates, “The State of 
Stress in Full Heads of Pressure Vessels,”’ (Trans. A.S.M.E., 
APM-52-12) are most timely in that they bring emphatically 
to the attention of American engineers a condition which, until 
recently, has received mention only in foreign literature. 

Mr. Coates confined his analysis to elliptical heads, and in 
consequence his method of computing the boundary stresses 
is quite laborious; the present author has gotten around this by 
assuming the head to have constant radii of curvature, between 
limits. This raises the question as to whether the bending stresses 
at the edge of an elliptical head could not be computed by the 
method which the author gives for double-radius heads. Assum- 
ing that the radii of the ellipse do not vary greatly over the 
region in which the bending stresses exist, and assigning to them 
an average value in Mr. Rhys’ formulas, results would be ob- 
tained with, perhaps, a sufficiently high degree of accuracy, and 
certainly with much less labor. 

Both Mr. Coates and Mr. Rhys have emphasized the bending 
stresses near the junction of the head and shell. It is the writer's 
belief, however, that where the surface has a continuously vary- 


See the closure to the discussion of the paper, Coates, ‘The 
State of Stress in Full Heads of Pressure Vessels,"’ Trans. A.S.M.E., 
APM-52-12, p. 130. 

7 Associate Professor of Mechanical Engineering, Yale University, 
New Haven, Conn. 


Assoc-Mem. A.S.M.E. 


ing curvature, these stresses may continue right up to the center 
of the crown and have a magnitude that is far from negligible. 
A series of strain-gage measurements on elliptical heads which 
he has observed during the past year has indicated that the 
apparent stress at the center of the crown is 5 to 10 per cent 
higher than the values obtained by the membrane formulas, and 
he is at a loss to explain them in any other way. The following 
analysis will throw further light on this question. 

The meridional bending moment on an element of the head is 
(see W. M. Coates, loc. cit.): 


Et’ m tan 8 dw 


12 | det ds 


W here 

= Young's modulus 

( = thickness of head 

m Poisson’s ratio 

w radial displacement of the element 

8 distance from the extremity of the major axis to 
the element, measured along the meridian 

3 angle between the axis of the pressure vessel and a 
tangent to the meridian at the element 

R, = radius of curvature of a section perpendicular to 


the meridian, at the element 
The foregoing equation assumes that the displacement of the 
element under stress is purely radial. Precise calculation shows 
that this is sensibly true near the center of the crown; it is of 
course exactly true at the center. E.g., compare the values of 


and win columns 9 and 10, Table 1, of Coates’ paper, for 8 > 70 


deg. Then, from the relations (see W. M. Coates, loc. cit.): 
u = ms, ) 
E 
S, = pkav/2 
l 
S,;{[2—- 
p? 
R, = kav 
ds 
= R, = 
d3 
where 
S. = hoop stress on the element 
S, = meridional stress on the element 
p = fluid pressure per unit are: 
k = major axis/minor axis 
a = semi-major axis 


/ 
v = + (k? 1) cos*g 
R, = meridional radius of curvature 


it may be shown that 


(2 m) (k? 1) ke? l 
M, pe cos? 228 
24(1 m?) 
k? 1 + 2m 
+ (k? + 1 m) cos 28 + a aan 


and the bending stress at the outside 


6M: (2—m) (k?—1) |k?—1 
4(1 — m?) 2 
k? 1 + 2m 
+ (k? + 1 m) cos 28 + 


9 


- 


When m = 0.3, k = 2, and 8 = 90 deg. (center of crown), 
S, = 1.96 p. Moreover, » = 1, and hence the membrane 


! 
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stress S; = S: = pa/t; accordingly, the bending stress is 196 t/a 
per cent of the membrane stress. For low pressures, where 
t/a is small, this may be an insignificant percentage; but for high 
pressure drums, where t/a is of the order of 1/20 to 1/10 or more, 
the bending stress appears to be far from negligible. 


T. McLean Jasper.’ The tests presented in this paper will 
add considerably to the knowledge of vessel phenomena dealing 
with riveted construction. The results indicate something of the 
real factors of safety which have prevailed in the past for such 
construction and will help to clear up the misconceptions which 
seem to prevail in the minds of a great number of engineers. 
It was the writer’s privilege to obtain some of the original test 
results and to see some of the test work in progress. It is believed 
that the test specimens were prepared with great care and that 
the results were obtained with painstaking skill. It therefore 
should represent a very good picture of a type of construction 
which has given fine service over a great number of years. 

May it be added that the stationary steam service, which has 
used this construction for a great number of years, has consistently 
designed on the basis of a factor of safety of 5. These tests there- 
fore indicate very clearly the real factors of safety which have 
prevailed so far as heads are concerned, and are therefore ex- 
ceedingly valuable contributions to the knowledge of vessels. 

The thing which is very clearly brought out by this paper is 
that a dished head 72 in. in diameter, 2 in. thick, and with a 
knuckle radius of 7 in. failed at a hydraulic pressure of 1600 
Ib. per sq. in. With a uniform shell section of this thickness 
and diameter, the calculated stress at the failure of the head 
would be around (1600  72)/4 or 28,800 Ib. per sq. in. The 
steel used is given a minimum specification strength value of 
50,000 Ib. per sq. in. The head undoubtedly failed when the 
stress reached the ultimate strength. The best that the writer 
can see to this head is that its value was not above 28,800 /50,000, 
or 0.576 of what it should be for the cylinder providing a joint 
of 100 per cent could be made. It is presumed that the metal 
used had a strength somewhat above the minimum specification. 

The writer ventures to state that today vessels can be con- 
structed with joints as strong as the plate without increasing 
the thickness of the vessel section at the joint. 

A second head with a knuckle radius of 6 in. and a thickness 
of 1.62 in. failed at a pressure of 1200 Ib. per sq. in., or a caleu- 
lated stress of 26,600 in the cylinder wall of the same thickness. 
This gives an efficiency for this head of about 53.2 per cent. 

The third head, with a knuckle radius of 10 in., showed a 
value of 42,300/50,000, or 84.5 per cent. Undoubtedly this last 
head is as good as a riveted vessel with an 85 per cent joint 
efficiency needs. However, with no more metal, or at least very 
little more, an elliptical head can be constructed which will 
fail a vessel in the cylinder away from a properly constructed 
joint if properly attached. 

May it be said that an elliptical head of 2 to 1 ratio when used 
with a riveted joint is so restrained at the joint by a double 
thickness of metal that it cannot develop the strength that it 
would develop with a vessel of uniform thickness at the joint. 

The writer is sure that the author is in error when he states 
that the A.S.M.E. is well on the safe side with the elliptical 
heads recommended. They are just right in their reeommenda- 
tions for elliptical heads. 

He wishes also to correct the impression that there is only one 
elliptical head design. Elliptical heads of 2 to 1 ratio will fail 
a cylinder wall of the same thickness if properly made and at- 
tached. An elliptical head of a ratio less than 2 to 1 will be even 
stronger, and such heads have been made on occasion for special 
O. Smith Corporation, Milwaukee, 


* Director of Research, A. 
Wis. Mem. A.S.M.E. 


reasons such as to avoid excessive reinforcement when openings 
are introduced into them, etc. 
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Fic. 15 GrapH SHOWING STRAIN VALUES 


(Given, under the same pressure conditions, in the main cylinder, at the 

most stressed situation around manway openings, and in the most stressed 

situation in a dished head. The yield point indicates when the metal has 

reached the same stress at each position where the strain measurements 
were made.) 


~ - 
= | Pornt 
60 —— ~ 
ry 
| Cag 
> 
~ by q 
~ 
= c 2 
400 & b> + 4 4 — 4 
eek 
| 
| | = 
| 


0 20 40 60 O 20 40 60 80 100120 0 20 40 60 
Deformation, in Strain-Goae Units 


Fic. 16 SHOWING STRAIN CONDITIONS 


(The appropriate conditions are shown when manhole openings are re- 
enforced and when an elliptical head is used in place of the ordinary dished 
head.) 


The writer desires to present Figs. 15 and 16, which indicate 
how a vessel design within the elastic limit of the steel behaves. 
These tests were made on a 72-in. welded vessel with 2-in. wall 
thickness and without a double thickness at the joint. The 
results on a large-radius dished head check very closely the 
author's results. The failure results on these tests checked the 
elastic results very closely. 


D. 8. Jacosus.? The paper is a valuable contribution, as it 
compares theory with experiment and shows the forms to be 
preferred in the construction of dished heads. The advantage 
secured by employing a longer knuckle radius than 6 per cent 
of the shell diameter, as specified in the A.S.M.E. Code, is 
brought out, and a statement is made that the A.S.M.E. speci- 
fications for elliptical heads are well on the safe side. 

When the rules for dished heads were brought up for revision 
by the Boiler Code Committee, there was a desire on the part of 
a number of manufacturers to keep the knuckle radius as small 


* Advisory Engineer, Babcock & Wilcox Company, New York, 
N. Y. Mem. A.S.M.E. 
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as practicable in order to use a flatter head than would be possible 
with a longer knuckle radius. The rules finally adopted called 
for heads with a knuckle radius of 6 per cent of the diameter of 
the shell and a thickness considerably greater than for elliptical 
heads. In the revised rules the knuckle radius was increased to 
about twice that formerly used and the thickness of the heads 
was also increased. 

Professor Jasper has brought out an important feature 
namely, that where the elastic limit of the material in the head 
is exceeded, the elastic formulas no longer hold. There are many 
designs based on the results secured in practice rather than on 
any particular theory; for example, in the case of a staybolted 
boiler, the structure should be strong enough to allow one of the 
staybolts to rupture without rupturing the others. If this 
feature were taken into account in the design of a staybolted 
structure and an endeavor were made to use an elastic formula 
and to keep within the working stresses, it would be found to 
lead to impractical results. Long use has shown that certain 
formulas give safe results for structures where the form is such 
that on exceeding the elastic limit at certain points there is an 
advantageous redistribution of the stresses. 

In structures operated at the higher temperatures, where the 
effect of creep is the governing factor, the elastic formulas do 
not hold and the redistribution of the stresses due to creep is 
advantageous in all structures which tend to distort to a stronger 
rather than to a weaker form. 

The author is to be congratulated on having prepared a useful 
and highly interesting paper. 


AvTHOR’s CLOSURE 


The principal criticism in the discussion by Mr. Coates relates 
to the validity of Equation [8]. The author presumes that the 
“correct values”’ given by him have been obtained in the following 
way: 

The equations for determining displacement, [69a] and [69b], 
quoted by Mr. Coates in his discussion, appear in the paper ‘“The 
State of Stress in Full Heads of Pressure Vessels’’ in the form, 


3 8 eR, ek» isl 
= cos Gif 
cos 8 ( [20] 


w=-rtans eR, 


For a two-radius head R; would be the knuckle radius r, and 
R, would be given by the equation 


R, =r+ (a—r) sec 8 


as shown in the Coates paper, at the top of page 10. « and e 
are the strains. By means of the usual stress-strain relations 
[21], the equations for membrane stress and the foregoing ex- 
pression for R2, the strains can be written as functions of 8. In- 
serting all this in [20] and performing the necessary integrations, 
there results for the radial displacement, 


Pr? 1 K? 
K sing {tan 2m B + 2)| 


1 
+K 1) tn 8 sec 8 + log (tan 8 + sec a) + 


where K = a/r — 1 and m = 0.3, Poisson’s ratio. 
From the data at the foot of the third page of this paper, there 
would be, at the knuckle-crown junction, 


sec B = 1.69, sin B = 0.085, tan B = 1.36, K = 4.15 


and the quantity in the bracket above would become 


1.36 [0.6 + 5.72 (2.84 + 2)] + 4.15 X 0.8 [1.36 X 1.69 + log 
3.05] = 38.4 + 11.3 = 49.7 


PR, R, 

From the relations above, R,E, = —~|2 = 
2Et r 

= 7 (3136) ( 6.3) 


P 
7 & 
= 7 ( 19,750) 


and 

P 
vp = —]| 49 X 4.15 K 0.805 XK 49.7 19750 | = — (-— 5800 
which agrees closely with the result obtained by Mr. Coates. 


When the membrane displacement of the crown is calculated, 
and the quantity a, is found from the bending and membrane 
displacements of the knuckle and crown (lack of space forbids 
giving this work in full), there results 


P 
(3450) 
and the bending stress becomes, for 400 lb. per sq. in. pressure, 

; (2020) = 11250 lb. persq.in. There would also be a membrane 


stress of about 4600 lb. per sq. in. (using average of hoop radius 
R in knuckle), which brings the tensile stress up to 15,850 Ib. per 
sq. in. It would appear that something should be added to this 
for the bending set up by the knuckle-shell discontinuity, though 
this may be dying away at the point considered. 

In the list of stresses, see the second column on the sixth page, 
the stress governing design, calculated from the formula S”"max 

0.147 PA*K 
= — is given as 18,000 lb. per sq. in. Comparing this 
with the foregoing, it will be seen that results from the simplfied 
formula for practical calculation do not differ much from those 
obtained by the complete theory. As indicated elsewhere, Mr. 
McLean Jasper has found a correspondence with experiment. 

The results given in the paper can be obtained without using 
membrane displacements. 

At the crown-knuckle joint, the membrane hoop stresses, cal- 
culated from the dimensions of the knuckle and crown, respec- 
tively, are, by Equation [7], 


A 
(2_4) for R=A 
2t r 
PA 


2t 


- 


forr=ReA 


If the head be considered to act as a membrane only, this would 
mean two different hoop stresses acting simultaneously round the 
crown-knuckle edge. Such an impossibility can be averted by 
bringing in the bending hoop stresses. 
From [12] and |18] the bending hoop stress is, at the edge: 
h Ea, 
+ 
t A 

Then the total hoop stresses become, at the edge: 


For the knuckle (2 4) Ea, 
2t A 


for the knuckle or crown, respectively. 


PA Ea, 
For the crown — — — 
2t A 
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Equating these, and solving for a,, 


PAK (: ) 
= — ifK ={-—-—1 
4Et r 


This is the result given at the top of the first column of the 
twelfth page, from which the crown-knuckle bending stresses are 
obtained. The expression at the top of the second column of the 
eleventh page, for the shell-knuckle edge, can be obtained in the 
same way. In the foregoing no use has been made of expressions 
for membrane displacement. 

The point brought out by Mr. Waters, regarding bending 
stresses near the center of the crown, is of great interest. As, 
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however, they are relatively small as compared with those at the 
surface discontinuities, the latter would always govern design. 

Mr. McLean Jasper mentions in his discussion the impression 
that there is only one elliptical-head design. The last paragraph 
before the Appendix, on the ninth page, to which this appears to 
refer, means that there is one ellipse for a given major and 
minor axis. It is gratifying to note the close check which he 
finds with the results given in the paper. 

The discussion by Dr. Jacobus emphasizes the very important 
principle that a theory should be considered much more as a guide 
than a dogma. The author has tried to keep this in mind during 
the preparation of the paper, letting at least the general results 
of experiment be the determining factor. 
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Practical Application of Alloy Steels to 
Locomotives 


By C. E. BARBA,' NORTH BILLERICA, MASS. 


In the critical railroad situation, methods for reducing 
costs are important. The reduction of locomotive- 
maintenance costs by the judicious use of new ferrous- 
metal products is advised—those very products developed 
by steel-mill research for the industries aided by the rail- 
roads. The best of engineering practice should be applied 
to the design of built-up assemblies that will realize maxi- 
mum strength and will reduce wear and tear of joinings, 
such as the integral bed frame for the locomotive founda- 
tion. The high initial cost of using nitrided steel and 
other special materials, as advocated in the paper, is ex- 
pected to be justified by the reduced costs of maintenance 
and loss of service of locomotives. 


responsible in a great degree for our social, economic, 

and industrial development. For 75 years the railroads 
have provided such facilities, with only the competition of water- 
ways and horse-drawn vehicles. For the last 25 years they have 
remained the main channel over which goods and people have 
been moved, but during this period the development of the 
automotive and the aviation industries has contributed in no 
small measure to the critical transportation situation now termed 
“the railroad problem.” 

The following discussion aims to focus attention upon the 
reduction of locomotive-maintenance costs by the judicious use of 
new ferrous-metal products developed by extensive research in the 
mills of the steel producers for those very industries built up by 
the railroads. 


and dependable transportation has been 


CARBON STEEL 


A special grade of plain carbon forging steel for heavy forgings, 
such as axles, driving rods, and equalizers, with rather close 
limits on carbon, manganese, and silicon, has been extensively 
used for a number of years. The degree to which this becomes a 
special steel rests with the customer, as to how narrow are the 
limits in chemical analysis he imposes upon the steel maker, and 
with the steel maker as to how much care and time he takes to 
produce a clean, sound material. More time in the furnace for 
refining and deoxidation adds to the net cost of the material, 
and the customer who buys the cheapest product will undoubtedly 
get the poorest product. 

The chemical analysis of the ordinary carbon steel is generally 
within the following limits: Carbon, 0.40 to 0.55; manganese 
0.50 to 0.80; sulphur, 0.04 (maximum); phosphorus, 0.04; 


1 Mechanical Engineer, Boston & Maine Railroad. Mem. A.5S.- 
M.E. Mr. Barba was graduated from Lehigh University in 1901, 
with the degree of Mechanical Engineer. His engineering activities 
have been equally divided between manufacturing and railroad engi- 
neering—in the former as superintendent of manufacturing enter- 
prises and in the latter as draftsman to mechanical engineer. He 
studied manufacturing methods in England and Scotland and rail- 
road practices in Germany. 

Contributed by the Railroad Division and presented at the Bir- 
mingham Meeting, Birmingham, Ala., April 20 to 23, 1931, of Tux 
AMERICAN SocreTy OF MECHANICAL ENGINEERS. 

Norge: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


silicon, 0.15 to 0.25. This steel is generally normalized and drawn 
after forging. 

The following physical properties are representative of this 
material as heat treated: Yield points, 47,300; ultimate, 81,900; 
elongation, 25 per cent; reduction, 50 per cent; Brinell, 170; 
Izod, 10 to 20 ft-lb. 


CarBON VANADIUM 


Modern locomotives brought about a demand for higher-grade 
steels. A carbon-vanadium steel was the next step in the forging- 
steel development. The chemistry of this steel is practically the 
same as the ordinary carbon steel, with the exception that man- 
ganese is increased and vanadium is added to show 0.15 to 0.18 
in the steel. Vanadium in this amount helps as a scavenger to 
clean out the manganese oxides and iron oxides, and leaves very 
minute particles of finely divided vanadium oxide in the metal. 
These fine particles act as mechanical obstructions to prevent the 
growing of large grains in heating operations, producing a much 
finer grained steel than the plain carbon grade. It is generally 
stated by railroad men that their experience has shown that in- 
creasing the vanadium content above 0.25 does not improve the 
steel, and many go so far as to say that higher vanadium is even 
detrimental. 

An average analysis of carbon-vanadium forging grade is as 
follows: Carbon, 0.50; manganese, 0.90; phosphorus, 0.030; 
sulphur, 0.040; silicon, 0.27; vanadium, 0.23. 

The best practice on this steel has been found to be as follows: 
After forging, heat slowly to 1600 deg. fahr. to break up forging 
grain size; cool in still air; reheat to 1475 deg. fahr. to refine 
grain; cool in air; draw at 1100 deg. fahr.; cool in fur- 
nace. 

The following are representative physicals after this treatment: 
Yield point, 58,000; ultimate, 105,500; elongation, 25 per cent; 
reduction, 54 per cent; Brinell, 185; Izod, 10 to 25 ft-lb. 

These physical properties offered a distinct improvement over 
the plain carbon steel, and a large tonnage of carbon-vanadium 
steel has been applied to locomotives in the last 10 years. 


NICKEL AND NICKEL-MANGANESE STEELS 


About five years ago the need was felt for still better physical 
properties in the way of toughness and shock resistance. The 
nickel-manganese steel was the result of this search for better 
materials. Its production has steadily increased over the last 
four years as more railroads have specified its use in new engines 
and in repairs to existing locomotives. Nickel atoms displace 
iron atoms in the iron-space lattice and increase the toughness of 
the ferrite. Manganese is specified from 0.75 to 0.95, which 
raises the physical properties, while carbon is reduced to a range 
of 0.20 to 0.27, thus producing a steel with only half as much of 
the carbon—the hardening and embrittling element. The 
higher manganese neutralizes the effect of the lowered carbon 
and the nickel toughens the whole mass. The result is a steel that 
when normalized and drawn shows physical properties well up- 
with carbon vanadium, but the ductility and toughness are very 
appreciably increased. 

The following values were observed on a normalized and drawn: 
piston rod, 5'/, in. in diameter: Yield point, 61,900; ultimate, 
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91,300; elongation, 28 per cent; reduction, 68 per cent; Brinell, 
183; Izod, 90 to 93 ft-lb. 

The Izod value or shock resistance of this steel is from five to 
ten times greater than carbon or carbon-vanadium steel. 

The possibilities of this nickel-manganese steel, from the 
standpoint of heat treating to obtain higher physical properties 
and reduce the weight of moving parts, are just beginning to be 
realized. A 5!/,in.-diameter piston rod was water-quenched and 
drawn at 800 deg. fahr., and the following physicals were found 
in a test taken midway from surface to center: Yield point, 
90,000; ultimate, 113,000; elongation, 23 per cent; reduction, 
66 per cent; Brinell, 241; Izod, 92 to 95 ft-lb. 

This high elastic limit with the high impact figure opens up the 
possibilities of weight reduction of reciprocating parts. A set of 
rods based on a 90,000 elastic limit, and calculated on the same 
factory of safety as a 45,000 elastic limit steel, would show a net 
reduction of 40 per cent in the weight of the reciprocating parts. 
When adopting this specification, it is necessary to redesign the 
rods so as to produce a full streamlined effect and get away from 
all short corner fillets and to use the thin-sectioned, wide and high 
I-beam section for the center parts of rods. A weight reduction 
of 40 per cent in reciprocating parts would be of incalculable bene- 
fit in the reduction of vibration, pound on rails, and in the bend- 
ing moments on axles, which matters are at present receiving 
some attention. 

BoiLer PLATE 


Boiler plate for shells has been increased in strength by addition 
of nickel, and engines can now carry higher pressures without 
increase in shell thickness and boiler weight. Nickel-steel fire- 
boxes are still in the experimental stage, some showing up well 
and others very poorly. 

Chromium iron, with 18 per cent chromium, is under test for 
heat-resistant side sheets in fireboxes, and so far appears to be the 
answer to the fire and corrosion cracking experienced where 
engines are operated at a high rate of evaporation. 


[RON AND STEEL 


Low-carbon steels and irons are rapidly replacing the old 
wrought-iron staybolt. Canadian railroad operators have for 
nearly 10 years been using a low-carbon steel or ingot iron—on 
one road with a nickel content of 5 per cent and on the other of 
2 per cent. The ingot iron with 2 per cent nickel is rapidly 
gaining on United States railroads. 


STEELS 


Copper-bearing steel with copper up to 0.25 has many ad- 
herents as a staybolt material. Another type that is standing 
up well in service is an ingot iron with 0.50 copper and 0.10 to 
0.15 molybdenum. The latter analysis is also used in heavy 
tonnage in the form of boiler tubes in stationary boilers and is 
proving very satisfactory in districts where corrosion and pitting 
of locomotive flues is a serious factor. For firebox plates in 
corrosive waters, it is showing definite superiority over ordinary 
steel plate. 

CaRBURIZING MATERIAL 


A recent development in carburizing material suitable for case 
hardening in general use on railroads is the 2 per cent nickel iron. 
This material can be quenched in water direct from the carburiz- 
ing pot and will always produce a hard case and a very tough core. 
Wrought iron is the only other iron that will do this. Steel 
invariably shows a brittle core when quenched direct from the 
carburizing pot. The 2 per cent nickel iron, for this reason, is 
distinctly a railroad material and has been developed as such, 
both for staybolts and for case-hardened brake rigging, spring 
rigging, and motion work pins. It has some application in the 


form of case-hardened liners for driving rods to protect them 
against wear from floating bushings. 


SPECIAL STEELS 


In the matter of bolts used in frames and boiler studs, wrought 
iron grew up with the railroads, but increased stresses are gradu- 
ally eliminating its use. The elastic limit of wrought iron is 
too low to carry the loads imposed upon it in modern locomotive 
construction, and when overloaded, it stretches, then becomes 
brittle (crystallized), and fails without stretching. 

Wrought iron physicals are about as follows: Yield point, 35,- 
000; ultimate, 48,000; elongation, 30 per cent; reduction, 40 
per cent. 

To replace this material for bolts subjected to nominal strains, 
we have turned to the 8.A.E. 2115 analysis. This shows about 
0.15 per cent carbon and 1.50 per cent nickel. It is generally 
found to show about the following physicals: Yield point, 43,000; 
ultimate, 62,000; elongation, 28 per cent; reduction, 65 per cent. 

This analysis is doing very well when applied to boiler studs, 
cylinder studs, and frame bolts in the lighter engines; but there 
are applications requiring still higher physical properties, and 
these are met by using various analyses, such as 8.A.E. 2320, 
3120, 3130, 6130, and 1330 (carbon manganese), and the 2'/; 
per cent nickel-manganese steel used by one of the Canadian 
railroads. Chromium steel 5130 is used by one road in this 
country. 

The general treatment is to quench the forged bolts or parts 
in oil or water and draw back to the required physical properties. 
The final properties are generally about as follows: Yield point, 
90,000; ultimate, 105,000; elongation, 20 per cent; reduction, 
60 per cent; Brinell, 225; Izod, 50 to 70 ft-lb. 

The following parts are often made from the foregoing steels: 
Superheater bolts, cylinder bolts, frame crosstie bolts, binder 
bolts, coupler bolts, piston keys, driving-rod collars. Many 
other applications have been found where a heat-treated alloy 
analysis will stop breakage and renewal of parts. 


NITRIDED STEELS 


About the last word in the steel world are the special steels 
that have been produced to use in applying the super-hard cases 
that are built up by heating the finished parts in ammonia gas. 
These are known as nitrided steels. 

The ammonia gas dissociates into nascent nitrogen and hydro- 
gen at about 850 deg. fahr. The parts to be hardened on the 
surface are first formed, then heat-treated, and then finish- 
machined, ground, and polished before placing in the retort for 
nitriding. The nascent nitrogen at 925 to 975 deg. fahr. com- 
bines with the iron, chromium, and molybdenum in the steel to 
form nitrides of these elements, and these nitrides form the 
hardest wearing surface that science has been able to develop, 
excluding the carbide cutting tools. It has been known as early 
as 1907 that nitrogen would, under certain conditions, combine 
with iron to form iron nitrides and that these iron-nitride grains 
were exceedingly hard. But the hard cases formed were brittle 
and spalled off from the base metal easily. 

Various investigations worked to bring out steels that would 
form tougher cases with nitrogen. The result has been a steel 
containing chromium, molybdenum, and aluminum. The 
chrome and molybdenum toughten the case, and the aluminum 
acts as a catalyzer and stabilizer to maintain the high surface 
hardness. The steel is produced in four carbon ranges, running 
as low as 0.12 to as high as 0.65. 

The heat treating and machining are all completed before the 
hardening operation, and that is conducted at low temperatures, 
950 to 1075 deg. fahr., so that distortion and subsequent grinding 
are eliminated and parts may be machined to very accurate di- 
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mensions or fit and then hardened with little danger of warping. 

This case is the hardest and most uniform structure ever pro- 
duced on steel, and as such its great wear resistance is opening up 
undreamed-of possibilities of long-lived parts for locomotives. 

The basic idea in the application of nitrided steels to locomo- 
tives is to select for its application those parts in which frictional 
wear causes heavy expense for renewals. 

The fundamental law in bearing metals is that if the two parts 
are of equal hardness they will both wear. If one is hard and the 
other soft, the softer will take the greater wear. 

In applying nitrided steel the endeavor should be to replace 
those parts that are most expensive to replace and to throw the 
wear over on the least expensive part. 

Where a rotating shaft or pin is to be considered, it is generally 
cheaper to make the bushing take the wear. 

The metallurgists have some restrictions as to microstructure, 
effects of time and temperature, gas pressure in retorts and their 
effects on the hardness, depth of case, toughness, etc., but the 
mechanical engineer is mainly interested in two things: 


(1) Can wear be reduced without sacrificing strength? 
(2) Will the increased life of wearing surface compensate 
for the higher cost of the material used? 


In preparing a wearing surface of nitrided steel one must 
remember that he is dealing with a surface hard enough to cut 
glass. Nitrided wearing surfaces must be lapped in or polished, 
or glazed, before the nitriding treatment is applied. After the 
nitriding it is too hard to do much with, and furthermore the best 
wearing part is on the surface, and grinding after nitriding is 
considered detrimental and as poor practice. As to the selection 
of bearing metals to be used against nitrided surfaces, this is of 
vital importance. New and harder bearing metals are being 
used with great success. Any application of nitrided steel should 
also be considered from the standpoint of the bearing metal to 
work with it, and the men who are building up test data and ex- 
perience should be consulted. 

Theoretically, all moving parts should be on a par with each 
other as to wear-resisting qualities, so that the weakest link, all 
other things being equal, in the maintenance and replacement of 
parts becomes the locomotive tires. 

The service life of wearing details by the judicious selection of 
materials and improvement of design to best utilize these mate- 
rials then becomes a multiple rather than a fractional part of the 
tire-service | fe. 

The following parts in the running gear of a locomotive are 
enumerated in the order in which renewals due to wear take 
place: Piston rings, valve rings, cylinder bushings, valve-chamber 
bushings, piston heads, piston-valve parts, piston rods, valve rods, 
valve crossheads, crosshead shoes, guides, valve-motion pins and 
bushings, valve links and blocks, locomotive tires, trailing-wheel 
tires, crown brasses (driver box), hub face (driver box), side-rod 
bushings, wrist and knuckle pins, crankpins, shoes and wedges, 
driving axles, hub of driving-wheel centers, hub of trailing-wheel 
centers, hub of engine-truck wheels or centers, swing-motion 
details of engine truck, spring-rigging details. 

Similarly, the boiler may be subdivided into the following 
renewable details: Grates and appurtenances; firebox sheets, 
side, crown, back, and flue; tubes and flues; staybolts, rigid and 
flexible; superheater, header and units; exhaust nozzles; 
smoke-box netting. 

In order to illustrate just what can be accomplished, it might 
be well to start at the power end of the locomotive, the cylinders, 
and analyze conditions. 

Locomotive cylinders are bushed with cast-iron bushings as a 
means of preserving the cylinder and saddle throughout the life 
of the locomotive. Cast-iron cylinder bushings of refined iron 
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are undoubtedly the best practice developed through the years, 
but due to the unsupported piston, the bushings will wear out of 
round and in time must be rebored. The same thing holds true 
of the piston, or of the composite type, the bull ring, which ob- 
tains a similar wear and must be built up or replaced with a new 
one. 

This, however, requires dismantling of the cylinder heads, 
piston, ete., and the tieing up of a locomotive, and it would seem 
rational to assume that if the present bushings were replaced with 
nitrided-steel bushings, having a hardness equal to 850 to 950 
Brinell, lapped to a very high polish, the hardness would never be 
disturbed, as the range of temperature is well within that used for 
nitriding purposes. The same holds true for piston-valve bush- 
ings. 

Such an installation would undoubtedly mean the elimination 
of future rebores and the prevention of leaks past the snap rings, 
thereby conserving steam. 


ProposED MANUFACTURE OF CYLINDER BUSHINGS 


The development of nitralloy cylinder bushings, other than 
forgings, presents a most interesting problem in that plate can be 
used by rolling into shape and welding by the atomic-hydrogen- 
are process, after which it may be machined to size, bore-lapped, 
and nitrided prior to application. The following methods are 
used: (1) Welding of 1'/,-in. thick plate; (2) heat treatment 
of welded assembly; (3) machining and nitriding of welded as- 
sembly. 

The work was undertaken with an objective of forming large 
cylinder bushings for locomotives. The bushings were to be made 


Fic. 1 MicropHoto THROUGH THE CASE 
(At left, through the weld after heat treatment; at right, across the weld.) 


of 1'/;in. plate rolled into cylinders, welded, heat-treated, ma- 
chined, and then nitrided. 

After two or three trials the proper technique was developed, 
and several welds free from blowholes were made. Chemical 
analyses of the wire used and the plates and welds were as follows: 


Cc Cr Al 
Welding wire......... 0.256 01.42 1.13 
Plates welded..... a 01.21 0.95 
0.178 01.30 0.86 


The three welds shown averaged about 10 points less carbon 
and 27 points less aluminum than the original analysis of the rod. 
The plates had about the same carbon content as the rod. The 
aluminum remaining in the welds is well above the 0.60 per cent 
minimum required to produce a proper case. The drop in carbon 
is really beneficial, as the weld is more ductile than if the carbon 
was all retained. 
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Fie. 2. Micro-Srructures as WELDED 


x 100 


(At left, parent plate; in center, weld junction; at right, welded metal ) 


Fic. 3 Micro-Srructures As TREATED X 100 


(At left, parent plate; in center, weld junction; 

A section about 6 in. long with weld running full length of it 
was heat-treated, 1700 deg. fahr. in water and 1325 deg. fahr. in 
air, machined from 1'/, in. thick down to */,in. thick, ground on 
both flat surfaces, and then nitrided for 42 hours at 925 deg. 
fahr. 

Hardness readings showed around 850 to 900 Vickers Brinell. 
No difference was apparent between the readings on the welds and 
those made on the parent stock. 

Micro-section through the case showed the same penetration 


at right, welded metal. 


Water quenched at 1700 deg. fahr.; drawn at 1325 deg. fahr.) 


on weld as on parent stock. Microphotos, Figs. 1 to 5, show the 
various structures. 

The atomic hydrogen process can be used successfully to obtain 
welds of special steel analysis that will produce a nitrided case 
identical in hardness and micro-structure with the parent metal. 

There are dendritic structures retained in the welds that might 
be broken up by forging, but are not thought to be detrimental 
where the bushings are under no particular strain and are only ap- 
plied to obtain a surface for resistance to wear of piston and rings. 
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The success of the operation is entirely dependent on the skill face of which can be hardened so as to eliminate wear should 
and art of the welder, and a policy'of rapid fusion and the applica- _ prolong the life of the piston-rod packing, as it is certainly less 
tion of small drops of molten metal at a time must be observed. expensive to replace rings than it would be to grind down piston 
Puddling the metal will invariably cause excessive loss of alu- rods. 

minum and will develop blow- 
holes in welds. 

The utilization of special steels 
and the engineering problems in 
connection therewith are outlined 
for various locomotive details as 
a means of stimulating the art. 


Piston Heaps AND Rops 


The piston head, irrespective 
of design, can be made of a spe- 
cial, steel forging or casting and 
the rim be nitrided after grooves 
have been machined and lapped 
to dimensions, so as to elimi- 
nate groove wear from snap- 
ring action; likewise piston-valve 
parts. 

With respect to snap rings, 
these can be made of a bronze 
alloy, L-shaped, capable of sus- 
taining temperatures from 900- 
950 deg. fahr., without remov- 
ing the snap, which, in contact 
with a highly polished surface 
of extra hardness, is bound to 
give maximum life, as well as 
that of the piston head. 

The possibilities of the use of 
an extended piston rod should be 
given further consideration, as 
the conventional design now in 
use cannot be sustained as one 
in which the best of engineering 
principles have been incorpo- 
rated. 

The weight of the piston should 
be supported at the rear by the 
crosshead and at the front by a 
pivoted bearing for alignment, 
which undoubtedly would mini- 
mize or practically eliminate the 
wear of the piston-rod packing 
and the circumferential wear of 
the piston head, and simplify the 
work of the snap rings, since we 
are starting out with a true bore 
lapped for accuracy and 
hardened. The only compres- 
sion variable of the rings would 
be that created by the vertical 
and lateral wear of the crosshead. 

The extended piston rod is not 
a new idea, but its abandonment 
from general use was largely due 
to the inability of controlling 


Fic. 4 Nirripep Casps 
(At left, welded metal; at right, parent plate.) 


Fic. 5 Core Srructures 


the wear between crossheads (At left, welded metal; at right, parent plate.) 

and guides, both vertical and 

horizontal, within limitations which would not affect the bearing CrossHEAD SHOES AND GUIDES 

surface of the extended piston-rod crosshead, or support, at the In the case of crosshead shoes and guides it is considered best 
front end of the cylinder. to apply nitrided plates to the guides and to apply bearing 


The adoption of nitrided steel for piston rods the wearing sur- _ metal to the crossheads or crosshead shoes in the form of channels, 
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which can be quickly removed and replaced at very low cost. 
The present practice calls for removal of worn guides and building 
them up with welding bronze; then they go to the blacksmith 
shop to be annealed and straightened, then to the planer and the 
surface grinders and finally back to the engine, where they must 
be reset. Generally the boltholes all have to be reamed again 
and new bolts fitted, so that rehabilitating a worn crosshead guide 
becomes an expensive job. 

The proper selection of steel for controlling the wear of cross- 
head shoes and guides, or the designing of either on the basis of 
increasing the bearing or pressure area, thus reducing the pressure 
in pounds per square inch to a minimum and thereby increasing 
its life, or the utilization of a special steel and maintaining the 
present bearing areas, should assist in reestablishing a design of 
paramount importance in the reduction of maintenance. 

As a matter of fact there is no reason why guides and cross- 
heads should not be capable of operating 150,000 miles without 
the necessity of a take-up during that period. The wear of guides 
is partly due to having a piston hanging at the end of a rod one 
end of which is fastened to the crosshead, very much out of bal- 
ance and ready to drop in its movement equal to the difference in 
diameter between the piston head and the bore of the cylinder, the 
tendency of which is to cock the crosshead at the end of the 
stroke. 


Sipe-Rop BusHINGs 


Side-rod bushings have ever been a source of trouble due to 
rapid wear. The selection of bearing metals is a matter of 
utilizing a bronze that can be subjected to a higher working 
temperature than is now possible, and when used in connection 
with hardened crankpins the wearing qualities can be increased, 
while seizure from operating temperatures and lack of proper 
lubrication will be practically eliminated. 


Driver Boxes 


Driver boxes as designed at present have not sufficient sustain- 
ing qualities for the application of a pressed-in crown brass, due 
largely to the limitations of present pedestal spacings, all of which 
can be modified by the elimination of shoes and wedges. 

The present use of shoes and wedges is to take care of wear of 
the box, liners, and shoes. To minimize this wear, so that they 
will operate between shop repairs within the tolerances prescribed, 
will necessitate the use of nitrided-steel wearing surfaces. Fur- 
thermore, the use of shoes and wedges ofttimes creates improper 
transverse alignment or parallelism of driving axles, which, if 
elminated, simplifies shop operation. 

The design of the box could therefore be modified by utilizing a 
portion of the thickness of the present shoes, wedges, and floating 
liners by increasing the over-all width. The wearing surface of 
the driver boxes and pedestal fit should be a flanged liner, on both 
pedestal and box, made of manganese steel not less than */;¢ in. 
thick, the life of which should not be less than 200,000 miles. 

Such a design would permit the use of a crown brass, more 
rugged in design, and which can be applied without pressure, so 
that replacement is simplified and present costs minimized. 

The ever-increasing lateral between driver box and wheel hub 
can practically be eliminated by the application of nitrided-steel 
liners inserted into a recess in the hub of the driving wheel and 
welded on the periphery, in conjunction with a similar liner 
inserted in the face of the driver box, the hardness of which 
should be approximately 850 to 950 Brinell. ‘Such liners, when 
coming in contact, either lubricated or non-lubricated, should be 
good for 200,000 miles. 


Drivine AXLES 


Locomotive-axle failures are an increasing difficulty and ex- 


pense. There are two types of failures. The one type is a 
fatigue crack starting in the fillet next to the wheel center. 
This type of failure generally starts in a rough finished fillet or 
where the brass cuts a shoulder in the fillet. Anything that will 
produce a notch effect on the bearing surface of the axle will start 
a crack that will progress until the heavy starting torque and the 
bending moment on the axle, when the crankpin passes over the 
center, will produce enough strain to rupture the remaining 
portion. The second type of failure is that of hot boxes, which 
produce thermal checks on the journal surface, and these are 
starting points for progressive fractures. 

Anything that would relieve the axle of the duty of supplying a 
wearing surface as well as resisting the high fiber stress due to 
flange pressures would prolong the life of the axle. Axle bushings 
of nitrided steel, shrunk on the axle, are now being tried out in 
testing laboratories. 

Furthermore, there is no reason that a pair of wheels, when 
mounted, should have journals re-turned so as to true up the wear 
or abrasion; as with a pair of driving-wheel centers, properly 
mounted on a nitrided-steel axle and having journals hardened 
or bushed together with nitrided-steel crankpins, properly 
quartered, the unit as a whole should give a maximum life and 
should never be disturbed exclusive of the replacement of 
tires. 

LocomorTivE AND Motion Parts 


Locomotive links, the design of which has not been altered for 
many years, require continual regrinding, due to the movement 
of the block, but if made of nitrided steel, regrinding can be elimi- 
nated if used in conjunction with a hardened block having a 
Brinell of 500 to 600. 

When one considers the importance of proper steam distribu- 
tion, the ideal valve motion, irrespective of type, would be one in 
which all parts would never require any adjustment due to wear 
of pins and bushings. Here again the utilization of nitrided steels 
will go a long way toward establishing a greater degree of ac- 
curacy and more perfect steam distribution than is now possible. 


Sprina RicGina 


The function of a spring rigging is one to take care of track 
irregularities, tire wear, etc., and the proper distribution of 
weights on the running gear. Consequently, spring design and 
the materials selected play a most important part. The gradual 
elimination of the present elliptic spring and the adoption of a 
different form of spring suspension than used at present, together 
with a redesign of hanger that will produce minimum wear and 
preserve the alignment of locomotive, irrespective of tire or crown- 
brass wear, is in order. 

There is no good reason why the designing and manufacturing 
of locomotive springs should not follow automotive practices, 
due to their widespread application and their varied services. 

From the foregoing it will be observed that there is opportunity 
for radical departures from present-day practice; but unless 
those directly interested in engineering principles covering loco- 
motive design change their viewpoint in the utilization of ideas 
and materials used so successfully in other lines of industry, we 
will be unable to profit from the progress which has been made 
in those industries for our own use, as a possible means of de- 
creasing maintenance. 


FIREBOX STEELS 


The major problem in the selection of steel is one of tempera- 
ture, and naturally a steel is required that will resist whatever the 
maximum temperatures of a firebox may be (under various 
operating conditions) so as not to break down the structure of 
the material. This in itself is quite a large contract, and various 
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grades of steel have been tried with varying results, but not with 
sufficient assurance that their adoption would eliminate all of 
the troubles now experienced. It would therefore appear that 
one of the major problems is one of design, in which the flow 
of gases over the arch will be similar to the flow of water over a 
dam—that is, straight-line movement. The influence of the 
draft-producing medium at the center of the smokebox un- 
doubtedly causes a stream flow of the gases converging toward 
that center, thus materially lessening gas flow and heat transfer 
away from the center of the tube sheet, all of which has a ten- 
dency toward creating hot spots in the firebox rather than main- 
taining a uniform temperature throughout. 

Furthermore, the percentage of carbon in firebox sheets is 
believed to require careful consideration and should be a mini- 
mum, and excluded if possible, as any unnatural carbon content 
must have a hardening influence when heated and cooled, some- 
times abruptly, under the present operating conditions. Experi- 
ments are now being conducted on a brick side-wall lining to 
determine the effect of controlling the rapidity of temperature 
change by a more uniform heat distribution. 


CRATES 


The design of grates and the selection of a material that will 
resist heat at higher temperatures than any material now in use 
would be a step in the right direction, although a grate may be so 
designed that its section may be sufficient to reduce the tempera- 
ture at the top of the grate, well within the confines of the critical 
range of the material, by the net area and distribution of the 
air inlets. This, however, requires some experimentation to 
determine. 


STAYBOLTS 


Design likewise should more fully enter into the final analysis of 
the staybolt rather than the mere selection of better material, 
or type of material, as steel versus wrought iron. The entire 
firebox (were it not for the attachment of the firebox sheets to the 
mud ring) is a floating chamber supported by staybolts. The 
water legs, increasing in width from the mud ring to the crown 
sheet, with the space between the crown sheet and the wrapper 
sheet being in excess of that of the widest width of the leg, calls 
for staybolts of varying lengths, but practically all having the 
same diameter. 

Considering the staybolt as a cantilever beam—that is, by 
assuming that there is no movement of the wrapper sheet rela- 
tive to the firebox sheet—the number of pounds required to 
deflect a long staybolt is naturally less than that for a short stay- 
bolt having the same diameter. Consequently there are zones 
in each firebox side sheet that are restrained due to the constant 
force of expansion at uniform temperatures, by the shorter bolts 
not deflecting the same amount as the longer ones, which produce 
strains within the sheets that in time will produce hairline cracks 
around staybolts, and eventually failures will result. 

As a suggestion why not divide the application of staybolts in a 
vertical plane into horizontal zones and design the staybolts in 
certain zones according to their length by assigning diameters 
so that all staybolts may deflect in unison, assuming that the 
expansion force is constant. Undoubtedly an application of this 
character might show some very interesting results. 


WHEEL CENTERS 


The design of wheel centers and the character of steel used is a 
subject that, in the author’s estimation, requires more research. 
Taking a concrete example, specifications require that all steel 
castings must be annealed so as to relieve strains introduced 
during cooling. This seems to be general practice. 

On the-other hand, the practice is to take a wheel center, 
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press it on an axle, introducing compressive strains in the hub 
which may or may not be transferred to the spokes, and then 
press in a crankpin, the stresses of which go into the hub and 
spokes, and finally shrink on a tire, which not alone compresses 
the rim but likewise the spokes, and the result is a wheel center 
having all sorts of internal strains. As a matter of fact, it is 
strained far in excess of any strains that may have been intro- 
duced originally during the casting and cooling process, and 
still it is insisted that those strains must be removed and nothing 
is said of the strains of the completed article. 

It would therefore seem that tests are in order calling for the 
application of extensometers on spokes, hubs, and rims, covering 
all of these operations for the determination of stresses or for the 
possible redistribution of metal if it is found necessary, to take 
care of these strains, which should assist in furthering the life of 
the present wheel centers. 


LocoMoTIVE TIRES 


Present practice in locomotive tires, or for that matter in any 
tired wheel, irrespective of size, calls for three grades of material— 
that used in passenger, in freight, and in switcher service—rep- 
resenting graduated increases in carbon content and conse- 
quently hardness to resist wear. These materials have un- 
doubtedly stood the acid test for many years. There is a ques- 
tion, however, with metallurgical engineers as to whether the 
railroad engineering profession has not overstepped its limits with 
respect to wheel loads, taking into consideration the small con- 
tact area that a tire makes with the rail. 

This subject undoubtedly covers a great many vears of in- 
tensive research, primarily metallurgical, but limited in en- 
gineering considerations, as mass has not been considered an 
important item where fluidity of metal (due to great pressures) is 
concerned. It is believed that better results could be obtained 
by increasing the thickness of a tire over the conventional thick- 
ness so as to have more backbone in assisting the transmission of 
weight to the rail, and naturally giving more resistance to wear 
on account of this additional thickness. 

Toughness in tire materials is a determinant in wear resistance, 
but unfortunately in ordinary tire steels toughness is obtainable 
only by increasing the carbon content, which produces a material 
of improved wearing characteristic but of a hardness with in- 
creased tendency to fracture under shock stress. However, with 
the change in speeds of freight locomotives narrowing the gap 
differentiating from passenger-operating characteristics, it is felt 
that the harder B-grade tires can be used for all A-grade purposes. 

Further, to meet the demands of maximum hardness and for 
high tensile and elastic limit to resist flowing tendencies under 
heavy wheel loads, and to advance the service life of tires to meet 
the possibilities of increased life in other wearing parts, consider- 
able attention should be given to alloy-steel development for tires. 
Tires are now being used with nickel and manganese content, 
giving harder wearing surfaces without the brittle tool-steel 
characteristics of high-carbon-content tires. The surface as yet, 
however, has only been scratched. 


TANK STEEL 


The selection of materials lik ewise can be extended to the use of 
tank sheets instead of the present open-hearth steel. Even 
though copper-bearing steels are being used to a very large ex- 
tent, other materials can be procured in which corrosion can be 
eliminated, and therefore the initial cost can be justified, consider- 
ing the elimination of tank repairs which are now prevalent. 

It also would be helpful in designing the slope sheets to have 
the joints made on the vertical sides instead of where the slope 
sheet coincides with the side sheets, and providing at least a 
6-in. or 9-in. radius in the corners, not alone to assist the coal in 
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passing to the conveyor more freely, but likewise preventing the 
corrosive elements from entering the joints made in present-day 
construction. 

The utilization of alloy steels is not the only attack on main- 
tenance. The best of engineering practices and the industrial 
arts must be drawn upon in the development of integral designs to 
replace built-up assemblies for the purpose of realizing maximum 
strength and reducing wear and tear of joinings. This is strik- 
ingly exemplified in the design of the integral bed frame for a loco- 
motive foundation. 

This represents a radical and bold departure from past prac- 
tices; yet experience has now been of sufficient length amply to 
justify the design. 

It is believed that the money expended for the initial cost of 
using nitrided steel and the other special materials referred to, 
as a means of decreasing maintenance, will be more than justified 
in the subsequent reduction in maintenance cost and lesser loss of 
service of locomotives due to required maintenance. 

An accounting system should, if necessary, be developed by 
which the cost of repairs or replacements of individual details of 
each class of locomotive can be recorded for easy reference and to 
serve as a source of reliable reference data. 

In conclusion it might be well to emphasize the wonderful 
possibilities in design in conjunction with the utilization of high- 
grade material which the railroad engineering profession should 
consider; as the selection of steels to cure all evils that may pre- 
dominate is only a portion of the problem. Unless the engineer 
and the metallurgist exchange ideas more freely as to require- 
ments due to present operating conditions, in order that main- 
tenance may be reduced lower than it ever has been in the 
history of railroading, the advancement of locomotive design will 
not progress any more rapidly than it has in the past. 

The author is greatly indebted to the efforts of the Republic 
Steel Corporation, through its able assistants Messrs. Morris 
and Miller, of the Metallurgical Department, for the develop- 
ment of various applications of nitrided steels for locomotive 


use. 
Appendix 


INFORMATION TRANSMITTED BY AUBERT & DUVAL, OF 
PARIS, FRANCE, ON THE REQUEST OF DR. ADOLPH FRY, 
OF THE KRUPP WORKS, ESSEN, GERMANY 


Nitralloy has been used successfully in locomotives for crank- 
pins for driving and for coupling. Some of these pins have been 
in service for seven years without showing any wear. 

A noteworthy fact is that the wear of the bearings has practi- 
cally stopped on locomotives so equipped; heretofore, when case- 
hardened pins were used, bearings had to be replaced at least four 
times a year. During a much longer period of time in using 
nitralloy, no replacements were necessitated. 

On a locomctive of the Deutschen Reichbahn pins have been 
in service for 350,000 kilometers, or approximately 262,500 miles. 
These pins showed some wear in places, which necessitated grind- 
ing; after grinding the pins were re-nitrided and put back into 
service, and they gave complete satisfaction. 

Nitralloy is also used with success for different parts of the 
poppet valves of the Caprotti type now being used to replace 
slide valves. In a poppet the rods, cams, guides, etc., undergo 
considerable wear, resulting in an ordinary steam loss of about 
3 per cent. Tests made to date using nitralloy for these parts 
seem to show that it eliminates all wear, with the result that 
there is little or no loss of steam. 

Several tests are now being conducted using nitralloy cross- 
head guides. These tests have not been completed, so that no 
report can be made at the present time. 


Discussion 


Howarp L. Mitter.? The intense heat developed by stoker 
fires of locomotives and the oil-burning locomotive within the 
past three or four years has proved to be beyond the capabilities 
of ordinary steel. Firebox renewals have been increasing at a 
very rapid rate. The main difficulty seems to be in the side 
sheets, which are exposed to intense heat under the brick arch. 
This type of failure is distinguished by cracks running from the 
staybolt holes, mainly in a vertical direction. The rapid rise and 
fall of temperature in the firebox due to stoker fire is responsible 
for this type of fatigue failure. 

The antidote to this trouble has been proved up in service, and 
the 18 per cent chrome iron with carbon under 0.10 per cent and 
silicon around 1 per cent, known as Enduro type A, such as is 
used for nitric-acid tank cars, has proved to be able to withstand 
the terrific heat to which the side sheets of the firebox are exposed. 
This material has a very low coefficient of expansion throughout 
the range of temperatures involving service and shows about two 
to three times the creep limit of common steel in the service 
temperatures of firebox plate. It is also practically non-corrodi- 
ble as regards boiler water. This material can be welded to 
common firebox plate using a coated common steel wire. 


J. H. Hieatns.* Much success has been achieved during the 
past 15 years, and the manufacturer feels no little pride in the 
part he has taken in these improvements, for there has been close 
cooperation with the mechanical engineer and an earnest en- 
deavor to work out and improve locomotive equipment parts. 

The author has covered the progressive steps from carbon 
steels into the alloy steels, and while these steps have materially 
reduced failures, some still occur both by wear and fracture, so 
that we are compelled to continue our experiments along the 
lines of recent metallurgical discoveries. 

Nitralloy steel, with a core hardness up to 350 Brinell if desired 
and a case hardness of 950 to 1100 Brinell, offers the mechanical 
engineer opportunities never before at his command. 

Many railroads have used nitrided parts on locomotives, such 
as valve-motion parts, guides, piston rods, and main as well as 
intermediate crankpins, and outstanding results have been 
achieved. Many more parts remain to be tried, including driving 
axles, which undoubtedly could be designed to permit shrinking 
a nitrided-steel band on the journal. The high surface hardness 
of this band should aid in lubrication and retard friction. The 
heat-resisting qualities of Nitralloy steel should be an important 
factor in reducing, if not eliminating, heat checks. Both these 
possibilities can be developed without interfering with the present 
physical requirements of the various specifications. Nitrided 
steels present opportunities of reducing the present-day cost of 
maintenance. 

Avutuor’s CLosuRE 


With respect to Mr. Miller’s comments on firebox steel, the 
author agrees that the ordinary steels for certain grades of coal 
and rates of firing do not stand up and that cracks do develop on 
the water side at staybolts for a distance of approximately 18 in. 
above the mud ring. 

On the other hand, it is believed that the present design of 
water leg assists in aggravating the conditions, due to the cross- 
section being too narrow, and that the design must go hand in 
hand with better grades of steel to minimize failures. The use 
of high-grade steels alone will not cure all failures, although it may 
reduce them. 

? Republic Steel Corporation, Massillon, Ohio. 
3 Materials Engineer, Engineering Materials Dapartment, Cam- 
den Forge Company, Camden, N. J. 
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Coolness of firebox sheets is somewhat of a variable, since the 
volume of water coming in contact throughout the firebox area 
varies in density, and it therefore cannot be expected that the 
heat transfer to the water from a uniform thickness of firebox 
sheet can maintain the same temperatures, resulting in spotty 
expansion. 

This expansion is controlled by staybolts, all of the same 
diameter, but with varying lengths in the water leg, resulting in 
varying resistance offered by each staybolt at its attachment to 
the firebox sheet, thus causing unequal stresses, as the deflection 
of a staybolt 12 in. long is greater for a given load than one 9 in. 

All firebox sheets should expand uniformly, and staybolts 
should permit of this, irrespective of the grade of steel used in 
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firebox sheets. This is a contributing factor along with the 
kind of material selected. 

Mr. Higgins’ review of the application of nitrided steels is an 
indication of sound engineering principles brought about by 
intensive metallurgical developments. 

Maintenance is a very large factor in operating expenses, and 
therefore materials and workmanship are the only known means 
to bring about a reduction. 

Increased wearing qualities cannot be obtained from the 
present grades of bearing metals and steels coming in contact with 
them, irrespective of the various systems of lubrication now in 
vogue, without paying some attention to hardened surfaces, 
either sliding or rotative. 
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Metallurgy in the Railroad Field 


By A. E. WHITE,' ANN ARBOR, MICH. 


The alleged conservatism of the railroads toward changes 
in the materials going into equipment is explained by 
their strict adherence to a safety-first policy. The sub- 
ject matter of the paper is discussed under three main 
headings of manufacturing methods, materials, and 
specifications. It is pointed out that, in order to improve 
a given part, changes in design should be considered which 
would minimize the chances for defects due to improper 
or improperly controlled manufacturing practices. Next, 
a plea is made for better steel-mill practice, closer con- 
trol, and better inspection. After all these points have 
been considered, further increases in strength and duc- 
tility can be obtained through the use of alloying elements. 
Attention is given to the steps taken in improving some 
parts which have previously been a source of serious con- 
cern to the railroads. 


r I NHIS paper on metallurgy in the 
railroad field is quite definitely a 
record of the reactions of an out- 

sider, for the author has done most of his 
metallurgical work in connection with 
central stations, the automobile industry, 
and on the metallurgical aspects of 
materials for ordnance. It was perhaps 
the intention in requesting such a paper 
to secure the unprejudiced point of view 
of one who holds no special brief for either 
the steel manufacturers or the railroads. 

The railway systems of the United States represent one of 
the largest industries in the country. They are among the largest 
consumers of metal products. They have, in consequence, been 
one of the most important factors in the development of the 
great iron and steel industries and have contributed to the 
growth of the non-ferrous industries as well. In this paper dis- 
cussion will be confined entirely to materials of a ferrous char- 
acter, such as cast iron and steel. 

Railroad companies have been criticized for their apparent 
backwardness in the adoption of materials which have been 
developed or have come into common use, particularly in the 
automotive field, during the past 20 years. They also have 
been criticized for not taking advantage of the possibilities of 
increasing strength and other physical properties by heat treat- 
ment, in order materially to reduce weights and sections. These 
criticisms have not taken into account the fact that the by- 
word of railroad transportation is “safety.” In view of what 
would be the results of any other policy, such a conservative 
attitude is most certainly to be commended. When one con- 


1 Director of the Department of Engineering Research and Pro- 
fessor of Metallurgical Engineering, University of Michigan. Mem. 
A.S.M.E. Received his B.A. from Brown University in 1907 and 
his Sc.D. in 1925. After graduation he served a few years with the 
Jones & Laughlin Steel Company, Pittsburgh, Pa. He has been 
at Michigan since 1911, except for two years spent with the Ordnance 
Department during the World War. 

Contributed by the Railroad Division and presented at the 
Semi-Annual Meeting, Birmingham, Ala., April 20 to 23, 1931, of 
fue AMERICAN SocieTY OF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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siders that he is practically as safe on a railroad train, even 
though that train may be speeding through the night at the rate 
of 60 miles per hour or more, as at home, it is easy to appreciate 
what the railroads have done in assuring their passengers the 
maximum degree of safety. How correct this statement is 
may be appreciated by the fact that only about four or five 
reportable train accidents occur on Class 1 railroads in the 
United States per million locomotive miles and that all of these 
do not result in injury or death. The railroad systems of the 
United States have evidently done wisely to adopt this policy 
of safety first, and it is easy to understand the underlying causes 
for their conservatism toward changes in materials or in their 
treatment. 

The discussion of the subject matter of this paper has been 
divided into three major sections: manufacturing practice, 
materials, and specifications. 


MANUFACTURING PRACTICE 


Under manufacturing practice will be discussed foundry, 
steel mill, forge shop, heat-treatment department, and machine 
shop. A résumé of the problems encountered in each depart- 
ment is presented. 

Foundry. The foundry is the source of all cast materials and 
cast products. The quality of the materials produced in the foun- 
dry has been somewhat improved in the last few years by the use 
of alloying elements. A larger portion of this improvement, 
however, must be ascribed to more careful methods of handling, 
closer control, and to more rigid standards of inspection. In 
some cases the source of the increased qualify must be traced 
back to the design. Properly designed sections are much less 
likely to carry blowholes, inclusions, or other unsound character- 
istics than improperly designed ones. When the designer does 
not take into due account the difficulties that may arise in 
casting, it is obvious that the composition and quality of the 
metal have little bearing on the actual strength of the finished 
piece. 

Gray Iron: Railroads use both gray iron and malleable iron. 
Most of the gray iron carries no alloy additions, though without 
doubt the advisability of such alloys is now receiving consider- 
able attention. One of the most desirable of the possible alloy 
additions is nickel, for when present it gives a stronger iron 
without increasing the difficulty of machining. One must 
appreciate that it produces these properties only when the cast 
iron is sound, for it does not, like Aladdin’s lamp, possess qualities 
of making unsound material good. 

Malleable Iron: The quality of malleable iron has been 
vastly improved in the past 15 years. This has been largely 
due to the efforts of the Malleable Iron Research Institute, 
which has been instrumental in raising the ductility of the iron 
from values of a few per cent when expressed in per cent elonga- 
tion to values of 15 per cent or better. This improvement 
also has been coupled with increased strength without in any 
way affecting machinability characteristics. Probably no better 
example of what may be done through cooperative endeavor in 
the metallurgical field can be found than that which has been 
accomplished by the Malleable Iron Research Institute and 
by those with whom it has cooperated. 

Steel Castings: The standards of quality of steel castings 
for railroad work have been notably raised during the past few 
years. One of the most important cast parts of a locomotive 
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is its side frame. This is a large and a difficult casting to make. 
One of the large railroad companies reports that in 1923 castings 
of this type showed properties as follows: 


Tensile strength, lb. per sq. in.................. 73,000 
Yield point as expressed as per cent of tensile 

Reduction of area, per cent..............es00e08 47.0 


This company then raised these requirements as follows: 


Minimum tensile strength, lb. per sq. in......... 78,000 
Minimum yield point, lb. per sq. im............. 43,000 
Minimum yield point expressed as per cent of 
Minimum elongation, per cent................. 22.0 
Minimum reduction of area, per cent........... 43.0 


Considerable objections were advanced by the manufacturers 
of steel castings to this new specification, but the company 
remained firm, and through cooperation with one or more 
foundries obtained material that met the specification by more 
careful practice. 

In 1925 this company raised its standards still further, calling 
for properties as follows: 


Minimum tensile strength, lb. per sq. in......... 83,000 
Minimum yield point, lb. per sq. in............. 45,000 
Minimum yield point expressed as per cent tensile 

Minimum elongation, per cent................. 25.0 
Minimum reduction of area, per cent........... 45.0 


This requirement was successfully met by more careful foun- 
dry practice and by the use of alloying elements. To show 
concretely how these increased standards have been met, the 
comparative results of tests on two alloy steel frames are sub- 
mitted; one of vanadium steel and the other of nickel steel. 


COMPARATIVE RESULTS OF TWO ALLOY STEEL FRAMES 
Medium-carbon Low-carbon 


vanadium nickel 
steel steel 
Average tensile strength, lb. per sq. in........ 87,590 79,472 
Average yield point, lb. per sq. in. . 49,442 48,495 
Average yield point expressed as per cent 
Average elongation, per cent 28.5 30.4 
Average reduction of area, per cent 53.6 55.8 
Brinell hardness........ - 150-165 140-150 
Analyses: 
0. 36 0.17 
Manganese 0.94 0.80 
Phosphorus 0.015 0.014 
Sulphur 0.028 0.028 
0.35 0.34 
Nickel... 2.70 
Vanadium ; 0.19 é 


The values in the four preceding tables are given to demon- 
strate that an improvement in the quality of the castings was 
produced, first through better foundry control, and then through 
the addition of alloys. It should be emphasized that nothing 
is to be gained through the addition of alloys with poor manu- 
facturing practice, but that when the manufacturing practice 
is satisfactory, considerable benefit may be secured through 
the addition of alloys. 

Another important casting is the truck frame. Failures of 
this part have been the cause of derailments. The arch bar 
truck has now been outlawed by the American Railway Asso- 
ciation. This action, together with the adoption of new A.R.A. 
specifications which require 50 per cent more strength than 
former A.R.A. specifications, should go far toward eliminating 
failures of this part. These frames are, however, so far as the 
author is aware, for the most part of plain carbon steel. Pos- 
sibly the addition of alloys might still further increase the strength 
of this casting. 


Steel Mill. Much depends upon the steel mills for the pro- 
duction of quality material. Steel mills, however, should by 
no means be held entirely responsible for all metal failures, 
since design, forging, heat treating, and machine-shop practice 
are also important factors in the production of fabricated ma- 
terials. Yet if steel is finished with pipes, seams, laps, inclu- 
sions, or has not been properly heated before it is subjected to 
the various rolling operations, it is apt to fail because of these 
conditions. In fact, subsequent forging, heat-treatment, or 
machining operations cannot eliminate these difficulties. Nor 
should one unduly criticize steel mills for furnishing materials 
of this type in the absence of adequate specifications or when 
the prices have been forced down through competitive bidding 
to a point which discourages rather than encourages careful 
control and minute regard for all details which lead to the 
production of metal of the highest quality. One detail of steel- 
mill practice of great importance in the production of sound 
steel is the assurance of proper discard of the ingot. This 
discard should in all cases involve both a top and a bottom 
discard. The top discard should be of sufficient amount to 
render the metal free from piping and undue segregation. In 
the case of top-poured ingots, the discard should probably be 
25 per cent or more. In some cases it should amount to as 
much as 40 or 50 per cent. It should be noted that no metal 
has yet been produced which does not have a certain amount 
of segregation. Careful inspection of steel really requires a 
deep-etch test in order to ascertain if the metal is reasonably 
free from segregation. 

Ingots when cast should be cooled slowly in order to free 
them, to as great an extent as possible, from internal strain. 
Conditions of cooling are not the same for all metals. Plain 
carbon steel can be cooled at a more rapid rate than certain 
alloy steels. In fact, some of the tender alloy steels should be 
most slowly cooled. Ingots, when placed in soaking pits pre- 
paratory to blooming, should remain in the pit long enough to 
permit a uniform temperature to be secured between the center 
and the outside of the ingot. Under no conditions should an 
ingot be rolled when the metal in the center is in a liquid state, 
since this would result in a bled ingot. The heating of billets 
previous to rolling should be carefully and intelligently per- 
formed. The metal should not be brought up to heat too rapidly, 
nor should it be brought to too high a heat. 

The rolling operation also should receive careful consideration, 
as it is unwise to reduce sections too drastically—that is, by 
too few passes through the rolls. 

All of these comments relate to both plain carbon and to alloy 
steels. Alloy steels, however, 2s a class, are more tender than 
plain carbon steels and require, in consequence, more careful 
handling and treatment. In procuring alloy steels, therefore, 
considerable weight should be given to the experience and repu- 
tation of the manufacturer. 

Forge Shop. What has been said with respect to the heating 
and the rolling operations in the steel mill applies with equal 
force to the forging operations. Care must be taken to see 
that the metal is not brought up to the forging heat at an undue 
rate and that it is not heated above the proper forging tempera- 
ture. 

Further, in the forging operation, care must be taken not 
to work the metal much below its upper critical temperature. 
Again, alloy steels, since they are more delicate than plain 
carbon steels, should be handled with greater care. 

Heat-Treatment Department. Various types of heat treatment 
have been recommended for some of the various classes of rail- 
road steels. These suggested treatments have, in the main, 
consisted of a water quench, followed by either a low- or high- 
temperature draw; an oil quench, followed by either a low- or 


3 


high-temperature draw; a normalizing treatment, followed by 
a low- or high-temperature draw; or an annealing treatment. 
In the main, the most desirable heat treatment is to normalize 
and to subject the piece to a high-temperature draw. Normal- 
izing consists of heating above the critical temperature and 
allowing the metal to cool in the air; drawing consists of re- 
heating the material to some point below the critical temperature 
to remove internal strains. Such an operation does not, of 
course, bring out the maximum strength possible in the metal, 
though it does bring out maximum toughness. It is also less 
likely to produce checks and cracks in the metal and fits it to 
withstand shocks more successfully. This treatment is probably 
the best all-round one that can be recommended for railroad 
material of both the plain carbon and alloy steel grades. There 
is also a tendency in practice to lower the carbon somewhat so 
as to still further improve the toughness and ductility of the 
metal. 

Machine Shop. Operations in the machine shop must be 
performed with care and precision. The author’s attention 
has been directed to a number of failures which have occurred 
because of tool marks which apparently acted as the foci of 
failure. It seems hardly possible that these conditions could 
exist if, when the machining operations had been finished, the 
materials were subjected to adequate inspection. 


MATERIALS 


The ferrous materials used for railroad equipment may be 
classified according to the use to which they are put. It is 
possible to place them in five general classes: structural steels 
for bridges and buildings, structural steel for cars and coaches, re- 
inforcing steel for concrete, locomotive steel, and rail steel. It 
would of course be quite impossible to discuss the materials used 
for all of the various equipment parts which are purchased. This 
discussion has been limited to a consideration of a few of the 
important parts in rolling stock and rails. 

Rolling Stock. The material of which a few of the principal 
parts of rolling stock are made are discussed at this time. 

Side Frames: Locomotive side frames, which have been 
previously mentioned, are usually made of cast steel, either 
alloy or plain carbon. When alloys are used, they are generally 
of the carbon-vanadium or carbon-nickel type. The addition 
of these alloys makes it possible to retain strength, to maintain 
and, in fact, build up, ductility, and at the time same to permit 
the lowering of the carbon content. In recent years much at- 
tention has been given to these parts, and a very decided im- 
provement has been made in their quality. Carbon-vanadium 
and plain carbon steels are also used in forged driving rods, 
crankpins, and similar parts. 

Wheels: Car wheels originally were made of cast iron. This 
practice led to many failures accompanied by derailment as 
the size and weight of the equipment increased. For the most 
part, cast-iron wheels are not used on equipment when the 
weight is over 70 tons. Rolled steel wheels are generally used 
on all freight cars of over 70 tons, on all passenger cars, and on 
all locomotives and tenders, except for the driving wheels and 
the large-sized trailing whee!s. Because of the gradual dis- 
placement of cast-iron wheels by steel wheels there has been 
& material decrease in derailments. The railroad engineers are 
therefore recognizing that, in general, failures due to wheels 
ere no longer a source of serious importance. 

Springs: Although many springs are still made of plain high- 
carbon steel, there is a trend toward the adoption of alloy steel. 
Many springs are now made of either silico-manganese or chrome- 
vanadium steel. No indications have come to the author’s 
attention of any great difficulty experienced with springs, so 
that this matter has not been given prominence in this discussion. 


RAILROADS 
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Boiler Plate: The advisability of using nickel and silico- 
manganese steels for boiler plate is attracting considerable 
attention at the present time. This has been due to the fact 
that the designers of locomotive boilers are going to higher 
operating pressures and temperatures. These designers desire 
to maintain the same factor of safety as formerly without in- 
creasing weight. They are therefore giving consideration to 
alloy steels of the type mentioned. Already, the Canadian 
Pacific Railroad has used boiler plates of nickel steel with 
very satisfactory results. This steel has a further advan- 
tage in that it is not apparently subject to aging or recrystal- 
lization at operating temperatures. It must be recognized 
that though, when properly made, it is an improvement over 
the plain carbon steel, yet it is not as simple a steel to make as 
a plain carbon steel and requires considerable care in its manu- 
facture and in the inspection of the finished material. 

Tubes: The boiler and superheater tubes in locomotives 
are, for the most part, of plain carbon steel. The author sees 
no occasion at this particular writing for considering changes 
in the composition, particularly for boiler tubes, although it 
is claimed by some railway systems that tubes of nickel steel 
undergo less deterioration from corrosion. With the increase 
in operating temperatures and pressures, it may be desirable 
to resort to some type of alloy which has a greater stability at 
high temperatures than plain carbon steel. Several alloys of 
this type are now in process of development, though, so far 
as the author is aware, there has been no general test, or at 
least no general adoption. 

Axles: The one part of the moving equipment which is still 
giving considerable trouble is the axles. A large portion of 
the axle failures result from overheating at the journals. Efforts 
are being concentrated upon improvements in the quality of 
lubricating materials, upon shop practices, and upon closer 
inspection. Some of these failures are attributed to tool marks; 
others are said to result from a too rapid cooling of an over- 
heated journal which is responsible for checks or cracks. These 
in time develop into fractures and failures. Many of these 
axles are of plain carbon steel; others are of alloy steel, fre- 
quently of the carbon-chrome type. Some engineers have 
suggested raising the carbon content of the axles in order to 
increase their strength. This, however, is not the remedy for 
failures resulting from overheating of the journals, since higher 
carbon will decrease the ductility and hence increase the chances 
of cracking. There is a tendency, therefore, in the production 
of axles to reduce the carbon and build up the desired strength 
by means of alloys. Likewise, the heat treatment given to these 
axles is usually of the normalizing type, followed by a high 
draw. These changes—the lowering of the carbon content and 
the alloy additions which do not harden, but toughen, the steel— 
combined with the type of heat treatment mentioned, produce 
a steel which is as little affected by service conditions as lies 
within the power of the metallurgist to produce. 

Rails. Rails are, in the main, of three types: 
steel, a semi-alloy steel, and a straight alloy steel. By far the 
largest tonnage of rails are of plain high carbon. A semi-alloy 
steel containing from 1.25 to 1.75 per cent of manganese is 
finding considerable favor in practice. Other alloy steels have 
been tried out experimentally, although too recently to permit 
any conclusions regarding their comparative value. A straight 
alloy steel frequently used by the railroads for frogs and crossings 
is the manganese steel carrying from 11 to 14 per cent of man- 
ganese. 

Because of disasters which have occurred due to rail failures, 
the quality of rails has been continuously and consistently 
investigated for many years. The one thing most feared in 
rails is transverse fissures. These fissures vary in size from 
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sections of small area to sections up to 4 square inches. They 
are of infinitesimal thickness. As the name implies, they are 
at right-angles to the length of the rail. Many theories have 
been advanced explaining the cause, but as yet no one of these 
theories has gained general acceptance. The railroads have 
spent hundreds of thousands of dollars endeavoring to develop 
an inspection method that would detect fissures before rail 
failures occur. They met with little, if any, success until the 
problem was given to the late Mr. Elmer A. Sperry, who worked 
out an electrical resistance method for the detection of these 
flaws. This method is now being used by a number of systems 
and represents a very great advance over all previous methods. 
It was almost, if not quite, the last great, piece of research which 
Mr. Sperry brought to a successful culmination. 

Special Purposes. There are a number of places in which alloy 
steels are used for definite and specific purposes. For instance, 
the bearings of the generator developing electricity for the 
locomotive headlights, etc., are alloy steels, some of which are 
of the carbon-chrome type and others of the carbon-chrome- 
molybdenum type. The roller bearings on locomotives, tenders, 
and freight and passenger cars when used are mainly of alloy 
steel. 

Of course, in railroad equipment some parts, particularly 
freight cars operating in an industrial section, are subject to 
corrosion. The plate for these cars frequently carries a small 
percentage of copper, as this type of material is somewhat 
more resistant to corrosive conditions than plain carbon steel. 
Stainless steel is too expensive a type for this use, although it is 
finding some favor today in the fittings of passenger and Pull- 
man cars, particularly the latter. 

Distribution of Material. Although in this paper the subject 


DISTRIBUTION OF MATERIALS IN A LOCOMOTIVE 


(Light weight of engine and tender is approximately 455,200 lb., of which 
19,355 lb. represents important specialties such as air pumps, booster, 
feedwater heater, and stoker. This leaves a balance of 435,945 Ib. for 
consideration.) 

Per cent light 

weight, engine 

Weight, and tender 

Ib. (435,945 Ib.) 

Alloy steels. Normalized carbon vanadium. 

Main rods, side rods, trailing- -truck equalizers, 

front and rear main engine transverse equali- 

zers. The equtlizers form a part of the 

Iron, wrought. The principal items consist of 

wrought iron used for staybolts, engine bolts, 

piping, drawbars between engine and tender, 
drawbar pins, safety chains, and engine truck 
equalizers, the latter being a part of the truck 

Iron, cast, malleable, and gun. About the only 

item of importance in cast iron consists of the 
| superheater header. Gun iron is used for 
evlinder and valve chamber bushings, which, 
although of considerable importance, repre- 
sent only a small percentage of the total 
| weight of the locomotive. The use of malle- 
, able iron is confined to certain miscellaneous 

Miscellaneous. Bronze, copper, wood, glass, 

brick, asbestos, etc. . 
Plain carbon steel, wrought and cast irons. This 

group covers the bulk of the locomotive and 

represents such items as boiler and tank steel, 
main engine frames and cylinders, tender 
frames, engine and tender trucks, brake and 
spring rigging parts, valve motion, wheels, 


4,800 1 


26,300 6 


4,300 1 
9,500 2 


391,100 90 
436,000 100 


of alloy steels has been extensively discussed, plain carbon 
steels and ordinary cast and wrought irons still represent the 
bulk of the material that goes into a locomotive. This fact 
is well brought out in the table herewith, which gives a material 
distribution on the basis of weight of one type of modern pas- 
senger locomotive. 


SPECIFICATIONS 


All of the major railroad companies either have their own 
specifications or else use those of the American Railway Asso- 
ciation or those of the American Society for Testing Materials. 
In fact, the specifications used by the railroads draw very largely, 
if not entirely, upon these two latter sources. These specifica- 
tions have done much toward building up and improving the 
quality of materials used by our railroads. It is interesting 
to note that in some micrographic tests are required in order 
to assure the purchaser of suitable grain refinement. 

The specification of one of the large systems for cast-steel 
truck side frames is likewise most interesting. This specification 
is unusually thorough and complete and has doubtless gone far 
toward the great improvement in quality which has taken place 
in the last few years in this particular part. 
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Control of Picker-Room Humidity 


By NORMAN E. ELSAS,! ATLANTA, GA. 


This article attempts to deal with the subject in a non- 
technical manner. The control of the amount of moisture 
in cotton laps delivered to the card room is highly desir- 
able. Cotton manufacturers desire uniform weights for 
any given unit of length from the ounces per yard of 
picker laps to the grains per hank in the final yarn. If 
laps delivered to the card room contain widely varying 
percentages of moisture, though a lap scale may indicate 
identical gross weights, a variation in weight per yard is 
immediately begun at the cards which must be corrected 
by gear changes in subsequent operations. By holding 
picker laps to very close limits as to the net weight of 
cotton contained for the same number of yards of lap 
produced, the beginning of evenness or the elimination 
of variation in subsequent operations is attained. 


has been given much more thought and study during the 

past few years than in the many centuries since the be- 
ginning of the cotton-textile industry. At any rate, the thought 
has been of a constructive nature, rather than merely attempting 
to get along with the least amount of equipment necessary to aid 
nature. 

The term ‘‘regain’’ as it will be used hereafter has reference 
to the percentage of moisture in cotton on a basis of weight to a 
bone-dry condition. While it is possible to work out a quite 
definite relation between relative humidity and per cent ‘‘re- 
gain,’’ from a practical standpoint the variation in the nature 
of the raw stock itself will have as much or more bearing on the 
final ‘‘regain’’ in stock leaving a picker room as does the varia- 
tion from a true parallel between relative humidity and this 
“regain.”’ 

The United States Department of Agriculture has set forth 
the fact that it considers the cotton fiber in its normal condition 
when it contains 8!/. per cent by weight of moisture from the 
bone-dry condition. Cotton manufacturers have found that the 
friction in drawing one fiber over another causes sufficient heat 
to decrease the moisture content to such an extent that humidify- 
ing apparatus is necessary to prevent this “evaporation.” Cot- 
ton must have a certain amount of moisture present in the fiber 
in order to prevent brittleness. 

Throughout the Southern States the meteorological bureaus 
have indicated a variation of relative humidity that would 
indicate a “‘regain”’ as low as 1'/, per cent to as high as 13 per 
cent. 

With this variation before us, it is evident that there can be a 
variation in the weight of any given amount of cotton by as 
much as 10 per cent on account of the moisture content alone. 


Ts matter of humidity control and “regain” in cotton 


1 Secretary, Fulton Bag and Cotton Mills. Jun. A.S.M.E. The 
author was born in August, 1896, in Atlanta, Ga., and attended 
local public schools and later military schools locally and in Massa- 
chusetts. He was graduated from Phillips Academy, Andover, 
Mass., in 1914, and Cornell University with M.E. (E.E. certificate) 
in 1918. He was in the Naval Aviation Corps during the war, and 
entered the employ of Fulton Bag and Cotton Mills in 1919, being 
elected director and secretary on Jan. 9, 1922. 

Contributed by the Textile Division and presented at the Semi- 
Annual Meeting, Birmingham, Ala., April 20 to 23, 1931, of THe 
AMERICAN Society OF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


These extremes of atmospheric condition will often take place 
within a space of 48 hours. 

It seems rather peculiar how few manufacturers have paid 
a great deal of attention to this feature, in view of the usual care 
taken to see that picker laps weigh exactly alike. (A finisher 
picker is set up to operate for an exact number of yards, and then 
the flow cotton is cut off; assuming the same weight per yard, 
all laps should weigh the same.) In the event that there is a 
widely different amount of moisture contained in the cotton it- 
self, does it not seem rather futile that the mill men have at- 
tempted to hold lap weights within a variation of less than a 
quarter of a pound from a standard? 

With the thought in mind that this particular condition 
could be greatly improved upon, study was given to some manner 
of controlling the atmospheric conditions in the picker room. 

One of the first ideas that occurred was to determine upon 
some means of recirculating the air that was exhausted to the 
dust pit, after relieving this same air of the dirt and lint. This 
appeared to be rather simple at first, but the opinions of the 
many different companies that were approached with the definite 
proposition for accomplishing this were all rather dubious and 
indicated an expense far beyond any practical amount. 

The next idea was to so condition the air introduced into a 
picker room that it would be unnecessary to recirculate the air 
discharged through the picker fans. This second thought 
was taken up also with various other equipment manufacturers, 
and this cost was also found to be quite excessive. 

For the information of those not familiar with the armount 
of air normally handled by an individual picker it should be 
stated that each picker fan handles a minimum of 1200 to 1800 
cu. ft. of air per minute. The normal picker room for many 
years has contained three picking operations, Southern mill 
operations requiring approximately 12 finisher pickers to take 
care of 50,000 spindles. In addition to the finisher pickers there 
were as a rule 12 intermediate pickers and approximately 8 or 10 
breaker pickers. The total number of fans operating, therefore, 
exhausting air from the picker room, would be approximately 
32 to 34, moving over 40,000 cu. ft. of air per minute. 

Several attempts were made to control the weight of laps 
indicated by the lap scale, to make due allowance for the relative 
humidity changes in the atmosphere. Several scales were 
drawn up, so that an indicating hand could be set on the lap 
scale to allow for “regain” as indicated from a relative-humidity 
scale. There also was brought out an accurate type of indicator 
that will read “‘regain’’ directly for the indicator on the lap scale. 
Devices of this kind must necessarily depend on human super- 
vision. 

The importance of accurate moisture-content regulation in 
laps going to the card room warrants close control. Certainly 
these devices are better than none at all, and quite satisfactory 
results can be obtained where consistently followed up by the 
management. 

Before leaving the matter of devices that will aid in the main- 
tenance of even numbers through the spinning, it is well to 
mention “‘evener drawing.’”’ One of the best mills in this country 
does not attempt to weigh laps except once a day in order to 
check on the different machines to see that they are in reasonable 
adjustment. They then make no attempt to hold the sliver 
from the cards to a definite number of grains per yard. They 
do use two processes of drawing, however, the first drawing being 
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of the ordinary type, but the second drawing being ‘“‘evener 
drawing.”’ Of course by the time the cotton fiber has reached 
this second process of drawing, the amount of moisture con- 
tained is quite uniform and in accordance with the controls 
operating throughout the card room. Therefore the ‘‘evener 
drawing’’ can be made to operate quite satisfactorily to elimi- 
nate any unevenness in the weight per yard of the various slivers 


_ being fed to it. 


Evener drawing is quite expensive, however, and certainly 
too expensive for a mill already in operation to install at the 
expense of throwing out otherwise satisfactory drawing frames. 
In addition, ‘“‘evener drawing” requires considerably more atten- 
tion on the part of the section men and fixers and a higher cost 
of upkeep in operation. 

The first really practical method of controlling the amount of 
moisture in picker laps resulted from the development in recircu- 
lating the air necessary for picker operation, within the picker 
itself. 

The idea which started the investigation of recirculating the 
air in a picker began with accomplishing this in a soft-waste 
machine. In one mill it became necessary to move a soft-waste 
machine to a new location, and the suggestion was made to put 
it on one of the upper floors of the mill where it could be in prox- 
imity to the point producing the soft waste. It then seemed diffi- 
cult to connect this machine in its proposed location with the 
dust pit. Since all the stock to be fed through the machine is 
free from dust and trash, it seemed possible to recirculate the 
air within the machine. It was then done by mounting the 
machine on skids and flooring with sheet metal. In addition, 
since soft-waste machines are a continual source of fire, which 
spreads throughout the dust pit, this trouble was eliminated. 

This was the basic idea on which further developments were 
carried out. 

For the past 10 years tremendously rapid strides have been 
made in the opening processes, in an effort to eliminate as much 
of the undesirable fiber and foreign matter as is possible before 
the stock is fed to picking equipment for making into a lap. 
Most remarkable results have been obtained in this field, it being 
possible now to deliver stock that is practically free from all dust, 
which would often form a veritable cloud in many card rooms. 

With the ability to eliminate dust and the heavier types of 
dirt in the opening processes, it became evident that the air 
being discharged by the fans in the final picking operations was 
relatively clean. In fact it is quite feasible for one to breathe 
comfortably, the air being discharged from a picker where the 
opening processes are efficient. 

It was necessary to experiment to a great extent to develop 
the proper type of baffles and air passages to insure performance 
in a picker set-up to recirculate its own air, equal to that ob- 
tained from a picker discharging normally into the dust pit. 
This has been finally accomplished, and continual watching and 
testing have shown the laps produced on recirculating pickers 
to be indistinguishable from those produced on the pickers 
operating in the usual way in the same normal atmosphere. 

After equipping a complete picker room with the recirculating 
device, it was then only necessary to install sufficient humidity 
and proper automatic control to maintain an approximately 
constant “regain” in the cotton. Satisfactory results were 
noted immediately, and they have been continually obtained 
over a period of more than two years. The necessity for con- 
tinually changing the draft gearing on drawing and subsequent 
operations was immediately cut to about 10 per cent in number 
and magnitude. 

Most cotton mills that are carefully run have followed the 
practice of sizing drawing at least three times a day, and fre- 
quently as many as five or six times a day, and making adjust- 
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ment in the drafting to compensate for the varying weights in 
the drawing produced. Naturally this showed quite a wide 
variation, as the laps from the picker room contained varying 
amounts of moisture according to atmospheric conditions. 
With control of humidity in the picker room, it is now unneces- 
sary to change the gearing more than two or three times a week, 
and in each case the changes are of a very slight nature. 

The necessity for continual changes of gearing brought about 
some additional variation in the sliver from that which would 
normally be brought about on account of varying “regain’’ 
in the stock itself. Cutting out the necessity for these changes 
has eliminated further variations in the weight of the sliver and 
subsequent rovings. 

Naturally the advantages obtained in evenness throughout 
the card room are transmitted on through the spinning to the 
weaving. It would be most interesting if a change of this kind 
in controlling picker-room humidity could be made in a mill 
and the subsequent benefits checked directly without other 
mechanical improvements being made during the same space 
of time. Unfortunately, the author has no way to allocate the 
benefits derived solely from humidity control in picker rooms, 
since new equipment was in process of installation in various 
departments at the same time the development was being ac- 
complished in the picker room. 

There is no question of the value of the improvement itself, 
since the benefits are immediately indicated in the evenness of 
the lap weights, the evenness of the card sliver, and rovings, 
during consistent weighing throughout the plant and at widely 
varying seasons. 

Another most important direct saving from the use of re- 
circulating pickers is the elimination of enormous demands for 
heating steam during cold seasons. The heating of thousands 
of cubic feet of air per minute in freezing weather is no little 
expense. This heating also adds a variation factor to the mois- 
ture content of the cotton which must be corrected in the gearing 
changes later. A feature of controlling the humidity in the pick- 
ing and opening departments that it might be well to mention is 
the necessity in most mills to transport cotton by means of a 
condenser from opening equipment or from bins to the final 
distributing device over the pickers. This cotton has already 
been thoroughly cleaned in the opening processes, and the at- 
mosphere in the opening room or the bins may be held to a 
constant relative humidity. Naturally to draw the air from 
the bin room or the opening room and to discharge it into the 
dust pit through a condenser located in the picker room itself 
would constitute a loss in humidity that would have to be re- 
plenished by excessive humidifying capacity in the bin or opener 
room. To prevent this it was found that exhaust from the con- 
denser fan could be returned to the room from which the con- 
denser system is fed, by enclosing the mouth of this discharge 
pipe in a long burlap bag. This burlap bag acts exactly in 
the same manner as the ordinary vacuum cleaner bag familiar 
to every housewife. The efficiency of the burlap for this par- 
ticular work is practically 100 per cent, and the air escaping 
is free from lint and dust. Of course, the bags must be cleaned 
periodically, but once a week is sufficient. 

All of this is simple enough where the cotton contains normal 
or less than normal moisture. 

There is one further step in controlling the percentage of 
moisture in cotton that is rightfully a part of this discussion, 
but experiments have not been carried sufficiently far to in- 
dicate that a definite recommendation toward their adoption 
would be in order. As originally stated, raw cotton fiber con- 
tain varying amounts of moisture but 8'/. per cent by weight 
has been accepted as the standard by the United States Govern- 
ment. Unfortunately, the cotton does not know this, and from 
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actual tests bales may be delivered to a mill with a percentage 
of moisture varying from as low as 3 per cent to as high as 18 
or 20 per cent, without it being readily detected by “feel.” 

From the fact that the moisture content of the raw cotton 
can easily vary 15 per cent from bale to bale, it is clear that some 
recognition should be given this by the cotton manufacturers 
so as to bring all stock to the same condition of “regain’’ prior 
to the picking operation. It is evident that, if cotton contains 
more than the proper percentage of moisture, this excess can- 
not be removed merely in the picking operation, where there is 
a controlled percentage of humidity approaching 7'/, per cent 
“regain”’ for the cotton. 

Cotton fiber absorbs moisture most readily, but the rate at 
which it gives off this moisture is very much lower under normal 
atmospheric conditions, mainly because the “terminal differ- 
ences’’ are not so great. 

Many mills provide bins in which cotton is allowed to age 
after passing through the opening and mixing processes, before 
being fed to the pickers. Where there is considerable varia- 
tion in the moisture content of different bales, excellent results 
can be obtained by having the humidity in the bin room con- 
trolled to give a 7'/, per cent “regain” and by having fans 
mounted on the bin walls so as to cause a constant circulation 
of this controlled air over the stock in the bins. The circulation 
has little effect on cotton at the bottom of a pile in a bin, but it is 
exposed a sufficient length of time to the controlled atmosphere 
while the bin is being filled and emptied. 

When cotton contains upward of 10 per cent of moisture, 
there is a strong possibility that some inexpensive method of 
drying this excess moisture would be of material assistance be- 
fore the picking operation. Rather crude experiments have 
been carried on in direct manner to accomplish this where cotton 
is conveyed over a reasonable distance to a condenser. The 
method pursued is to pass the air feeding into this conveyer pipe 
over hot coils that immediately brought the “regain” of air in 
the pipe down well below 5 per cent, regardless of outside con- 
ditions. Naturally, this air being quite warm and in intimate 
contact with the loosened fibers during the conveying process, 
a good deal of moisture is removed from the stock. In addition, 
this hot blast of air must pass through the cotton deposited on 
the condenser screen before it can be released to the dust pit, 
so that some additional elimination of excess moisture takes place 
at this point. 

There are probably several simpler methods by which raw 
cotton, when once opened, can be so treated that its percentage 
of moisture can be brought down slightly below normal, and 
when this development is made, with controlled humidity con- 
ditions in the opener room, in the storage bins, and in the picker 
room, certainly great improvement in the regularity of manu- 
facturing cotton into yarn can be expected. 


Discussion 


R.S. Curtey.? The control of humidity in cotton prior to and 
during the picking operation has not been given the attention 
which its importance warrants. While some attempts have been 
made to humidify picker rooms where 20 to 30 fans were each 
drawing out 1500 or more cubic feet of air per minute, the expense 
entailed and the somewhat negative results obtained have not en- 
couraged any general adoption of this practice. Some experi- 
ments have been made to determine the amount of variation in 
the moisture content of finished laps. Many attempts have been 
made to vary the standard weight of the finished lap in accordance 
with variation in relative humidity in the picker room. None of 
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these experiments have given any practical answer, because they 
did nothing to overcome the evil at its source. 

The system described in this paper gives a definite and effective 
means of control of the humidity from the very beginning. The 
opening room can be easily humidified to the same degree as the 
picker room, because the air drawn by the fans in transporting the 
cotton from one operation to the next is returned to the room of 
its origin. In this way cotton is subjected while in a finely 
divided state to enormous quantities of air passing through it 
during every operation of picking and opening. Cotton in con- 
tact with rapidly moving air takes in or gives up moisture very 
much more rapidly then when simply exposed to still air. A 
recognition of the value of condensers for removing free dust and 
for quickly balancing the moisture content in the cotton is ap- 
parently one of the foundations on which this system was formu- 
lated. 

Taking air at 70 deg. fahr. and 65 per cent relative humidity, 
each cubic foot contains 5.25 grains of moisture. Each fan in a 
picker moves about 1500 cu. ft. of air per minute. The average 
production of the modern machine is about 360 lb. per hour, or 6 
lb. per minute. That is, 250 cu. ft. of air passes through each 
pound of cotton going over the screens of the picker. The 
amount of moisture necessary for 7'/, per cent regain in cotton is 
525 grains per pound. The 250 cu. ft. of air conditioned as de- 
scribed contains 1312.5 grains of moisture, or 2'/, times the 
moisture required to bring the cotton from dry to 7'/2 per cent 
regain. It is seen from the foregoing that a proper condition of 
the air drawn through the screens has a great influence in main- 
taining the desired regain in the picker lap. 

Another important feature is the control of cleaning. Where 
cotton is held at 7'/: per cent regain, its freedom from static dur- 
ing the beating operation permits the elimination of quantities of 
light particles which under dry conditions would tend to adhere to 
the fibers. The fibers are not so brittle in themselves and tend to 
lie straighter under conditions of proper regain, so that there is 
less possibility of breakage from beating. 

Perhaps one of the most important results obtained is the 
maintenance of nearly constant density during the passage under 
the evener roll. It is well known that an evener weighs by mea- 
suring the thickness of the cotton as it passes between the plates 
and the roll. It is also known that the evener can only be accu- 
rate as long as the density remains constant. It is one of the un- 
fortunate qualities of cotton that its density varies widely with 
changes in moisture content. A thorough exposure of cotton to 
large quantities of air with proper moisture content permits de- 
livery of the cotton to the evener at a constant density which 
gives the evener a chance to function at its highest possible effi- 
ciency. 

It is in this particular that this system is vastly superior to that 
of changing the standard weight in accordance with changes in 
relative humidity of the surrounding air. This latter arrange- 
ment leaves the evener operating under conditions of constantly 
changing density for which it is unable to compensate. 

The author states that the humidifying of the bins is only 
effective during the filling and emptying of the bins. This state- 
ment is quite true and should be further emphasized. Cotton in 
a loose state is an excellent insulator, and air does not ordinarily 
penetrate far beneath its surface. Because of this fact, cotton 
does not change its moisture content to any extent while in the 
middle of a bin. It will change on the surface and on the floor, 
particularly on a cement floor. It is therefore evident that the 
benefits of aging cotton in the bins were largely imaginary. The 
only real benefit came from blending many bales through the 
stack of loose cotton. Where mixing feeders are arranged to ob- 
tain this blending, much better humidity control is possible 
through the use of extra condensers and fans, which pass the 
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moist air through the cotton in such large quantities as to insure 
constant regain. 

In view of the advantages gained through this system of humid- 
ity control, it is certain that many mills can make definite advance 
in quality of product by its adoption. 

The pioneer work already done must direct attention to this 
opportunity for sound progress. 


C. L. Emerson.’ The author has described an improvement 
in cotton-mill operation for which engineers have been searching 
for some time. Heretofore variations in moisture content of 
picker laps have introduced irregularities in sliver weight at the 
very beginning of the process, and subsequent operations were 
forced to even out the inequalities as best they could. 

The system is another and very important contribution to the 
general progress being made in obtaining uniformity so valuable 
in manufacturing conditions. It is also interesting to note that 
this system of picker-room humidification would hardly have 
been practicable until the improvement in opener-room equip- 
ment had reached its present state of efficiency. If the cotton 
had been fed to the pickers in a condition which 10 years ago 
would have been considered satisfactory, it is quite probable that 
the air passages in the recirculating pickers would have been 
clogged with the dirt and leaf removed by the machine, but which 
under present conditions is extracted in the opener room before it 
ever goes to the pickers. 

In an effort to supply some humidification to picker laps during 
particularly dry periods, other mills have previously installed one 
or two atomizer heads to spray directly on the finished picker. 
These heads were usually hand controlled and were at best only a 
makeshift device to provide a certain rough compensation. 

The bins for cotton storage between the opening and picking 
processes which are proposed by the author to permit a consider- 
able amount of the humidification being accomplished in the 
opener room itself also have certain subsidiary advantages and 
are frequently used by other mills which do not attempt to 
humidify their picker rooms. The argument for their use is to 
permit the aeration of the fibers and also to let them uncurl from 
their forced compression in the bale. The system here discussed 
would add another incentive for the use of bins. 

The saving in the steam required to heat the picker room in 
winter is quite an appreciable one. Some mills, in order to save 
part of this heating expense, allow the picker and opener rooms to 
remain at a temperature much lower than other parts of the mill. 
This is not at all conducive to efficiency on the part of the opener- 
room and picker-room operatives. 


H. S. Buspy.‘ The thing of outstanding interest about this 
paper is the method of attack of the problem, which is a purely 
analytical and engineering one, rather than that of rule-of-thumb 
procedure so common in textile manufacturing. 

3 Robert & Co., Inc., Atlanta, Ga. 

‘ Director, A. French Textile School, Georgia School of Tech- 
nology, Atlanta, Ga. 


The conclusions reached in the paper would seem to indicate 
the advisability of supplying cotton for shipment wrapped in a 
moisture-proof container or one as nearly so as possible and prac- 
tical. 

This may bring about a reconsideration of the present method 
of baling cotton, and suggests a close-mesh cotton-fabric con- 
tainer, if it can be shown that such a wrapper will retain moisture 
within the package for a considerable period of time. 

It also suggests the advisability of the cotton manufacturer 
purchasing fiber so processed in the field as to secure dependable 
uniformity in moisture content. An important development has 
taken place in this field within the past year, and economy in 
shipping, in manufacturing, and in appraisal value is closely tied 
to this problem. 

It is to be regretted that a more general check is not available of 
the method of recirculation described in the paper. It seems that 
if the mills having different types of opening processes were to re- 
port results based upon this or similar procedure, most of the in- 
formation regarding practical ranges of recirculation, cleaning, 
and net yield could be reported dependably within a reasonably 
short period of time. There is no doubt that this would cause 
basic redesign of textile preparation equipment. 

It is significant that most of the recent developments in prep- 
aration machinery, with the exception of the Lord card, have 
contributed little, except revision, refinements, and details, for a 
number of years. The huge tonnage of machinery necessary for 
the production of a single thread, with its consequent investment 
burden, suggests a redesign along such lines as indicated by this 
and similar experiments to be not only of fruitful outlook, but an 
emergency measure. 


AvuTuHor’s CLOSURE 


Mr. Curley has brought out a pertinent point not touched upon 
previously. There is certainly a wide variation in the operation 
of the evener on a picker due to the moisture content of the stock 
passing through it. While Mr. Curley does not give any specific 
figures, nor has the author any available, it has been the experi- 
ence of a number of mill men that a picker running properly on 
dry cotton and turning out the proper weight laps will, when 
switched to stock having a higher moisture content, immediately 
begin delivering laps that are considerably overweight. This 
excess of weight is not due solely to the moisture contained in the 
stock, but, as pointed out by Mr. Curley, is due to the increased 
density of the stock permitting more actual pounds of cotton to 
pass through the eveners per revolution. 

The author regrets that there were no discussions disagreeing 
with the proposal of the original paper, since there are undoubt- 
edly a number of able textile manufacturers who do not believe in 
this proposed method of controlling picker-room humidity, 
though it is in actual operation at the present. It is only by dis- 
agreement and discussion that new features can be brought to 
light, and the author wishes to take this opportunity to invite 
correspondence on this matter. 
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Development in Gaseous Fuels and a New 


Singeing Application 


By R. S. VAN NOTE,' BALTIMORE, MD. 


Liquefied petroleum gases are finding an application 
in various process-heating work. In the textile industry 
butane is available as fuel for singeing, calendering, gas 
tenter-frame heating, and yarn-singeing operations. 
New cloth-singeing equipment has recently been developed 
and is discussed in the paper. 


r i NHE customary usage of manufac- 
} tured gas, gasoline gas, natural gas, 
and oil as fuels for cloth singeing, 
; calendering, yarn singeing, and tentering 
operations is too familiar to call for ex- 
tended discussion here. Their use 
throughout the industry is general, and 
knowledge as to their characteristics and 
methods of application is well known. A 
brief résumé of the use of these familiar 
fuels is desirable, however, and recalls that: 
(1) Manufactured gas, gasoline gas, and 
natural gas are suitable fuels for open-flame singeing, rotary- and 
stationary-plate singeing, calender and tenter-frame heating, and 
yarn-singeing operations; (2) oil is frequently employed in heat- 
ing rotary- and stationary-plate singers. 

The commercial production of the liquefied petroleum gases 
made available another source of fuel for the operations mentioned. 
Handled as a gas at the burner, with flame characteristics com- 
parable to those of natural gas, liquefied petroleum gases are, 
from the application standpoint, capable of performing satis- 
factorily. The scope of their usefulness centers about the eco- 
nomics involved; in short, it is a question of cost per 1,000,000 
B.t.u. of one fuel versus another. 

The more important commercial liquefied petroleum gases are 
propane and butane. These are obtained by “stripping” so- 
called ‘‘wet’’ natural gas or from by-product still gas as produced 
in oil-refinery practice. They exist as gases under normal at- 
mospheric pressures and temperatures, but are capable of being 
stored and transported under pressure in the liquid state. 

Propane, in addition to its industrial uses, has found a wide ap- 
plication as a domestic fuel for cooking and water heating in 
areas removed from manufactured-gas service. Butane, in ad- 
dition to its industrial application, serves as a source of town 
gas supply through the medium of the butane-air gas carburetion 
process, and as an enriching medium for gases of low thermal 
value. 

A partial list of the physical properties of commercial propane 
and butane (a mixture of normal and iso-butane), as given by 
one distributor, follows: 


1 Sales Engineer, C. M. Kemp Manufacturing Co. Mr. Van Note 
was previously connected with the Public Service Electric and Gas 
Company, Newark, N. J., in the capacity of industrial-gas represen- 
tative and assistant to the general industrial-fuel representative. 
He is a graduate of Rensselaer Polytechnic Institute. 

Presented at the meeting of the Textile Division, Providence, 
R. L, Oct. 6, 1931, of THe American Society OF MECHANICAL 
ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Propane Butane 


Normal state at 60 deg. fahr., 30 in. mercury.... gas gas 
Specific gravity of liquid......... aoe 0.51 0.57 
Specific gravity of gas , 1.52 2.07 
Latent heat of vaporization, B. t.u. . per gallon 778.2 775.7 
B.t.u. per gallon liquid....... 91.370 101.800 
Pounds per gallon at 60 deg. fahr. oie 4.25 4.78 
Cubic feet per gallon...... 36.51 31.27 
B.t.u. per cu. ft. of gas ; : 2500 3260 
Vapor pressure of liquid, |b. per sq. in. (eage): 
32 deg. fahr......... 3 58 8 
105 deg. fahr. 192 62 
Cubic feet of air required for complete combustion 
of 1 cu. ft. of gas....... 23.91 31.1 


The utilization of butane or of propane for textile process-heat- 
ing operations is essentially the same; and for the sake of brevity, 
discussion will be confined to butane. 

Shipped by rail in tank cars of special construction, butane is 
transferred to storage tanks on the manufacturers’ premises. 
Customarily, storage capacity equivalent to four to six weeks’ 
supply is furnished. From the storage tank butane liquid is 
conveyed by storage-tank pressure to the point of vaporization, 
usually a small building or shed adjacent to the main plant build- 
ings. Here it passes through straining, governing, and vaporizing 
equipment. The vaporizer, or gasifier, is nothing more than a 
heat exchanger, the heat of vaporization being supplied by hot 
water or low-pressure steam. In passing through the vaporizer, 
the butane liquid, with a low latent heat of vaporization, is readily 
converted to the gaseous state, the amount of vaporization being 
automatically controlled to correlate the supply to the demand. 

At the outlet of the vapor governor, adjacent to the vaporizer, 
the fuel is completely gasified, containing 3260 B.t.u. per cu. ft. 
From this point on utilization practice differs somewhat. The 
gas may be diluted to 525 B.t.u. per cu. ft., the average heating 
value of city gas; it may be diluted to a completely combustible 
mixture of 96 B.t.u. per cu. ft.; or it may be carried as a straight 
3200-B.t.u. per cu. ft. butane gas, undiluted. The dilution 
medium is air. 

When carried as a 525-B.t.u. gas or as a completely combustible 
mixture, an automatic proportioning and compressing machine 
is placed in the line next to tke vapor governor. It is supplied 
with the rich gas undiluted, and discharges, in the one case, a 
partially diluted 525-B.t.u. gas, and in the other a completely 
combustible 96-B.t.u. gas. The maximum discharge pressure 
is 2 lb. per sq. in. 

Since complete combustion requires 31 parts of air to 1 of 
gas, in the former case the remainder of the air is supplied at the 
point of gas utilization; in the latter, being totally premixed at 
the machine, no further air is supplied. When totally premixed 
in this manner and carried through the pipe lines as a mixture 
approved by the Underwriters’ Laboratories, protective devices 
should be provided to insure against burning back through the 
line. These protection devices are available. 

If conveyed as the straight 3200-B.t.u. gas, leaving the vapor 
governor at approximately '/; lb. pressure, the fuel receives its 
air supply from air blowers, the air line being tied into the gas 
line at a point adjacent to the burners. 
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The basis for recommending which of the three methods outlined 
should be used depends on the process to which the gas is to be 
applied and existing plant conditions. If a plant has been using 
manufactured gas and changes to butane, it is customary to use 
a 525-B.t.u. butane gas. This is because manufactured city gas 
has approximately the same thermal value, and existing pipe 
lines and burner equipment can be utilized without major change. 
Where the fuel consumption is large or processing requires burner 
equipment adapted to a complete butane-air mixture, the 96- 
B.t.u. gas proves advantageous. This method is highly efficient 
thermally and requires but one pipe line. The use of the undi- 
luted or 3200-B.t.u. gas at the burner requires equipment capable 
of proportioning a large quantity of air with a relatively small 
quantity of gas, maintaining these proportions under various 
rates of flow. 

The prevailing cost of other fuels in the particular plant lo- 


Fic. 1 Burane Tank Car aNnpd Customer's 13,500-GALLON 
SroraGe TANK 


Fic. 2 Butane PressurE-GOVERNING AND VAPORIZING EQUIPMENT 


cality as balanced against butane costs, taking into consideration 
all charges involved in either case, is the predominating factor 
in determining its use. It goes without saying that in isolated 
regions the choice of a fuel is narrowed down by the inaccessi- 
bility to public-utility manufactured or natural-gas lines. This 
condition exists in many textile plants, and where fuel consump- 
tion is large enough to justify the installation, a butane plant 
may prove desirable. 

Butane, as the source of town gas supply, is growing rapidly. 
The low investment required to build a butane plant makes it 
economically possible to render gas service in the smaller com- 
munities where the higher cost of water or coal-gas plants has 


hitherto hindered such developments. In certain cases, where 
obsolete coal or water-gas plants have been in operation, they 
have been replaced by butane plants. 

The single-industry town exemplified by the typical mill 


Fig. 3) FLAME-CoMPRESSION BURNER UNIT 


Fic. 4 Avtromatic Gas-A1ir PrRopoRTIONING MACHINE AND SINGE- 
ING MacuINe, 


village where an industrial load exists can serve both industrial 
and domestic purposes, the one aiding the other in making the 
gas-plant installation economically justified. 

In a cotton-finishing plant, the point of heaviest gaseous- 
fuel consumption is ordinarily in the singe room. Butane is 
finding applications for this process in open-flame singeing and 
flame compression singeing. 


SINGEING 


Cloth-singeing operations, in general, have been divided into 
three classes: (1) plate singeing, (2) open-flame gas singeing, 
and (3) flame-compression singeing. The first is divided into 
stationary- and rotary-plate singeing. Plate singeing and open- 
flame singeing have been in general use for many years. Flame- 
compression singeing is a relatively new development. 

1 Plate singeing depends on cloth contact with heated metal 
surfaces for its effectiveness. The condition and temperature of 
the plate surfaces are primary factors in determining the quality 
of singe secured, 

Stationary-plate singeing employs one to seven semi-circular 
plates, usually of copper, underfired from either side with oil or 
gas. Thermal efficiency is relatively low due to high radiation 
losses from the plates and furnace structure. Maintenance 
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charges are relatively higher than other methods because of 
the necessity of replacing burned-out plates or of reshaping plates. 

Rotary singers are divided into two classes: (a) externally 
fired and (6) internally fired. Singeing is effected by cloth con- 
tact with a heated alloy rotary plate or roll. In the one case, 
heat is applied to the external roll surface; in the other, 
combustion takes place inside the roll itself. 

2 Open-flame singeing is done by passing the fabric over a 


(1) (2) (3) (4) 


Fic. 5 Four FLAME-COMPRESSION SINGEING UNITs, For Two-Sipe 
SINGEING 


series of gas burners. Singeing is secured by the contact of the 
flames with the cloth fibers. Gaseous fuel is supplied to the 
burners in one of the following ways: 

a Premixed with air at a central point, a mixture of gas and 
air under a pressure of 1'/, lb. 

b As straight gas under a pressure of 3 to 10 lb., inspirating 
air for combustion from the room atmosphere. 

c As straight gas, receiving its air supply from a low-pressure 
air blower, and proportioning near the burner. 

3  Flame-compression singeing, developed during the last 
two years, embodies the principle of liberating a combustible 
air-gas mixture in a confined space, with the result that combus- 
tion takes place in a chamber having a positive pressure. From 
this it is seen that the flame is not permitted to expand to its 
normal size, thus the name ‘‘flame compression.” 

In practice, the drilled burner surface forms the bottom of the 
combustion chamber, water-cooled cast iron the side walls, and 
the cloth to be singed, the roof. Gaseous fuel, in order to burn 
in the confined space beneath the fabric, must be fed to the burn- 
ers as an accurately proportioned and completely combustible 
air-gas mixture, under an appreciable mixture pressure. This 
is accomplished by utilizing an automatic proportioning machine, 
the function of which is accurately to proportion air and gas in 
the desired ratio, compress and mix to the proper operating pres- 
sure, and maintain this pressure and mixture under varying 
conditions of demand. 

Flame-compression singeing is being carried on with city gas, 
natural gas, gasoline gas, and butane gas as fuels. All of these 
gases, when proportioned and premixed as heretofore described, 
are suitable for this work. 

To understand the totally different singeing effect secured by 
flame compression, one must remember that with open-flame singe- 
ing good practice calls for a rich gas flame (one containing a de- 
ficiency of oxygen for complete combustion), which follows along 
with the cloth, singeing as combustion completes itself. The 
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operation is carried on in the room atmosphere in the presence of 
cooling air currents. In addition, when high speeds are run, a 
current or film of air travels with the cloth. The virtually pres- 
sureless soft open flame is unable to penetrate this, and conse- 
quently a large amount of the potential singeing effect is lost. 

With flame compression the trapped flame exerts a positive 
pressure on the surface of the cloth, and little heat is dissipated to 
the surrounding atmosphere. Four flame-compression singers 
for each singe frame are sufficient to assure high production and 
a close singe, two units being used for each side of the goods. 
Each unit consists of a cast-iron, water-cooled combination burner 
and combustion chamber on which are provided machined cloth- 
contacting surfaces. Water- and gas-supply valves working in 
unison enable the operator to control water and gas flow as de- 
sired. Flame cut-offs available in every width permit the turning 
off of any sections of the flame when narrow cloth is being run, 
and in some installations, permit the operation of two narrow 
widths of cloth simultaneously over one singer. If independent 
supply controls are provided for each half of the burner, these 
widths need not be of the same weight and quality; thus two 
different singeing effects can be secured on two widths of goods 
from one singe frame at one time. In an installation such as this, 
a combined production speed of 600 yd. per min., while singeing 
face and back, can be secured. 

The installation of flame-compression units can be made on 
existing singe frames with but minor changes in the frame itself. 
In an installation of four units, alternately facing up and down, 
cloth is singed both face and back in a single horizontal passage 
through the singer. By placing the burners off-center, their 


Fic. 6 VerticaAL-SINGEING THREE-FLAME COMPRESSION SINGEING 
UNITs FoR SINGLE-SIDE SINGEING 


contact surfaces take the place of carrier rolls and provide the 
desired contact angle. 

An excellent installation of flame-compression units can be 
secured with the cloth traveling in a vertical plane, the burners 
being mounted one above the other. This type of singe frame, 
styled “vertical,” occupies less floor space than the conventional 
horizontal type and facilitates smoke removal. 
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Discussion 


L. E. Waaner.? The author has made some comments 
on the fuels available for textile operations. The writer is 
led to make q few observations on the selection of a fuel. 

The economy of one fuel over another is probably the most 
important single factor. It is self-evident that this point must 
be decided only after a complete study of all the conditions 
that exist in a given locality. All increments of cost entering 
into the purchase, delivery, storage, preparation, compression 
of air or gas, pumping, or cost of auxiliary steam, etc. must be 
considered. Any tangible savings in labor, production, better 
quality, and such intangible items which are frequently difficult 
to isolate must be scrutinized so that the final comparison is 
made on the basis of fuel burned, balanced against final produc- 
tion. 

The physical properties of each fuel must be compared in 
relation to their effect on the organization and product. Such 
items as control of combustion, flexibility, cleanliness, etc. all 
have a definite bearing on the problem, but are sometimes not 
easy to define. 

Present relative values are so disrupted that the problem of 
selection of fuel is further complicated. For this reason it would 
seem wise to scrutinize the respective unit costs over a long- 
time period and to observe past fluctuations in price and to 
determine if possible the reasons for such fluctuations, so that 
future trends may be forecast with reasonable accuracy. 

In the adoption of a fuel one must be assured of a supply of 
such fuel, in quantities and at such times as needed. Condi- 
tions over which no control is possible frequently affect deliveries. 
In this respect the public utility is fortunate in that, in case of 
fuel shortage or other emergency, priority orders are authorized. 

Fuel occupying storage space may be at a disadvantage, 
as space so utilized may earn greater return if put to produc- 
tive use. Storage of inflammable material always presents a 
hazard which may affect insurance of the plant as a whole. 
For instance, liquified petroleum gases are of high gravity, 
running from 1.5 to 2.0 in the gaseous state as compared to air 
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as 1.0. It is therefore wise to consider the possibility of leaks 
accumulating as an explosive mixture in basements, etc. Great 
care should therefore be taken in the design and installation 
of a handling plant for this material. 

Frequently the service rendered by a public utility in assisting 
its clients in the selection of proper equipment and in following 
up such equipment has been a deciding factor in the selection of a 
fuel. A number of large industrial organizations have placed 
a value of from 11 to 15 cents per 1000 cu. ft. of manufactured 
gas purchased on such service and on the assurance of a con- 
tinuous supply of fuel from the gas company. 

In the second half of the paper attention is called to a burner 
which appears to represent a definite improvement in singe 
burners. The efficiency of this operation always has been low. 
An effective singe can be obtained only by passing the cloth 
in contact with a hot surface or by bathing it in flame. In either 
case the useful heat represents a small portion of the total heat. 
The rotating plate singer has a greater efficiency than the sta- 
tionary plate, due to confinement of the heat within insulated walls. 

With the new burner, the flame is confined within walls, 
the cloth to be singed forming the cover. The heat is directed 
as closely as possible on the work it has to do. Users of this 
equipment advise that efficiency approaching twice that of 
open-flame singeing is being secured. Speed of singeing is also 
greater. In this connection it is only fair to state that greater 
speed can be secured with gas than with gasoline. The writer 
would expect this to be true also with manufactured gas over 
natural gas or liquefied petroleum gases, giving as a reason for 
this the increased amount of air required for complete combus- 
tion of these gases, with the consequent addition of more inert 
nitrogen to the burning mixture, which slows down the rate of 
flame propagation and reduces the theoretical flame tempera- 
ture. Natural gas of 1000 B.t.u. requires nearly twice as much 
air for complete combustion as does manufactured gas, and 
butane requires about seven times as much. 

This increased amount of inert diluent also may give rise to 
troublesome carbon deposits within the burner due to the slow- 
burning mixture coming in contact with the water-cooled burner 
enclosure. The writer does not think that these deposits would 
occur in using manufactured gas. 
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Use of the Butted Seam by Textile 


Manufacturers 


By JOHN M. WASHBURN,? HARTFORD, CONN. 


Increasing use is being made of the butted seam by 
textile manufacturers, and this paper defines and illus- 
trates the butted seam, describes many of its inherent 
properties, and outlines some of the advantages to be 
gained by its use in the finishing of woolens and worsteds, 
cottons, silks, and rayons. 


join one or more “‘cuts’’ or pieces in endwise relation. Com- 

paratively recently, the overedge stitch or seam has been 
adapted to this work, and because of the fact that this stitch 
permits of end-to-end relations between the pieces of goods, at 
the seam, it has been termed the “butted seam.”’ Either a one- 
or two-thread type of overedge stitch may be employed for 
making these seams, and the appearance of each side of the two 
types of seams is shown in the accompanying illustrations. 

Fig. 1 shows the covering or looper thread side of a seam of the 
two-thread type. The reverse or needle thread side of this 
seam is shown in Fig. 2, and the goods are usually seamed so that 
these threads are showing on the face of the goods. The appear- 
ance of the two sides of the one-thread stitch is shown in Figs. 3 
and 4. The side shown in Fig. 3 corresponds to that shown in 
Fig. 1 for the two-thread type of stitch. It will be noticed that 
the appearance on one side of each stitch, Figs. 2 and 4, is identi- 
eal. 

In making the butted seam the ends of piece goods are usually 
placed face to face and fed through a machine which trims and 
feeds the goods simultaneously with the stitching operation. 
The stitching is applied loosely to the edges of goods so that 
subsequent processing opens the seam and the goods lie end to 
end with the overedge threads uniting the pieces, thus producing 
a flat seam, wherein the cut ends of the goods are confined under 
the uniting threads. 

A processing seam of this type has many inherent properties, 
among which are: 

1 The seam is very little thicker than the goods, particularly 
when fine threads may be used or when the processing and 
fabric are such as to make the threads embed themselves in the 
goods. 

2 The uniting threads lie in the direction of the warp threads 
of the goods, and if shrinkage of the thread occurs, it does not 
reduce the width of the piece goods at the seam. 


[ THE processing of piece goods, it is usually desirable to 


' By permission, certain parts of this paper are being taken from 
an article to be copyrighted. 
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3 The formation of the stitch is such that the seam is elastic 
and may be stretched laterally with the goods without fear of 
breaking. 

4 The seam will thoroughly dry with and in the same drying 
time as the goods. 

5 The practical strength of the seam under longitudinal ten- 
sion is dependent upon the resistance of the filling threads to 
pulling from the warp threads of the goods, for a reasonable width 
of seam. Various widths of seams are available that will hold 
the great majority of goods through common processes. 

6 The one-thread seam may be readily unraveled. 

7 The width of the seam is comparatively small, and little 
goods are wasted. 

Inasmuch as the quality of the butted seam is such that it 
approaches the character of the goods, it may readily be realized 
that its use for process seaming offers many advantages, but like 
all developments, its practical advantages and limitations have 
to be determined by experiment. To gain its full use, it has 
frequently been found practical to combine processes or slightly 
revise equipment and method of handling the goods to the end 
of reducing labor and saving material. 

A number of processes in various textile fields, where the butted 
seam has been found to save labor, material, to speed up the 
process, or to give a superior result, are hereinafter enumerated 
and certain advantages given in each case. 


WooLeNs AND WoRSTEDS 


In the process seaming of woolens and worsteds, the butted 
seam has been used to advantage for speck dyeing. With the 
end-to-end relation permitted by the seam, this process may be 
made continuous, without difficulty in the drying. The seam 
may be dried in the same time and under the same conditions 
as the body of the goods, which obviates any shading in color 
near the seam. For speck dyeing in vat, a number of cuts may 
be joined, dyed, and subsequently dried as one piece. 

In fulling or scouring, joining the ends of the piece goods 
with a butted seam is not of any particular advantage to the 
material itself. However, advantage lies in the action of the 
butted seam on the fulling mill. The elimination of extra bulk 
avoids the pounding of the rolls as a seam passes through them, 
thus increasing the life of the rolls and their bearings. If two or 
more cuts are fulled in the same mill for piece dyeing, this elimina- 
tion of the pounding of the rolls has a decided advantage in pre- 
venting the possibility of wrinkles being pounded into the cloth 
as the seam of an adjacent cut passes through the rolls. 

Use of the flat butted seam through the various extractors 
permits the liquid to be drawn out at the seam as well as the 
body of the fabric, which makes it of particular importance in the 
subsequent drying process. Its use through the crab extractor 
does not present any particular advantage other than the fact 
that there are no loose ends to throw liquid as the seam passes 
through process. 

Certain advantages to the material, as the butted seam goes 
through the drier, have been enumerated. In addition, the 
seam is elastic and will give filling-wise with the goods, and there- 
fore will not shrink or break as it goes over the tenter frame of the 
drier. This non-shrinking property helps to keep the selvage 
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edges of the goods in line, relieving the tenter-frame operator for 
other work. 

The greatest monetary saving of the butted seam is found in 
seaming for the process of shearing. The great majority of 
goods seamed with this seam may be processed directly through 
the shears without raising the revolvers, making it practical to 
shear the goods to and over the seam, eliminating all waste of 
material due to incomplete shearing. On certain classes of light- 
weight, very closely sheared worsted serges, it is necessary to 
slightly tap the shears when shearing on the back of the goods. 
In such cases a block of rubber may be inserted between the shear- 
raiting device so that the normal action of raising the shears will 
only raise them a small fraction of an inch, permitting the shears 
to go quickly back to place. 

Certain manufacturers have found it practical to place four 
two-blade shears in series, the first shear shearing the back of 
the goods, a turning cradle being located between the first and 
second shears, and the remainder of the shears operating on the 
face of the goods. This entire unit is handled by one shear oper- 
ator, and the shearing of the goods is completed as the fabric 
leaves the last shear. 

As a rough example of the material saving of a mill shearing 20 
cuts per day by the use of the butted seam as compared with a 
seam which requires raising of the shear blades, it is not unlikely 
that with this latter seam, at least 9 in. of goods are wasted at 
each seam due to incomplete shearing. The 20 cuts, requiring 
20 seams, would waste 180 in. of goods per day, which, if made at 
a cost of $2 per yard, would represent a waste of $10 per day. 
This waste would be eliminated, to which could be added a 
substantial labor saving. 

The elimination, by the use of the butted seam, of the necessity 
of reducing the weights or raising the cylinder of the press as a 
seam passes through, permits even pressing throughout the cut, 
the ends of the piece goods being pressed equally as well as the 
center. 

If the goods are to be decatized, two cuts may be joined and 
rolled without the use of a leader. A well-butted seam with the 
proper thread will not “mark off.” 


Corron FInisHinG 


On cotton finishing in general, although there is a distinct 
saving of material effected by the use of the butted seam itself, 
this saving does not assume the importance that it does in the 
processing of more expensive piece goods, such as woolens and 
worsteds. However, the improvement it brings to the handling 
of the goods through the various processes saves much material 
by the reduction of damaged work, and in such cases as the 
elimination of the pasted seam, a considerable saving in labor is 
effected. 

The fact that the cut ends of material are enclosed within the 
formation of the stitches is of practical value in singeing opera- 
tions. This enclosure of the cut ends prevents them from catch- 
ing fire and “sparking back” on the goods as they are processed 
over a flame or red-hot rolls. 

In bleaching, the butted seam has proved its value due to 
the fact that the uniting threads lie with the warp threads of 
the fabric, which prevents reduction in the width of the goods 
at the seam and at the same time provides an elastic seam, 
which may be stretched laterally, without fear of breaking 
during the tentering process. This non-shrinking, elastic seam 
is of further value in reducing “wrinkle backs” at the selvages 
of the material as it goes through this latter process. These same 
properties are of similar value to the processes of mercerizing, dye- 
ing, and drying, where also the butted-seam property of uniform 
drying is a distinct asset. 

The butted seam is processed directly through printing opera- 
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TEXTILES 


tions with uniform printing to and over the seam, and the fact 
that the seam has not shrunk during process and that it is elastic 
permits printed goods of square or diamond design to be uniform 
throughout the length of the piece. This seam may be processed 
without leaving an imprint on the “back gray” material, which 
might subsequently ‘‘mark off” on the printed cloth. The butted 
seam is also used in the seaming of the ‘‘back gray or bump cloth” 
material itself, making it practical to cut out damaged or heavily 
inked sections of this material and reseam into a continuous piece. 

In the general process of calendering, including such subdivi- 
sions as friction, embossing, chase, and shreiner calendering, the 
inherent properties of the butted seam are of distinct value. For 
certain calender work, particularly of a drastic nature, it has 
become usual practice to break the process seams as they come 
to this operation and replace them with a pasted seam, consuming 
about 8 in. of cloth, and is of necessity a comparatively slow 
operation. In some cases, dependent upon the character of the 
goods, the butted seam is calendered directly as it comes from 
previous processes, without breaking the seam. In other cases it 
has been found necessary to reseam for calendering, making a 
careful butted seam with fine thread. This latter operation is a 
speedy one and much labor is saved in comparison with the pasted 
seam. 

The butted seam has been found of value to the process of 
cotton-goods napping, when it is desired to nap both sides of the 
material. The uniting threads of this seam lie in the direction 
of the warp threads of the piece goods and do not disturb the wires 
of the napping brush as the material passes over them, thus in- 
creasing their useful life. 

When the process of shearing for slubs and loose thread ends 
is involved on cotton goods, the butted seam is processed directly 
through such shears without raising the shear blades, thereby 
shearing all the goods to and over the seam. 

This seam is also of particular advantage in the processing of 
cotton velours, mohairs, and other plush goods, especially for 
drying operations following dyeing, bleaching, or washing. On 
these goods the shearing process is rather similar to that employed 
in worsted shearing, with the addition of the various pile-raising 
processes between shearing operations, and the advantages of the 
butted seam for this work are similar to those gained on worsted 
materials. 


FINIsHinG 


In the processing of silks for finishing, the butted seam is used 
to advantage. Such properties of the seam as its flatness and 
lack of bulk permit proper “steaming out” of the gum from the 
silk inasmuch as the goods at the seam will respond to this process 
in a similar manner to the body of the goods. This thorough 
“steaming out’’ at the seams materially aids in the subsequent 
washing and drying processes. This drying process is also bene- 
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fited by the fact that the seam will dry in the same time and under 
the same conditions as the goods themselves, making it unneces- 
sary to keep that portion of the goods including the seam at a 
higher temperature or in the heat a longer time than the rest of 
the material. Advantages accrue to the printing of silks similar 
to those that have been described in the printing of cotton. 
Shearing for slubs and the loose thread ends is, like similar cotton 
shearing, carried out without the necessity of raising the revolvers 
as the seam passes through process, thus shearing the material 
to and over the seam. 

Silk velvets and other pile materials are processed to advantage 
by the use of the butted seam because of its inherent properties, 
as has been described. Its use for the shearing of such goods 
makes a worthwhile saving in labor and material. 


Rayon FINISHING 


The uniform drying qualities and the elasticity of the butted 
seam are of particular value to the processing of rayon materials 
through the drying and tentering operations. The butted seam 
is used for the processes of printing and such light calendering 
as rayon goods receive, gaining substantially the same advantages 
as have been enumerated under cotton finishing. 


Discussion 


GeorGe E. Bennett.* The paper certainly very completely 
covers the subject and confirms the experience of the writer's 
company to the extent that there is nothing that can be added to 
it that will enhance its value. However, one might suggest for the 
sake of clarity a few slight changes in the description concerning 
the printing method. Perhaps an explanation of terms used 
in printing would better serve to illustrate how useful this seam is 
in printing operations. In printing, the chief advantage of the 
butted seam is that it prevents “scrimping”’ at the seam. Scrimp- 
ing is caused by the seam pulling in to a width that is less than the 
normal width of the fabric. A “‘scrimp”’ is a crease in the fabric 
that starts at the seam and runs from 1 to 5 yards through the 
piece and parallel with the selvage. As the printing ink is applied 
to the face of the goods it does not get into or under the crease, and 
consequently when the fabric is finally pulled out to normal 
width a bare or unprinted portion is produced in the area pre- 
viously occupied by the crease. 

Concerning the butted seam in back gray material, since a but- 
ted seam is flat it does not in the majority of cases produce a 
“seam mark” on the printed piece. A “seam mark”’ is the im- 
print of the seam in the back gray left upon the printed piece. 
One also might mention that where scrimps develop in the back 
gray material they also leave their impression upon the printed 
piece in a similar way as in the case of seams. 


’Glenlyon Print Works, Phillipsdale, R. I. 
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Design of Furnaces and Fuel Feeders for 
Burning Refuse 


By M. A. HOFFT,' INDIANAPOLIS, IND. 


This paper includes a discussion of (1) a recent develop- 
ment in the design of a furnace for burning dry wood 
refuse in suspension; (2) factors influencing the design 
of wood-burning furnaces in industrial plants; (3) the 
development of inclined-grate furnaces for burning refuse 
fuels; and (4) the development of automatically controlled 
dry wood-refuse feeders and storage bins. 


HE problems of refuse fuels are 

usually visualized, especially by wood 

industries engineers, as the burning 
of dry wood refuse from furniture plants, 
body plants, and sash and door plants 
with a moisture content varying from 6 
to 10 per cent. Sometimes the problem 
includes the burning of sawmill hogged 
fuel with a moisture content of from 45 
to 50 per cent; however, engineers engaged 
in the design of general refuse-burning fur- 
naces are often expected to provide for the 
burning of unusual fuels. The wood refuse may have a moisture 
content as high as 65 per cent. There also are such fuels to be 
handled as bark from paper-mill logs, tanbark, sugar-mill refuse, 
fiber and pulp from palmetto palms, the refuse from brush mak- 
ing, and the wet coffee grounds from commercially operated 
percolators. The moisture content of some of these fuels runs as 
high as 75 per cent. Sometimes these installations are needed 
to dispose of a refuse that has been a nuisance; but often this 
refuse may furnish sufficient steam for the power and process 
requirements of the plant, and thus become a source of profit 
instead of causing expense for its removal. In consequence of 
the large range of problems presented, the design of refuse- 
burning furnaces is probably less standardized and there are more 
different conditions to be met than in any other branch of com- 
bustion engineering. 

The early methods of refuse burning are too well known to re- 
quire more than passing mention. Woodworking engineers are 
usually familiar with the flat-grate Dutch-oven setting for burning 
wet refuse in cone piles. These are still much in use and give 
fair results. There is also the flat-grate ordinary setting so 
typical of the furniture factory of a avzen years ago, where the 
sawdust and shavings were blown into the furnace from a cyclone 
and piled up unevenly on the grates, leaving many bare spots 
for cold air to rush through. Such installations are rapidly pass- 
ing out of existence, and present methods in woodworking plants 


! President, M. A. Hofft Company. Assoc. A.S.M.E. Mr. Hofft 
was born in Indianapolis in 1881 and attended Shortridge High 
School. From 1897 to 1909 he was with the Chandler & Taylor 
Company, of Indianapolis, and then with the Hofft Company, of 
which he is the head. This concern has specialized in equipment for 
handling and burning all classes of refuse and low-grade fuels. Mr. 
Hofft has patents on stokers and flat arches. 

Presented at the Fifth National Wood Industries Meeting, New 
York, N. Y., Oct. 16 and 17, 1930, of Tue American Society 
OF MECHANICAL ENGINEERS. 
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show much improvement. The amount of waste per unit of 
production has materially decreased, and the amount of power 
per unit of production has increased, until refuse that formerly 
was a nuisance has come to have such a monetary value as makes 
it profitable to use furnaces of higher efficiency and greater steam- 
ing capacity. Inefficient wood-refuse burning was inevitable so 
long as blowpipe collected refuse was irregularly mixed on the 
grate with hand-fed waste. A long stride in the right direction 
was taken when refuse hogs were introduced. It then became 
possible to grind assorted wood refuse to a reasonably uniform 
size and to distribute it evenly over the grate surface. 


BURNING IN SUSPENSION 


Dry-refuse-burning furnaces are of two principal types—one for 
burning finely hogged dry wood and sawdust in suspension 
(this furnace resembles the regular pulverized-coal furnace) and 
the other burning refuse partly in suspension, but mostly on 
inclined grates. 

The design of an outstanding burn-in-suspension furnace is 
outlined here to show its adaptability to certain conditions and 
to show some of the factors that enter into the decision as to which 
type of furnace should be used. The inclined-grate furnace is 
more adaptable to the average woodworking factory; hence it 
will be more completely discussed in this paper. 

The burn-in-suspension furnace requires finely ground refuse 
that is fed in mechanically at a uniform rate and never blown 
in from a cyclone. This type of furnace is used for extensive 
woodworking plants where usually there are other boilers for 
burning an auxiliary fuel or where the auxiliary fuel, if burned 
in the same boiler with wood, is pulverized coal, gas, or oil. 
Fuels that are suitable for burning in pulverized-coal furnaces 
must be used. Raw coal, blocks, sticks, and rubbish cannot be 
burned in this type of furnace. 

The burn-in-suspension furnace is rather expensive, requiring 
an unusually high boiler setting, with sufficient vertical distance 
to burn practically all of the fuel before it drops to the floor of the 
setting, and a large furnace volume for suspension burning, at 
least as large as is required for pulverized coal for the same rat- 
ings. This necessitates a building of corresponding size for 
housing this unusual boiler setting. 

The maintenance of the refractory walls has been a big prob- 
lem due to the high furnace temperatures and possibly to the 
erosion caused by the larger particles of fuel which drop part way 
to the bottom of the furnace and are picked up by the draft and 
carried back up to the boiler. The flying particles are doubtless 
partly responsible for the deterioration of these walls. Air- 
cooled hollow-wall settings improved the conditions materi- 
ally. For some time after the development of the burning of dry 
wood in suspension it was thought that water-cooled walls 
could not be used because they would reduce the furnace tempera- 
ture to the point where the refuse would not burn completely 
before dropping to the floor. 

The water-wall setting illustrated in Fig. 1 has solved this 
problem. This setting is at the Mengel Company plant in 
Louisville, Ky., and is an excellent example of the burn-in-sus- 
pension furnace. It has three improvements over the majority 
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of the burn-in-suspension furnaces; first, the water wall; second, 
the hollow floor with air inlets to eliminate the piling of partly 
burned refuse on the floor; and, third, the location of the roof 
of the furnace relative to the first bank of tubes. The boiler 
was set sufficiently high in relation to the roof of the furnace to 
force a longer travel of the fine particles before passing the first 
baffle of the boiler. An early practice of this type of furnace was 
to put the roof of the furnace up near the top drum of this type of 
boiler. The Mengel Company design assures a more complete 
burning in suspension, even with the water-wall setting, and 
also prevents some of the carrying over of fine dust. The author 


spouts and is a factor in the success of the water-wall setting as it 
helps to maintain a higher furnace temperature. This also 
eliminates the puffing of the furnace and the possibility of back- 
firing into the bin. These boilers are 850 hp. each and easily 
develop 2200 hp. The auxiliary fuel is pulverized coal from a 
unit pulverizer. 


BURNING IN SUSPENSION ONLY ADAPTABLE TO LARGE 
INSTALLATIONS 


The plants in which the burn-in-suspension furnace can 
properly be used are limited. Most woodworking plants are 
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Fic. 1 Design or BuRN-IN-SUSPENSION FURNACE 
(For burning kiln-dried refuse in suspension with water-cooled side walls and unit pulverizers for auxiliary fuel.) 


believes that this furnace could be further improved by the 
introduction of air jets at high velocity through the nose of the 
arch. These small air jets, pointing down, would still further 
prevent carrying over and would give turbulence. 

The sawdust, shavings, and hogged dry fuel are fed into this 
furnace from the storage bin by an automatically controlled screw 
feed. Instead of the fuel being delivered by the screws directly 
into the furnace, with charges of approximately a cubic foot of 
refuse per turn of the screw, it is fed from the screw through a 
rotary feeder, the rotary feeder breaking up these comparatively 
large charges of fuel into a fine spray, allowing an intimate con- 
tact of the air and fuel for complete combustion while in suspen- 
sion. This prevents the introduction of cold air at the feed 


not large enough and cannot profitably afford these settings and 
the equipment necessary for supplying the auxiliary fuel. Fur- 
ther, they must be able to burn blocks, sticks, and rubbish in case 
anything happens to the hog. The amount of edgings, blocks, 
and sticks that must be burned may be a fairly large percentage 
of the fuel. These plants are often unable to accumulate sur- 
plus refuse sufficient for holiday and shutdown periods, necessi- 
tating the use of coal at these times, even if not during regular 
plant operation. The installation of good furnaces and feeding 
equipment would save enough refuse in many of these plants for 
this night and Sunday firing; however, they must anticipate 
burning raw coal during holidays and shutdown periods. 
There also are many plants where the moisture content of the 
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fuel may be too high or the hogging too coarse to permit burning- 
in-suspension. For such plants the author has for a number of 
years been developing the inclined-grate furnace, described herein 
in detail. 

INCLINED-GRATE FURNACE 


The inclined-grate furnace does not require the large furnace 
volume necessary for burning in suspension, since only the fine 
dust burns in suspension, the larger particles burning on the 
crates, producing excellent results even on low-set boilers. Fig. 
2 illustrates the setting for three 500-hp. boilers. The first boiler 
in this battery ran a large part of the time for a couple of years at 
around 300 per cent of rating as it was the only boiler in the plant. 
In emergencies, steam was obtained from another factory across 
the railroad track. When the plant was enlarged, two additional 
boilers were installed. This setting has always met all the re- 
quirements of the Smoke Inspection Department and did not 
have an excessive maintenance cost. A large part of the main- 
tenance cost on this type of setting when operating at a high 
rating is in the repair to the bridgewall. Some water bridgewalls 
have been installed with excellent results, holding down the fur- 
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Fie.2 Dry-Reruse Furnace, SHow1nG Meruop Feepine 


(Rubbish is fed by hand through the roof of the arch and hogged fuel with 
an automatic feeder.) 


nace temperature slightly. Water-cooled side walls would be 
very desirable and would eliminate the maintenance on refrac- 
tories. 

When this plant was operated on one boiler, there was no hog 
in use; the blocks and sticks were fed through the roof of the 
arch to the grates, being shoved through a balanced rubbish door. 
Sawdust and shavings were fed through the same opening in the 
arch by means of the same type of automatically controlled feeder. 
During holidays and shutdown periods raw coal was used for 
fuel. The coal was fired either through the rubbish opening 
above the arch or through the firedoors as desired. It was 
fired on the top end of the grates, and the coking method of 
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operation was used. In firing coal these boilers are easily oper- 
ated at about 125 per cent of rating. The plant now has hogging 
equipment in use. The hogged fuel is fed through the auto- 
matic feeder. The furnace volume on this is 1280 cu. ft., or 
2.53 cu. ft. per rated horsepower. The arch on this setting is 18 
in. higher than standard. 

When this type of furnace is run at high ratings, it is necessary to 
introduce extra over-air, especially when being fed with the auto- 
matic feeder shown, as there is little air admitted with the fuel. 
Over-air is introduced through a ratchet-operated vent door 
in the firedoor, or if battleship doors are used, they are tilted 


Fie. 3 Erricient SMOKELESS Dry-ReFruse FuRNACE 
(This has an extremely small furnace volume.) 


slightly. Air admitted in this way is forced by the arch to mix 
with the gases before coming into contact with the boiler, so 
there is no appreciable loss in efficiency. The CO, may be main- 
tained approximately as desired. However, when resinous 
woods are used for fuel, it will smoke at approximately 12 per cent 
CO,. Oak and similar wood refuse may be fired with a higher 
CO, without smoke. 


Low INSTALLATIONS 


While it is not desirable to set a boiler low and a good furnace 
volume is desirable, it is possible to get smokeless and efficient 
results with a low setting and restricted furnace volume. The 
setting illustrated in Fig. 3 is for four 350-hp. boilers at the 
plant of the M. B. Farrin Lumber Company in Cincinnati. 
These boilers had been in operation with flat grates for a number 
of years. Large quantities of charred and partly burned fuel 
were being carried out of the stack and deposited over the 
surrounding buildings, causing complaint and legal difficulties, 
not only with the Smoke Inspection Department, but with the 
neighbors. It was impossible to raise the boiler, or to make an 
extension Dutch oven or to lower the floor. The furnace, as 
illustrated, was installed, and it completely eliminated the carry- 
ing over, and incidentally was enough more efficient to make it 
unnecessary to use coal as an auxiliary fuel. Approximately 
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$8000 worth of coal had been used each year. These boilers 
have often operated at 200 to 250 per cent of rating, and 
normally at 150 per cent of rating, to the entire satisfaction 
of the Smoke Inspection Department. One would expect to 
have a high maintenance cost on this restricted setting, but the 
reverse has been the case. The inclined-grate setting has been 
in service for 10 years, and the maintenance cost for brickwork 
and furnace castings for the last three years on these four 350-hp. 
boilers was $1879.08 for materials and labor. 

The furnace volume on this setting is 586 cu. ft., or 1.67 cu. ft. 
per rated horsepower. This is outlined here to show that unusual 
results may be obtained even with small furnace volume. This is 
due to the fact that the fuel is burned on the grate and the arch 
construction is such that it forces the fine dust and the volatiles 
that are distilled off the fuel that is deposited at the top end of the 
grate to pass down over the hotter fuel bed and to mix with the 
thinner gases at the lower end; thus forcing a mixture of these 
fine particles and gases before they come in contact with the 
cooling surface of the boiler. The arch on this setting is about 
1 ft. lower than standard. This was done partly on account of 
limited headroom and partly to more surely force a mixture of 
the gases, and rather high maintenance cost was expected. 

There is also another installation of 500-hp. boilers of the same 
type and which are set very similarly, with approximately the 
same results. As mentioned, these restricted furnace volumes 
are not to be desired, but are used only in case of necessity. The 
refuse is fed to these furnaces through an automatically con- 
trolled screw feeder. 


Setrines 
A return-tubular boiler setting for small plants is shown in 


and the furnace. The slide gate permits dropping the coal from 
the bunker to the top end of the grate when needed and also shuts 
off the air from the coal bunker. The coking method of firing 
the coal is used. The firedoors below are still available for firing 
coal or for blocks and sticks if desired. The firing of the blocks 
and sticks in this type of furnace is much like throwing them into 
a hole, as they drop to the rear end of the grates and it is not 
necessary to shove them through a cone pile of wood as in the 
case of a flat-grate setting. 


GRATE AND Dump CoNsTRUCTION 


The construction of the grate, fuel pusher, and dump is shown 
in Figs. 5and6. The grates are longitudinal and stationary, and 
for dry wood are set on an incline of approximately 30 deg. 
There are no moving elements in the upper end of the grate. The 
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Fie. 4 Furnace ror Return Bolter 
(This shows the method of feeding coal and wood refuse through double-feed spout.) 


Fig. 4. This illustrates the method of feeding coal through the 
top of the extension Dutch oven on the inclined-grate furnace. 
With this setting there is a coal hopper on top of the extension 
Dutch oven and a double-opening feed spout extending through 
the arch to deliver the fuel to the top end of the grates. Sawdust 
shavings, and hogged fuel are fed through an automatically con- 
trolled screw conveyor delivering the fuel through one of the 
openings in the double-opening feed spout. Coal is fed through 
the other opening of the same feed spout by means of a slide 
gate which drops it through the arch. The rotary feeder in the 
automatic feeding device makes an air seal between the feed bin 


air spaces at this point are horizontal, so as to prevent dripping 
of fine fuel into the ashpit. The lower section of the grates is 
provided with two to six rows of fuel pushers, depending on the 
length of the grate. Each row of pushers is individually operated 
from the front by a separate lever. Since the grates are longi- 
tudinal and stationary, there are no projections or cross-ridges 
to hold up the fuel. The refuse fuel deposited at the upper end 
slips slowly down the grate as it burns, avoiding the necessity of 
shoving the refuse fuel down the grate. In burning refuse fuels 
it is very objectionable to agitate the fuel bed, especially at the 
upper end. This agitation is eliminated with this type of grate. 


WOOD INDUSTRIES 


With the proper angle to the grate, the fuel does not avalanche 
and make a big pile at the bottom. 

; There are dumps at the lower end of the grates for the removal 
1 of ash. The cleaning of the fire is accomplished by raising the 
lower row of pushers operating between the stationary grates 
{ and dropping the dumps. 

The raised lower row of pushers prevents the slipping of good 
fuel into the ashpit and at the same time kicks off the ash and 
clinker through the dump opening. The fuel bed on the main 
: body of the grates is not disturbed in this operation. The fuel 
: pushers are 12 in. long and travel through between the stationary 
grates approximately 10 in., which is ample travel to kick off the 
ash and clinker without the necessity of poking through the 
cleanout doors. The dump openings are the full width of the 
furnace, having no bar across the opening to hold up the ash and 
clinker. Any sand slag that may be formed will be on the lower 
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wood on top of coal will fuse the ash and cause heavy clinkers 
unless the coal has a high fusing ash. 

The illustrations, of course, show but a few types of boilers. 
There are a great many of these installations under all types of 
boilers and operating under varying conditions. It is usually 
possible to very greatly increase the capacity of the boiler, some- 
times doubling the previous capacity; also to get practically 
smokeless operation. The increased efficiency obtained from the 
available wood refuse is often sufficient to eliminate the use of 
coal. 

The tendency now in designing boiler plants for woodworking 
industries is to design a boiler setting for the highest possible 
efficiency on the major fuel, which is wood, and not to burn the 
wood in a furnace designed for the auxiliary fuel, coal. This 
often means that very little, if any, coal is needed. 
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Fie. 5 SratTionary Grate CONSTRUCTION 


(This has horizontal air spaces in the upper section and fuel pushers in 
the lower section.) 


section of the grate and is removed by the operation of the other 
rows of pushers. 

When clean wood refuse is being burned, the cleaning and 
pusher operation is only occasional, usually once in several days. 
At that time it is often advisable to keep the lower end of the 
grates covered with ash so that the air entering the furnace will 
be forced to enter at the upper end and mix with the gases under 
the arch, and not be allowed to short-circuit through the lower end 
of the grates or dumps__If it becomes necessary to use coal for 
the auxiliary fuel, this ash can be dumped out quickly and the 
coking method of firing coal used. The coking method of firing 
coal and the arch construction which forces the volatiles to travel 
down over the fuel bed make a practically smokeless fire, even 
with high volatile coal. Of course with coal firing it is necessarv 
to use the fuel pushers and dumps more frequently, their use 
depending on the kind of coal and the rate of firing. 

It is best to fire coal and wood refuse separately. When fir- 
ing both at the same time, the temperature created by the burning 


Woop RervusE FEEDERS 


The result from any refuse-burning furnace largely depends on 
the feeding method. With the old method of feeding, sawdust 
and shavings were blown from a cyclone directly into the furnace 
as they were made in the factory, regardless of the needs for 
steam. The furnace would be flooded with shavings at one time, 
and in a few minutes it might become necessary to put in coal, 
often the cyclone blowing in nothing but cold air. This led to 
the development of equipment for regularly feeding the refuse 


to the furnace; first, the use of the chain drag and, later, the 


automatically controlled screw feeder. In handling the dry 


refuse with the screw feeder, the sawdust, shavings, and hogged 
fuel are blown into a bin and fed to the furnace by means of 
heavy screws, the speed of these screws being controlled by the 
steam pressure. 


The early problems of this method of feed were, first, the fire 


Fie. 6 Dump anp Fvet PusHer OPERATION FOR CLEANING Fike 


risk caused by possible backfiring and puffing of the furnace and, 
second, the arching of the fuel in the bin. The first problem was 
overcome by the use of a rotary feeder between the end of the 
feed screw and the furnace. This made an effective air seal, 
keeping any back draft and any sparks and backfire from getting 
to the bin. In addition to this it shut out the air entering the 
furnace with the feed, which air was found undesirable. It 
was found also to effectively break up the comparatively large 
charges of fuel delivered by the screw spreading it more evenly 
in the furnace. The second problem, the arching of the fuel in 
the bin, was overcome by the use of a bin with a flat steel bottom 
and either vertical or slightly tapering sides. The bottom of this 
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bin is practically covered with a series of heavy helicoid screws. 
A typical installation of this kind is illustrated in Fig. 7. The 
screws covering the bottom of the bin are connected in series of 
three, any series or all the screws may be operated as desired. 
These screws slip the fuel forward into a trough extending at 
right-angles to the screws. This slipping forward and the slight 
agitation caused by the turning of the screws effectively over- 
come the tendency of the fuel to arch, even with the use of 
coarse hogged fuel and ground veneer strips having a consider- 
able quantity of long slivers. These bins have been built as 
large as 7000 cu. ft. capacity, and there seems to be no reason 
why bins of much larger capacity cannot be built without arching. 


as the control is closer and the operation more satisfactory. 

The automatically controlled screw feeder is not well adapted 
for burning wet refuse, as the quantity of fuel to be handled is 
very great and heavy, and there is no fire risk in connection with 
its handling. This class of fuel can be handled with much lower 
cost and as satisfactorily with an ordinary drag conveyor in 
which the control of the feed is accomplished by controlling the 
depth of the fuel on the grates, as will be described. 


Factors IN THE DESIGN OF THE FURNACE 


In the design of the furnace for burning these widely varying 
fuels, the moisture content, of course, is the first consideration. 


Fie. 7 Automatic Screw Freeper Wits Screw Borrom Bin 
(This prevents the arching of hogged fuel.) 


This feeding equipment, even for large boilers, is driven by a 
3-hp. constant-speed motor driving through the proper reduction 
gearing a variable-speed transmission. The arm controlling 
the variable-speed transmission is connected to an automatic 
pressure-control valve, which moves this arm back and forth, 
controlling the speed of the unloading screws on the bottom 
of the bin, and it is able to so control this feed as to hold the 
steam pressure to within 3 or 4 lb., even with a widely fluctuating 
load, the speed of the unloading screws on the bottom of the bin 
being controlled by the steam pressure. The capacity and the 
speed of the lower feed screws and rotary feeder are sufficient to 
prevent the fuel from accumulating in the trough, avoiding the 
possibility of plugging up the feed screws or the rotary feeder. 
The sides of the rotary feeder are counterbalanced so as to dis- 
charge any blocks or pieces of metal that might accidentally get 
into the machine. A small steam engine may be substituted for 
the motor, in which case it is advisable to control the speed of the 
variable-speed transmission rather than by throttling the engine, 


The heat value of the fuel, the size of the particles of the fuel 
as delivered to the furnace, the freedom with which the fuel burns, 
the tendency to pack densely on the grate, the draft conditions, 
and the capacity desired are a few of the factors that enter into 
the design of furnace. 

The angle of the grates for this wet refuse varies and is from 
30 to 50 deg. The length of the grates also is determined by the 
moisture content and rate of firing and the width of the boiler 
setting. The length and contour of the arch also are governed 
by the same factors. The depth of the fuel fed at the top end 
of the grate is governed by the nature of the fuel, coarse-ground 
wet hogged wood refuse requiring about 18 in. of fuel at the top, 
sawdust about 15 in., and other fuels varying up to bagasse, 
which requires about 3 ft. 6 in. of fuel at the top end, on account 
of its being light and porous. 

For this type of furnace the volume in the firebox proper need 
not be as great as on the old-style Dutch-oven furnace because 
the inclined-grate furnace firebox is really a gas producer, com- 
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bustion being completed more in the back combustion chamber 
than is the case of the old-style setting. 

It is very necessary to have as much refractory surface as 
possible to keep drying out the incoming refuse and to help drive 
out and ignite the volatile gases. In order to accomplish this it 
is advisable to use two or more furnaces for wide boilers. Boilers 
of 700 hp. and larger have been equipped with three furnaces per 
boiler, and settings are now being designed for 1200-hp. boilers 
with four furnaces to the boiler. This multiple-furnace construc- 
tion is obtained by building the grates in sections and putting 
refractory division walls between the sections, not only giving 


WDI-53-1 


7 


It also is possible to operate with one section of the furnace 
idle or to burn one class of fuel on one section of the grate and 
another on the other section of the grate. When one section is 
being cleaned, the draft is shut off of that section, preventing the 


cooling down of the furnace by the incoming air. 


Grate DesicNn 


Longitudinal stationary-grate construction with fuel pushers 
operated between the grates at the lower end has overcome the 


difficulties with the early inclined-grate furnace. 


These early 


furnaces were known as a stepladder design and had grates 
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Fie. 8 Typican Design ror Sawmitt Hoecep 


the additional refractory surface needed, but causing the fuel fed 
to the top end of the grates to spread evenly over the entire 
section, overcoming the tendency to have thick and thin strata 
down the grate. With this furnace the cleaning of the fire is 
done so quickly on each individual section that there is prac- 
tically no loss of steam during the operation. The ash and 
clinkers are dumped into the ashpit by the dumping and pusher 
operation described for dry-refuse furnaces. 
Any sand slag that may be formed on the grates is usually 
formed on the lower or pusher section and is quickly removed by 
the operation of the fuel pushers between the stationary grates. 


extending crosswise of the setting, which had a tendency to hold 
up the fuel and keep it from sliding evenly down the grate, thus 
developing holes in the fire and causing some avalanching of 
the fuel. 


Design ror Wet Hoaccep Waste 


A typical setting for burning a good quality of hogged fuel 
of 45 per cent moisture content for a 600-hp. boiler to operate at 
160 per cent of rating is illustrated in Fig. 8. The depth of the 
fuel bed at the upper end of the grate is regulated by the location 
of the feed opening in the arch; the arch is then stepped up in as 
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short a distance as possible to allow the radiation to strike the 
drying pile of fuel as quickly as possible and to get ignition high 
up on the pile of drying fuel. The arch is extended back over the 
grates to just past the bridge wall, and the nose of the arch is 
dropped at the bridge wall. This arch contour is to force a mix- 
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combustion chamber is 2058 cu. ft. This setting is provided with 
dampers for forced draft. Forced draft is used at the higher rat- 
ings. Tuyéres are placed in the bridgewall for air at this point. 

A furnace designed for a wetter fuel and to operate at higher 
ratings is illustrated in Fig. 9. Under these conditions it is not 
possible to get sufficient air through the fuel bed to get double 
rating even with forced draft, as the draft will pick up the fuel 
and carry it over the bridgewall. This setting also is a 600-hp. 
boiler. The grate area is much longer than on the furnace for 
drier fuel. In this design the fuel is dropped on a refractory 
hearth, the thickness of the fuel bed being regulated by the gate. 
When once regulated to the fuel to be used, this gate need not be 
moved unless the class of fuel is changed, the steam output of 
the boiler being controlled by the air damper. This refractory 
hearth is set on 50-deg. incline. The next section of the grate is 
stationary, with horizontal air spaces, and is set at approximately 
45 deg. This change in angle is made because the fuel is slip- 
ping more freely this distance down the grate. The lower section 
where the fuel pushers may be operated between the grates is set 
at approximately 30-deg. incline. This change in angle is to pre- 
vent the possibility of too heavy a fuel bed at the bottom and on 
the dump at the lower end. With this furnace the bridgewall 
is tilted forward to force the lighter, hotter gases from the lower 
end to mix better with the heavy volatile gases from the drying 
pile of fuel at the top end. 

Provision is made for a large quantity of over-air or auxiliary 
air through air ports placed through both the front and rear faces 
of the bridgewall, and air openings also are provided in the side 
walls above the grates. This very materially assists in speeding 
up combustion, especially if this air is put in under pressure. 
Suitable dampers are provided at these air openings so that the 
auxiliary air may be used as desired. The air ports through the 
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Fie. 10 Typicat DesiGn ror BaGasse FURNACE 
(This shows the oi] burners in the rear bridgewall.) 


ture of the heavy volatile gases distilled off the drying pile with 
the hotter, lighter gases rising off the lower end of the grate. 
These gases are finally burned in the combustion chamber back 
of the bridgewall. The angle of the grate is 40 deg., the furnace 
volume in the furnace proper is 680 cu. ft., the volume of the back 


back face of the bridgewall are to burn any unburned particles 
that may carry over the bridgewall. With some fuels it is prac- 
tically impossible to get sufficient air through the fuel bed. It 
is also inadvisable to allow the air to enter with the fuel on account 
of cooling down the arch. This is the reason for putting the air 
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through the sides and bridgewall, preferably under pressure. 
This gives the necessary turbulence to speed up combustion. 
The regulated fuel depth and control of the air permit the opera- 
tion of this furnace at very high CO:, and almost all of these fur- 
naces will be found operating at from 14 to 15 per cent COs. 
It is possible to get a higher CO, on wet refuse without deterio- 
ration to the refractories than on dry. On dry refuse a very high 
CO, of course is very hard on refractories. For wet refuse it is 
not possible to obtain sufficient temperature in the furnace to 
seriously damage the refractories, and these furnaces will run 
for years without any maintenance on the furnace, probably due 
to the fact that the highest temperatures are in the combustion 
chamber and not in the furnace proper. 


FURNACE FOR BURNING BAGASSE 


A typical setting for burning bagasse refuse from cane-sugar 
mills is shown in Fig. 10 and Fig.10a. This setting is for three 900- 
hp. boilers with multiple furnaces, three furnaces to each boiler. 
As this plant is also a sugar refinery requiring more steam than for 
the making of raw sugar, provision is made for the use of oil as an 
auxiliary fuel. This oil is fired through the back bridgewall as 
shown. This furnace may be operated on bagasse with natural 
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Fic. 10a Cross-Section FurNack a8 ILLUSTRATED IN 
Fic. 10, Saow1nG MuttieLe FuRNACES 


draft at 150 per cent of rating, and with forced draft it will run 
200 per cent of rating or more. The forced-draft air connections 
are through the bottom of the division walls, with dampers 
arranged so that the air may be blown to any or all of the divisions 
of the furnace. 

Bagasse is a light and porous fuel requiring a heavier fuel bed 


WDI-53-1 9 


and has a greater tendency to burn holes in the fire than has wood. 
The multiple-furnace construction and grate design have solved 
this problem of keeping an even fuel bed across the grate. The 
small opening in the top of the arch, as shown in the illustrations 

is a treadle-operated observation door over each division of the 
furnace. 

The setting illustrated in Fig. 11 was originally designed for 
burning a large quantity of very wet coffee grounds of about 75 
per cent moisture content to be used with about 20 per cent coal. 
It was found that with the addition of the coal too much steam 
was made. The furnace was altered by dropping the feed-spout 
openings as shown, to regulate the fuel depth to the proper height, 
and the bridgewall was altered to give more refractory and to 
create the proper throttling effect between the arch and the 
bridgewall to bring up the furnace temperature. This alteration 
permitted the operation of this furnace on the coffee grounds 
taken from the percolater without the use of the auxiliary fuel. 
There are 17 or 18 tons of coffee grounds burned per day on one of 
these furnaces for a 150-hp. boiler. 

Other extremely wet fuels and fibers are burned. In some cases 
where the waste fuel burned is not sufficient to supply the steam 
required for the operation of the plant, coal is used as an auxiliary. 
For extremely wet fuels this coal is put on the dumps through a 
side opening and acts as a backlog to help bring up the furnace 
temperature. This makes possible the burning of any refuse that 
is combustible. 


CONCLUSION 


In the designing of the furnace for efficient dry-refuse burning 
consideration should be given the moisture content of the fuel, 
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the fineness of the hogging of the. fuel, the disposition of the 
blocks and rubbish, the kind and quantity of the auxiliary fuel, 
and the method of handling and firing the auxiliary fuel. For 
both fuels it is very essential to have an even and controlled feed 
of the fuel. 

In designing a furnace for burning wet refuse the first considera- 
tion is the moisture content of the fuel; consideration also must 
be given to the size of the fuel as delivered to the furnace, the type 
of boiler, the density with which the fuel packs on the grate, 
its burning qualities, the draft conditions, and the rating de- 
sired. 

The tendency in recent years in designing furnaces for indus- 
trial woodworking plants has been more to design the furnace to 
burn the major fuel with the highest possible efficiency, and in 
this way to reduce the auxiliary fuel to the minimum, and to use 
a furnace that is adapted also to the burning of the auxiliary 
fuel available. 
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Discussion 


H. W. Brooxs.?. My own experience while connected with 
the design and operation of about 300 power plants has included 
5 wood-burning plants. This led to the conclusion that the 
utilization of wood as a fuel was a rather insignificant matter 
when compared with some of the other energy sources in the 
United States with which we are more familiar. It has been, 
therefore, a cause of great astonishment to happen across a chart 
furnished by the United States Geological Survey which shows 
the sources of energy in the United States. This gives 0.1 per 
cent for wind power, 2.5 per cent for animal power, 6.3 per cent 
for water power, 5.5 per cent for firewood, 8.1 per cent for an- 
thracite coal, 50.3 per cent for bituminous coal, 21.4 per cent 
for oil, and 5.8 per cent for natural gas. It is astonishing to 
learn that firewood produces, according to this chart, nearly 80 
per cent as much energy as is produced in the United States by 
water power. It is almost unbelievable that firewood produces 
around 70 per cent as much energy in the United States as does 
anthracite and that firewood produces approximately as much 
of the total American energy as the total of natural gases. 

There is hardly a subject whereon dependable data are less 
available than the utilization of wood and wood wastes as fuel. 
The statistics of the Geological Survey show that it is a hugely 
important subject, yet the bibliography is woefully lacking. 
There are a few publications along the general line, most of them 
obtainable through the courtesy of the National Committee on 
Wood Utilization of the Department of Commerce. The Bureau 
of the Census has included wood fuel in its 1929 schedule, but 
these figures will not be available for a year or more. In the 
October issue of Combustion there is an article by A. R. Smith, 
of the Combustion Engineering Corporation of New York, 
entitled, ‘““‘The Utilization of Waste Wood for Steam Generation,” 
which may be of some interest. The Forest Products Labora- 
tory, of Madison, Wis., has issued two techmical notes under 
the subjects of “Fuel Value of Wood” and ‘Fuel Value of Wood 
Waste Overestimated.”” The National Committee on Wood 
Utilization has a bulletin entitled, “Survey of Nonutilized Wood 
in North Carolina.”” There is a particularly interesting bulletin 
of the same committee entitled, “Sawdust, Wood Flour, Shavings, 
and Excelsior.” 


Sern Mapsen.* This paper approaches the subject of refuse 
burning from a broad viewpoint and gives due consideration to 
all the individual characteristics of the fuel to be burned and the 
size and type of plant using it. 

Referring to the burning of dry fuel as accumulated in most 
of the furniture factories, body plants, sash and door factories, 
ete., it has not generally been appreciated what economies can 
be effected by using the proper types of furnaces and feeding 
equipment for burning this refuse. 

Old customs have influenced these industries in the belief 
that wood refuse was something to be disposed of rather than 
to be used as a valuable fuel. It is not generally appreciated 
that this dry fuel when burned on proper grates, with ideal ad- 
mission of air through the fuel bed, produces a fire of such in- 
tense heat that it requires that special attention be given the 
refractories. It is highly desirable that some of the water- or 
air-cooled side walls, arches, and bridge walls developed for cen- 
tral-station operation should be adapted for use in furnaces 
burning dry refuse. Installations which have been designed for 
maximum efficiency produce intense temperatures far above those 
thought possible a few years ago. 

The woodworking industry has improved its production ma- 


*? Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
’ Curtis Companies Incorporated, Clinton, Iowa. 
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chinery until it compares very favorably with that used in the 
metal-working industries. Now let us get the utmost out of 
the valuable fuel which has formerly been called and treated as 
waste. It is not unusual for these installations to pay for them- 
selves by the savings made the first year. This is indeed a happy 
opportunity—to make improvements that not only pay their way 
but that produce dividends, 


W. E. Auuinetron.* The author has stated many interesting 
facts in connection with the subject, but he has, perhaps in- 
advertently, made some misstatements and omitted others and 
has not given a clear understanding of the principles of sus- 
pension burning and furnace design, type of grates, and auto- 
matically controlled wood-fuel feeders and storage bins. 

These subjects have ramifications which run into almost end- 
less complications, and with an experience of over forty years, 
the writer still is learning and still is coming in contact with 
problems that present new factors which need special considera- 
tion. A full treatment of these subjects so far as now under- 
stood would require a book instead of a short discussion such as 
contained in the paper, and no doubt it was difficult to know just 
what problems to discuss and where to leave off. 

Instead of two types of furnaces for burning wood fuel in 
suspension, there are at least five principal types of furnaces, as 
follows: 

(1) One with large combustion chamber without grates, of 
which General Motors and subsidiaries have over twenty. 

(2) One with large combustion chamber with grates of various 
kinds, including several inclined grates. 

(3) One with smaller combustion chamber with various forms 
of practically flat grates in which the fuel is all ignited before 
landing on the grates so that the combustion is not confined to 
surface burning. 

(4) One with still smaller combustion chamber in which the 
inclined grates are used and the fuel is piled on the grates so that 
the burning is all surface burning. 

(5) <A type of furnace such as the Stratton furnace, in which 
the large upper portion of the combustion chamber has a lower 
tapering portion leading down to grates through which the air 
is heated and fed upwardly at considerable velocity, holding 
heavy particles in suspension which otherwise would land on 
the grates and be consumed with less efficiency. 

Information on the evaporation secured in the various forms 
of furnaces for burning in suspension indicates that for such a 
fast-burning fuel as dry shavings, sawdust, and hogged wood the 
type of grate or the use of any grate is comparatively unimpor- 
tant, whereas the method of introducing fuel to the furnace under 
control is all important. 

A large number of furnaces with flat grates or without grates 
are giving evaporative results of 6 lb. per pound of wood fuel. 
With no grates the ashpit is cleaned about once in three months, 
and it has been said that a layer of ashes about 2 in. deep is 
found. 

Our patented, automatically controlled wood-fuel stokers are 
operating in connection with furnaces with inclined grates and 
with similar furnaces with flat grates, and apparently there is 
not much, if any, difference in evaporative results. A compara- 
tive test between flat grates and inclined grates with all other 
conditions unchanged would be interesting. The Hofft grate 
is a good grate, and the writer does not wish to be understood in 
condemning it in any way, but our experience in a great number 
of cases indicates that changing flat grates to inclined grates 
would not yield anything like the improvement in evaporative 
results that the same expenditure would give if applied to in- 
creasing the size of the combustion chamber. 

4 President, Allington & Curtis Mfg. Co., Saginaw, Mich. 
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WOOD INDUSTRIES 


The difference in expense between a small and a large combus- 
tion chamber is not great, as both would have suspended arches, 
which would cost the same for either type. 

The author’s Fig. 3 illustrates a low boiler setting with in- 
clined grates, four of which are in use by the M. B. Farrin Lumber 
Company in Cincinnati. It is true that charred and partly 
burned fuel was carried out of the stack before the inclined grates 
were installed, and this was caused by the blast of air from the 
cyclone which fed the furnaces at that time, but the author fails 
to state correctly what stopped the partly burned fuel being 
carried out. This result was secured by installing, simultaneously 
with the, Hofft grates, Allington wood-fuel stokers which auto- 
matically deliver the fuel to the grates without any air blast; 
and in our opinion, if the grates were dropped level, at least as 
good if not better results would be secured because of the increase 
in size of the combustion chamber and the greater distance the 
fuel would drop before striking the grates, thus giving the par- 
ticles of fuel time to become ignited before landing. 

It is not a fact that blocks, sticks, and rubbish cannot be 
burned in furnaces designed for suspension burning, provided 
they are supplied with grates. 

The refractory walls of a furnace are not injured by erosion of 
larger particles of fuel which drop part way to the bottom of the 
furnace and are picked up by the draft and carried back up to the 
boiler. This is, first, because these particles do not come in 
contact with the walls and, second, because if they are heavy 
enough to drop part way to the bottom of the furnace, but are 
only partly consumed and are picked up by the draft and tur- 
bulence of the gases, they are held in suspension and burned in 
suspension and are not forced against the walls of the furnace, as 
there the gas velocities are the lowest. 

If high furnace temperatures are produced which injure the 
refractories, it is not indicated that the efficiency of suspension 
burning should be sacrificed, as a lesser fuel supply will reduce 
the temperature, but if the highest ratings are to be secured from 
the boilers, high temperatures must be maintained, and this is 
true of all furnaces and not confined to furnaces designed for 
suspension burning. 

In suspension burning, whether complete or partial, it is 
important that the fuel be fed in a steady, open stream so that 
the particles are separated from each other the instant they enter 
the furnace. This we accomplish by a comparatively high- 
speed screw which feeds a steady, continuous stream of small 
cross-sectional area and does not feed with charges of approxi- 
mately a cubic foot of refuse per turn of a screw, as stated in the 
paper. Our present method was adopted and our former paddle- 
wheel feeder-reel method was abandoned because the feeder reel 
empties each pocket in a mass to the feeder chute and not in a 
fine spray as stated. 

There are comparatively few woodworking plants, large or of 
any size, having boiler settings in which the combustion chambers 
cannot be largely increased at reasonable expense considering 
the added economies and higher efficiencies to be secured. Of 
course there are very small plants where there is little efficiency 
in any department, but oftentimes a considerable enlargement 
of combustion chamber can be secured merely by lowering the 
grates and so obtain the semi-suspension combustion results for 
the wood fuel. An immediate coal saving has been the result. 


Artuur D. Sarru, Jr.6 In regard to the smoke nuisance, our 
boiler plant consists of two 235-hp. return-tubular boilers, 
equipped with Hofft grates and furnaces and Allington-Curtis 
wood refuse stokers. Since the installation of the furnaces and 
stokers, we have had no difficulty in complying with the City 
of Philadelphia smoke ordinances, although prior to their in- 

6 Geo. W. Smith Woodworking Co., Philadelphia, Pa. 
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stallation we were in constant difficulty with the city authorities. 
It is our opinion that the even rate of feed of the wood refuse is 
of paramount importance in eliminating smoke. 

As to furnace refractories, we have had some trouble with main- 
taining the refractory nose tiles in the Hofft furnaces. We find 
that very high temperatures are formed in these furnaces When 
operating at 150 per cent rating, we have developed a furnace 
temperature high enough to clinker a 2800-deg.-fusion-point coal. 

Due to the high furnace temperatures developed, it is our ex- 
perience that unless a coal is used with a sufficiently high fusion 
point, no end of difficulty will be experienced with the Hofft fur- 
naces and grates. If clinker is formed, it is very difficult to move 
the rocker arms which operate the pusher grates, and if one is 
successful in breaking the clinker, a great deal of combustible coal 
will be carried down with the clinker into the ashpit. For this 
reason, we have insisted on buying coals with the highest possible 
fusion point. 

We have found, however, that the Hofft furnace will handle 
coal with a volatile content as high as 35 per cent, without causing 
objectionable smoke. To be assured of no smoke trouble, we 
would recommend limiting the volatile content to 25 per cent, 
although the higher content may be used if extreme care is 
taken in coking and pushing back the coal. With the higher 
volatile coal, it has been found helpful to admit quite a little 
excess air for a few minutes after each firing. 

Due to the slanting ashpit, it requires considerable labor to 
take out the ashes. Under the conditions in our boiler plant, the 
firemen are not able to handle coal of over 10 per cent ash content. 

There is one question in regard to the mechanical hog which 
the writer would like to raise. Both the knife type and hammer 
type have been described, but the power requirements of each 
have not been discussed. 


Raymonp E. Catier.* It is common practice in all power 
plants to think nothing of spending power enough to pulverize 
coal, and to pulverize coal in a plant will run all the way from 15 
to 25 kw-hr. per ton. To crush coal instead of pulverizing, re- 
quires from 3 to 5 kw-hr. per ton. 


Tuomas D. Perry.’ On the question of the hog that has been 
brought up, it is not always possible, as we have discovered in our 
own experience, to exercise choice. For instance, the knife hog 
will work well on veneer or thinner substances and also on a 
number of types of wet wastes. When, on the other hand, we 
come to relatively large blocks or if we run into fairly substantial 
chunks that may come from one cause or another, we find that a 
hammer hog is almost essential. On the other hand, the hammer 
hog will not handle wet veneer. In other words, the choice of 
hogs is to quite an extent dependent on the type of material 
that one has to reduce. 

We found with a large waste bin in a Hofft apparatus that it is 
often more efficient to build up a full bin and burn it into the 
night. We built in our plant a bin calculated to hold enough fuel 
for three days’ firing, and in that way we can largely eliminate the 
overloading of feed apparatus during the day. In other words, 
we run this surplus fuel off at night when we are not using other 
power. 

Mr. 
that bin? 

Mr. Perry. We have never had three days’ supply yet. It is 
calculated to carry three days’ supply. We have never yet had 
any cause of difficulty in being unable to feed from the underside 
instead of the incoming drop on top. What is the size of the 
bin referred to by Mr. Puckett, speaking for the author? 


6 Allington & Curtis Mfg. Co., New York, N. Y. 
7 New Albany Veneering Co., New Albany, Ind. 
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N. P. Puckett.’ It was 21 ft. high and held about 21 tons. 

Mr. CatterR. We have been unable to prevent arching in a 
bin over 10 ft. high. 

Mr. Pucxetr. We have carried adzer shavings, which are 
very much like a straw pile, as high as 20 ft., without any difficulty. 


M. H. Teaze.’ Several years ago we were employed as en- 
gineers out on the Pacific Coast, and Mr. Hofft gave us a proposal 
of one of his grates which was turned down principally because it 
was felt that it was not long enough. We finally installed a grate 
which was designed for burning coal, and we made that furnace 
12 ft. long. We used preheated air for the firing. Practically 
all the combustion was on 6 ft. of grade surface. The grates 
function perfectly and gave an excellent fire, but for some reason 
there was a clinker in the perforations, which are similar to those 
that Mr. Hofft uses. Those clinkers are so hard that they could 
not get the stuff broken out. We finally decided to abandon those 
grates and have adopted a step grate which is somewhat similar 
to the upper Hofft grate. The principal purpose of this is to 
enable the operators to get in the furnace over the week-end and 
break up the slabs. 

Mr. Brooks. One often wonders whether refractory prob- 
lems are entirely a question of temperature or whether they 
may not be a question of the chemical constituents of the fuel 
that we are burning, possibly forming low waste with the re- 
fractories themselves and thereby producing the deleterious 
effects that give the trouble. In one installation of the Ford 
Motor Company in northern Michigan that question came up, 
so that it is likely that many have had similar problems. 

Mr. Cater. It is found in Detroit plants that when they 
go beyond a furnace rating of about 175 per cent, sufficient heat 
is generated from the combustion, so that the very chemica 
combination that is referred to takes place and starts to work on 
the refractories. Running wood waste at a high rating neces- 
sarily makes high temperatures. That has been so serious in 
the furnace upkeep that it is a hard rule with some of our cus- 
tomers that they will not run wood over 175 per cent. 

Mr. Brooks. Inthe coal-burning line, we are out of the 
habit of speaking in terms of per cent of rating. Today we think 
in terms of boiler horsepower per cubic foot. I wonder what this 
175 per cent rating means. I wonder if any one ever has isolated 
any of the chemical elements that are so harmful to the refrac- 
tories. What chemical element is it that is released at these high 
temperatures that produces that effect? 

Mr. Cauuer. I have no information to go on record with, 
but I believe that the chemists and engineers from the General 
Motors could very well reply to that question. 

Mr. Brooks. The matter of silica alone does not seem to 
enter into it, because silica itself is one of the best refractories. 
There must be some combination with silica. There are certain 
of the siliceous metallic combinations which have very low 
ash fusion; ferrous silica will run down to 600 or 700 deg., so 
that probably there must be some combination of the silica with 
some metallic form producing a fusion. 

Mr. Smirx. Very often a part of our work is made from the 
so-called fireproofed wood, which has been treated by impregna- 
tion with certain salts. We have found that where even a small 
percentage of the shavings or refuse is from fireproofed wood, the 
fusion of the ash within the furnaces was very greatly increased. 
The writer has seen our furnaces with the ash fused to the refrac- 
tory walls until it projected out into the furnaces 12 in. or more. 

It has been stated that the knife hog is not suitable for large 
blocks or heavy lumber. We have a knife hog in our plant which 


* Engineer, M. A. Hofft Company, Indianapolis, Ind. 
* H.S. Ferguson Company, Consulting Engineers, New York, N. Y. 


is now successfully hogging materials up to 6 in. thick, as well as 
the thin veneers and lighter woods. We are also using it for re- 
ducing all of our crating materials, including nails and light strap 
iron. Unintentionally, some heavier metals have got into the 
hog and left their mark on the knife, but our hog operates on an 
average of three hours per day and the knives are changed only 
once in every two months. From this, it does seem that the knife 
hog is capable of handling the heavier material and also crating 
materials without much serious damage. 

Mr. Perry. One fact comes home from the discussions, and 
that is the lack of thorough and proved information on the value 
of wood waste as a fuel. With that also, we must consider that 
the utilization of this waste is not in all cases a primary power- 
production problem. It often becomes a problem of disposal of a 
rather miscellaneous type of waste accumulating from a variety 
of woodworking operations. In our factory we have a large 
amount of glue, wrapping paper, and various other things that 
accumulate in a factory, and while Mr. Smith has made an inter- 
esting plea for the knife hog, I still continue to feel that where 
there is a considerable amount of metal coming in with the waste, 
one cannot sort out for the hammer knife as the other type. In 
the hammer hogs, they generally have a metal pocket which, by 
centrifugal force, throws off the heavier particles. I imagine that 
two-thirds of the metal will be segregated and thrown off. 

Mr. Puckett. With regard to the inability to operate the 
pushers, probably the low-fusion ash and the treated wood have 
brought about those conditions. 


AUTHOR’s CLOSURE 


In burning coal and wood in the same furnace the best results 
are obtained by firing them separately, although this is not al- 
ways necessary. However, it is not advisable to burn dry wood 
and coal, with a low-fusing-point ash, in the same furnace at the 
same time; for the burning of the dry wood, especially at high 
ratings, will bring up the furnace temperature to a point where 
it will fuse the ash of the low-fusing-point ash coal. It is even 
difficult to burn this low-fusing-point ash coal at high ratings, 
alone, on account of the melting of the ash and heavy clinkers. 
These difficulties of course are not experienced with coal having 
a higher fusing point to its ash. 

The stoker Mr. Teaze refers to as having air spaces similar to 
the one described in the paper probably was of the shaking-grate 
type with grates 6 or 8 in. by 3 or 4 ft., extending crosswise 
of the furnace. This grate would have a tendency to slag over 
the air spaces. That is the reason for the design of the grate 
with the pushers 3 in. by 12 in. operating between stationary 
grates like a rake. The operation of a row of these pushers be- 
tween the grates cracks off the sheet of sand slag that sometimes 
forms in a furnace burning refuse from logs having considerable 
sand in the bark or that are delivered by salt water. This glassy 
slag would also come in plants where there is a considerable 
amount of sander dust. This slag is rather brittle and would be 
removed with the raking of the pushers between the grates. 

With regard to arching of fuel in the bins, the screw-bottom 
bin described was developed to overcome serious trouble caused 
by the arching of fuel in the bin. This fuel was part dry saw- 
dust and shavings and part wet veneer strips that were not 
finely hogged, but came in rather large pieces. The ordinary 
agitators would not break up this fuel. After a lot of experi- 
ments with this fuel, this secrew-bottom bin was developed, and 
there never has been any arching since, and even more difficult 
adzer shavings are being handled with the same type of machine. 

The author limited this paper to his personal experience in 
this type of equipment and did not attempt to describe all 
types of wood-handling equipment and refuse-burning furnaces, 
as these designs have been ably discussed in many other papers. 
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Longitudinal Shrinkage of Wood 


By ARTHUR KOEHLER,' MADISON, WIS. 


Longitudinal shrinkage of wood ordinarily is so small 
as to be considered negligible, and no allowance is made 
for it for most uses. There are uses, however, for which 
even the small longitudinal shrinkage of normal wood is 
an important factor, and others in which the shrinkage 
along the grain of abnormal wood is so large as to be a 
serious handicap. This paper gives information on the 
shrinkage of wood along the grain about which very little 
has been published. 


may be objectionable under the fol- 
lowing conditions: 

1 When it causes undue shortening in 
length, particularly in posts, so as to throw 
the adjoining members into serious dis- 
alignment. As a rule, no allowance is 
made for longitudinal shrinkage as is 
usually done for transverse shrinkage, 
and consequently when it does occur to 
an appreciable degree it often causes 
trouble. 

2 When it causes exceptionally wide opening of butt joints. 

3 When it causes bowing or cross breaks in pieces which 
shrink unevenly longitudinally. 

4 When it weakens wood in longitudinal shear on account of 
stresses set up as a result of variations in shrinkage potential of 
different layers in timber or other members. 

5 When it causes slivers to loosen and raise up from the face 
of a board. 


Gey be odie along the grain of wood 


VARIATIONS IN SHRINKAGE 


The data here presented are the result of an initial investi- 
gation by the Forest Products Laboratory into causes for the 
variation in the shrinkage of wood. There are large variations 
in the shrinkages of the different species of wood, in the individual 
pieces of the same species, and in different directions on the 
same piece. These variations can be accounted for primarily 
by differences in the cellular structure. 

The longitudinal shrinkage of wood normally ranges from 
0.1 to 0.2 of 1 per cent. Unless otherwise stated all shrinkage 
values given in this paper represent the total shrinkage from the 
green or soaked to the oven-dry condition, that is, a condition of 
zero moisture content. In drying to an average air-dry condi- 
tion of about 12 per cent, the shrinkage would be about one-half 
as much, 

Cases have been observed in which the shrinkage along the 
grain was abnormally large. The greatest longitudinal shrink- 
age so far recorded at the Forest Products Laboratory is 5.78 


1 In charge of Section of Silvicultural Relations, Forest Products 
Laboratory, Forest Service, U. S. Department of Agriculture, main- 
tained in cooperation with University of Wisconsin. Mr. Koehler 
has been engaged in the study of the cellular structure of wood for 
identification purposes and to explain the variations in the behavior 
of wood since 1911. 

Presented at the Fifth National Wood Industries Meeting, New 
York, N. Y., Oct. 16 and 17, 1930, of THe AMERICAN SOCIETY 
OF MBcCHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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per cent in wood from the lower side of a limb of western yellow 
pine. This is more than the average transverse shrinkage for 
the species. It is equivalent to a shortening of 11.1 in. in a 
16-ft. board. On the other extreme, slight elongation has been 
observed in certain woods in drying. 

Fig. 1 gives shrinkage values for 34 different types of wood 
at three different percentages of moisture content; namely, about 
12 per cent, about 7 per cent, and at 0 per cent. Shrinkage is 
assumed to have begun at a moisture content of 24 per cent, 
which is taken as an average fiber-saturation point. Different 
types of wood were selected so as to give as wide a variation in 
shrinkage as possible; consequently the values given in Fig. | 
are not intended to represent averages for any species. 


Conpitions UNpeR Wuicu Excessive LONGITUDINAL 
SHRINKAGES OccuR 


No sharp limits can be set above which longitudinal shrinkage 
in wood may be called excessive. A total uniform shrinkage 
potential of 0.3 of 1 per cent, however, is near the maximum per- 
missible for most uses. It would cause a shortening of 0.58 
in. in a 16-ft. board if oven dried. For numerous uses, 0.2 of 1 per 
cent would be the maximum permissible. Fortunately most 
wood falls below these limits. If the longitudinal shrinkage is 
not uniform from side to side, an even smaller shrinkage may be 
objectionable on account of the bowing which it may produce. 
Shrinkage beyond these limits has been found to occur in the 
following types of wood: 

1 Compression Wood. Compression wood is a hard, heavy, 
brittle type of wood formed on the lower side of branches and 
leaning trunks of coniferous trees. It is characterized by rather 
wide annual rings containing wide summerwood that is not so 
dark and hornlike as in normal wood. Fig. 2 shows a cross 
section of a spruce log in which compression wood is well de- 
veloped. Within any annual ring compression wood is confined 
to one side of the pith, that is, it does not extend continuously 
around the trunk. It may be continuous from the pith to the 
bark, or it may occur in intermittent layers. In some annual 
rings it may be in one direction from the pith and in 
others in a different direction. Therefore, it frequently happens 
that boards or dimension stock have streaks of compression wood 
in them. Compression wood, having a greater tendency to 
shrink longitudinally than normal wood, usually causes a bowing 
of lumber in which it is unevenly distributed. (See Fig. 3.) 
Occasionally streaks of compression wood that adjoin normal wood 
will pull themselves apart so as to form cracks across the grain. 

Compression wood is a source of considerable trouble in the 
drying and use of softwood lumber, principally on account of the 
bowing which it produces. Sometimes the direct shortening 
causes trouble. For example, butt joints in redwood and cypress 
siding occasionally open up on account of the longitudinal shrink- 
age of compression wood in the siding. If the siding is well-dried 
before it is nailed down, however, there will be no occasion for 
any further shrinkage to take place. No sharp line of distinc- 
tion can be drawn between compresion wood and normal wood: 
the two grade into each other imperceptably. Therefore, no 
fixed shrinkage value can be ascribed to compression wood. 
The maximum longitudinal shrinkage so far found in compression 
wood has already been given for wood from a limb of western 
yellow pine. The maximum shrinkage so far determined for 
compression wood from a tree trunk is 5.42 per cent in a southern 
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yellow pine. More often the shrinkage of compression wood is 
less than 1 per cent but over 0.3 of 1 per cent. 

2 Abnormally Light-Weight Wood. Wood below the average 
weight for a species shrinks more along the grain than heavier 
wood of the same species. This is shown in Fig. 1 for high- 
and low-density wood of longleaf pine (1 and 2), tupelo gum 
(22 and 23), ash (25 and 26), and for red oak of low density which 
shrunk over 0.8 of 1 per cent. Fig. 4, which shows the shrinkage 
of redwood of different specific gravities, clearly indicates a 
general trend toward,a reduction in shrinkage with an increase 
in specific gravity. All of the specimens represented in Fig. 4 
above the 0.400 per cent line and about one-half of those between 
the 0.300 and 0.400 per cent lines consisted of compression wood. 
With this fact in mind, the downward trend of the remaining 
points which represented normal wood almost entirely, is more 
apparent. Balsa, on the other hand, which normally is a very 
light wood, did not shrink so much as most of the other specimens 


3 Springwood. In many species of wood each annual growth 
layer is differentiated into an inner, softer layer of low density, the 
springwood, and an outer, harder layer of high density wood, the 
summerwood. The springwood invariably shrinks more along 
the grain than the summerwood. This is easily demonstrated 
by whittling out a piece of wood only one annual ring in thickness 
and observing the way it bows lengthwise of the grain as it dries. 

The greater longitudinal shrinkage of springwood as compared 
with summerwood is shown in Fig. 1 for loblolly pine (3 and 4), 
southern yellow pine (5 and 6), abnormal southern yellow pine 
(7 and 8), Douglas fir (10 and 11), and redwood (13 and 14). 
Fig. 4 shows that the specimens of redwood of lowest specific 
gravity, which consisted entirely of springwood, shrank consider- 
ably, whereas those of highest specific gravity, which consisted 
entirely of summerwood, shrank very little. Figs. 1 and 4 
show that some pieces even elongated in drying. Such elong- 
ated pieces invariably consisted of summerwood only. 
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Per Cent Longitudinal Shrinkage 


Fic. 1 LonGrrupiINAL SHRINKAGE OF Various Tyres OF Woop at THREE DIFFERENT PERCENTAGES OF MoistuRE CONTENT 


that were light in weight. (See Fig. 1.) It is only wood which 
is considerably below the average weight for the species that 
shrinks excessively along the grain. 

This peculiar relationship is due to the fact that in normal- 
weight wood most of the fibrous cells, or wood fibers, are con- 
structed so that they do not shorten much in drying, and since 
the wood fibers predominate, as a rule, they control the shrinkage 
of wood asa whole. In abnormally light-weight wood, however, 
either the wood fibers have a different type of structure or they 
are so scarce that the other kinds of cells predominate, particu- 
larly those that make up the pores, which have a high shrinkage 
potential. The relationship between longitudinal shrinkage and 
density is just the opposite of what it is for transverse shrinkage 
and density; that is, in general the heavier the wood the more 
it shrinks across the grain. The relationship between density 
and shrinkage, whether longitudinal or transverse, is caused by 
the fact that the woods of low and high densities have different 
cellular structures, and not by the fact that there is a difference 
in the amount of wood substance present. 


Within a piece of wood several annual rings in width, the 
springwood, of course, cannot shrink more than the summerwood 
since the two are so closely and alternately bound together. The 
difference in shrinkage potential, however, undoubtedly sets up 
stresses which may possibly produce shear failures either di- 
ectly or when supplemented by stresses due to external loads. 

In flat-grain lumber the greater longitudinal shrinkage of 
springwood frequently causes slivers to loosen and curve away 
from the surface, especially on the pith side. This condition 
frequently is exasperating in flat-grain flooring. It can be largely 
avoided by dressing pattern stock so that the face side is on the 
bark side of the piece. In that event, the summerwood of each 
annual ring is toward the outside, and consequently the tendency 
of the annual rings to curve up is eliminated. 

Rotary veneer occasionally happens to be cut so as to be one 
annual ring in thickness. Under such circumstances, any differ- 
ence in shrinkage potential of springwood and summerwood causes 
local curvatures. 

4 Wood Near the Pith of the Tree. Boards and planks of the 
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southern and western yellow pines, and occasionally other 
species, which happen to be sawed lengthwise through the pith, 
frequently show cross breaks extending for a short distance at 
right angles to the pith. (See Fig. 5.) Such breaks are due to 
the greater longitudinal shrinkage of the wood near the pith. 
For the same reason, narrow strips cut out so that the pith runs 
along one edge will bow as they dry. 

On the other hand, it has been reported that the wood on the 
bark side of some hardwood shrinks more than the wood away 
from the bark, and thereby causes bowing. The explanation 
probably is that the density of the wood in such pieces decreased 
toward the outside of the tree, as frequently is the case, and as 
previously stated, low density wood shrinks more longitidinally 
than that of high density. 

5 Wood in Very Fast Growing Conifers. In loblolly pine and red- 


Cross Section oF Spruce SHowtna COMPRESSION 
Woop—tTxHeE Dark, Wipe-RINGep PorRTION 
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wood relatively high longitudinal shrinkage has been found in 
second-growth trees with very wide annual rings containing 
summerwood which is not so dark and hard as in normal wood. 
Such wood resembles compression wood in some respects, but 
differs from it in extending entirely around the tree trunk and in 
some microscopic features. Wood of this type was found 
mostly in the butt portion of the trunk. Probably it also occurs 
in other species than the ones mentioned. 

6 Cross-grained Wood. In any piece of wood in which the 
grain does not run parallel with the long axis, there may be 
excessive apparent longitudinal shrinkage due to a transverse 
shrinkage component being effective along the length of the 
piece. If the grain ran at an angle of 45 deg. across a board it 
would shrink as much on a percentage basis along its length as 
along its width. Wood with spiral, diagonal, interlocked, wavy, 
or curly grain may have excessive apparent longitudinal shrink- 
age on account of the presence of cross grain. A knot along one 
edge of a narrow strip will cause bowing of the strip due to the 
cross grain which it produces. 

7 Long Pieces of Wood. Although a long piece of wood should 
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not shrink any more than a short one of the same kind on a 
percentage basis, the actua] shrinkage is proportional to the 
length. The greatest shortening effect therefore, would be 
expected in long boards, planks, timbers, or the like. The 
present tendency toward increased use of short lengths will, there- 
fore, help to break up the longitudinal shrinkage into smaller 
units, which will be particularly advantageous in keeping down 
the width of openings in butt joints in siding and flooring. 


RELATION OF LONGITUDINAL SHRINKAGE TO MoistTuRE CoNTENT 


No attempt has been made by the author to determine the 
moisture content at which wood begins to shrink longitudinally 
in drying. It is hardly conceivable that it would be any differ- 
ent from that at which transverse shrinkage occurs; namely, the 
fiber-saturation point, which averages about 24 per cent moisture. 


Fic. Bowrne or Pine as a RESULT OF EXcEssIvVE 
SHRINKAGE OF COMPRESSION Woop (DARKER PorTION) ADJACENT 
To NorMAL Woop 


Fic. 5 Cross Breaks tN WESTERN YELLOW PINE Dve To GREATER 
LONGITUDINAL SHRINKAGE OF Woop NEAR PitH 


Although most of the points representing shrinkage for different 
percentages of moisture content in Fig. 1 are not in a straight 
line or characteristic type of curve for each kind of wood, they 
agree fairly well in pointing to about 24 per cent as the moisture 
content at which shrinkage began. 

Among the specimens of low shrinkage there is a slight ten- 
dency to curvature in the shrinkage lines, indicating that the 
shrinkage rate increases as the moisture content decreases. Some 
of the specimens showed no shrinkage or even elongated in the 
first and second stages of drying, but when all moisture was 
removed they were shorter than when wet. 

Longitudinal shrinkage, like transverse shrinkage, depends on 
the change in moisture content below the fiber-saturation point. 
If wood is dried so that it will not change a great deal in moisture 
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content when used, then it will not shrink appreciably along the 
grain, no matter how abnormal its shrinkage potential may be. 
For uses in which the wood becomes alternately wet and dry, 
previous drying, of course, does not prevent subsequent changes 
in dimensions with changes in moisture content. 

As previously pointed out, the uses discussed here in which 
longitudinal shrinkage becomes an important factor are far in 
the minority; for most uses the longitudinal shrinkage of wood 
is so small as to be considered negligible. 


Future Work 


Further investigations are under way at the Forest Products 
Laboratory to determine how the cellular structure of wood 
affects its shrinkage. It is believed that information on the 
cause of variations in the shrinkage of wood will be of value in 
diagnosing and explaining peculiarities in the behavior of wood, 


EN-DORVY WEIGHT 


RELATION OF LONGITUDINAL SHRINKAGE OF REpwoop To Its Speciric Gravity 


AND VOLUME 


and in learning how to recognize wood which has an exceptionally 
large shrinkage potential, so that difficulties that might result 
therefrom may be guarded against. It is also believed that an 
understanding of the mechansim of wood shrinkage will be of 
value in developing treatments for reducing the shrinking and 
swelling of wood in use. It has already been discovered that the 
pitch of the spirally wound cellulose fibrils of which the cell wall is 
composed is one of the controlling elements in longitudinal shrink- 
age, the less the pitch the greater the shrinkage in the length of 
the cell. Theoretically, the reverse should hold for transverse 
shrinkage, and it was found to do so in many cases. For ex- 
ample, compression wood shrinks less than normal wood, and 
springwood shrinks less than summerwood across the grain. 
Evidently other factors also come into play in transverse shrink- 
age, the importance of which should be determined by the further 
investigations now under way at the Forest Products Laboratory. 
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Curved and Bent Plywood 


By THOMAS D. PERRY,' NEW ALBANY, IND. 


Curved surfaces on solid wood reveal unattractive wood 
grain and are seriously lacking in strength and rigidity. 
The veneering of curved surfaces on solid wood is an 
A description of the curving of plywood for 
modern designs is timely, since curved surfaces are passing 
through a period of style popularity. The paper gives a 
concise description of the building of curved plywood, as 
well as of the bending of plywood by processes just emerg- 
ing from the experimental stage. Suggestions are given 
for the necessary tolerances in size and shape, the trim- 
ming and sanding of the curved shapes, and the accessory 
equipment required therefor. Attention is called to the 
fact that, pound for pound, wood is the strongest material 
known; hence curved plywood has an opportunity to 
become an industrial product with wide applications and 
substantial economic value. 


ancient art. 


ROM time to time curved veneered 
surfaces have been conspicuous in 
wood-product designs, and just at 
present they are unusually popular. There 
are several approved methods of produc- 
ing such curved veneer and plywood; 
methods that depend on the quantity, 
on the complexity and abruptness of the 
curve, and on the strength and rigidity re- 
quired. The three best developed processes 
are as follows: 
(1) Curved veneering on solid lumber 
(2) Building curved plywood cold (with rigid male and 
female dies) during gluing 
(3) Bending plywood with heat after gluing. 

Historic Methods. Surviving examples of early artistic veneer- 
ing consist almost wholly of single-ply veneer glued by hand, 
practically the first of the aforementioned processes, on flat or 
curved foundations of an inert and stable wood like pine or pop- 
lar. This veneer was applied with what is known as a veneering 
hammer (see Fig. 1), which really was a hand pressing tool drawn 
or pushed over the surface of freshly glued veneer to produce com- 
plete adhesion and to squeeze out the glue, while making the 
close and tight surface joints required in high-grade veneering. 
Such veneered work has endured for hundreds of years, and has 
not only been proved durable by time, but also has been judged 
genuinely artistic by leading designers of past and present wood 
products. 

Mechanical Limitations. Given plenty of time and skilled 
artisanship, it is possible to attach veneer to almost any curved 


1 Works Manager and Engineer, New Albany Veneering Company, 
New Albany, Ind. Mem. A.S.M.E. Mr. Perry has devoted many 
years to engineering in the wood-industries field and has served as 
vice-president and manager of the Grand Rapids Veneer Works 
and as consulting engineer with Bigelow, Kent, Willard & Company, 
of Boston, Mass. He is chairman of the Wood Industries Division 
of the A.S.M.E., and the author of many articles dealing with lumber- 
handling equipment, woodwork, and engineering practice with veneer, 
plywood, and solid wood. ® 

Presented at the Fifth National Wood Industries Meeting, New 
York, N. Y., Oct. 16 and 17, 1930, of Tue AMERICAN SOCIETY OF 
MecHanicaL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 


of the Society. 
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surface. Even long circular columns and complicated re-entrant 
curves can be veneered. As a practical manufacturing problem 
for quantity production, however, only such curves can be 
successfully and economically veneered as can be formed under 
platen presses with vertical pressure. There is a definite limit 
to the curved segmental angles that can be glued effectively. 
Reference to the pressure diagram in Fig. 2 will indicate that, with 
a direct pressure A of 75 to 100 lb. per sq. in., a 90-deg. segment 
will have approximately two-thirds of this pressure at its extremi- 
ties, while one of 120 deg. will have only one-half of this pressure, as 
at C. It is possible to veneer the latter successfully, and it will 
include sufficiently more than a quadrant to produce grooved and 
well-fitted corners. It is obvious that a segment of 180 deg. would 
have no vertical pressure component, and its only pressure would 
be derived from the snugness of the forms. This limit of 120- 
deg. segmental angle applies to both simple and compound curved 
surfaces. Bending machines, under the third process, may raise 
this limit to 240 deg. 

No definite size limits can be stated as conditions vary so 


/ 
Fic. 1 VENEERING HAMMER 


(Used for pressing veneer to base and squeezing out surplus glue.) 


widely. In general, 
curves more than 2 ft. 
wide (around the 
curve) and more than 
2 ft. long (parallel to 
the cylindrical axis) are 
quite exceptional and 
are rarely required on 
a quantity-production 
basis. Hence their 
methods of manufac- 
ture have little prac- 
tical background. 
Grand-piano rims are 
invariably made of 
curved plywood and 
are an exception to this 
classification. Probably 90 per cent of curved plywood falls 
within the foregoing size limits, and the methods outlined will be 
particularly applicable to this majority portion. 

Glue Requirements. The principal wood adhesives of commerce 
are each adapted to certain kinds of curved work, but none of 
them is universally applicable to all kinds of bent and curved ply- 
wood. 

Successful plywood glues for use in curved products must hold 
their fluidity well—i.e., must not evaporate too rapidly in bulk 
or while spread, waiting for pressure; at the same time they 
must set quickly under pressure, so that gluing equipment 
can be used repeatedly during the daily working schedules. 
Ordinarily such quick-setting glues are low-moisture-content 


Pressure DIAGRAM 


(Indicating distribution of vertical pressure 
for various sized segments.) 
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brands, requiring from 66 to 75 per cent of the normal amount of 
mixing water. They are usually rather above average quality 
and price. Ordinary glues or cheap glues are hazardous on 
curved and bent work. 

A satisfactory working schedule is three hours under pressure 
or about four hours between successive gluings. This permits 
from two to six charges, according to the length of the working 
day. Where 1000 units are required daily, and the forms cost 
$10 per set, the charges per day become an important economic 
item. 

Animal glue was the original standard for veneer work, but 
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Fig. MarxinG Tempiet, With Merat EpGe 


(A, block of laminated wood; B-—B, racks for spacing; C, templet holder, 
of plywood; D, metal templet.) 


is of such a cost that its principal application is to the curved 
tasks where skilled labor is required and volume is very moderate. 
It is an excellent manual glue, but after setting it is neither 
moisture proof, nor does it resist the action of heat above 140 
deg. fahr. It is the only one of the glues mentioned that requires 
heated wood and 80 deg. fahr. workroom temperatures for its 
successful application. 

Vegetable glue is made from a starch base, usually of casava 
or tapioca flour, and is especially adapted to a large volume of 
standardized production. It is moderate in price, and when 
properly blended can be removed from pressure in a minimum 
of two and one-half hours, although three hours is safer. Due 
toits heavy, tacky qualities, it must be mixed and spread mechani- 
cally. It has no material advantages over animal glue in either 
moisture or heat resistance. Room and product temperature 
may be normal workroom conditions. 

Casein glue is a milk product that can be mixed and applied 
cold. It has water- and heat-resistant qualities and is suitable 
to use in dry-bending operation with a short exposure to tempera- 
tures around 200 deg. Its water-resistant qualities depend on 
lime content, but high water resistance requires a large lime ad- 
mixture and it becomes very brittle. It must be machine-mixed, 
but can be spread manually or mechanically. The best grade 
for dry bending is a low lime content, and the plywood should be 
bent within 24 to 48 hours from laying. Casein costs are about 
midway between animal and vegetable glues. 

Blood-albumin glue is a packing-house product and consists 
chiefly of dried blood. Its use is fully described under the wet- 
bending process later in this paper. 


CurvEeD VENEERING ON LUMBER 


Fundamental Principles. The fundamental principles of 
success in this process of curved veneering are three: first, the 
selection of wood of such quality as will tenaciously hold glue 
and serve as a suitable foundation for the thin, fragile sheets of 
pliable veneer to be attached thereto; second, the preparation of 
thoroughly stable and inert bases of suitable curved shapes with 


sufficient strength to carry the strains of hard usage in a piece 
of furniture; third, gluing the veneer to such carefully selected 
and designed bases with proper regard to figure, joints, and 
freedom from surface breaks. 

In the past such work was ordinarily glued with animal glue, 
but modern practice approves several other more recently 
developed adhesives. 

Preparing the Block. The curved bases on which the veneer 
is to be glued are most advantageously made from large blocks of 
wood, band sawn to the desired shape. These blocks of wood 
are preferably laminated out of 4/4 in. stock and must be 
thoroughly kiln-dried, as well as square on every face, in order 
that the marking and saw cuts may be free from irregularity and 
imperfection. The grain of laminations is usually parallel with- 
out cross-banding, since the cross-veneer increases the difficulty 
of sawing, but does prevent warping. Such blocks must be of 
a convenient size for ready handling on the band-saw table and 
must be of such dimensions that the band saw will readily cut 
without binding, running, or whipping in the cut. 

It is possible to make successful band-saw cuts as deep as 22 
in., but accuracy of form and speed of cutting are sacrificed in 
such thick blocks. It is much better practice to confine the 
thickness of such blocks to a range between 6 and 12 in., per- 
mitting more rapid sawing and eliminating to a large degree the 
tendency toward irregularity between the desired curve at the 
bottom and top of the block. 


Fic. 4 Conpitions FoR BAND SAWING 


(A, section of band-saw blade; B, saw cut from which kerf has been 
removed; C, must equal veneer in thickness; R, radius of saw cut, inside.) 


Several woods are in current use for blocks of this kind, and 
each has its special qualities. White pine is ideal in that it works 
easily, glues excellently, and retains its shape. It is, however, 
decidedly costly, as well as rather soft and easily dented. 
Yellow poplar is not quite as stable as pine, but is denser and rather 
harder. Sound wormy chestnut makes an excellent block and is, 
from the standpoint of economy, stability, and gluing qualities, 
one of the best blocks available. It is largely used by discrimi- 
nating manufacturers of curved veneered parts. 

Templets for Marking. If only a very few pieces are to be pro- 
duced, it is of course possible to scribe the curve directly on the 
block with drawing instruments or to make wooden templets for 
a limited number. Quantity production demands standardi- 


zation of shape, and a method of utilizing metal templets is shown 
in Fig. 3, in which two exactly similar racks B-B are nailed to 
either end of the block and serve as spacing guides to insure uni- 
formity of thickness in the sawn curved bases. 

For moderate production quantities the metal templet D can 
be made from zinc, brass, or aluminum and sawn to shape on the 
woodworking band saws. 


For large quantities and unusual 
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accuracy this templet should be made of steel. It is obvious that 
great care must be exercised in making this metal templet, as it 
must be true to curve, reversible, and free from irregularity. 

It is recommended that the templet holder C be made of 
multiple plywood so that its shape may not be seriously altered by 
climatic conditions. 

Sawing the Curves. There are a number of sturdy makes of 
band-sawing machines that are rigidly built, easily adjusted, and 
conveniently operated. The best types have electric motors 
built into saw frames and are equipped with ball bearings. 

The problem of selecting a suitable band-saw blade is subject 


TABLE 1' STANDARD SAW SIZES 


—————Standard Specifications ~ 
Width Points Minimum 
of saw, to -———Thickness ——— radius? to be 
in inch Inch Gages cut, in. 
0.028 or 0.025 22 or 23 
7 0 032 or 0 028 21 or 22 
V/4 6 0 032 or 0.028 21 or 22 4 
3/5 5'/s 0 032 or 0.028 21 or 22 l'/s 
I/s 5 0 032 or 0.028 21 or 22 2'/4 
b/s 4'/s 0 032 or 0.028 21 or 22 3 
1/4 4 0 035 or 0 032 20 or 21 4'/2 
/s 4 0.035 or 0.032 20 or 21 6 
. 0 035 or 0.032 20 or 21 Ss 
0.042 or 0 035 19 or 20 12 
1'/, — 0.042 or 0 035 19 or 20 20 


! From Disston's Tool Manual (1927). 
? In ordinary construction there are few exterior curves less than 1'/2 in. 
in radius or few interior curves less than */4 in. 


to a number of considerations. An exaggerated example of the 
limiting conditions is shown in Fig. 4, in which the set of the saw 
teeth is clearly illustrated. The saw teeth must be set to produce 
not only a reasonably smooth surface, but to also properly clear 
and relieve the heel of the saw in a cut of the radius required. 
Standard saw sizes are indicated in Table 1, published in Disston’s 
Tool Manual (1927). These specifications, however, particularly 
apply to band sawing ordinary 4 4 in. to 8/4 in. lumber. On 
thicker blocks it will be necessary to reduce the points per inch 


Fie. 5 Brock Sawn Into Spite Curves 


(Showing the sawn segments numbered and laid together in original 
sequence. A, top segment, or male form; 8, bottom segment, or female 
form.) 


90%, 


to provide additional sawdust-removal capacity. The width of the 
saw cut is determined by several important factors, as follows: 


(a) Gage or thickness of the saw 

(b) Set of the saw teeth 

(c) Clearance of the heel of the saw 
(d) Thickness of veneer to be applied. 


The ideal amount of lumber removed in saw kerf should be 
equal to the thickness of the veneer to be inserted and glued to the 
sawn surfaces. The width of the saw blade should be as great as 
possible for strength purposes with due regard to desired radius 
and necessary width of the cut. The gage of the saw depends 
partly on the size of wheel used, i.e., thinner saws on smaller 
wheels. 

Authorities vary as to the proper lineal cutting speed of the 
band saw, but the best authorities recommend from 3000 to 5000 
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lin. ft. per min. An adequate range of speeds, wheel sizes, and 
revolutions per minute are given in Table 2. 


TABLE 2 OPERATING SPEED OF BAND SAWS 


Lineal speed of -———-—Diameter of wheel in inches 
saw, ft. per min. 20 24 30 36 42 
ee 5731 477! 382 318 273 
errr 621 517 414 345 296 
ee 668 557 4461 371 318 
a See 716 597 477 398 341 
Cl ee 764 637 509 4241 364 
812 676 541 451 387 
C—O 859 716 573 477! 409 
Se 907 756 605 504 432 
955 796 637 531 455! 
1003 836 668 557 477 
a 1050 875 700 584 5001 
1098 915 732 610 523 
eee 1146 955 764 637 546 


1 Recommended speed for wheel (Disston’s Tool Manual, 1927). 


Formut!a: 
Lineal speed 


(D +12) X 
12 


7 Lineal speed = Lineal speed 
0.262 x D 


R.p.m. = 


—<Grain of Wood 


Fie. 6 Brock Sawn Into Compounp CURVES 


(Sawn sections numbered and laid together in original sequence. A, top 
segment; B, bottom segment.) 


One manufacturer, making a large volume of sawn curved 
shapes, has adopted as most satisfactory 620 r.p.m. on a 36-in. 
band saw, using a */, in. wide, 3-point, No. 19 or No. 20 gage band 
saw. This gives a saw travel of approximately 5800 lin. ft. per 
min., indicating that the recommendations in Table 2 are quite 
conservative. 

Laminated lumber blocks, band sawn to simple and compound 
curves, are shown in Figs. 5 and 6. It is to be noted that when the 
simple band-sawn curves are nested, the thickness at the center 
will be slightly greater than at the edge, due to the crescent shape, 
resulting from the moving center and fixed radius. It is therefore 
customary to select and use the desired radius for either the inside 
or the outside of the curved pieces, whichever requires accuracy, 
and to allow sufficient thickness at the thinnest point. Manu- 
facturing conditions may vary these requirements in certain 
instances. The same variable thickness occurs in a compound- 
curved block as a result of the lack of concentricity in the circles. 
This variable thickness cannot entirely be avoided, but it is 
seldom a detriment under actual working conditions, as one sur- 
face can always be made true and uniform. 

The off-bearer at the band saw should be equipped with an 
efficient hand brush so that ail sawdust may be brushed off each 
successive segment as sawn and the saw table be kept free from 
any sawdust that might cause tilting of the block during sawing. 

Obviously the limiting width along the curve is the depth of the 
saw cut or about 22in. If curves of larger dimensions are needed, 
simple curves may be made on a lathe, but compound curves are 
exceedingly difficult. Usually such compound curves are made all 
plywood (rather than veneered on solid lumber), as described 
under the second process. 

Applying the Veneer. In applying the veneer to these sawn 


curved shapes, the top and bottom segments (A and B, Figs. 4 
and 5) are used as forms, the veneer being designed to occupy the 
space between the segments from which the saw kerf has been 
If it is desired to put '/23 in. face and back on a seg- 


removed. 


Fic. 7 SEGMENTS 
(Another process of producing circular segments, A, A, A, using a lathe and 
triangular arbor, B.) 


ment, it will be necessary to use a saw kerf removal of 2/25 in., or 
1/44 in. There are instances, also, where the strain demands a 
crossband, in which case the thickness of the saw kerf must be 
increased to permit the insertion of one or two crossbands. More 
often, however, the segment has sufficient strength for all struc- 
tural requirements, and frequently sufficient resistance for the 
strain occurring in the gluing of the veneer to one side of the 
segment, to permit the use of a single ply of veneer on the face 
of the segment and none on the back. In such instances the saw 
kerf need only be '/23 in., although usually somewhat greater in 
practice. 

The sheets of veneer are usually glued with a mechanical 
spreader and the wet glued faces placed against the segment, 
followed by~a piece of oil paper and another segment; this is 
two-ply construction, the base and one thickness of veneer. 
If a face and back veneer are used, two sheets of veneer would 
be inserted with unglued sides of veneer against an oil-paper 
separator. If crossbands are to be used, they would be mechani- 
cally glued on both sides and placed between the dry face veneer 
and the sawn lumber segment, still using oil paper between 
unglued faces. It is usual to use hand clamps in clamping 
together the entire block. 

The position in which the veneers are laid up will depend some- 
what upon the size. In general the vertical pile is quite unstable, 
and either an angling or horizontal accumulation is preferable. 

Gluing With Fabric Bands. There are instances in which 
the nested form does not meet manufacturing conditions. Fre- 
quently, simple curved segments need to be longer than 22 in., 
the limit which can be band-sawn successfully. Segments up to 
thirds of a circle can be turned on a lathe, as is indicated in Fig. 7, 
in which three quadrant segments are shown mounted on a tri- 
angular arbor. These quadrants are usually attached at the ends 
where the hole will be trimmed off after veneering. It is custom- 
ary to make the back side of these quadrants flat, rather than 
curved, since the hollowing out of the curved back is rather a 
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difficult task. In the making of bow ends for cabinets or beds 
these segments usually need to be enough more than a quarter 
circle to provide a proper lip for framing. The back side is 
often out of sight and requires only strength and manufacturing 
convenience. 

In the making of these lathe-cut quadrant forms, no female 
members result, for forcing the veneer in place. Female forms 
may be made on a lathe and used repeatedly, but ordinarily a 
stretched canvas clamp is used, as shown in Fig. 8. It is usually 
advisable to use crossbands in this type of gluing, although some 
authorities do not favor it. Tension in the canvas band produces 
sufficient pressure to bring the face veneer evenly against the 
curved base. The proper designing of clamp lever E will permit 
taking up the slack in the canvas belt as it stretches in service. 

This process of clamping veneer to convex surfaces with 
flexible bands is a principle used variously in veneering round 
posts and columns with spiral wrappings of tape or bands. This 
work requires trained artisans of individual ability and is not 
mechanized to any extent. 


Curvep PLywoop 


While gluing face veneer on solid band-sawn or lathe-turned 
cores is the historic and perhaps the easiest method of producing 
curved veneered surfaces, it has certain serious limitations, such 
as uneven thickness, size limits, and often may be of such a shape 
as to lack strength; i.e., the band-sawn core may split under the 
strain of usage. 

Bending Plywood While Plastic. A process has therefore 
been developed in which freshly glued plywood may be pressed 


Fie. 8 Canvas GLUE CLAMP 


(To press veneer on lathe segments shown in Fig. 6. A, turned segment; 
, veneer applied, with or without crossing; C, canvas clamp band; D, 
clamp block; E, clamp lever to hold canvas band tight.) 


immediately between curved male and female forms, having 
equidistant spacing between all parts of the form when the pressure 
is at its maximum. This process requires an adequate number of 
rigid forms that are used over and over again, with generous 
throats or clearances for protruding edges of veneer and sufficient 
strength to withstand not only the repeated pressure, but also to 
resist the rough handling of continuous use. 

Veneer Requirements. Plywood bent under this process will 
consist of a number of laminations of relatively thin veneer, 
curved so that the grain of the principal laminations will be 
parallel to the axis of the cylinder represented in the face of the 
curve. This bending is called “with the grain.” Thin veneer, 
1/, in. and less, is preferable, since thicker veneer will show cut- 
ting checks. The resistance to bending “against the grain’’ of 
the veneer is considerable; consequently, the right-angle lami- 
nations must be as few as possible. It is important, however, 
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that the crossbands under the face and back should be bent at 
right-angles to the axis of the cylinder (against the grain), as 
this will add balance to the panel and will largely eliminate the 
tendency to ‘wind’ which is so prevalent in curved shapes. 

A typical design for a ''/j-in. curved 9-ply door is shown in 
Fig. 9, in which '/, in. is the maximum thickness and all veneers 
are laid parallel to the cylindrical axis except the two crossbands 
directly under the two faces and the center layer of '/.)in. The 
core is made of five layers, not true 5-ply, but an equivalent for a 
9/ye-in. lumber core, that could not be bent. 

In the case of '/,-in. curved plywood, the more conventional 
flat 5-ply construction can be used, as shown in Fig. 10. The 
grain of the face, back, and core are all parallel to the curve, with 
only the two crossbands at right-angles thereto. Adding another 
'/s-in. core, parallel to the face, would make a */,-in. 6-ply. 

It is preferable not to design a curved surface so that the face 
veneer has to be laid against the grain, since the wood permits 
little stretching or compression endwise. All veneers have con- 
siderable flexibility sidewise, due to their methods of cutting. 

Face veneers, to be laid in curved forms, require more than 
ordinary preparation. Center joints need to be strongly taped 
as well as edge-glued. Cross tapes should be placed at both ends, 
and not more than 6 in. apart over the whole length. These will 
do much to prevent surface checking in bending and drying. 

Standard commercial veneers will vary somewhat in thickness, 
due to shrinkage allowances made by veneer cutters, looseness of 
cutting, and pressure exerted during mechanical drying. The 
best manufacturers cut their green veneer about 10 per cent over 
standard, resulting in plump dry veneer. Mixing veneer from 
several sources is a hazardous proceeding, especially in plywood 
bending operations. 

Male and Female Forms. The building of forms for shaping 
these all-veneer plywood curves requires careful attention and 
extreme accuracy, since any variation in the distance between the 
faces of the two forms under pressure will result in defective ply- 
wood. When forms are too close at any point, the pressure will 
be excessive, and plywood will have flat or hollow spots; when 
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Fic. 9 Curvep Door, 9-Priy, "/is In. Tutck 


(All laminations bent with the grain, except the three crossbands; i.e., 
in the cross-section the end wood is exposed in face, back, and all cores, 
while the side wood is exposed in two outside and one center crossings.) 


spots on the forms are too far apart, the veneer is likely to be 
loose at that point. 

Lumber for use in these forms must be dense and hard, to 
withstand rough handling and to maintain even, smooth-faced 
curves. Maple and birch are ideal, but gum and poplar can 
be made to serve. The lumber must be sound and free from 
defects. End and edge joints, if well manufactured, are per- 
missible, but must be carefully staggered. 

Three types of forms are shown in Figs. 11, 12, and 13. In 
Fig. 11 the forms are made of laminated and crossbanded blocks, 


of a size and length that could be molded to curved shape on a 
four-side sticker, with a capacity of 12-in. by 6-in. stock. In 
order to successfully use this molder process, it is necessary to 
build these forms in multiples of length, not less than 4ft. After 
the molding operation, it is necessary to carefully sand off the 
faces of the forms, with particular reference to removing any parti- 
cles of end wood resulting from the cutting of the crossbands. 

While it is possible to rely on glued joints to hold these forms 
together, it is preferable to bolt them firmly, as indicated, with 
1/,-in. bolts. These bolts do much to resist hard usage and to 
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Fie. 10 Curvep Pane, 5-Piy IN. 
(Laminations have normal grain directions of ordinary flat plywood.) 


keep the forms from becoming distorted in rough handling. 

Authorities do not agree that the crossbanding is an advantage 
in this type of form. While it does increase the difficulty of 
obtaining a smooth cut in the molder, it also simplifies the gluing 
operation and adds much to the prevention of “wind’’ in the 
ultimate male and female forms. 

The form shown in Fig. 12 is made with the grain of the wood 
running across the form rather than lengthwise, as in Fig. 11. 
The sections of this form can be roughed out on a band saw and 
brought to a smooth true curved face on ashaper. Some authori- 
ties advise gluing and bolting these laminations together, and 
others rely on bolts only, as indicated. There are instances, 
however, where a shaper might not be available, and such forms 
as shown in Figs. 12 and 13 might be made with a band saw and 
sanded after bolting together. 

To secure accuracy in resulting curves, the distance between 
the forms is usually the thickness of a single unit of plywood, so 
the plywood curves will be uniform. There are cases, however, 
where plywood is relatively thin and accuracy is not so essential, 
so that the distance between the forms may be equal to two or 
three units of plywood. These units will have slightly varying 
curves in which the variations become less and less as the radii of 
the curves increase. 

It is important in building male and female forms to provide 
sufficient and adequate clearances for excess veneer edges (to be 
trimmed off) and also wide enough throats at each side so that 
the surplus size of the veneers will not interfere with proper clamp- 
ing under pressure. 

Placing Veneer in Forms. Forms of the type shown in Figs. 
11, 12, and 13 should be scraped and sanded smooth after bolting 
and thoroughly waxed before using. They should always be 
lined with waxed or oiled paper at each insertion of wet glued 
plywood to prevent the adherence of glue particles. Such glue 
particles should be immediately cleaned off, but at best are likely 
to mar the surface of the form. 
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Plywood to be bent in curved forms is glued and laid up as in 
ordinary flat plywood, but with two sheets of waxed or oiled paper 
between each unit. The units are carefully placed and centered 
in the lower concave form, with the convex form placed and cen- 
tered above. Usually three sets of forms can be placed in a 
press retainer with flat caul boards between sets. 

It is obvious that curved forms must be approximately balanced 


Fie. 11 Mane anp FemMaLe Form 


(Curves cut on a sticker or molder, from blocks glued together with cross- 

bands. Forms are bolted to resist hard usage. End grain of wood exposed 

in illustration. A, clearances for excess veneer to be trimmed off, sometimes 
called throat; B, net thickness of single plywood unit.) 


Fie. 12 Fremate Form 


(Curves band-sawn and finished on a shaper. Laminations bolted together 
after shaping.) 


© 


Groin of Wood 


Fic. 13 Marz anp Form 
(Curves cut on band saw, bolted together, and sanded smooth after bolting.) 


on a center line in order that the wet plywood may not slip or 
slide under pressure. Attempts to anchor or provide guides 
for unbalanced forms have not been at all successful. 

Multiple Forms With Crescent-Shaped Curved Cauls. There 
are instances where curved plywood may have shapes of approxi- 


mate equality, such as opera-seat backs. In such instances it 
is found economical to design a series of male and female forms 
as shown in Fig. 14. Half a dozen plywood units may be placed 
in each opening, with curved cauls or separators between adjacent 
lots. These curved cauls are sufficiently crescent shaped to 
insure equal pressure at all points of the curved-plywood units 
placed between them. While it is conceivable that such multiple 
cauls could be made of wood, it has been found desirable to 
utilize the multiple system principally in those instances where 
production will permit the careful machining of metal cauls 
to true shapes. Such multiple cauls are more expensive than the 
single cauls, but they offer advantages in production where large 
quantities are required. 

Drying Forms. The forms described have been those primarily 
designed for forcing the freshly glued plywood into the proper 
shape and holding it there for the initial set of the glue. Some 
manufacturers find that it is advantageous to provide sets of 
skeletonized forms for drying purposes, into which the curved 
plywood can be placed after removal from the gluing forms and 
rigidly held to shape during the complete drying out of glue water. 
These skeletonized drying forms will of course permit greater 
access to air currents and quicker drying, and will hold the curved 
form in the proper position until the drying out of the glue water 
has been completed. This practice is particularly necessary 
when curved shapes are large in area and relatively thin. 

A common example of this practice is the gluing up of grand- 
piano rims, which are rather complicated pieces of plywood. 
Laminations are usually parallel without crossbanding, tending 
toward warping. The curve is quite complex, and drying forms 
are desirable. 

Drying forms are sometimes used for curved veneer pieces, 
made from band-sawn, solid-lumber shapes, as described earlier 
in this paper. They are only necessary when a large amount of 
glue water needs to be dried out without distortion. 

The use, however, of quick-setting, low-water-content glues 
has reached such a point that, in most instances, three hours in a 
gluing form will give a sufficiently permanent set, so that there 
is a minimum of distortion during subsequent drying. (See 
paragraph “Design and Inspection Tolerances.’’) 

Crowned or Dished Plywood. It is possible to give a slight 
crowned or dished effect to plywood made by this process, in which 
the resulting plywood represents a slightly spherical shape. Such 
crowned plywood is frequently used for the tops of wardrobe- 
trunks, but if the crown is more than nominal, it is frequently 
necessary to remove narrow triangular sections from the different 
plywood layers to prevent crowding or lapping under pressure. A 
slight dish is usually given to veneered chair seats by the same 
process, but without removing segments. 


BENDING PLywoop 


Principles Involved. The bending of any piece of solid wood 
or of plywood involves compression of the wood fiber on the 
concave side and tension on the convex side. In other words, 
the fibers of the wood must all yield to a greater or less extent, 
either in compression or tension, except at the neutral axis. 

The curving of plywood, previously described, was done when 
the glue was wet and the tension and compression had become 
slippage between the layers of veneer, and thus adjusted itself 
before the initial setting of the glue. The present problem of 
bending plywood after gluing differs in that the glue has had its 
initial set, so that it is necessary to stretch and crowd, not only 
the wood fibers, but the glue layers as well. 

Most materials bend more readily and with less breakage when 
heated, and this applies to many organic as well as to inorganic 
substances. In the case of wood, its fibrous nature is an advan- 
tage in the bending processes, but heat must be used guardedly, 
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so as not to char the wood surfaces nor to make the wood brash and 
brittle. 

Methods of Bending Solid Wood. It is essential to briefly 
mention the two principal methods of bending solid wood, in 
order better to visualize their application to plywood bending. 

The steaming process of bending solid wood has been known 
for many years, and several approved methods have been followed 
in such products as agricultural implements, automobile and 
buggy tops, chair backs, wheel felloes or rims, and the like. 
Modern methods in this art, with attendant research, were fully 
covered in a paper on ‘Wood Bending,’ by T. R. C. Wilson, of 
the Forest Products Laboratory, published in Transactions of the 
American Society of Mechanical Engineers, Wood Industries 
Division, September to December, 1929. The problems there 
presented and the results accomplished are related almost wholly 
to the bending of steamed wood against the grain. One of the 
important fundamentals was the securing of the proper end 
pressure during the bending operation. 

The dry-wood bending process is a comparatively recent 
development, not yet entirely beyond the experimental stage, 
but of proved practical worth. It is a process of selecting 
straight-grained wood, with a moisture content between 15 and 
20 per cent (not kiln dried), and rolling it lengthwise between 
heated cylinders, in much the same way that sheet steel is rolled 
to produce curved boiler plates. It is obvious that some moisture 
will be developed and evaporated from the lumber itself, but no 
additional steam or moisture is applied as a pretreatment, hence 
the term, “dry bending.” End pressure is not a matter of im- 
portance in dry bending. 

Both the wet- and the dry-bending processes are applicable to 
plywood, but with considerable modification. 

The Haskelite or Wet Process of Bending Plywood. This 
process of bending flat plywood into curved shapes in heated 
forms was named after its inventor and was first applied to the 
construction of plywood canoes, made from veneer with highly 
water-resistant blood-albumin glue. During the stress of the 
war period the process developed rapidly because of the suita- 
bility of such curved waterproof plywood for airplane construc- 
tion. Commercial development since the war has been largely 
along the line of shaped and formed plywood for bus bodies and 
interiors, as well as for other curved industrial uses, where water- 
proof plywood quality was essential and where the cost of this 
process was not prohibitive. 

In general the process is one of gluing plywood from sheets of 
veneer not more than '/,, in. thick, using blood-albumin glue as 
an adhesive. Blood albumin makes a two-stage glue; that is, 
the initial set results from the usual evaporation of glue water, 
and the final set is one caused by coagulation under heat. After 
the initial set of the glue in the flat plywood, the entire panel is 
soaked or steamed until the wood itself is highly pliable. This 
soaking can be accomplished without loosening the glue line, 
due to the qualities of the blood-albumin glue. The wet, pliable 
veneer is then placed between steam-heated male and female 
platens of the desired shape and forced into the curve desired 
under a temperature running between 160 and 220 deg. fahr. 
When this heat reaches the blood-albumin glue, it produces the 
coagulation or secondary set, which gives the plywood a permanent 
curve of the desired shape. The steam-heated platens also dry 
out the moisture in the plywood. This process is closely pro- 
tected by patents and is not extensively practiced, but the essen- 
tial steps are fundamentally as outlined. The resulting plywood 
is an excellent but costly product. 

Dry Process of Plywood Bending. The wet process of plywood 
bending is limited to the use of blood-albumin glue, and cannot 
be accomplished with animal, vegetable, or casein glues. The 
dry-bending process, however, is fully as applicable to plywood 
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as it is to solid wood, and with essentially the same equipment. 

The roller bending machine is shown in outline in Fig. 15, in 
which cylinder D is rigidly held in position at its bearings, which 
do not require vertical adjustment. The interior of this cylinder 
is heated through perforations in an illuminating-gas pipe E, 
extending the whole length of the cylinder. The diameter of 
this cylinder may vary somewhat, according to the radius of the 
material to be bent, although the range of radii that can be bent 
on the one size cylinder is considerable. 


Fic. 14 Mate anp Femate Forms 
(Producing approximately similar shapes. Preferably made of metal, 
R, outside radius of largest unit; r, inside radius of smallest unit; r + R/2 

average radius; — r, distance between cauls.) 


Fig. 15 Dry-Benping MaAcuHINE 


(A, pressure adjusting cam; B, adjusting bar; C-C, lower roller supports: 
D, upper heated roller; E and F, perforated gas pipe; G, guide; H, flexible 
metal band; plywood under Sending 


The pressure exerted on the plywood to be bent is regu- 
lated by cam A, which in turn forces the idle rollers C-C 
closer to the live roller D. Between idle rollers C-C and live 
roller D is an endless steel belt H, usually made in strips not over 
6 in. wide. This belt serves to convey the plywood under live 
roller D and over idle rolls C-C. In some instances idle rolls C-C 
are heated with internal gas lines, and in other cases the heat is 
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applied at F under the moving steel bands. The plywood must 
be kept hot on both sides. The curved guard G is to keep the 
bent plywood from following the steel band and is adjustable; 
in operation it should touch the curved panel as it leaves the rolls. 
The piece of plywood to be bent is indicated at J in heavy black 
line. These bending machines are made in several sizes and, due 
to the slow speed of operation, are usually desinged in duplicate 
or quadruple units, to take two, four, or more pieces of plywood 

simultaneously, thus 


== - -~ 
economizing on the 
time of the machine 
operator. 
i Great care must be 


taken in feeding the 
flat plywood squarely 
into the rollers, so 
that there will be no 


Fie. 16 Ptywoop 


(Face and back bend with the grain. Center is 

made as thin as possible, '/1¢ in. to '/x% in., to 

offer a minimum resistance to bending against 
the grain.) 


Fic. 17 Benpine Banps 


Upper view shows plywood ready to be bent; center, plywood partly 

bent; lower, plywood completely bent, removed from the machine, and 

bands clamped as a drying rack. A, metal band; B, plywood to be bent; 
C, forming die; D, clamp to hold plywood U in shape until dry.) 


faulty spiral or wind resulting in the machine-curved pieces. 

Bending machines of this type are usually equipped with 
variable speed drives, since it is desirable to heat the machine 
gradually and to make the speed dependent on the temperature 
available, as well as on the thickness and moisture content of the 
plywood to be bent. 

It is impossible to do bending of this character in a rapid 
manner, since the yielding (stretching and compression) of the 
wood fibers and glue strata must be gradual and without sudden 
jolts and jars, which would shatter the wood or tear it away from 
the glue lines. 

Some authorities advise machine-bending plywood before 
sanding, although the lines of paper tape may make some inden- 
tations which will sand out. Others advise bending after sanding, 
in which instance some type of efficient cleaner must be attached 
to keep all small particles of dust away from the heated rollers 


and steel belts, and thus prevent denting or marring the surface 
of the plywood. Where the finished face of the panel is on the 
convex side, it is highly desirable to leave the tape in place and 
add its restraining influence to prevent either the cracking of the 
face veneer in stretching or the opening of the joints. Where 
the finished face is on the concave side, the absence of the paper 
tape will do no harm. 

Machine bending under this process requires as high a tempera- 
ture as can be used without either burning the wood or destroying 
the adhesiveness of the glue. In general the best success has 
attended the use of casein glues, which are low in lime content and 
therefore not as brittle as the more thoroughly water-resistant 
brands. The most successful bending is done within two days 
after gluing; further delay increases the hazard of tearing the 
plywood on the glue line. Animal glue will not endure such high 
temperature, and vegetable glue has not proved satisfactory. 

It is desirable to have drying or tempering racks in which to 
place the bent panels after machine bending and during their 
cooling. Any tendency of the curves bent on this machine to 
straighten out occurs within this cooling period, and if the bent 
plywood is held true until cool, it will seldom change shape 
afterward. 

It is a peculiarity of this type of bent plywood, as well as a 
distinct advantage, that it is more limber and more easily forced 
into mechanically shaped grooves than is plywood curved in the 
press while the glue is wet. Curves up to 240 deg. may be bent 
under this process. 

The use of this bending machine results in substantial economy 
in utilization of material, since much narrower trimming allow- 
ances are required than in the case of plywood curved in forms 
while wet. On small panels this saving may be as much as 10 
per cent. 

The dry-bending process for plywood is too new to permit any 
comprehensive idea of its range of usefulness. It is entirely 
successful on '/,-in. 5-ply panels and has been operated without 
serious difficulty on plywood up to '/; in. in thickness where all 
of the layers were of veneer rather than solid lumber. Whether 
it will operate with equal success on thicker plywood or plywood 
with lumber cores is a problem yet to be determined. 

The development of bending machines of this type is in its 
infancy, the principal pioneer being C. W. Elliott, of Columbus, 
Ind., whose machine is described in the foregoing. The possi- 
bilities of further improvements along this line are decidedly 
challenging. 


OrHeR MINoR PROCESSES 


Flexible Plywood. Flexible plywood is another type of con- 
struction in which only 3-ply can be used. The core or center is 
very thin, with the grain across the curve, as shown in Fig. 16. 
Two faces make up the required thickness with the grain parallel 
to the curve. Such flexible plywood must be made of very loose- 
cut veneer and is not suitable for figured veneer or highly finished. 
It has been extensively used for curved sleigh dashes, horns for 
phonographs, and other curved surfaces where flexibility is 
essential and appearances are not important. The principle of 
this flexible plywood is found in the 5-ply core of the curved 
door shown in Fig. 9. 

Bending Plywood With Flexible Metal Bands. In Mr. Wilson’s 
paper, referred to in the early part of this article, Fig. 8 illustrates 
a rim-bending machine particularly adapted to the bending of 
solid-wood wheel rims and other semicircular shapes. An out- 
line of this process of bending, applied to plywood, is indicated in 
Fig. 17, the upper portion showing three strips of veneer, with 
either parallel or angling grain, laid on a thin metal band. The 
action of the machine is such as to draw this thin metal band and 
freshly glued plywood around a sturdy, rigid form resulting in 
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the bending of th» plywood to the shape of the form or die. It is 
arranged so that a clamp or double hook can be placed across 
the U-bend, to hold the curve in proper shape until it has been 
thoroughly dried and the curve fixed in position. This type of 
plywood bending is limited in scope, but is applicable to the bend- 
ing of plywood rims and subrails for circular table tops. It was 
in extensive use when round dining-room table tops were the 
prevailing style. The machine is expensive to install and operate 
and requires costly dies for the different curves; hence it is only 
suitable for large production schedules of standard curved units. 


DesiGN AND INSPECTION TOLERANCES 


Mechanical uniformity in curved plywood shapes, even those 
most accurately made by any of the processes described, can be 
only approximate. Physical differences in the lumber and ve- 
neers, as well as inevitable variations in manufacturing procedure, 
will make some curves subsequently flatten out or curl up more 
than others. Curves piled in a hot or moist place may change 
shape more than those piled in a cool or dry place. Designers 
and users of curved shapes should therefore make due and reason- 
able allowances for such unavoidable variations. Thin curved 
plywood in the ultimate product should be set in reasonably 
rugged frames or be firmly attached to a sturdy member, per- 
mitting a reasonable amount of forcing into place. 

Inspection tolerances should be drawn with reasonable liberal- 
ity, since too rigid limits will cause a high percentage of rejections 
and influence cost prices. 


TRIMMING AND SANDING CURVED AND BENT PLYwoop 


Trimming Ends and Edges. The trimming of the edges and 

ends of plywood curves, produced by any of the processes de- 
scribed, presents some rather interesting and complicated sawing 
problems, particularly as the edges usually need to be sawed on 
radial lines, after making allowance for inserting in frame grooves. 
Both ends and edges must be trimmed with the minimum of 
tearing in the face veneer. Where edges are parallel, as in Fig. 9, 
the task is easy on standard twin saws, equipped with a saddle 
on the sliding table between the saws. Radial edges are much 
more difficult, and usually require saws located on the convex, 
ather than on the concave, side of the curved piece. Much 
ingenuity has been expressed in the type of cradles or holders to 
be placed on the double cut-off or equalizing saws, as well as on 
the double rip saws. 

A large production would justify the building of swivel twin 
trim saws with sliding table between, since no machinery manu- 
facturer seems to have provided adequate equipment for this 
operation. 

Sanding Equipment. As in the case of sawing, this operation 
has required a variety of machine attachments to facilitate safe 
and speedy work. An oscillating saddle is shown in Fig. 18, 
which can be mounted on the sliding table of a belt-sanding 
machine and will adapt itself conveniently to the sanding of the 
outside of convex surfaces without unduly stretching or straining 
the sand belt. Pressure block C may have a concave surface, 
although such surfaces are dangerous and not desirable unless 
absolutely necessary. The ordinary flat under-surface is best 
for this block. Sander belts may be reduced to about 4 in. 
widths for curved surfaces and in some difficult instances may 
be made of cloth rather than paper. It is desirable to use the 
underslung rather than the overslung type of belt sander, since 
the latter interferes with the manipulation of the saddle and the 
curved plywood. 

In some instances, however, the interior, or the concave side, 
of the curved surface must be sanded, and a cradle for doing 
this is shown in Fig. 19. This is practically the reverse of the 
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saddle shown in Fig. 18, but needs careful operation to avoid 
a conflict between the sand belt and the oscillating shaft of the 
cradle. 

Where doors are to be sanded on both concave and convex sur- 
faces, it is possible to make a combination saddle and cradle, 


Fic. 18 SappLe FoR SANDING 


(A, curved plywood to be sanded; B, sand belt; C, sander block; DP, 
oscillating saddle; E, operator's handle for swinging saddle while sanding; 
F, saddle shaft.) 
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Fic. 19 CRADLE FOR SANDING 


(A, curved plywood to be sanded; B, sander belt; C, sander block; 
D, rocking cradle; E, operator's handle to rock cradle while sanding; F, 
cradle shaft.) 


with suitable curved beds upon which each side rests during 
sanding. 

The sanding of serpentine fronts can seldom be aided much by 
attachments and is best done by laying the curved plywood 
directly on the belt-sander table. 

There are a number of special sanding machines made for 
curved chair stock, but in most instances these contemplate 
that the grain runs across the curve, and hence not in the proper 
direction for sanding curved veneer and plywood surfaces. 


CoNCLUSION 


The various processes of producing curved veneered shapes 
have been outlined at approximately the present state of the 
art. The author realizes keenly that much research and experi- 
mentation remain to be done and that the present processes, now 
limited in their scope, may be greatly extended, and that pre- 
vailing cumbersome steps may be eliminated entirely by future 
developments. 

It must be clear that there are great possibilities of extending 
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the scope and usefulness of curved plywood, not only in the mak- 
ing of artistic products for use in pianos, radio cabinets, and the 
like, but also in the design of a wide range of utilitarian products 
where curved plywood can be advantageously adopted. 

Plywood can be adapted to many new and original purposes 
with its desirable qualities of bulk, reasonable resiliency, and high 
strength-to-weight ratio. It was repeatedly proved during the 
war that pound for pound plywood was stronger than steel. 

Research along the line of making wood products water- and 
fire-resistant are rapidly overcoming these two limitations under 
which wood has labored for many years. Wood inits many forms 
has an unusual industrial appeal and certainly will hold an 
increasingly larger place in the utilitarian branches of the 
manufacturing industries. 


Discussion 


C. W. Exuiorr.? The description in this paper of the ply- 
wood-bending operation has not fully covered the range of pos- 
sibilities that the writer’s experience has revealed. While the 
development of the dry-bending machine has been largely along 
the lines of solid wood, the writer's experience has proved that 
practically all of the operations and products that can be made 
from solid wood can be made with even greater effectiveness from 
various types of plywood that are designed for bending-machine 
operations. 

The wood-bending craft, with an extensive natural resource as 
its raw material, has not stepped up as rapidly as other branches 
of industry in past years. However, enhanced largely by 
canny inventions, time-saving devices, and perfected equipment, 
today it is making greater strides forward than ever before. 
As in other industries, advanced and more efficient methods are 
being introduced currently in the wood-bending business. 

Possessed of many years’ practical experience and trail blazing 
in this revolutionary method of wood bending, the writer feels 
qualified to give authentic information concerning the industry's 
progress in recent years. 

Prior to inventing the dry wood-bending machine, the writer 
was engaged in the manufacture of products requiring the use 
of hoops and circles of various sizes and from '/, to */, in. in 


2? General Manager, Elliott Wood Bending Machine Co., Colum- 
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thickness. The steam-bending process was used, and many dif- 
ficulties were experienced, such as slow production, uneven 
curves, considerable breakage, and high cost of equipment. 

While using the steam-bending process the writer conceived 
the idea of dry bending by machine, a radical departure from the 
conventional methods then in practice. He designed and built 
the first machine of this kind. When completed and placed in 
operation, the results far exceeded expectations, and the future 
possibilities were seen. It was apparent that it produced a better 
quality of bent work with truer curves. The loss by breakage 
was practically eliminated, and the cost was reduced to approxi- 
mately one-half. 

Later the work of developing a machine for the bending of 
heavier material was undertaken. Innumerable difficulties 
were encountered in solving the problems accompanying the 
bending of this heavier material. Means were needed for greater 
contraction of the inner curve and better control of the outer 
curve. Through a long period of experimenting, many devices 
were tried until the desired result was accomplished in a fairly 
satisfactory manner. 

With machines in operation for bending the heavier stock 
along with the lighter material, the writer’s company entered the 
field of custom bending, manufacturing bent-wood stock for 
many purposes. The material ranged in thickness from '/, to 
7/, in., and the radius from 3'/, in. to 7 ft. 

In the custom-bending field both solid material and plywood 
were bent. However, the machines had insufficient scope to 
meet all requirements of bent stock needed in the woodworking 
industry. It was found that further development of improved 
machines for producing various shapes and compound bends 
would prove of great benefit to the industry, and were greatly 
needed. 

Work on machines to produce this type of work is progressing. 
Many experiments have been made in recent months, and the 
results are proving quite successful. It is hoped to have these 
machines perfected in the near future. 

A class of work is being produced by machine bending which 
heretofore was prohibitive, even by the method of gluing in male 
and female forms. This work includes complete circles with butt 
joint, semicircles or other shapes of uneven thickness, and com- 
plete circles with scarf joint. (See Fig. 20.) 

Plywood and solid wood of */, in. thickness can be successfully 
bent to a radius of 18 in. on the new type of chair-back machine. 
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Fic. 20 Macutne-Benpinc Work, Piywoop GLUED IN FLAT SHEETS 
(A, complete circle with butt joint; B, semicircle of uneven thickness; C, complete circle with scarf joint.) 
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The paper presents some of the standardization mea- 
sures which have been undertaken by the sandpaper in- 
dustry, tracing their evolution and influence on the prod- 
uct. Typical factory-control methods used in the manu- 


facture of coated abrasives are described, together with 
testing media for evaluating the cutting efficiency of the 
finished product. 


HE World War supplied the real 

centralizing, coordinating force in 

present-day industrial standardiza- 
tion. It stands today as an accepted 
economic institution, and yet generally 
there is little true realization or apprecia- 
tion of its broad significance. The user 
of a commodity manufactured by an in- 
dustry practicing cooperative standardiza- 
tion comes in contact usually with just one 
phase of its operation; namely, the elimi- 
nation of unnecessary sizes, grades, items, 
etc. This contact in many instances pro- 
duces an unfavorable impression because of the element of per- 
sonal sacrifice, and it accounts for the occasional minority con- 
ception that standardization is a boon solely to the manu- 
facturers of the article in question. By showing the purchaser 
or user the benefits which one particular industrial standardiza- 
tion confers on its trade, his cooperation can usually be obtained 
and real progress be assured. 

In the sandpaper industry, the individual manufacturers have 
long appreciated the results of cooperative effort in eliminating 
unsound manufacturing practices and wasteful methods. That 
the user of sandpaper has profited by the development of the 
industry is certain, for there is a good way to judge the average 
improvement of the product and its increased production during 
the last 13 years. The quantity or reamage of sandpaper sold 
in the United States last year was nearly the same as in 1916. 
Therefore, over that period there has been little growth in the 
volume of sandpaper made. Over the same 13 years, however, 
the general increase in demand for basic materials has been 
about 70 per cent. The general economic growth of the country 
should have required about 70 per cent more sandpaper if the 
quality had remained the same. In addition to this, there have 
been new industries and uses that would have required, say, 
still 30 per cent more sandpaper. The total increase in sanding 
work to be done in 1929 was probably close to 100 per cent over 
1916. Itis certain that this increase in demand has been supplied 
by the improvement during 13 years of nearly 100 per cent in the 
quality of sandpaper. The increase in production per unit of 
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area has been so great that no buyer of sandpaper used in produc- 
tion would today accept the product of 1916. 

One specific instance of quality improvement will serve as an 
illustration. The fir veneer and door industry on the Pacific 
Coast uses six- and eight-drum sanders to finish and bring fir 
veneer to gage. The first or roughing cut is usually made with 
No. 3'/: garnet combination, followed by finer grades of paper 
and combination coated with either garnet or aluminum oxide. 
Ten or twelve years ago as low as 4 hours’ production was ob- 
tained from the first or coarsest cover, whereas today some plants 
have reported as high as 96 hours’ continuous production from 
the present-day product which has been specially developed to 
meet the requirements of this very severe duty. 

The decrease in the yearly consumption of sandpaper is not 
due to the fact that sanding is being replaced by other methods. 
It is not possible to prove this contention statistically, but close 
observers in the business can see no curtailment of old uses, 
but instead a development of new ones, notably floor-sander 
applications, waterproof sandpaper, and fiber disks for portable 
sanders in the automobile industry. 

While the sandpaper industry has been cooperatively working 
out standardization measures, the individual manufacturers have 
been developing factory standards, control methods, and means 
of testing and evaluating the performance of the finished product. 


STANDARDIZATION IN THE INDUSTRY 


Just a generation back each of the sandpaper manufacturers 
was making his product, which consisted of several hundred 
total items without any well-defined standards for his own plant 
and a complete lack of standards within the industry. The speci- 
fications for the product were continually being shifted and largely 
for competitive purposes. 

The gradual development of the grading standard is interest- 
ing. Heretofore each manufacturer varied his grades or grain 
size for a given number as a competitive attack or defense. A 
single manufacturer would have in stock several different grades - 
of the same number. Desiring to obtain the business on an item, 
his first move would be to select from his several variations of 
that number one slightly coarser than that of his competitor in 
order to increase the production. Or if the trouble was scratch- 
ing, where possibly his competitor had been using a coarse varia- 
tion, then he would recommend some of his finer gradations of 
the same grit number. The possibilities of error and trouble 
for his customer were obvious. The customer could not buy a 
competing brand without submitting a sample to match the 
grade. Under these conditions, of course, none of the grades 
was any toogood. (See Figs. 1 and 2.) 

The first attempt of the manufacturers to establish a uniform 
grade consisted in selling sheets of material by appearance and 
feel. That gave some pretense of reasonable grade spacing. 
When he chose to do so, the manufacturer would attempt to 
match this sheet. Later, silk testing sieves were designated by 
mesh number, and a rough specification for grade was thus set up. 
The difficulty with this method was the variation in sieves of the 
same mesh number. The next step was to establish standard sands 
for the most-used commercial brands. At this time there were 
still different grading standards for the various abrasive minerals 
used. Silk testing sieves were carefully selected, and a sufficient 
quantity was given to each manufacturer. A standard method 
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of screen analysis was set up so that different operators could 
check each other. Specifications were established for the amount 
of under grade, control grade, and over grade for each grit size. 
These terms are explained as follows: In a series of abrasive 
grades an individual grade is determined by two screens, one 
known as the fine screen and the other as the control. If the 
grain is shaken on the control screen, the portion that remains 
on the control screen is known as the ‘‘over grade,’’ the portion 
passing through the control and remaining on the fine screen is 
known as the ‘‘control grade,’’ and the remainder (i.e., the portion 
that passes through the fine screens) is known as the ‘“‘under 


greatest number of times. A mode curve of No. 11x-116 mesh 
silk is shown in Fig. 4. 

Another method of particle-size measurement which gives 
reliable checks, but which requires a great deal of skill by the 
operator, cqnsists in carefully calipering the vertical height of 
grain between surface plates. 

By measuring the rate of fall of mineral in different fluids and 
assuming that Stoke’s Law holds, an average particle size has 
also been determined. For fine grits methanol has been employed 
in order to decrease the time of the test, while for coarse grits 
a settling fluid of high viscosity such as glycerol has been used in 


Fie. 1 A Poorty Grapep Grain 


grade.”’ The over grade is not greatly different in size from the 
control grade since it must be retained on the control screen of 
the next coarser grade. Likewise the undergrade must not pass 
through the fine screen of the next finer grade. 

An attempt is made to keep the control grade as large as 
possible. The control screen of any grade acts as the fine screen 
of the next coarser grade, and the fine screen acts as the control 
of the next finer grade. (See Fig. 3.) 


3 per cent over grade 
Must pass 38 grit-gauze screen 
Fine, 1 standard silk screen 
Control, 1 standard silk screen 
1-50 < 79 per cent control grade 
Fine, 3 standard silk screen 
Control, 3 standard silk screen 


Control, 38 grit-gauze screen 


18 per cent under grade 
Must not pass 6 standard silk screen 
Fine, 6 standard silk screen 


Fic. 3 DraGramMMatic ScHEME OF CONTROL SCREENS 


More recent refinements have come from the study of the 
size of apertures in silk sieves and specifications for sieve mode 
point. The method of determining the screen mode point 
consists of measuring the average size of 1000 openings by pro- 
jecting the silk to be measured by means of a balopticon and 
measuring the projected screen image, averaging both dimensions 
of openings. Knowing the magnification factor of the lantern, 
these dimensions are converted back to ten-thousandths of an 
inch. A curve of size of opening versus per cent occurrence is 
then plotted. The mode point is the’ opening which occurs the 
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order to decrease the time of fal] toa measurable rate. For inter- 
mediate grits liquids having viscosities intermediate between 
methanol and glycerol are necessary. 

A uniform grade spacing for the important wood and metal- 
working abrasives has been worked out, so that now similar 
grade designations are employed on garnet, aluminum oxide, and 
silicon carbide. The grades as finally developed in the industry 
show a very fair grade spacing from one size to the next. For 
example, the following vertical height measurements were secured 
by calipering the maximum heights of aluminum oxide grain in 
the control portion of each grade. The measurements were made 
by calipering the grain between level steel plates and are ex- 
pressed in ten-thousandths of an inch. 


Mesh Grain 

number height 
12 
45 
50 
80 
175 
310 


WOOD INDUSTRIES 


Mesh Grain 
number height 
24 360 
16 600 
12 800 


The standard sand and the analytical method have practically 
eliminated important grade variations as a problem to the user. 

Similarly, paper and cloth backings have been studied, 
and the best practicés have been determined. Fifteen years 
ago 14 different weights of paper backing in three different 
qualities, or a total possible combination of 42 paper items, were 
used. Today there are 8 standard weights of paper and a 
single variety for each class of product. The reduction in the 
number of items has increased the consumption of each class, 
so that the manufacturers of paper for the sandpaper trade can 
profitably devote research effort and provide special equipment 
to improve the product. Standardization programs have been 
conducted with the manufacturers of both rope and kraft papers, 
and limiting specifications have been adopted governing such 
factors as selection of samples, weight determination and toler- 
ances, thickness, tensile tests, length and cross, air resistance, ad- 
hesion, color, moisture content, finish, and formation. By 
enlisting the cooperation of the paper manufacturers and ac- 
quainting them with sandpaper problemg and the performance 
of their product in the field, remarkable results have been ob- 
tained. Rope paper, such as is commonly used for belts and 
drum covers, has been increased in length tensile strength from 
an average of about 85 lb. per in. to 150 lb. per in., and the ad- 
hesion of cylinder rope paper, which is the property which in a 
large measure controls the peeling of sandpaper, has been im- 
proved approximately 50 per cent. 

At the present time a program is being worked out with the 
cloth manufacturers, and their aid is being enlisted in such 
measures as the adoption of weight, count and construction 
specifications, the reduction of stretch, the elimination of de- 
fects which must be cut out, and the increase in the length of 
cuts of cloth. The two latter measures will reduce the number 
of splices or breaks in the finished product. The work with the 
cloth manufacturers will necessitate their education in sandpaper 
and its uses. Customers of the sandpaper industry will eventually 
reap the benefits of improved cloth design and construction re- 
vealed to them in improved performance and condition of the 
finished product. 

Some of the other industry standardization measures beyond 
those on abrasive grades and paper and cloth backings are as 
follows: 

The elimination of dye in coatings to produce a uniform appear- 
ance, which makes it easier to substitute one brand for another 
without prejudice. Ordinary flint paper, which is normally 
light yellow in color, has in the past been dyed red to imitate 
garnet and has also appeared in shades of green and purple. 

Coating classification and weight tolerances to guarantee a 
reasonable uniformity of coating from lot to lot and from one 
manufacturer’s product to another. Tolerances within reason- 


able limits govern the standard weights of mineral used in making — 


the two accepted coating variations, namely, closed and open coat. 

Standardization of special shapes such as heel breasters, 
Websters, cones, etc. (In some of these cases it was necessary 
to cooperate with the machine manufacturers to get them to 
make equipment which conformed to the standard sizes.) 

Improved ream and roll packings designed as a result of group 
experience and thought to more adequately protect the sheets 
and rolls of sandpaper in shipment to the customer. 

Uniform quantities per bundle in ream goods. 

Standard belt-joint specifications and many others. 
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ADVANTAGES OF STANDARDIZATION 


The value of the standardization that has been carried out 
in the coated-abrasive industry has been very great to the user. 
Instead of being concerned with the determination and the 
analysis of a large number of factors of competing varieties of 
sandpaper, the user now has to concern himself with practically 
only one question which he must always determine for himself, 
and that is the cutting capacity or work-producing ability of the 
materials which he can obtain. The standardization program 
in the industry has almost eliminated the question of finish, 
although this must always exist to some extent due to individual 
skill and methods in cutting. The primary problem of the sand- 
paper purchaser is that of determining the cost of abrasive mate- 
rial per unit of product which he is turning out of his plant, which 
may be per square foot of veneer, or per desk, or per automobile, 
and the purchaser can put nearly all his effort into finding the 
right answer to this question. 

The purchaser has in effect a set of rigid specifications, all 
prepared for him, that have taken more time and study to pre- 
pare than a single purchaser could devote to the subject. He 
need only specify in the briefest terms the material that he re- 
quires, and he is assured of uniform materials, weights, and 
gradings and that he will receive from practically every manu- 
facturer a commercially comparable article so far as it relates to 
these several points. 

There are, of course, among all of the manufacturers of sand- 
paper, differences in the use of materials, skill in manufacturing 
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methods, accurate control of the materials themselves, control of 
manufacturing operations, and the knowledge that comes from 
research and more indirect details of operations; differences in 
perfection of equipment—all of which make for very consider- 
able variations between the working qualities of the product 
from one manufacturer and another, leaving a strong individu- 
ality of product in the industry that of course never disappears 
under any standardization program. The sandpaper manu- 
facturer today finds himself in possession of excellent specifi- 
cations for the principal materials, weights, and gradings. His 
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next problem therefore is the successful application of these 
standards to the most profitable control of operations in his own 
plant. This problem is worked out in different ways by the 
different manufacturers. The following will indicate the methods 
that are used by one manufacturer in putting his standards into 
actual operation. 


QuaALity CoNTROL IN THE SANDPAPER PLANT 


Paper backings are purchased which exceed the minimum 
limits adopted as industry standards. The competition in the 
paper industry affords the sandpaper manufacturer an oppor- 


Fie. 5 Mertruop or Cutting Test Buocks From Oak Boarps 


tunity to continually select paper whose tests far exceed the mini- 
mums established and to segregate for particular purposes paper 
having variations of such qualities as finish, softness, etc., which 
will suit it particularly well for use in certain products. A sample 
is cut from every roll of paper purchased and carefully tested 
to assure its agreement with the specifications. Grey goods as 
it arrives from the cotton mill is subjected to careful tests before 
acceptance. When the grey cloth has been finished or treated 
to prepare it for coating it is again tested. 

Abrasive grain, whether it is bought finished to grade from a 
grain producer or crushed and prepared in the plant, is finish- 
graded before it is sent to the coating machine. It is carefully 
checked for its ability to bond well with the adhesive employed. 
Each container of sand is check-graded after the final production 
screening by a control man to assure that every yard of coated 
material will not only conform to the standardization limits, but 
will also be uniform from run to run and from year to year. 

Hide glue, which is one of the constituents of the finished prod- 
uct, is sampled and checked for such qualities as viscosity, 
acidity, deterioration, jelly strength, and its ability to be coated 
on a sheet smoothly and uniformly. 

Assured of the quality of the raw materials, the sandpaper 
manufacturer must select and maintain standards for the finished 
product. Anindividual standard must be selected for each item 
coated (and there are approximately 478 items) by a committee 
of technical, practical, and field people in the organization who 
are well qualified to pass judgment. The standards are subject 
to a constant and continual revision based on performance re- 
ports of factory and field tests which insure a constant elevation 
of the quality. The standards are placed in charge of the Quality 
Control Department, manned by technical men. Each standard 
is in an individual envelope which carries complete and de- 
tailed specifications governing the manufacture of that item and 
is issued to the coating department immediately preceding the 
making. 

After the proper standards have been set and a means pro- 
vided for their maintenance, it is necessary to insure that the 
product is fabricated within the limits which have been imposed. 
A member of the Quality Control Department is present at each 


making and takes samples at regular intervals. The weight is 
continuously indicated by a continuous weighing scale, tempera- 
tures of all baths, etc., are automatically held constant, and the 
proper humidity and temperature regulation is automatically 
maintained in the drying compartments. Samples from the run 
are placed in individual envelopes containing all pertinent data 
and are kept on file by the Quality Control Department. Before 
filing, all samples are carefully examined, analyzed by the labora- 
tory, and checked against the standard. 

Periodically samples of all runs are spread out and reviewed 
for uniformity. All comments received from customers are con- 
sidered and noted on the run envelope. Each month field per- 
formance reports, complaints, and general product experience is 
reviewed by the Quality Control and the Technical Departments 
with a view to the constant development of the product. 

The foregoing outline gives merely the salient features of the 
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control methods employed in sandpaper manufacture and in no 
way indicates the experimental, research, and developmental 
work which is constantly being expended on raw materials 
equipment, and manufacturing methods. 


Facrory OF SANDPAPER 


From the Quality Control Department, the finished goods 
pass to the Testing and Inspection Department, which deter- 
mines the performance rating and releases the goods for finishing 
and distribution if it is up to standard. The user is naturally 
most interested in the testing of the finished product, for he is 
concerned with the ability of the sandpaper to best do his job. 
He must, however, give due regard to the refinement of manu- 
facturing operations, for it is this refinement which guarantees, 
not spasmodic making of a satisfactory product, but one which 
will constantly give uniformly good results. In the last analysis, 
sandpaper is only a tool, like a drill or a saw. Sandpaper is not 
generally used mechanically, but instead its use is attended with 
an expenditure of labor of far greater value. For this reason, 
either continued testing or performance checking should be 
resorted to, to evaluate the product, either by the sandpaper 
manufacturer or the user, or by both. Experience has shown 
that too often changes are made involving sandpaper as the 
result of a single test in which the variables in the conditions 


WOOD INDUSTRIES 


surrounding the test were greater than the variations in the 
sandpaper itself. 

In the factory tests a duplication of the conditions of field usage 
would at first appear to be the best method of testing. There are, 
however, in the case of woodworking materials several reasons 
why this cannot be done, the two outstanding, of course, being 
the time required and the material consumed as would be es- 
pecially true in the case of drum sanders. It is necessary, there- 
fore, to determine upon a test that will give a rating of the 
sandpaper which bears a relation to its rate of production in 
actual use. 

Three varieties of testers are in common use on woodworking 
materials, namely, disk, belt, and reciprocal. The data secured 
on these machines have thus far proved very reliable, and while 
still the subject of refinement and development, the agreement 
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of results with those obtained in the field indicate that they 
represent good mediums for cutting determinations. Under 
controlled conditions in the testing laboratory, it is possible to 
get check results within a few per cent, and then almost without 
exception the results are substantiated in the field. Frequently, 
users of sandpaper are asked to conduct check tests of this kind, 
and their helpful assistance renders a great service, not only to 
the manufacturers of coated abrasives, but to all users as well. 


Bett TESTERS 


Two different types of belt tests have been used successfully 
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which are described in detail for the benefit of any one who may 
wish to establish a belt-testing program. 

(1) Comparison With a Standard. A Peerless belt-sanding 
machine, taking a sandpaper belt 4 in. wide by 86 in. long, is 


Fic. 8 Woop ABRADED BY A Fine GRADE oF SANDPAPER 
(The material removed is in the form of fine shavings, not sawdust.) 


equipped with an arrangement for holding the wood test blocks 
to be abraded. The blocks may be counterbalanced so that any 
unit pressure within reasonable limits may be applied. For 
several years every run of woodworking material in the most 
generally used grits was tested by this method. 

For a standard, a representative serial is selected and a good 
quantity put aside. It is not selected with the idea that it is 
100 per cent, but rather as a reference mark. 

Test blocks 1'/, in. wide, 7/s in. thick, and approximately 
4°/, in. long are cut from well-seasoned oak boards. The length 
of the block (4*/, in.) is determined by the travel of the block 
holders by which the blocks are applied to the belts and the 
economical width in which oak boards may be bought. The 
blocks from each board are placed in a separate container. Five 
blocks constitute a set, which is placed in a holder so that the 
ends of the blocks are applied to the belt and the sanding is 
done with the grain. These blocks are obtained by sawing 
1'/, in. wide pieces off the end of a board 4/, in. wide and 7/3 in. 
thick, as shown in Fig. 5. One belt made from the standard 
material is tested on blocks from each container; that is, the 
standard is always tested once on each board. 

Three tests (each one on a different path) are made on each 
belt. First, the belt is run 9 minutes. At the end of 9 min- 
utes a new set of blocks is inserted. These are run 1 minute, 
and a reading in millimeters is taken. A millimeter scale and 
pointer are so arranged that the amount cut from the blocks 
being tested can be determined by taking a reading of the location 
of this pointer at the start and end of the test period. Five 
minutes later another reading istaken. The difference between 
these two readings represents the amount cut in millimeters 
in the interval between the 10- and 15-minute readings. 

The blocks having been run 1 minute before the first reading 
is taken assures that the start of the test is always made under the 
same conditions. The result of the test is expressed in per cent 
of the amount cut by the standard, using blocks cut from the 
same board. This method helps to decrease any variation that 
might be caused by a variation in hardness of different boards. 

A 5-minute test is used as a means of conserving the standard 
material. This test period, from the 10th to the 15th minute, 
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was chosen after extensive experiments had proved that this 
would give a reliable indication of what the material being tested 
would do during the average period of its commercial cutting life. 
It was found that the cutting curves rarely, if ever, crossed each 
other after this period within the economical life of the belt. A 
further method of conserving the standard material consists 
in using a set of blocks composed of one block each from five con- 
tainers; that is, one block from five different boards. This 
also tends toward a more uniform test by modifying the effect 
of a board harder or softer than the rest. 

A unit pressure of 16 oz. per sq. in. is used on the test blocks 
and a belt speed of 3000 lin. ft. per min. The test machines are 


~ 


Fic. 9 Woop ABRADED BY A COARSE GRADE OF SANDPAPER 
(Showing that the cutting action is the same regardless of grade.) 


arranged so that the unit pressure on the test blocks and the 
belt speed may be varied, but it has been determined, through a 
wide variation of belt speeds and pressures, that the greater the 
speed or pressure, or both, the faster the cut, there apparently 
being no critical speed or pressure that would give maximum cut. 

Belt joints must be carefully made as a thick joint will cause 
the test blocks to jump and cause chattering that will affect 
the results. The successful operation of a belt testing machine 
depends to a large extent on the method of applying the test 
blocks. The use of a piece of sponge rubber back of the blocks 
will prevent chattering and vibration of the blocks and a con- 
sequent variation in the test results. 

(2) Direct Comparison Without a Standard. This method of 
testing is more applicable to the comparison of several different 
runs or kinds of coated abrasives than to routine testing, al- 
though with some modifications it might be readily used for 
routine testing. One advantage of this method is the elimina- 
tion of the standard and the possibility that the standard may 
change due to improper storage or other conditions. 

For these tests a Peerless belt-sanding machine, taking a 
4-in. by 48'/.-in. belt, is used. Fig. 6 shows this machine. 
‘The machine is enclosed in a small room in which the temperature 
and humidity are controlled. It is necessary to recirculate the 
air drawn out by the dust-removing fan, which is easily done by 
putting the dust-laden air through a bag filter, after which the air 
is returned to the test room. By proper manipulation of the 
heating unit and moisture spray, the temperature and humidity 
may be controlled within the required limits. 

The belts and test blocks are conditioned at a constant tem- 
perature and humidity for 24 hours before being tested. This 
allows them to come to moisture-content equilibrium. A 


relative humidity of 35 to 40 per cent, with a temperature ot 
70 to 75 deg. fahr., is satisfactory for both conditioning and testing 
the belts. 

A set of five oak blocks of the same size as used in the testing 
method previously described are used in the same type of holder. 
For this method, however, five blocks taken from five different 
boards are used to give a greater quantity of comparable wood. 
Great care is used to select uniform blocks; all those that have 
knots, hard places, or that appear soft are discarded. The 
selection of the blocks depends to a great extent on experience, 
but is quite reliable and susceptible of control. 

Three tests are made in different paths on the same belt. 
Where possible, however, three belts are used, one test being 
made on each belt. The test is run from 30 to 90 minutes, 
depending on the grit. Readings in millimeters to determine the 
amount cut are taken every 5 minutes, and a cutting curve is 
plotted, time being plotted as abscissa and millimeters of wood 
cut as ordinates. 

Oak has been chosen as a testing medium after experiments 
with a number of woods, including pine, mahogany, maple, bass, 
and gumwood. 

A typical cutting curve is given in Fig. 7, showing the effect of 
a grain size or grade in removing material. The direct-compari- 
son method was used in these tests. Oak test blocks, as described, 
were sanded under a pressure of 2 Ib. per sq. in. This cutting 
curve was a part of a very extensive study of the cutting effect 
of various speeds and pressures. As stated before, it was found 
through quite a wide range of speeds and pressures that there 
was no critical speed or pressure, but that in general the greater 
the belt speed or unit pressure, or both, the more material was 
removed. 

Two interesting microphotographs are shown in connection 
with the cutting action of coated abrasives on wood. The mate- 
rial removed is actually small shavings instead of sawdust, as is 
generally supposed. One, Fig. 8, shows shavings removed by a 
fine grit, while the other, Fig. 9, shows those removed by a coarse 
grit. 

Except for the thickness of the shaving removed, the other 
characteristics are identical, indicating that the cutting action 
is the same regardless of the grade number of grit size. 


REcIPROCAL TESTERS 


A type of reciprocal tester is employed in the industry which 
is sometimes referred to as a grit retention or wear tester, con- 
sisting essentially of a machine for rubbing two pieces of sand- 
paper together under controlled conditions and weighing the 
amount of grain removed. Two pieces of the same size are dyed 
out of the sample of sandpaper to be tested, and these are con- 
ditioned overnight at a relative humidity of 65 per cent. 

In running the test, one piece of paper is fastened to a table, 
abrasive side up, while the other is fastened to the rubbing 
block. The rubbing block is moved back and forth at a uniform 
velocity for 300 complete strokes, 50 complete strokes to the 
minute. At the conclusion of the test the loose abrasive par- 
ticles are brushed on a watch glass and are weighed on an ana- 
lytical balance to the nearest 5 milligrams. 

This test is of value on grade No. 3/0 and coarser. The prob- 
able error is 8.8 per cent on samples taken side by side. The 
weight of the rubbing block is 10 lb.; area of contact on block, 
4'/, in. by 2 in.; length of stroke, 1 in.; speed of stroke, 50 per 
minute; number of strokes, 300, with uniform velocity. 

The values obtained are expressed in milligrams. A test of 
350 or less is considered satisfactory for most products. Certain 
products, such as metal cloth, which is designed for a high wear 
resistance, should test less than 175. In a few cases higher 
values are actually desirable. 
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The test reflects the quality and condition of the grain, the 
juality and condition of the adhesive, and the conditions of 
‘abrication; that is, the construction of the coating. The test 
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Fic. 10 Wear Test MeTer 


is influenced by the amount of top-size adhesive employed, but 
within the normal top size range the test results are reliab!e. 

The results of the grit-retention test bear a close relation to 
efficiency constants determined from belt-sander tests. Together 
they predict the amount of service that a sandpaper will perform. 

Fig. 10 shows a wear-test meter which is manufactured com- 
mercially and used for testing textiles, leather, carpets, linoleums, 
etc., and which can be used to test coated abrasives. For 
testing sandpaper, a standard sheet is placed on the oscillating 
drum, and the samples to be tested can be stretched in the sample 
clamps. The amount of abrasive removed is again the measure 
of value. The illustration shows a four-arm machine, in which 
four samples can be tested simultaneously. 

Reciprocal testing machines have also been employed in 
which a block or form covered with the sandpaper sample is 
caused to move backward and forward at a constant speed and 
pressure upon a piece of test material. The amount of stock 
abraded serves as the measure of cutting efficiency. Disk testing 
machines have been similarly employed in which the test piece 
to be sanded is fed to a revolving disk. Both of these methods 
have thus far proved more reliable in the testing of metal and 
composition and have not found much application on wood. 


CONCLUSION 


The development of standardization measures in the sand- 
paper industry has resulted in the general production of better 
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coated abrasives which are uniform in specifications affecting 


interchangeability of competing products. Such specifications 
particularly refer to grit sizes and grade spacing, backing weights, 
coating tolerances, and color; and the purchaser, in addition to 
having reaped the benefits of quality improvement, can buy, with- 
out restriction as to individual manufacturer, on specifications 
as to these factors, which are probably more rigid than he would 
individually impose. He has only to concern himself with the 
selection of the product which will give most satisfaction in his 
particular application. 

Industry standardization has been accompanied by the adop- 
tion of plant standards and refinement of operating control. The 
individual development among the different sandpaper manu- 
facturers involving differences in the uses of materials, skill in 
manufacturing methods, accurate control of materials, research, 
and perfection of equipment has been such as to make for con- 
siderable variations between the working qualities of the prod- 
uct from one manufacturer and another, leaving a strong in- 
dividuality of product in the industry. The refinement of 
quality control is designed to effect constant improvement and 
uniformity. 

Factory testing mediums consisting essentially of belt. disk, 
and reciprocal testers provide a means of evaluating the cutting 
efficiency of the finished product. 


Discussion 


G. H. Gove.? The great advances which have been made in 
the quality of coated abrasives during the past ten years can be 
attributed to a great extent to the greater use of technical control 
in this industry. As the author has indicated, the reduction in 
number of grades and backings has made it possible to concentrate 
the attention of the raw-material suppliers on the problems of 
higher grade materials of more uniform nature. The standardi- 
zation of abrasive grades has clarified a most troublesome in- 
dustrial problem, resulting in better service to consumers of 
coated abrasives. 

This industry is one in which rapid advances in quality occur, 
caused primarily by better raw materials, better plant supervi- 
sion, and better methods of testing the finished product. 

We have found at this plant that the reduction in the number of 
items to be manufactured has increased quality and more par- 
ticularly has increased our ability to give prompt delivery. 
Standardization of raw materials has increased the quality of the 
product. Technical control of plant process has assured uni- 
form, high-grade products, with a constant improvement. The 
paper has covered these ideas in great detail and clearly shows 
how these standardizations and tests have been developed. 


G. H. Kou.’ Conditions in a plant are sometimes such that 
a fair test is not always possible. In regard to tests, we are 
up against the fact continuously where an operator will feel 
better in the morning than he will in the afternoon, and there- 
fore exert more pressure, or vice versa; and the result is that one 
never gets the same result from the sandpaper. That is one of 
the outstanding reasons why tests are not always fair. The 
conditions of the machine in the plant which is not operating to 
its best capacity will often affect the sandpaper. But we are 
anxious to hear from the men in the plants as to what way they 
think sandpaper should be tested in the plants. 


J. A. McKeace.‘ In an ordinary drum sander or belt sander, 
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is it in the testing machines that these various papers have been 
tried out? Is the cutting of any particular wood directly pro- 
portioned to the speed or not? 

Mr. Scuacut. This is a question which a machine manu- 
facturer always asks because he is very much interested in the 
speed of the machine and the amount of pressure applied. We 
attempt to find the answer on our factory testing equipment and 
in the field, where unfortunately the limitations of the machine 
often govern the results. On testing machines within safe work- 
ing limits, we have found that the amount of wood abraded is 
directly proportional to the speed, pressure, and grit size. In 
field tests it was found that no increased cut was obtained in 
speeds beyond the 5000-ft.-per-min. mark. In regard to finish, 
I am a little hesitant to say what would be the result of increased 
speed and pressure, because finish cannot be evaluated on test 
blocks. Increasing speed and pressure will produce increased 
cut at least up to about the 4500 to 5000-ft.-per-min. range. 

Mr. McKeace. Can you give the maximum speed recom- 
mended to sandpaper? 

Mr. Scuacut. Four thousand feet per minute on garnet and 
4500 ft. per min. on aluminum oxide seem to be maximum speed 
limits on woodworking operations as far as increased efficieacy 
is concerned. These are general figures substantiated by labora- 
tory tests and tests conducted in the field by manufacturers who 
have their plants equipped with direct current and could make 
observations as to square footages sanded with varying speeds. 


M. J. MacDonatp.' Does that speed mean on all grains? 

Mr. Scuacut. That represents some tests on intermediate 
grit numbers. I should like to ask some of the sandpaper people 
if their views coincide with mine. 

Mr. Kout. I think the higher speed you have, the better 
finish you get. 


J.C. Duxe.* I have had some experience in that field in run- 
ning speeds and stepping up speeds. I think that Mr. Schacht 
has shown that in the control in the laboratory tests of sand- 
papers, the sandpapers have been increased in quality to the 
point where we are able to step up speeds. Some of the wood- 
working machines have run 3500 f.p.m. There are several well- 
known belt sanders that are today running 4300 and 4500 f.p.m. 
Some years ago that speed would have caused burning in panels. 
Sandpapers have become sharper in their manufacture. One 
particularly interesting case was that machines that were capable 
of standing greater speeds were being driven at a speed of 2500. 
This is a very slow speed. This was prolonged to a point where, 
perhaps, more heat was caused by the friction passing across the 
wood. In this particular instance, we stepped up the speed of 
the machine to 4000 f.p.m. At a speed of 4000, after marking 
the panels, the finish was pronounced far superior. The length 
of life of the product was increased by about 30 per cent. There 
have been several tests of this kind in plants, and in all cases the 
finish was much better and the length of the life of the product 
was a great deal better. 

Mr. McKeaace. In sanding varnished surfaces, of course all 
know that the paper fills up more rapidly. Is that due to the 
varnish or to the foreign material actually jamming in the grain 
of the sandpaper or is it due to the heat of the cutting? If you 
cut closer when you are cutting varnished floors, will that do away 
with the gumming of the paper to any extent? 

Mr. Scuacut. Filling up is probably due to the dulling of 
the abrasive particles, causing heating which promotes loading 
with both the varnish and sawdust. If we take a piece of paper 
whose surface has been gummed up either through sanding var- 
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nish or sanding a resinous wood like pine, we find that if we 
clean the sheet and put it back on the drum we get very little 
additional service. I recall seeing a field test on pine where six 
hours was the average length of service before the cutting drum 
of a six-drum sander became completely covered with sawdust 
and pitch so that it looked as though it had been covered with 
oatmeal. We took the cover off and washed it. We got hardly 
two more hours of service, which was not sufficient to pay for 
taking off and cleaning the paper. In running the cleaned cover, 
the speed had to be dropped. An examination showed that the 
sharp edges of the abrasive had been removed, and when the 
cutting edge was gone there was more heating, and with the in- 
creased heating came the excessive loading. 

Mr. McKeaae. Is there a marked increase of heat? 

Mr. Scuacut. When the little edge of the abrasive goes, 
increased heating is experienced, attended by rapid loading and 
finally a marked increase in temperature. 

Mr. McKeaae. If you use open coated paper with 50 
or 60 per cent the amount of abrasive on the belt, I suppose you 
get the same amount of cutting by increasing the speed, but do 
you get a cleaner paper? 

Mr. Scuacut. Increasing the openness of the coating will usu- 
ally reduce the cutting capacity of the belt, even though the speed 
is increased on account of the reduction in the number of effective 
cutting points, provided that the sanding is not being done on a 
resinous material. On resinous or gummy material, the open 
coat will stay cleaner and give more production with the in- 


creased speed. 


Tuomas D. Perry.’ In the salvaging of the dust through the 
blowpipe in the various factories, we accumulate a good deal of 
sandpaper dust and sand, which, according to the general opinion, 
causes difficulty on our grates and in many cases causes the grates 
to clog. Has any progress been made in separating sandpaper 
dust from other dust in woodworking manufacture? 

Mr. Scuacut. We do not have that problem. All we do is 
to collect abrasive dust in a dust collector. I do not know of any 
way of segregating in the woodworking trade the dust from the 
abrasive material removed, and I do not know any way of re- 
claiming it. 

Mr. Perry. The theory was advanced that there were certain 
formations coming from sandpaper dust that caused trouble on 
our grates. 

Mr. Scuacut. I would question whether you get that pro- 
portion of sand to wood. I do not imagine in a day’s running of 
a plant that you would get enough abrasive material to form 
anything on a grate. 

Mr. McKeace. Which is the best buy, paper or cloth? 

Mr. Scuacut. If it can be used, paper is the best. It is 
considerably cheaper and the coating is just as good on paper as 
it is on cloth. Therefore it will cut equally as well and often 
in tests it exceeds the production from cloth. Cloth is usually 
used where the limiting factor is flexibility. The cause of ulti- 
mate failure in most belts is not the rupture or failure of the 
backing, but instead the wearing out of the cutting surface. 
Paper is sometimes likely to be brittle if overdried in storage and 
then may crack and tear across if it is pinched, whereas cloth will 
stretch and accommodate itself. On a 6-in. belt there is quite a 
resistance to any strain. Paper is the best if one can use it, but 
where the conditions of service prevent its use, then combina- 
tion or cloth should be selected. 


P. H. When a board is sanded, snake marks occur. 
What are the results and what can be done to eliminate them? 
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Mr. Scuacut. This is a problem which is always coming up. 
We find in some cases that no matter what paper is used, the snake 
marks will persist. Here we draw the inference that the fault 
lies in the machine and may be a condition of the drums, the 
felt covers, etc. By carefully removing the pitch and sawdust 
from the loaded spots on a snake-marked cover, we can attempt 
to find irregularities in the coated surface. It is practically 
always impossible for us to find one grain or series of grains which 
cause the snake mark, and calipers will show no differences in 
elevation greater than those present on other parts of the cover. 
In running hundreds of thousands of yards of paper with only 
infrequent snake-mark trouble, it is impossible definitely to place 
the blame on the sandpaper. I do not know what the abrasive 
manufacturer can do to eliminate snake marks beyond producing 
evenly distributed and level coatings. Are not snake marks gener- 
ally noticeable on drum covers which have run their normal course 
of life? 

Mr. Bituvper. In my opinion, it is not so much a case of 
the doctor as it is the nurse. There are certain reasons for the 
snaking on drum sanders. It is present in every drum sander 
that uses the oscillating drums. It is just the degree in which 
these snake marks occur which render them objectionable or not. 

Mr. McKeace. One reason for the snake marks is that you 
have dried gears and they chatter, so that it affects the side oscil- 
lation, and causes marks like duck tracks, and this is also due 
to your felt getting too hard. The main thing is to get slower 
oscillation or else there is so much play in the mechanism that 
the proper effects cannot be secured. 

Mr. Bituvser. The only kind of a machine to use in a plant 
is a good machine, and any that is older than six or seven years 
should be sold or given away. 


Mitton KuBELL.? On my treatment on sanders, after 1200 or 
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1300 ft., I start getting snake marks. 
for that? 


How would you account 


H. G. Seaman.” We find that as soon as the paper begins to 
wear down, the snake marks show up. The cause for this we 
found was that the rolls were not stationary while in opera- 
tion. 


ArTHUR Situ, Jr.'!' What were the main considerations 
which led the sandpaper makers to drop the double-faced finish- 
ing paper. 

Mr. Scuacut. First, the demand for double-faced finishing 
paper dropped to a very low point. Secondly, the differences 
between single -and double-faced finishing papers are really very 
small. Double-faced paper consists of two plies that are easily 
separated in the middle, each ply being 30-32-lb. paper. Single- 
faced paper is made on 40-lb. paper, so the difference in paper 
weight is small. As far as the user is concerned, in buying two 
sheets of single-faced paper at approximately the same price 
as one sheet of double-faced paper, he gets a big bargain, because 
it is obvious that in making double-faced paper, we coat one side, 
run it through the whole drying process and then return it to be 
coated on the other side, which produces one sharp and one dull 
side. You probably would secure 100 per cent service from one 
side and hardly 75 per cent from the other. Double-faced paper 
is still available but it is not made as a standard item. 

Mr. Sirsa. Our finishing foreman tells us that there is an 
advantage is using the double-faced paper double; that it per- 
mits the mechanic to get a better grip on the paper in holding it 
in his hand. Do you think that is so? 

Mr. Scuacut. I am afraid that he would be wasting paper if 
he did it. 
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Improvements in Steels for Wood-Cutting 
Saws and Knives 


HENRY B. ALLEN,' PHILADELPHIA, PA. 


The important factors in a review of saw steels are the 
blade which carries the teeth and the teeth themselves. 
There is little in sight to promise further marked im- 
provements in the solid-tooth type of saw. The next 
logical step is to use inserted teeth made from materials 
known to be well adapted to the function of cutting 
wood. The same forward step was taken years ago in 
metal cutting. 


HE two important factors in a re- 

view of steels used for saws are the 

blade which carries the teeth and 
the teeth themselves. The steel for the 
blade, after heat treatment, should com- 
bine high elastic limit, good ductility, 
resistance to fatigue cracking, resistance 
to impact, and uniformity. There is 
little in sight to promise further marked 
improvements in the solid-tooth type of 
saw. The next logical step is to use in- 
serted teeth made from materials known 
to be well adapted to the function of cutting wood. This 
same forward step was taken years ago in metal cutting. 
Future changes in design, so as to put to use metallurgical dis- 
coveries, will require the best thought of saw user, machine 
builder, and saw maker. Research and untiring effort alone lead 
the way to accomplishment. 

The saw is a venerable tool. It dates back to prehistoric 
time. The first saw consisted of serrations along the thin edge 
of a piece of stone or bone. As bronze and, later, iron were 
discovered, the same scheme was followed, only with the greater 
refinements made possible by the malleability of the metals. 

When steel came into civilization, still further improvements 
were possible. Here was a material which could not only be 
forged into shape, but subsequently could be made hard and 
springy. 

It is interesting to note that at this stage of development 
Western practice very probably branched off from that of the 
East. The bronze or iron saw, because of its lack of springiness, 
could be used only to full advantage when pulled through the 
material being cut. The Oriental! still operates his hand saws in 
this fashion. The West, however, finding that a tempered blade 
possessed enough spring to prevent buckling, decided to do his 
cutting on the push stroke. 

Civilization has always been slow to change. This conserva- 
tism has applied with full force in the field of the mechanic arts. 
Great changes, however, are taking place in our day; the teach- 
ings of science are more widely accepted and applied than ever 
before. If a curve were plotted between time and the applica- 
tion of progressive ideas in the field of mechanics, we would see 
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a long, slowly rising line, with here and there an up or down trend, 
until a comparatively few years ago, when the curve started up 
the present rapidly increasing slope. 

The saw maker and user have, in the past, been no exceptions 
to the general law of human conservatism. The manufacture 
of saws has been an art acquired by years of first-hand experience. 
Specialized knowledge and equipment have been required. The 
manufacture has therefore been retained in the hands of compara- 
tively few. Probably for these reasons there is a remarkable 
scarcity of published information about the steels used. 

Simplicity is a consideration of prime importance in any device. 
The saw has been a good exponent of this principle. Even today 
the greater number are made from a single piece of steel, the 
blade and teeth integral and of the same temper. The advan- 
tage of this design is mainly simplicity of manufacture, hence low 
cost. The disadvantage is that the steel forming the blade must 
also serve for the teeth. The blade, as we shall see later, re- 
quires properties which do not coincide with those best suited to 
a cutting edge. 

The obvious way to eliminate these shortcomings of the solid- 
tooth saw is to provide separate teeth which can be mechanically 
attached to the blade. Thus each part of the saw can be made 
out of a material best suited to its respective function. In- 
serted-tooth saws have been used to some extent for many years, 
although not primarily for the reason just stated. In the past 
they have found their place mainly because of the ease of keep- 
ing them in running order and also that they hold to their origi- 
nal diameter. More attention has been lately paid, however, 
to their great usefulness in providing the means of applying a 
more efficient cutting medium for the teeth. The discovery of 
new steels and materials which display valuable properties for 
cutting wood, but which cannot be used for the blade, must result 
in the further development of the inserted-tooth saw. 

There are therefore two general types of saws, the solid tooth 
and the inserted tooth, to be included in a discussion of the 
steels used. Inasmuch as the problems of today are concerned 
mostly with power-operated tools, the paper will be confined to 
that type. 

There are two equally important factors which must be con- 
sidered in a review of steels used for saws; namely, the blade 
which carries the teeth, and the teeth themselves. Both are 
of equal importance to the success of the saw. The subject of 
saw steels will therefore be taken up under the two headings. 
Knives also can be treated in the same way, although the prob- 
lems offered by the knife back or blade, as distinct from the cut- 
ting edge, do not offer the same difficulty. 


Ture 


Most tools can be made with as heavy a shank or body as is 
necessary for rigidly supporting the cutting edge. The saw, 
however, is an exception. By its very nature it is a thin tool. 
The policy of conservation in the wood industries is increasing 
the tendency toward greater thinness. While the saw blade has 
strength and rigidity in a direction truly normal to its thickness, 
it is weak and flexible under side strain. The rigidity of a saw 
has a direct bearing on the accuracy and smoothness of the cut 
produced and on the rate of cutting, which are considerations 
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of first importance. An increase in the blade thickness is the 
direct way to produce greater stiffness, but this method is pro- 
hibited by the equally important consideration of wood wasted. 
A material having a higher modulus of elasticity would give 
greater stiffness to bending, but there is no relief in sight. We 
have to be content with the 29,000,000 elastic modulus of steel. 

The speed of a revolving circular saw and the static tension 
applied to a band saw furnish a stiffening effect which com- 
pensates in part for the flexibility of the disk or band. 

A circular saw revolving at wood-cutting speeds involves the 
complicated mechanics of centrifugal stresses and also vibra- 
tions. The stresses set up by centrifugal force are low as com- 
pared with the strength of steel. A 16-in. saw revolving at 
3600 r.p.m. has a maximum stress from centrifugal force of 
about 6000 Ib. per sq. in., and this occurs at the center hole. 
But while this stress is not high, it does produce some stretch 
in the blade, which is not uniform from center to rim. These 
strains in turn, if uncompensated, result not only in added lack 
of stiffness, but even in an actual fluttering of the rim. 

To counteract the stretching from centrifugal force, the cir- 
cular saw blade is given a prestraining operation called tension- 
ing. This may be done by hammering, rolling, or otherwise, 
and results in a saw which will be “stiff’’ when up to speed. The 
stretching of the saw rim in work due to frictional heat is com- 
pensated for in the same manner. While the stresses set up 
by centrifugal forces are low, those induced by the prestraining 
treatment are high. 

The steel for the blade, after heat treatment, should combine: 
(1) High elastic limit, (2) good ductility, (3) resistance to fatigue 
cracking, (4) resistance to impact, and (5) uniformity. And 
because most saws in use today are of the solid-tooth variety, 
there is an additional qualification; namely, (6) satisfactory 
edge holding. 

It is self-evident that the steel and its fabrication into saws 
must not be too costly. Another consideration that is becoming 
increasingly important is that the steel weld readily. 

(1) High Elastic Limit. The saw blade should behave as 
nearly as possible as a perfect spring. Operating strains, due to 
centrifugal force, frictional heating, or other normal causes, 
should produce as little permanent distortion as possible. If a 
blade is strained beyond the elastic limit, it will be stretched or 
distorted, and the saw will have lost its tension or have become 
uneven and lumpy. In any event, it will not run true, and so 
will produce a poor cut and not stand up under heavy feed. 

Plain carbon-tool steel, formerly used for all saws, could not 
be heat treated to the high elastic limits found desirable for 
the more modern production rates without an over-sacrifice of 
other essential properties. For instance, a high elastic limit 
would be accompanied by brittleness. The usual carbon content 
of the steels used was 0.85 per cent, although it might range as 
low as 0.70 per cent up to 1.10 percent. The carbon content used 
depended more on the edge-holding requirements of the teeth, 
although high carbon was often selected for a thick plate so as 
to get better hardening. 

Nickel was the first alloy used to any extent in saw steel. The 
object was to produce a stronger blade without sacrificing tough- 
ness. The nickel content ranged between 1.25 to 3.5 per cent, 
with carbon between 0.60 and 1.00 per cent, depending on the 
use of the saw. The plain nickel steel constituted a real advance 
in saw steels, and it is still used to some extent. One objection 
to this steel is its tendency toward a striated, crystalline structure 
which may result in spalling teeth. Another difficulty encoun- 
tered in the use of this steel is sluggishness in tempering, some of 
the hardened steel structure remaining, with consequent brittle- 
ness. These objections are more often met with when the nickel 
and carbon contents are on the high side. However, when on 
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the low side the amount of benefit derived is open to question. 
The compositions shown in Table 1, (a), (6), and (e), are types 
still used to some extent. 

The properties of nickel steels were so interesting that the next. 
developments of alloy saw steels were mostly made with the view 
of eliminating its weak points by the use of one or more addi- 
tional alloys. Following other alloy-steel developments, chro- 
mium was tried and found to give very high elastic limits, but at 
some sacrifice in ductility. The steel showed a tendency to be 
“brash,” as the old sawmaker calls it when the steel will not 
stand considerable cold swaging without checking. Vana- 
dium was added with the object of overcoming this “brash”’ 
condition, but without more than a partial cure. It does, how- 
ever, produce a marked increase in toughness. Nickel-chrome 
steels are used today for many saws where the ductility require- 
ments are not severe. Typical compositions are shown in Table 
1, (c), (d), (f), and (j). Chromium is an inexpensive alloy and in 
some compositions can be obtained from the scrap metal charged 
into the steel melting furnace. Chromium, too, in small amounts, 
enhances the hardening power of nickel steels and so aids the 
saw manufacturer in hardening the thicker saws. 

Another attempt to obtain high strength, together with high 
values for the other essential properties, has resulted in nickel- 
molybdenum steels, both elements being present in small 
amounts. Table 1 (g) shows a typical composition used very 
largely and with good results. The elastic limit can be made 
high without sacrificing ductility and toughness. The types 
shown under (j) and (k) are very good steels where no cutting 
edge is involved. 

(2) Duetility. The elastic properties of steel, together with 
its ductility, make possible the tensioning or prestraining 
treatment essential to a band or circular saw. Mechanical 
tensioning is done by hammering or cold-rolling selected areas 
of the saw. The cold working elastically expands the steel 
adjacent to the spots where the force is applied, the latter spots 
being permanently stretched. A steel low in ductility can be 
given but little deformation by the cold working without dan- 
gerously approaching the breaking point. 

A phase of ductility, the ability to be cold-worked without 
rupture, is an essential property of solid-tooth saws whose teeth 
are swaged for clearance. 

The property of ductility is dependent, to a large degree, 
upon the inherent quality of the steel as determined by the 
method of manufacture and the quality of raw materials used. 
No alloy will compensate for inferior steel-melting practice. 

As noted previously, chromium does not assist in developing 
ductility in saw steel. Nickel does help, and the combination 
with molybdenum, Table 1, (g), gives particularly good ductility 
with high elastic limit. Alloy steels have eliminated most of the 
body cracks which were fairly common in carbon-steel saws. 

(3) Resistance to Fatigue Cracking. The high speeds and 
feeds at which production saws are now run have introduced new 
problems. Among these is the matter of gullet cracking, due to 
repeated stress below the elastic limit of the steel. Cracks of 
this type can usually be identified by the lines of progressive 
growth on the adjacent surfaces of the fracture. Sharp angles 
or corners should never be allowed where there is repeated 
stress, but the saw user often allows this condition to exist. 
Gullet cracks sometimes occur which cannot be traced to any 
such self-evident cause. Those who have made extensive studies 
of the phenomenon of fatigue cracking are generally agreed that 
the strength of steel to resist this type of failure bears a direct 
relationship to the ultimate strength; also that the freedom of 
the steel from dirt and other inclusions has a direct bearing on 
its resistance. If such is the case with saws, the present-day 
alloy steels, when clean and well made, should possess remark- 


able resistance. This is not always true, and there is reason 
to believe that fatigue cracks in band and circular saws may be 
caused by complicated stresses which are aggravated rather 
than relieved by high physical properties. Good ductility in 
the steel is a valuable asset, however. 

Special measures can be used to largely prevent fatigue cracks 
from forming. Properly designed and spaced rim slots is one 
means often used. Another method frequently practiced, in 
band-saw mills, is to cold-work the bottoms of the gullets, thus 
stretching the metal at those points. Keeping the saw sharp and 
preserving well-rounded gullets and even tension are self-evident 
and worth-while precautions. 

(4) Resistance to Impact. A saw in service is subjected to 
repeated blows. If the teeth are sharp and the saw is in good 
shape, the normal impacts of the teeth in the wood are not ex- 
cessive. But other shocks incidental or accidental to service 
may be heavy. One form of accident often met with is striking 
a piece of steel in the cut. The old-type carbon-steel saw would 
be apt to crack under such treatment, or at least be put badly 
out of shape. A good alloy-steel saw will either cut through the 
steel or will have teeth sheared off, the blade itself being left 
in fair condition. Side shocks which would distort a low-elastic- 
limit carbon saw will have little effect on the alloy blade. 

(5) Uniformity. A saw which has not uniform physical 
properties will never be a satisfactory tool. If the blade has 
hard or soft spots, it can only be made flat with difficulty, it can- 
not be tensioned evenly, and it will not retain its trueness or 
tension in service. Lack of uniformity can be due to varia- 
tions in steel composition or to faulty heat treatment. The 
first-mentioned cause is most apt to occur from failure to remove 
any decarbonized skin that may have been on the steel sheet. 
Faulty heat treatment is the usual reason for ununiformity and 
may result from poor heat-treating practice or by reason that 
the steel composition is unsuited to good hardening. 

On account of the physical dimensions, saws must be hardened 
in a comparatively slow quenching medium such as oil. Carbon 
steels will not harden thoroughly in oil unless the piece is thin 
or unless it has been overheated, which is of course bad practice. 
Carbon steels, therefore, cannot be considered as suitable for saws 
to meet present high standards unless they are of light gage. 

The judicious use of small amounts of alloy will give the steel 
suitable hardening properties. For this reason many saws that 
are to be used only for work of the lighter sort are made from 
low-priced alloy steels. Chromium is an alloy often used in 
this way, such as the composition shown in Table 1, (A). Where 
a slightly tougher steel is wanted composition (7) is a good choice. 


TABLE 1 TYPICAL CIRCULAR SAW-BLADE AND BAND-SAW 
STEEL COMPOSITIONS 
Molyb- 
Carbon Nickel Chrome Vanadium denum 
0.70 to 0.90 2.00 
0.70 to 0.90 1.25 
0.70 to 0.90 1.25 0.25 
(d) 0.70 to 0.90 1.25 0.35 0.20 oa 
ads 0.70 to 0.90 0.70 
{f) 0.70 to 0.90 0.70 0.25 
Sr 0.70 to 0.90 0.70 inh 0.15 
(4) 0.70 to 0.90 : 0.40 0.15 =f 
0.55 to 0.65 1.25 0.35 0.20 
0.45 to 0.55 0.80 0.20 


Little need be said about the properties of the steel back in 
machine knives. Sufficient toughness is of course necessary, 
together with stiffness. Some types of knives, such as the hog 
and chipper, are subject to heavy impacts and pressures, and 
therefore the steel must possess more toughness than is needed 
for other kinds. The planer or finishing knife, on the other hand, 
will have sufficient strength if made out of a less tough material 
such as high-speed steel. Some typical compositions of solid 
knives are given in Table 2. 
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TABLE 2 TYPICAL KNIFE STEELS 
Carbon Nickel Chrome Tungsten Vanadium 
0.90 
1.10 
0.90 1.25 0.35 - 0.20 
1.00 0.80 : 0.20 
1.10 2.50 
0.65 4.00 18.00 1.00 
1.25 4.00 9.00 
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The cutting action of a saw and of most knives is similar to 
that of other cutting tools. The wood is parted by a wedging 
action, and the power required is therefore a function of the co- 
hesive strength of the material. When the wood is gummy, an 
additional factor of increased friction is introduced. No variety 
of wood is very strong as compared with metals, and therefore 
wood is said to be easy to cut. 

There is, however, another and more vital factor than strength 
that enters into the cutting of wood, namely, abrasion. Com- 
paratively little power is required to sever the fibers of any wood 
while the tool is sharp. The condition may be short-lived, how- 
ever. The abrasive action starts at once to polish away the 
keen edge until, sooner or later, dullness results, enough to cause 
poor cutting and excessive power consumption. The saw maker 
and user have not sufficiently appreciated the relation between 
sharpness and smoothness of cut. A saw tooth is ordinarily 
considered sharp if it appears so to the naked eye, as it is left 
by a file or medium-grit abrasive wheel. 

The abrasiveness of different woods varies very widely, even 
though their other properties may not be greatly different. An 
example of this difference is given by the test results shown in 
Table 3. The test was made with a 9-in. circular saw, electri- 
cally driven and with a positive feed, the wood being rip-cut. 


TABLE 3 
Tensile 
strength, Power, in kw. Amount Sharpness 
Kind of wood Ib. per sq.in. Start Finish cut, ft. at finish 
Maple lin. dry..... 19,100 0.70 0.78 426 Sharp 
Bapepa #/,in.¢..... 17,500 0.70 1.506 27 Very dull 
White pine *#/,in.... 10,000 0.55 0.45 766 Very sharp 


* A South American wood, resembling mahogany. 
6 Over 1.5. The kilowatt-meter needle was off the scale and the 
motor stalling. 


Abrasion is a complicated phenomenon about which little is 
really known. The type of abrasion met with in wood cutting 
can be pictured as a buffing action, the abrasive being cellulose 
and mineral salts, including silica. To make a particular steel 
more resistant to abrasion, the first thought would be to make 
the tool harder. But here enters one of the curious features about 
abrasion, at least under conditions met with in wood cutting. 
When the saw speed is very low, as in hand operations, greater 
saw hardness may result in increasing by several times the life 
of the edge. When the saw speed is high, however, as with a 
power tool, there is little difference in life between the harder and 
the softer tool. To obtain a marked improvement in edge- 
holding with fast-running tools it is necessary to change the steel 
composition. 

The difference in tool life with change in tool speed and tool 
hardness, but with the same composition steel, is shown in 
Table 4. Although the material cut was a wood substitute, the 
comparison will hold for wood. The saws were made of 0.90 
carbon-tool steel. 


TABLE 4 
Material sawed to dullness 
Saw hardness, Saw s Saw speed 
Rockwell (C) 150 f.p.m 6000 f.p.m. 
In 36 ft In 6 ft 


It will be noted that at low speeds the increased life brought 
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about by the greater hardness was 350 per cent, whereas at high 
speed the increase was only 20 per cent. 

Another example of the effect of tool hardness on the edge-hold- 
ing properties is shown in Table 5. The tool was a knife used 
in an automatic handle-turning lathe and made from 0.60 car- 


bon-tool steel. The wood cut was maple, finishing 1'/, in. in 
diameter. The speed was 3200 r.p.m. 
TABLE 5 
Hardness Number of handles 
Rockwell (C) per grind 


It is interesting to compare the results shown in Table 5 
with those of Table 4. The increase of 12 to 14 points in Rock- 
well hardness between the 48 and the 62 hardness tools resulted 
in both cases in an increased tool life of 20 per cent. It is seen 
from Table 5 that the extreme difference in tool hardness between 
the hardest, which was tempered at 350 deg. fahr. and file hard, 
and the softest, which was tempered at 900 deg. fahr. and easily 
filed, resulted in a difference in tool life of only 22 per cent. 

The effect of changing the composition of the steel is shown 
in Table 6. The tools were operating on the same job as that 
illustrated in Table 5, except that the wood cut was cherry. 

Their compositions are shown in Table 7. 


TABLE 6 
Hardness Number of pieces Increased life 

Steel Rockwell (C) per grind over (a), per cent 

61-62 480 73 

62-63 1020 270 


It will be seen from Table 6 that the increase of carbon con- 
tent, the hardness being the same, in the plain carbon steels 
(a), (b), and (c) resulted in a consistent increase in tool life, up 
to 100 per cent. Also that the medium-nickel—low-chromium- 
vanadium steel (d) gave about the same results as did the plain 
carbon steel (b) of like carbon content. The fact that the low- 
nickel-low-molybdenum steel (e) with comparatively low 
carbon, 0.76 per cent, had the same life as the higher carbon steel 
(d) is interesting. It would indicate that a steel of greater 
toughness, resulting from the lower carbon, can be had with no 
sacrifice in cutting life. The high-speed steel tool (f) had an 
unusually low life for this kind of steel, most saw and knife ap- 
plications showing about a 10 to 1 ratio in its favor as compared 
with carbon-tool steel. 

A significant point indicated by the foregoing tests is the far 
greater effect produced by a difference in carbon, as shown in 
Table 6, than by a difference in hardness, as reported in Table 
5. The difference in hardness between high and low temper 
gave only a 22 per cent variation in tool life, whereas difference 
in carbon between high and low gave 100 per cent. 


TABLE 7 

Composition ~ 
Steel Cc Mno Si Ni Cr Vv Wo Mo 
0.93 O.33 0.21 1.35 0.36 0.21 
0.76 0.34 0.22 0.68 0.14 
0.66 O.31 0.20 3.98 1.05 18.15 


It must be borne in mind that the conditions under which the 
saw or knife is operating may have a marked influence on the 
comparative performance of different steels. In certain appli- 
cations a carbon or low-alloy tool steel will give no service. 
Where the temperature developed in cutting is really high, only 
a material (as high-speed steel, for example) which remains hard 


at these temperatures will do the work. For some classes of 
work a steel having a tungsten content of from 2 to 8 per cent 
will give better service than without the addition, although 
not so good results as will high-speed steel. It can be taken as 
axiomatic that the better a steel resists softening at elevated 
temperatures and also the type of abrasive wear met with in 
wood cutting, the better service it will give. 

We can make use of the improved properties of the steels in 
either of two ways: to obtain longer tool life under the same 
conditions of operation, or to maintain the same tool life but at a 
substantially higher rate of production. In either case, to effect 
a major change in tool performance, our present-day steels all 
fall into either one of two classes, high-speed steels and all other 
tool steels. 

For wood as well as for metal cutting, high-speed steel is the 
best type known today. It is enough superior to warrant wider 
application to wood sawing than is now the case. The wood- 
working industry should profit more from the example set 
by the metal-working industry and establish, by fundamental 
research, more data about cutting its product. If the results 
of such studies were at hand, we would not only be making more 
use of the best steels we now possess, but we also would be better 
prepared for new developments in tool materials. 

The recently developed cemented tungsten-carbide tool mate- 
rial will effect profound changes in wood cutting. It possesses 
toughness, together with hardness and resistance to abrasion, 
such that cutting speeds and quality of cut heretofore impos- 
sible will be obtained. A typical example of the results being 
obtained with this material operating on a machine designed 
for high-speed steel tools is given in Table 8. The job was plan- 
ning, tonguing, and grooving fireproofed oak flooring. The 
10-in. cutter head was operating at a speed of 3600 r.p.m. with 
a feed of 80 f.p.m. 


TABLE 8 
Production per Increase, 
Knife material grind, feet per cent 
High-speed steel.......... 400 


Other applications of cemented tungsten-carbide knives and 
also saws are giving results similar to those indicated. The 
possibilities of such new materials cannot be ignored and can 
hardly be overestimated by the wood-cutting industry. 


CONCLUSIONS 


To one who has been in close touch with the recent develop- 
ments of saw steels there is little in sight to promise further 
marked improvements in the solid-tooth type of saw. The 
two conflicting requirements for the one steel for the blade and 
for the cutting edge would seem to take us for further advances 
beyond the nature of this metal. 

Up to 15 years ago, or thereabouts, the saw maker for a hun- 
dred years had spent an unbelievable amount of effort and inge- 
nuity in effecting the best compromise possible with carbon 
steels. The next step was the development of an alloy-steel 
saw, with the object of producing a stronger blade and also to 
effect all possible improvement in edge holding. A much better 
blade resulted, but even with the aid of modern laboratories 
and metallurgical knowledge, there was little improvement in 
edge-holding properties, far from keeping pace with the poten- 
tialities of the new blade. 

The next logical step is therefore to depart from the old- 
type saw and use inserted teeth made from materials known to 
be well adapted for the function of cutting wood. In the field 
of metal cutting this same step forward was made years ago. 

Future changes in saw design, so as to put to use metallurgi- 
cal discoveries, will require the best thought of saw user, ma- 
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chine builder, and saw maker. Research and untiring effort 
form the only road today to accomplishment, but the benefits 
in store for the woodworking industry are worth the struggle. 
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Discussion 


J. P. Porrer.* Most of the experience that the writer has 
had in the woodworking field has been with saws and cutters. 
He has seen it pass from the old carbon steel to the high-tungsten 
steels and come on through to the cemented tungsten-carbide 
steel. A great many woodworking tools are made today without 
due regard to the safety of the swinging of steel and knives and 
saws, especially of the high frequency machine. When you go 
up to the neighborhood of 7200 to 9000, the centrifugal strains 
become very great. So far as is known, there has not been 
anything put on the market that offers absolute safety. The 
internal head or the solid-back head which was invented some 
20 years ago comes the nearest to it, but it will not support a 
cutter projecting more than three-quarters or one inch. 

Speaking primarily about saws, the prepared paper seems to 
be a very elaborate proposition. It needs very little addition. 

The things noticed in practice regarding saws are the extreme 
misunderstanding on the part of those using the steel in knowing 
what strengths are required from it. 

The matter of preparing steel for the shop is a subject which 
needs a lot of discussion. The stock patterns can be prepared in 
manufacturing plants far distant and remote from the point of 
manufacture and can be shipped in due time for ordinary pur- 
poses. 

In plans for individuals, oftentimes one little house requires 
enough steel to write off the cost of the manufacture. The 
use of cemented tungsten-carbide steel is also costly. The 
writer has found that on stock runs the steel costs relatively 
little in proportion to the amount of wood run. It will range 
somewhere from 2 to 4 cents per 1000 ft. On an ordinary mold 
of 3 in. width, it will run with about 5 or 6 in. of steel with a 6- 
knife equipment all around. Those 60 in. of steel will run about 
4,000,000 lineal feet of molding before they are completely worn 
out. That has been proved in soft woods along the Pacific 
Coast. 

With the higher priced steel, it becomes a question. By the 
per cent of this paper, the steel will run so much longer than the 
ordinary carbon-tool steel that perhaps there would be no limit 
to the wear of the cuts. That brings up another problem of using 
this steel properly supported in very thin sections. 
~~? American Woodworking Company, New York, N. Y. 
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AUTHOR’S CLOSURE 


The points brought out by Mr. Potter are of real practical 
interest. The present-day use of saws and knives at higher 
speeds is no exception to the modern trend, and, as Mr. Potter 
indicates, the necessary safety precautions must be taken, not 
only in the design of the tool, but also in its use. A point in 
this connection may well be discussed briefly. An inserted- 
tooth saw or cutter head is usually refitted many times by the 
user. He must see to it that the blade or head is not only 
properly refitted, but also that it is maintained in good mechani- 
cal condition and balance. With higher speeds, the machine 
also must be kept in better shape than formerly was necessary. 

In calculating the effect of centrifugal forces in rapidly re- 
volving saws and knives, the subject should be considered from 
two angles. A revolving disk will have maximum stresses from 
centrifugal forces set up, not at the rim, but at the center hole. 
The stresses at the rim will be comparatively small. For ex- 
ample, a 16-in. blade with a 1-in. center hole revolving at 3600 
r.p.m. will have stresses set up amounting to about 6000 lb. 
per sq. in. at the center hole and 1500 |b. per sq. in. at the rim. 
A 10-in. disk running at 7200 r.p.m. will result in about 9000 
and 2000 Ib. per sq. in. at the center and rim, respectively. 
These stresses are well within the factor of safety for a good 
steel and in themselves far from dangerous. Excessive rim 
strains set up by poor tooth or cutter-edge clamping methods 
vibrations, and accidental strains in operation are far more 
dangerous than those from centrifugal forces. The added 
danger from centrifugal forces as speeds increase does not come 
about as much through the greater possibility of a well-made 
and properly operated tool being broken by these forces as by 
reason of the much greater damage done if breakage occurs. 
The energy of a piece flying off the rim of a saw or cutter in- 
creases as the square of the r.p.m. of the tool. Thus doubling 
the speed of the rim increases the energy by four times, and 
protective measures must be bettered correspondingly. 

Mr. Potter properly raises the question of economy in using 
expensive steels or tool materials for working ordinary woods. 
The relative tool costs must always be considered. An extreme 
case where a cheap steel is clearly good enough is where short 
runs of special molding shapes are made from soft wood with no 
particular requirement for surface finish. It would be poor 
economy to make an expensive tool only to discard it after a 
few hours’ run. Special material like cemented tungsten 
carbide for woodworking is finding its first applications to 
production jobs where the wood is particularly abrasive and 
where machine down time or other factors are important. Users 
are, however, beginning to see its possibilities for more of their 
regular production work on common woods where accuracy 
or smooth finish is desired. Its use will grow as experience 
indicates its proper applications. 
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Need of Forest-Products Engineers in the 


Woodworking Industries 


By NELSON C. BROWN! ann RAYMOND J. HOYLE,? SYRACUSE, N. Y. 


For many years it was thought that a forester had to 
do only with the growing and handling of the forest crop. 
Now the forest schools recognize that the utilization of 
wood products, including the conditioning, remanufac- 
turing and merchandising of various forms, is just as 
important a part of forestry. To meet this situation, the 
curricula of some of the forest schools are changing. The 
woodworking industries have problems that need solution. 


S A GENERAL thing the wood- 
working industries are not showing 
as much progress as many of the 

other important industries. Their ma- 
chines, methods, conditions of raw mate- 
rial, cost systems, and merchandising as a 
rule are years, if not decades, behind those 
well-known The 
mortality among these woodworking indus- 
tries is very heavy and will continue so 
until men who are especially trained for 
this field of work are sought by these in- 
dustries. At this point it is fair to say 
that there are some industries in the 
woodworking field that are up-to-date, and their example should 
be followed. 


of many industries. 


Ne.son C. Brown 


Woop Inpustries Lack MEN 


Why is it that men have not been trained for the woodworking 
industries? The answer is, that the schools where these men 
might be prepared have not realized that there was a field for such 
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Trained men who know about the technological features 
of wood are needed. In some way the forest schools have 
failed to train men to meet the demand in these wood- 
using industries. It is also felt that the industries have 
failed to cooperate with the schools in order to have the 
courses fit in with their needs. Closer relationship, how- 
ever, is growing up between the industries and the forest 
schools. 


training, and the industries that need these 
men have apparently believed for the most 
part that years of experience in the in- 
dustry was the most desirable kind of 
preparation. The reason why wood-using 
industries have not shown more progress 
can be laid at the doors of the industry 
as well as of the schools of higher education. 


EpvucaTIONAL FactLities LACKING FOR 
Most ENGINEERS 


Men trained in schools of engineering 
and schools of forestry are found in this in- 
dustry, but the number is comparatively 
small, and their training has not been well suited to the work 
involved. Engineering schools have given practically no thought 
to the subject of wood—its growth, structure, manufacture, 
distribution, and remanufacture, conditioning, and use. Some 
forestry schools, on the contrary, offer considerable training in 
these various fields of wood. Wood, unlike many other mate- 
rials, is not a man-made or controlled product, and consequently 
no two pieces are exactly alike, even though cut from the same 
position within the same tree. In fact, two such pieces are often 
dissimilar in many respects. When it also is considered that 
there are over one-hundred commercial woods in this country, 
one can realize why it is essential for a man to have considerable 
training in the field of wood if he is going to solve the many prob- 
lems in connection with its manufacture and use. 


RayMonp J. 


BROADENING Scope OF ForRESTRY 


The wood-using industries as a rule have not sought the 
graduates of forestry schools, for they were of the opinion that 
these men were trained to grow and manage timberlands. The 
forestry schools years ago were concerned primarily in training 
men for handling the forests, and a few schools still cling to this 
idea, but some schools are today training men for other phases 
of forestry. Forestry is a young and growing profession and fre- 
quently sees new branches of the work and new fields of special- 
ization. Forestry is such a very large field that one cannot 
expect to be trained for more than one of its branches. As the 
engineer must be trained in the chemical, mechanical, electrical, 
civil, or other separate branches so must the forester be trained 
in one of the several distinct branches of forestry. 

It is unfortunate, in a way, that the public has come to think 
that forestry schools are training men only for the one field, viz., 
timber growing and managing, because when a forestry graduate 
applies to a wood-using industry for a job, the student is generally 
regarded as one who is prepared only for woods work. If the 
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forestry schools that train men for the wood-using industries 
gave these men an engineering degree and called them ‘‘wood 
engineers” or some other name that would indicate to a pro- 
spective employer something of the nature of their training, it 
would be much easier for them to get jobs and to be properly 
placed in the industry. 


UTILiIzATION OF ForEst Propvucts 


There are so many phases of the utilization side of forestry 
alone that the forest schools have found difficulty in choosing 
the various courses that would adequately prepare men for these 
several fields in four years. Logging, lumber manufacture, 
merchandising, remanufacture, conditioning of wood, and pulp 
and paper manufacture are all distinct fields for specialization. 
The wood-using industries (the field about which this paper 
primarily is concerned) is no doubt the largest of these 
divisions and should afford the greatest single outlet for grad- 
uates specializing in the consumption phase of forestry. If a 
student definitely knows that he wants to become, for example, 
a logging engineer or a sawmill manager, his courses should be 
chosen accordingly. Since most students do not know what 
special field they want to enter, emphasis should naturally be 
laid on the largest field. As yet the several fields of work for the 
most part are not clearly defined nor is there much assurance that 
the industry will afford a job in these several fields. Until the 
industry calls for men of a definite training, the schools will have 
to prepare men along rather broad general lines. 


EXPERIENCE AT SYRACUSE 


The New York State College of Forestry at Syracuse has 
recognized a need for men especially trained for the utilization 
side of forestry. Since its inception this school has offered 
courses designed to prepare men for this field. Several times 
in the past 15 years the school has added new courses or changed 
old ones to meet the changing demands of the lumber industry 
and to meet new developments and tendencies. At the present 
time those students who feel that they want to enter some phase 
of wood utilization spend the first two years in studying English, 
modern languages, mathematics, botany, chemistry, physics, 
zoology, entomology, drafting, dendrology, plane surveying, and 
timber estimating. (These same courses are also taken by nearly 
all students preparing for any phase of forestry, since they are 
fundamental and of a more general nature.) The third and 
fourth years are spent in specializing. The courses taken in the 
third year include one semester of elementary accounting, one 
year of economics, one semester of technical and report writing 
and business correspondence, one semester of history of forestry, 
one year of silviculture including the foundation work and forest 
propagation, one semester of logging and one of lumber manu- 
facture, one semester of forest products other than lumber, one 
semester of wood structure and identification, and one semester 
of railroad transportation. Courses taken the fourth year 
include one semester of forest pathology, timber physics, business 
law, public speaking, portable milling and woodlot logging, lumber 
salesmanship, business methods, new developments and prob- 
lems of the lumber industry, the economics of production, dis- 
tribution and consumption of lumber, and one year each of wood 
preservation and dry kiln engineering. If a student is quite 
certain of the field of work he hopes to enter, he is allowed to sub- 
stitute four courses in engineering, business economics, forestry, 
or science for certain specified courses in the fourth year. 


EpvucaTIONAL Courses RequirRE BALANCE 


If these courses have been noted carefully, it will be seen that 
the student has not only received good fundamental training in 
many basic subjects, but also has been given a somewhat special- 


ized training for the problems and work of the lumber industry. 
He will understand the growth and behavior of trees and the 
economic and technical problems of manufacture and use. He 
will know the technical, physical, and mechanical properties of 
woods and why these woods can or cannot be used for some pur- 
poses in certain markets. The student has an understanding 
of the conditions, problems, and costs involved in converting a 
forest into lumber or other forest products, and the problems of 
merchandising, remanufacturing, and using this lumber in dis- 
tant markets. An experimental dry kiln affords opportunity 
of practical kiln operation where the student learns in a one- 
year course of the actual practice as well as the theory and prob- 
lems involved. Another year’s course of study and actual 
operation of the experimental wood-preservation plant gives the 
student specific training for a definite field of work. If desired, 
additional courses may be taken in chemistry or pathology to 
supplement or round out his training in the preservation field. 
In fact, the student, because of the opportunity of electing 
several different courses, can take work that will give extra 
training for any one of the several fields of work. Courses 
elected in business and economics give a background and insight 
into these two phases of the industry, while courses in engineering 
are of benefit particularly to one who enters the wood-using 
industry field. 


PRACTICAL APPLICATION 


At the end of the second year, three months are spent in a 
camp in the woods where the classroom theory is applied and 
practiced. This practical application and the long hours of 
work are of great value. At the end of the third year, the 
student is given five months’ vacation and encouraged to get a 
job in a mill, wood-using industry, wood-preservation plant, a 
retail yard, or in some phase of the lumber industry where he will 
get practical experience. During the senior year an especially 
arranged trip is taken to some place in the South where pine and 
hardwood logging operations are studied in detail and under 
supervision, and where other phases of the lumber industry are 
also incidentally visited and studied. 


INDUSTRIAL APPRECIATION OF SPECIALIZED EXECUTIVE TRAINING 


At this point one may say that this is all very good training, 
but that he does not see how these men can be of particular value 
in one’s own organization, which may be a furniture plant or an 
auto-body plant. The best answer to such a question is that 
some of these industries are taking these men and are finding 
them advantageous to the organization. These men are progress- 
ing and are securing the better positions and becoming the 
executives. The industry as well as the student must have some 
vision and must realize that four years of training in a rather 
general field have not prepared a man to make a success of any 
job that he may be given. It must be remembered that while 
he has had opportunity of operating an experimental kiln or 
wood-treating plant or has had some practical experience during 
vacation periods, he is nevertheless only a student who has a 
good background for further training. The large progressive 
industries of this country, and many smaller ones too, often take 
the college men into the organization for a special course of train- 
ing which will point or adapt them to their particular work. 
Judgment should be used in working the man into the organi- 
zation. 


INDUSTRIAL DEMAND STIMULATES EpvucaTIONAL 


The more rapidly the woodworking industry calls for men of 
special training, just that much more rapidly will the forestry 
schools be able to give courses that will be more applicable to 
this industry. It would seem that preparation for this work will 


WOOD INDUSTRIES 


soon include such courses as kinematics, machine design and 
layout, mechanics, power, shop practice, factory management, 
economics of manufacturing, industrial engineering and investi- 
gations, time and motion studies, a detailed study of the uses of 
wood, glues, plywoods, wood finishes, and industrial psychology. 
These fourteen additional courses would have to be given in place 
of some of those already outlined. Those least applicable to the 


problems of the woodworking industry would have to be elimi- 


Some of those eliminated might be the botany courses, 
mensuration, forest history, 
and one course in timber 


nated. 
zoology, entomology, surveying, 
planting, lumber salesmanship, 
preservation. 


Course OF Stupy RECOMMENDED 


With this change in courses a student will have had basic train- 
ing courses, such as English, mathematics, languages, chemistry, 
physics, economics, and speech. He will have had such business 
courses as accounting, merchandising, transportation, factory 
management, industrial psychology, and economics of manu- 
facturing. The courses pertaining to wood would be growth of 
forest and distribution, wood-technology 
courses, timber physics, forest pathology, logging and lumber 
manufacture, forest products other than lumber, problems of the 
lumber and woodworking industries, seasoning and preservation 
of wood, uses of woods and grades, glues, plywoods, and finishes. 
The engineering courses would be mechanics, kinematics, machine 
design and layout, power, shop practice, industrial engineering 
and investigations, and time and motion studies. 

This variety of courses when summarized shows ten general 
courses, six business courses, fifteen courses pertaining to wood, 
and nine to engineering. This gives a total of forty courses, all 
of which would be of three hours per semester, except English, 
mathematics, modern language, and wood technology. These 
four subjects would be of three hours each for two semesters. If 
one desires more mathematics, of course there could be some 
elimination of modern languages, or other similar changes could 
be arranged. It should be noted also that forty courses for four 
vears is an average of 15 hours’ credit per semester, which is a 
rather light schedule. It is therefore possible to add one course 
each semester or eight courses in four years. These eight 
courses could all be in one of the four groups of subjects or more 
or less evenly spread among all groups, depending on how much 


forests, economics 
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importance was placed on certain subjects by different indi- 
viduals. 

The authors feel that the proportion shown in the foregoing 
is about right, but that is a matter of opinion. Having been 
engaged in training men for this field of work for many years and 
knowing the work and the problems that these men have to meet 
in this line of work and knowing further of the desires of managers 
in hiring young men for this work, they feel fairly certain of the 
needs in these four groups of study. 


SPECIALIZED TRAINING 


Wood, machines and equipment, purchasing, merchandising, 
and costs are the big problems of a woodworking factory. One 
man cannot be an expert in all of these fields, but he can know 
much about the most important ones and can have a general 
idea of the least important. Merchandising and cost-accounting 
men are being well prepared by many schools, but what school 
prepares a man who understands wood from the forest to the 
finished product? When the price of white oak of a certain 
grade reaches a certain point, is it advisable to buy another 
grade of this wood or can another wood be substituted, and 
what grade in this substitute wood should be used? If a door 
that has been hung six months pulls apart at the joints or 
cracks across the panels, what is the matter? Why did the 
door next to it show no such tendencies? These are typical of ° 
hundreds of such problems that for the most part are unsolved or 
only partly solved because the leaders in this industry have not 
been trained in the subject of wood. While the problems of a 
woodworking plant are of several natures, as already indicated, 
the chief problem and the problem that is least understood is 
generally that of its raw material, wood. 


CoorERATION IMPERATIVE BETWEEN INDUSTRY AND SCHOOLS 


The industry and the forestry schools can well afford te become 
better acquainted. The industry knows too little of the work 
that the schools are doing, and it is offering few or no suggestions 
of how better to prepare men for its use. The faculties of the 
schools have had too little practical contact with the industry 
and seem to hesitate to keep that contact frequently renewed 
and alert to the problems and conditions. The progress of the 
woodworking industry depends upon the training of the young 
men who are entering this industry. 
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Developments in the Stabilization of Painting 


Painting practice is changing from a craft to a part of 
engineering. The Forest Products Laboratory has tested 
the painting characteristics of softwoods. The tests in- 
cluded edge-grain and flat-grain boards, light woods 
consisting mostly of spring-wood and heavy woods with 
wide bands of summer-wood, white lead and prepared 
paint, various combinations of paint, linseed oil, thinner, 
and drier for the priming coat, and aluminum paint as 
a first coat. Conditions of dryness and of humidity 
entered into the tests. The basic factors responsible for 
the chief uncertainties of paint behavior were studied, 
and the way is pointed for a possible stabilization of 
painting practice for wood through further research. 


AINTING practice is in course of 

transition from a craft to a part of 

engineering. (1)? The breakdown 
of the apprenticeship system, the multi- 
plication of new materials available for 
painting, the increasing variety of the sur- 
faces to be painted, the accelerating tempo 
of building and manufacturing operations, 
and the rising standards of acceptable 
have overwhelmed old- 
fashioned painter. However, the engineer 
is not yet fully prepared for his new re- 
sponsibilities because the background of technical data on paint- 
ing practice is fragmentary and largely unreliable, and means of 
measuring the serviceableness of paint coatings is lacking. A 
specification for a durable exterior paint finish cannot be written 
with the same assurance of success that is possible in designing a 
structure to carry a given maximum load. Quality in a paint 
job is judged primarily by the costliness of the materials and the 
labor of applying them rather than by dependable yardsticks 
of performance. 

Under the circumstances it is not surprising that painting 
practice is far from stabilized. Many kinds of paint are sold 
for similar uses. and opinions about their relative merits differ 
bewilderingly. Details of applying paint vary widely. New 
woodwork is sometimes painted with two coats, sometimes 


service 
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Practice for Wood 


By F. L. BROWNE,' MADISON, WIS. 


with three. Admixtures of oil, thinner, and drier are variously 
recommended. There is uncertainty about the limitations of 
weather, condition of the surface, and drying time between 
coats within which painting may be done safely. When paint 
jobs turn out unsatisfactorily, the cause of failure is frequently 
difficult to determine. All too frequently coatings give way soon 
after they have been applied, even though conscientious efforts 
were made to do first-class work. When reasonable length of ser- 
vice is attained, it is difficult to determine when a coating ceases to 
function properly and requires renewal. Opinions then differ 
about the way to prepare the surface for repainting and how to 
repaint it. 

A major source of confusion about painting practice for ex- 
terior woodwork arises from the marked variation in durability 
of coatings on different kinds of wood. The fact has long been 
recognized, but statements about the kinds of wood that give 
good or bad service and what should be done about it have been 
strikingly contradictory. Some have thought that certain woods 
are inherently lacking in paintability and should not be used 
in places where painting is important. Others have held that 
each kind of wood requires an appropriate adjustment of the 
proportions of pigment, oil, and thinner in the priming coat, 
but the formulas for each kind of wood have never been stated 
definitely, that being left to the painter’s judgment. Still others 
have maintained that for some woods the turpentine in the 
primer should be replaced by volatile liquids of greater solvent 
power. Many special priming paints have been proposed for 
use on woods upon which paints fail soonest. 


Forest Propucts LABoraTory TEsTs 


To provide reliable information about such moot questions 
the Forest Products Laboratory in 1924 began an experimental 
study of the painting characteristics of softwoods. (2) Test 
fences were established at 11 places in the United States repre- 
senting a great range in climates. On the fences, panels of 18 
species of softwoods were exposed and painted. In general, at 
every station there were four panels of each species, two made 
with flat-grain boards and two with edge-grain boards. Of 
these one panel of flat-grain and one of edge-grain boards were 
painted with three coats of white-lead-paste paint and the 
other two panels with three coats of lead and zine prepared 
paint. 

In the 1924 tests no attempt was made to adjust the propor- 
tions of pigment, oil, and thinner in the priming coat according 
to the kind of wood painted. All woods were painted in exactly 
the same way. The mixtures of white-lead-paste paint were: 


First Second Third 
coat coat coat 
Paste white lead (92 per cent pigment), Ib.... 100 100 100 
The lead and zine prepared paint consisted of: 

Per cent 
Pigment, 64 per cent by weight, composed of: by weight 
Basic carbonate white lead....................-. 60 


4 

13 


54 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Per cent 


Vehicle, 36 per cent by weight, composed of by weight 


Raw linseed oil 90 
Turpentine 5 
Liquid drier 5 


For the priming coat 1'/, pints of raw linseed oil and 2 pints 
of turpentine were added to a gallon of this paint. For the 
second coat 2'/, pints of turpentine were added to a gallon. For 
the third coat the paint was applied without any addition. 

All test stations were visited at least once each year by the 
same inspector. During the first year or so the appearance of 
the paint coatings changed materially. (3) The gloss faded, 
the white surfaces became dirty, then the coatings began to 
disintegrate at the surface in the form of a fine powder and some 
of the dirt became dislodged, and finally the coatings began to 
check in fine, presumably superficial fissures. There were inter- 
esting differences in appearance between coatings of the two 
kinds of paint and between the different exposure stations, but 
the kind of wood beneath the coating had very little effect upon 
However, as the tests continued, other changes 
These 


its appearance. 
set in that varied markedly with the kind of wood. 
changes were of two sorts; namely, in the integrity of the coat- 
ing, and in that of the wood itself. Sometimes deep slits de- 
veloped in the coating at the edge of which the coating curled 
up and broke off in little pieces, laying the wood beneath bare. 
Sometimes paint checks finally became deep, interlacing cracks, 
and little areas of coating outlined by the cracks fell off bodily, 
Such changes were recorded as de- 
But sometimes checks 


leaving the wood bare. 
ficiencies in the integrity of the coating. 
opened in the wood where otherwise the coating seemed to be 
intact. Such changes were recorded as inadequate protection 
by the coating against wood weathering. 


RESULTS OF THE 1924 


The most important facts revealed by the 1924 tests were 
the following: (4) 

Summer-Wood and Spring-Wood. The variable behavior of 
paint coatings on the softwoods is due primarily to difference in 
behavior on summer-wood and spring-wood. Failure of aged 
coatings in integrity usually begins over summer-wood long 
before it sets in over the neighboring spring-wood, and there- 
fore failure in coating integrity proceeds most rapidly on boards 
that contain the greatest amount of summer-wood. 

Summer-wood is the harder, darker-colored part of the annual 
growth ring in the wood. Structurally it differs from spring- 
wood in that the wood cells are flattened and have thicker walls 
and smaller cavities than the wood cells in spring-wood. Sum- 
mer-wood is roughly three times as heavy as spring-wood. Ex- 
perience in impregnating wood with liquids proves that the 
heavy summer-wood is more easily and deeply penetrated by 
liquids than the light spring-wood. Experiment proves that 
the liquids in oil paint follow the same general rule and penetrate 
more deeply into summer-wood than they do into spring-wood, 
although there has long been a contrary impression among 
painters. The pigments of oil paint are too large to penetrate 
beyond the cavities of those wood cells that were cut open in 
forming the surface of the board. Like other liquids, resins 
exude more easily from summer-wood than they do from spring- 
wood, but there is no evidence that summer-wood actually 
contains more resin than spring-wood. 

Aged coatings apparently do not adhere to wood substances 
as glue does, but cling to the wood by a mechanical embedding 
of the paint in the open cell cavities at the surface, much as 
plaster clings to lath. Summer-wood, with its small cavities, 
furnishes inadequate anchorage so that small pieces of aged 
coating easily become detached and fall off. However, if the 


band of summer-wood is very narrow, the little pieces of coat- 
ing may retain sufficient grip in the spring-wood on either side 
to remain in place, arching over the summer-wood. 

Some Woods Require More Effective Protection Than Others. 
A second factor causing variable behavior of coatings on soft- 
woods is the fact that some woods require more adequate paint 
protection to prevent wood-checking, which is the first sign of 
wood weathering. (5) Test panels were often observed in 
which the wood had begun to check although the coating other- 
wise seemed to remain intact. The woods on which this hap- 
pened were the kinds that quickly develop conspicuous checks 
and cracks when exposed to the weather without paint protec- 
tion. Frequently the wood checks became centers from which 
failure of the coating in integrity progressed. 

Edge-Grain and Flat-Grain Boards. Coatings remain in- 
tact longer on edge-grain boards than they do on flat-grain 
boards of otherwise similar wood. The difference in behavior 
is accounted for by the disposition of summer-wood at the sur- 
faces of the two kinds of boards. Since the surface of an edge- 
grain board lies roughly in a plane along a radius of the tree, 
the bands of summer-wood are reduced to the narrowest width 
possible. The surface of a flat-grain board, on the other hand, 
is in a plane approximately tangent to some of the growth rings 
of the tree, so that the bands of summer-wood at the surface 
of the board may flare out into large areas. 

Edge-grain boards weather-check less easily than flat-grain 
boards, doubtless because they swell and shrink less in width, 
and therefore coatings continue to furnish sufficient protection 
longer on the edge-grain boards. 

Bark Side and Pith Side of Flat-Grain Boards. 
flat-grain board is always nearer the bark and the other nearer 
the pith of the tree from which it was cut. The bark side makes 
a better surface for painting than the pith side. On the pith 
side of some boards the summer-wood of one annual ring may 
separate from the spring-wood of the next ring and curl upward 
Paint coatings are often 


One side of a 


in a sharp, easily splintered edge. 
unable to prevent such grain shelling, and consequently the 
coating may be badly disrupted. 

Density and Ring Width. Since summer-wood is much heavier 
than spring-wood, the density of a piece of softwood is a fairly 
good measure of the proportion of summer-wood in it and there- 
fore of its painting characteristics. Paint fails sooner on heavy 
boards, because they contain more summer-wood than light ones. 
However, another factor must also be considered—namely, 
the width of the annual growth rings (usually recorded .as the 
number of rings per radial inch of the log). When the growth 
rings are narrow (many rings per inch), there may be a fairly 
high proportion of summer-wood, and yet the bands may be 
narrow. Such wood holds paint better than wood of equal or 
slightly lower density in which the growth rings, and conse- 
quently the bands of summer-wood, are wide. 

The lumber of many species varies widely in density and in 
ring width, and the painting characteristics vary correspond- 
ingly. Any classification of species with respect to painting 
characteristics is therefore a rough approximation at best and 
involves much overlapping; that is, light, narrow-ringed boards 
of a given species may be superior, from the point of view of 
painting, to heavy or wide-ringed boards of species assigned 
higher positions in the classification. In general, edge-grain 
boards of any species are as good or better for painting than 
flat-grain boards of the species assigned to the next higher class. 
Subject to these reservations, the softwoods were classified for 
painting characteristics on the basis of the 1924 tests as set 
forth in Table 1, which lists also the relative amounts of the 


species cut into lumber in 1927. 


Lumber Grade and Knots. The principal defects that form 
the basis for grading lumber are disadvantageous from the point 
of view of painting. Coatings over knots often discolor, crack, 
and fall off, and the wood of the knots checks conspicuously. 
Pitch often exudes through coatings over pitch pockets, pitch 
streaks, or pitchy wood. Low-grade lumber is therefore less 
desirable for painting than high-grade lumber of the same 
species unless the low-grade lumber is remanufactured in such 
a way that the defects are cut out. Even then the advantage 
may still lie with the high-grade lumber, because as a rule the 
high-grade lumber is cut from the outer portions of the log 
where the growth rings are usually narrower than they are nearer 
the center of the log. 


TABLE 1 CLASSIFICATION OF WOODS FOR PAINTING 
CHARACTERISTICS AND THE ANNUAL PRODUCTION OF THESE 
WOODS AS LUMBER 
Percentage of 
all soft wood 
lumber cut in 
1927 


CLASSIFICATION, UsinGc U.S. Forest Service 
COMMON AND BOTANICAL NAMES 


Group 1-—Woods on which coatings served longest, both in 
integrity and in protection 


Cedar, Alaska; Chamaecyparis nootkatensis ) 
Cedar, Port Orford; Chamaecyparis lawsoniana - 1 
Cedar, Western red, Thuja plicata \ 

Cypress, Southern, Jaxodium distichum 2 


Redwood, Sequota sempervirens 2 


Group 2-—— Woods on which coatings failed in protection sooner than on woods 
of Group 1 


Pine, Northern white, Pinus strobus 
Pine, Western white; Pinus monticola ‘ 9 
Pine, sugar, Pinus lambertiana 1 


Group 3-—- Woods on which coatings failed in both integrity and 
protection sooner than on woods of Group 1 
Fir. white; Abtes concolor 1 
Hemlock, Eastern; 7 suga canadensis 
Hemlock, Western; Tsuga heterophylla 
Pine, Western yellow, Pinus ponderosa 10 
Spruce, Eastern, Picea spp i 
Spruce, Sitka, Picea silchenss ‘ 


Group 4-——Woods on which coatings failed soonest, especially 
In integrity 


Douglas fir; Pseudotsuga taxtfolia 30 
Larch, Western; Lartx occidentalis 1 
Pine, Southern yellow, Pinus spp 38 


Heartwood and Sapwood., Few differences in the behavior 
of coatings on heartwood and sapwood have been observed so 
far. In the few cases that have occurred, the advantage has 
sometimes been with the heartwood and at other times with the 
sapwood. 

Extractive Substances Characteristic of Species. Although the 
primary cause of variation in the behavior of coatings on dif- 
ferent species is found in the amount and distribution of summer- 
wood, a factor of secondary importance is the presence in certain 
woods of characteristic substances that can be separated from 
the woods by extraction with suitable solvents. Thus cypress 
and redwood each contain a substance peculiar to the species 
that affects the behavior of paint. When paint is applied to 
either of these woods while they are wet with water, the coat- 
ings will not harden until the moisture content has been reduced 
to a reasonable amount. On the other hand, coatings cling to 
the summer-wood of redwood and cypress somewhat longer 
than they do to the summer-wood of most other species. It 
seems likely that the extractives in redwood and cypress have 
a favorable effect on the durability of coatings. 

All pines contain rosin or a similar oil-soluble acidic substance. 
Free organic acids in linseed oil are known to be harmful to 
paints containing zine oxide, but not so harmful to straight 
white-lead paint. It was therefore to be expected that the 
lead and zine paint would not prove quite so durable on the 
pines as it did on other woods of similar density and ring width, 
but that no such differences between pines and other woods 
should be observed in the case of the straight white-lead paint. 
The results of the tests confirmed this expectation. 


WOOD INDUSTRIES 


WDI-53-7 55 

Results in Different Climates. The same classification of the 
woods was found to apply in all climates, but the extent of varia- 
tion differed materially. In climates where there are long 
periods of extreme dryness, failure of coatings by sloughing 
bodily from summer-wood takes place most rapidly and most 
characteristically. Such conditions accentuate the discrepan- 
cies in behavior on different woods. Where the humidity rarely 
falls very low, coatings cling longer to the summer-wood, the 
paint itself has more chance to disintegrate or wear away, and 
the difference between species is somewhat less marked. 

Of the two paints used in the tests, one proved distinctly 
superior to the other on all woods in arid climates, but just as 
definitely inferior on all woods in the warm, humid climate of 
Florida. In the intermediate climates one paint often proved 
the more durable on the pines, while the other lasted longer 
on woods other than the pines. 


Tue 1925 Primer Tests 


A second series of tests was started in 1925 to determine how 
far the durability of coatings on woods containing much summer- 
wood can be improved by altering the proportions of pigment, 
oil, and thinner in the priming coat, by replacing turpentine 
with special solvents, or by using special priming paints. The 
test panels were divided into two halves, of which one was 
painted by the standard procedure followed previously in the 
1924 tests, while the other half was painted by one of the special 
procedures to be studied. Thus comparison of new and old 
procedure could always be made on the same boards. The 
woods studied in 1925 were Southern yellow pine, Douglas fir, 
Western larch, Western yellow pine, Eastern hemlock, Western 
hemlock, and Southern cypress. 


RESULTS OF THE 1925 TEsTs 


The following results were obtained in the 1925 tests: (6) 

Proportions of Oil and Thinner in the Primer. In spite of 
the old and widely accepted tradition that the durability of 
paint coatings on woods containing much summer-wood can be 
improved by mixing the priming coat with more than the usual 
amount of turpentine (and correspondingly less oil and pigment), 
the tests proved that the priming-coat proportions have very 
little effect upon the serviceableness of the coatings. If the 
comparisons had not been made on the same boards, no dif- 
ferences at all would have been detected. As it was, the dura- 
bility of the coatings with turpentine-rich primers was judged 
slightly inferior to that with the standard primer; clearly the 
comparisons between species made in the 1924 tests would not 
have been altered in any way by changing the proportions of 
the priming-coat ingredients. 

The result of these experiments is reasonable. Thinning 
with turpentine is usually recommended in the belief that deeper 
penetration of the paint oils will secure firmer adhesion of the 
coating. However, penetration to begin with is deeper in sum- 
mer-wood, from which coatings come loose first, than it is in 
spring-wood, to which coatings cling longer. The theory is 
therefore discredited at the outset. 

Special Solvents as Paint Thinners. Replacement of turpen- 
tine with volatile liquids that are better solvents for the oils 
and resins in some woods has been recommended as a means 
of improving paint service. Three series of experiments have 
been made by the Forest Products Laboratory to test the theory. 
The volatile liquids included gum spirits turpentine, steam- 
distilled turpentine, destructively distilled turpentine, turpen- 
tine oxidized by bubbling air through it, petroleum distillates 
ranging in volatility from gasoline to kerosene, petroleum dis- 
tillates from four types of crude oil, benzol, and coal tar naphtha. 
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Tests were made on Southern yellow pine, cypress, and Eastern 
hemlock. 

The effects of varying the volatile liquid were in all cases 
so slight that they can be of interest only from the point of view 
of theory. None of the liquids gave better results than turpen- 
tine on any wood. There were indications that oxidized tur- 
pentine added slightly to the durability of the coatings. The 
beneficial effect of turpentine must therefore be attributed to 
the nonvolatile residue left when turpentine evaporates in the 
presence of oxygen or to a desirable alteration in the drying of 
linseed oil in the presence of the turpentine product. 

Special Priming Paints. Five special priming paints were 
studied in the 1925 series of tests. Of these two had very little 
effect on the behavior of the coatings and two proved definitely 
harmful to the durability. The fifth primer, aluminum paint, 
materially retarded the loosening and detachment of coatings 
from summer-wood and thereby prolonged the life of coatings 


/ 


Fig. 1 CHARACTERISTIC FAILURE OF A PAInT COATING BY FALLING 
Orr THE SUMMER-WooD AND THE BENEFICIAL EFFECT OF ALUMINUM 
PRIMER IN RETARDING SucH BEHAVIOR 
(The left-hand part of the panel, marked A, was painted according to the 
usual procedure of applying three coats of prepared paint, of which the first 
contained a little extra linseed oil and turpentine. The right-hand part of 
the panel, marked B, received first a priming coat of aluminum paixt, 
followed by exactly the same second and third coats of paint that were 
applied on A.) 


on woods containing much summer-wood. Fig. 1 illustrates 
the improvement in paint service brought about by priming 
with aluminum paint. 

Aluminum priming paint (7) is made by adding polished 
aluminum bronze powder to a suitable liquid just before it is 
to be applied. From 1!/; to 2 lb. of the powder is stirred into 
the liquid; grinding in a paint mill is neither necessary nor 
desirable. The liquid should be either a kettle-bodied linseed 
oil thinned to suitable viscosity with paint thinner and drier 
or a long oil spar varnish (at least 80 gal. of oil per 100 lb. of resin). 
Ordinary spar varnish may be mixed with boiled oil, but the 
cost is likely to be greater. Aluminum priming paint must be 
thoroughly dry before the top coats of paint are applied over it. 

Other priming paints or priming procedures have been sug- 
gested in recent years. Some of them are being tested by the 
Forest Products Laboratory or by paint manufacturers. (8) 


ABNORMALLY Paint ON Houses 


Much uncertainty about painting practice has arisen in the 
past because paints that give excellent service when exposed on 
test fences sometimes fail in an unreasonably short time, perhaps 
within a year, when applied on houses. Within the last few 
years observations by the Forest Products Laboratory (9) and 
by the West Coast Lumbermen’s Association (10) have shown 
that such difficulties are due neither to faulty paint nor to de- 
fective lumber, but are caused by improper methods of drying 
the building moisture in new buildings, errors in designing the 
structure, faulty construction, or unusual conditions of occu- 
pation. The essential factor is water gaining access to the 


back of the painted boards either through leaking joints of one 
kind or another or by condensation from moist air coming in 
contact with the backs of the boards during cold weather. Many 
details that frequently prove sources of trouble have been de- 
scribed. The only sure cure for such ills lies in preventing ac- 
cess of water to the backs of the painted boards. No paints now 
on the market are proof against moisture failures of this kind, 
and no woods are immune to them. 


CONCLUSION 


Studies in recent years have contributed largely to the stabili- 
zation of painting practice for wood by removing much of the 
mystery and vague speculation that has beclouded the subject 
and also by setting forth clearly the basic factors responsible 
for the chief uncertainties of paint behavior. 

The durability of coatings on different softwoods varies widely 
because aged coatings do not adhere satisfactorily to summer- 
wood and the amount and distribution of summer-wood in soft- 
woods ranges between wide limits. To a limited extent paint 
service may be improved by selecting, for purposes where paint- 
ing is important, woods that are light and have only narrow 
bands of summer-wood. However, painting is usually only 
one of many considerations in choosing a wood, and other re- 
quirements often dictate the selection of woods with wide bands 
of summer-wood. Furthermore, Table 1 indicates that by far 
the greater part of the available lumber supply is of kinds that 
contain prominent summer-wood. 

The woods with wide summer-wood bands can be improved 
for painting purposes by cutting them as far as possible so that 
edge-grain surfaces are exposed for painting. The flat-grain 
boards should be surfaced so that the bark side rather than 
the pith side is exposed. 

Further improvement in paint service on woods containing 
much summer-wood is not to be sought in special proportioning 
of the oil and thinner in the priming coat or in choosing unusual 
volatile liquids. The painter may remain free to employ these 
variables to facilitate application. Thus he may vary the pro- 
portion of thinner to control the consistency and spreading 
rate of the paint. 

The durability of paint coatings on woods with wide bands of 
summer-wood can be increased by priming them with a properly 
made aluminum paint, given ample time to dry. 

Abnormally early failures of coatings are not due to the paint 
nor to the wood, but rather to unhealthy moisture conditions 
which must be cured before acceptable service can be expected. 

However, after full advantage has been taken of the fore- 
going means of improvement, painting practice for wood still 
falls short of the standards that engineers expect of the ma- 
terials with which they work. Failure of coatings by bodily 
detachment from the wood, leaving the surface bare, is inherently 
unsatisfactory because it leaves a part of the wood temporarily 
unprotected, presents a difficult surface for repainting, and 
affords an insecure foundation for the new coating. The ideal 
coating would wear away evenly and remain continuous and 
firmly adherent until the need for repainting becomes clearly 
apparent in lack of opacity. A real stabilization of painting 
practice for wood cannot be reached until this ideal is achieved 
through research. 
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Grading Timber for Strength 


By LEYDEN N. ERICKSEN,' WASHINGTON, D. C. 


The paper deals with the development of grading rules 
for structural timbers, the principles involved, effect of 
structural features on strength, and the application of the 
principles in commercial practice. Structural grading 
rules are based on the provisions of the American Lumber 
Standards, developed by the combined efforts of lumber 
producers, distributors, specifiers, and consumers, under 
the auspices of the U. S. Departments of Commerce and 
Agriculture. Structural material is divided into classes 
according to size and use: horizontal load-bearing mem- 
bers such as joists, planks, beams, and stringers, and 
vertical compression members, as posts and columns. 

The strength of wood members is influenced by the den- 
sity of the wood, moisture, seasoning, and the size, location, 
and number of strength-influencing factors present, such 
as knots, shakes, checks, and slope of grain. Heartwood, 
sapwood, and wane are more important from other points 
of view than for their influence on strength. Principles of 
structural-material grading have been applied in a prac- 
tical manner by lumber-manufacturers’ associations in 
drawing up commercial grading rules. 

Safe working stresses for various grades and different 
conditions of exposure have been established in accordance 
with strength of clear wood, effect of strength-influenc- 
ing factors permitted, the effect of seasoning, time of 
loading, and the characteristics of each species. Basic 
principles can also be applied to general construction 
material carried in retail lumber yards, thus insuring 
maximum strength and efficient utilization. 


tural material in use at present were 

established by lumber manufacturers’ 
associations upon the basis of the general 
provisions and structural grade examples 
given in the American lumber standards. 
Standards as a whole are recommended 
basic provisions covering the manufacture, 
grading, and marketing of softwood lumber 
products, including yard lumber, factory 
and shop lumber, and structural material. 
All organized groups interested in lumber, 
including producers, distributors, specifiers, and consumers, 
have had a part in their development. They were developed 
under the auspices of the U. 8S. Departments of Commerce and 


grading rules for struc- 
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Agriculture, and are published in Simplified Practice Recommen- 
dation R 16-29—Lumber, otherwise known as the ‘Fourth 
Edition of the American Lumber Standards.” 

Section IV of the Standards applies to structural material. 
It is intended for use as a general guide in the preparation by 
lumber manufacturers of grading rules for structural material 
in their particular woods. Because of variations in the inherent 
characteristics of different species, associations must make such 
adaptations in these provisions as may be necessary for their 
species. 

CLAssEs OF STRUCTURAL MATERIAL 


Before discussing the grading of timber for strength and the 
factors which must be considered it is necessary first to consider 
the classes into which such material is divided from the stand- 
point of size and use. Three main classes are so recognized: 
(1) Joists and planks, (2) beams and stringers, and (3) posts and 
timbers. 

Joists and planks include material from 2 to 4 in. thick and 
4 in. and up in width. Among its principal uses are floor joists, 
rafters, factory flooring, planks, bridge planks, and platform joists. 

Beams and stringers include material 5 in. and thicker and 8 
in. and over in width. They are used for heavy horizontal load- 
bearing members, such as bridge, trestle, and wharf members, 
beams in heavy mill construction, and similar uses. 

Posts and timbers include material 6 in. by 6 in. and larger, 
and square or nearly square in cross-section. Material 5in. square 
is sometimes included. It includes members used vertically as 
columns and such horizontal members as caps and sills. 


Factors AFFECTING STRENGTH 


The purpose of grading timber for strength is to segregate 
pieces into classes having definite load-bearing values. This load 
may be such that it subjects the member to a bending stress, to 
compression either parallel with or perpendicular to the grain, 
to tension, or to a shear stress. All of these are considered in 
the grading of structural material. 

The strength of wood members and their ability to resist 
stresses are governed by several factors. First to consider is 
the strength of the clear wood of the species in question, then the 
character of growth and wood structure in the individual piece, 
and finally the structural features which may be present, such as 
knots, pitch pockets, shakes, and checks. 


Species aND GROWTH 


The strength of clear wood of all species varies with its den- 
sity, which is a measure of the amount of wood substance present. 
If it were compressed to the point where all air spaces were ex- 
cluded, the wood of all species would have the same density. 
Because some woods have thicker cell walls and smaller cell 
cavities than other woods they contain more actual wood sub- 
stance per unit of volume and are correspondingly heavier and 
stronger. Likewise, there is a considerable range in density within 
a single species with a corresponding range in strength proper- 
ties. All properties are not influenced in the same degree by 
variations in density; bending strength and stiffness increasing 
approximately as the first power, hardness and strength in com- 
pression across the grain as the square, and shock resistance by a 
slightly higher power of the density. 


DENsITY 
In some softwoods the density may be estimated closely by the 
proportion of summerwood present, the darker harder portion of 
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Fie. 1 Dense Srx-Incu spy BEAM OR STRINGER 


(This piece averages 6 annual rings per inch and 51 per cent summerwood, 
the dark portion of the annual ring. It is a good example of ‘‘dense”’ 
material.) 


Fic. 2. Ciose Grarn Srx-Incu By Srx-InNcw Post on CoLuMN 
(This post averages 15 annual rings per inch and contains 30 per cent 
summerwood. It is therefore classified as ‘‘close grain’ material, not having 

the 33! 3 per cent summerwood necessary to be classed as dense.) 


each ring of annual growth. Advantage is taken of this in the 
grading of structural material in Douglas fir and Southern pine. 
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For example, in order to meet the structural grade provisions for 
these woods, pieces selected for density must contain at least one- 
third summerwood and have a rate of growth of at least six 
annual rings per inch, as measured in the prescribed manner on 
either end. This is illustrated in Fig. 1. 

Material which has less than six annual rings per inch is con- 
sidered as meeting the density requirement if it contains one-half 
or more summerwood. Southern pine or Douglas fir meeting 
the summerwood and ring requirements is termed ‘“‘dense.”’ 


CLosE GRAIN 


In some species material having medium to narrow annual 
rings, as illustrated in Fig. 2, also is recognized as being superior 
in strength to that which has wide annual rings. This is known 
as “close grain’’ material, and although it is not as great an 


Fic. 3. sy Post on CoLuMN 


(This piece averages 5 annual rings per inch and contains 25 per cent summer- 
wood. It therefore is not classed either as close grain or dense material.) 


assurance as density, selection for rate of growth provides material 
suitable for many purposes. Close grain, i. e., not less than six nor 
more than 20 annual rings per inch, with defects limited as in the 
dense grades, is provided in several structural grades of Douglas 
fir. Similarly, the structural grades of California redwood pro- 
vide for material having not less than 10 rings per inch with the 
maximum number limited to 25 and 35, depending upon the 
grade. In other softwoods material having a medium rate of 
growth has good strength properties depending on other factors 
such as knots, shakes, and slope of grain. 


Errect oF Moisture ON STRENGTH 


The moisture present in wood has an important bearing upon 
its strength properties. Wood in the standing tree or when 
freshly cut contains moisture in two forms, hygroscopic moisture 
which is contained in the cell walls, and free moisture which is 
contained in the cell cavities. As green wood dries it first loses 
the free moisture until it reaches a moisture content of from 25 
to 30 per cent, at which point the free moisture is gone and the 
wood begins to give up its hygroscopic moisture. Changes in 
moisture content above this point, called the “fiber saturation 
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point,” have little or no effect upon strength properties. As 
wood loses moisture below the fiber-saturation point its strength 
properties increase. As wood dries, however, it shrinks, and in 
material of structural sizes shrinkage is usually accompanied by a 
certain amount of checking and splitting, as a result of which 
some of the increased strength due to drying is lost. 

In addition, timbers in use may be subjected to a range of 
moisture conditions, from dry interiors to the continually wet 
conditions encountered in some exterior uses. All of these fac- 
tors are considered in establishing working stresses for different 
conditions of use. 


Knots 


Knots are among the important strength-influencing factors 
which are considered in structural grading rules. Their influence 
depends upon their size, number, and location in a piece. The 
quality of a knot does not influence its effect upon the strength of 
a wood member, and no distinction, therefore, is made in struc- 
tural grades between intergrown knots and encased knots or 
knot-holes. 


LocaTIOon OF KNotTs 

Since knots in certain parts of horizontal load-bearing members 
(beams and stringers) have a greater weakening effect than in 
other parts they are more severely restricted in such locations 
They have the most influence when located near the top or bottom 
edges in the center portion of the length. In these areas knots 
are required to be smaller than toward the ends or on the center 
line of the wide (vertical) faces. No knots are permitted any- 
where in the piece, however, more than twice the size of knot per- 
mitted at the point of maximum stress. 

The structural grading rules of one lumber manufacturers’ 
association limit the knots near the ends of pieces in the same 
manner as in the center portion, thus assuring ample strength. 

The restrictions on the sizes of knots at edges of wide faces of 
joists are more severe than would be required for use flat as 
planks. Under practically all conditions of use, however, knots 
along the edges of planks are more objectionable than those along 
the center lines. The same knot limitations are therefore applied 
to material to be used either as joists or as planks. 

In timbers used as columns knots of the same size have the 
same influence regardless of their location on the faces or in the 
length. Knots are therefore limited in the same manner in all 
parts of such timbers. 


MEASUREMENT OF Knot Sizes 


The influence of knots also varies according to the area of 
their projection on the cross-section of the piece. They are there- 
fore measured in a manner which most closely approximates 
this influence. 

On wide faces of joists and planks the mean or average diameter 
of a knot is taken as its size, as shown at B and C in Fig. 4. In 
such thin and relatively wide material, whether used on edge or 
flat, this is a safe measure of the influence of knots on strength 
and has the additional advantage of being directly applicable to 
yard grades of lumber. This method of measurement can be 
applied to spike knots as well as to round and oval knots, and 
excludes those which would have too great an effect on strength. 

The influence of a knot on the top or bottom faces of beams, 
stringers, joists, and planks depends largely on the extent to 
which the surface fibers are cut. This is measured by the pro- 
jection of the knot on a line at a right angle to the edge, and the 
size of such a knot is accordingly taken as its width between lines 
parallel to the edges of the piece, as shown at A in Fig. 4. 

The depth of penetration of a knot on the wide or vertical face 
of a beam or stringer is of great importance while the influence of 
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the number of surface fibers cut, and the amount of grain dis- 
tortion, is considerably less important than on the horizontal 
(top or bottom) faces. The smallest diameter of such a knot is, 
therefore, taken as the basis for measurement, as shown at C in 
Fig. 4. 

In structural members used as posts or columns two factors 
must be considered in connection with knots: (1) The effect 
upon the strength of the member in compression parallel to the 
grain, probably best measured by the small diameter; and (2) 
the influence upon the bending strength when the column begins 
to fail, probably best measured by the projection of the knot on 
a line at right angles to the edge. The method of measurement 
which most nearly represents average conditions is the average 
of the maximum and minimum diameters, which accordingly is 
used in measuring knot sizes in posts and columns, as illustrated 
at Band C in Fig. 4. In short columns the area of the cross-sec- 
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SECTION OF STRUCTURAL MEMBER SHOWING METHOD OF 
MEASURING oF DeErFrects 


(Knots on narrow faces of beams, stringers, joists, and planks are measured 
between lines parallel to edges, as at A. Knots on wide, or vertical, faces 
of beams and stringers are measured on their smallest diameter, as at C. 
Knots on wide faces of joists and planks and on all faces of posts and timbers 
are measured on their average diameter, average of B and C. Shakes are 
measured on the end of the piece, in joists, planks, beams, and stringers 
between lines parallel to the wide faces, as at ); and in posts and columns 
in the direction in which the shake extends the greater distance, as at E. 
The illustration shows a side-cut timber, pith not present. Boxed-heart 
timbers contain the structural center of the tree, i. e., the pith.) 


tion occupied by the knot is of primary importance, the factor 
of bending strength increasing in importance as the column gets 
longer. 

Knot Sizes 


The size of knots is permitted to increase with the size of the 
piece. In narrow faces of beams and stringers up to 6 in. wide 
and in wide (vertical) faces of beams, stringers, and joists and 
faces of posts up to 12 in. wide, the increase is directly propor- 
tional to the width of the faces. Because of the greater dis- 
tortion of grain around larger knots, with a correspondingly 
greater influence upon strength, the relation between sizes of 
permissible knots and the size of the piece in members larger than 
those mentioned is, however, limited to a smaller ratio, the in- 
crease being proportional to the square root of the wider faces 
to these sizes. 

In addition to limiting the size of single knots, structural 
grading rules limit the number and aggregate size of knots within 
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certain areas of the length. In horizontal members the aggre- 
gate diameter of all knots in the center portion cannot exceed a 
certain proportion of the width of the face, depending on the 
particular grade under consideration. The aggregate diameter 
of knots in posts and columns is limited so that the size of all 
knots within any 6 in. of length does not exceed twice the di- 
ameter of the largest knots permitted in the particular grade 
under consideration. 


SHAKES AND CHECKS 


A shake is a lengthwise separation of the wood, which occurs 
usually between and parallel to the rings of annual growth. A 
check is a lengthwise separation of the wood, which occurs usually 
across the rings of annual growth. Shakes appear on the end 
sections of a piece of structural material as narrow openings, 
curved tangentially to follow the growth rings, while checks 
appear as narrow openings extending across the rings in a ra- 
dial direction from the pith. Both may also appear on one or more 
of the four surfaces. 

The effect of shakes and checks in horizontal members is to 
reduce their resistance to shear. Shake is measured on the ends 


Fie. 5 Section or Joist Piacep so THaT THE Knot Is ON THE 

Upper EpGe 
(It has less influence on the strength of the member in this position than if the 
joist were placed so that the knot were on the lower edge.) 
of a piece, and in joists, planks, beams, and stringers the size 
is measured between lines enclosing the shake and parallel to the 
wide faces of the piece, as illustrated at D in Fig. 4. Checks are 
measured in the same manner, but structural grading rules pro- 
vide that no combination of shakes and checks is permitted 
which would reduce the strength more than would the allowable 
shakes. 

Ordinarily shakes and checks have but little effect upon the 
strength of posts or columns. In such material the size of a 
shake is measured in the manner described, but across the end in 
the direction in which it extends the greater distance, as at E in 
Fig. 4. 

Store oF GRAIN 

Deviation in the direction of the grain of timbers away from 
a line parallel to the edges may be due to several causes. The 
fibers in the standing tree may incline in one direction or the 
other. Or, as a result of the natural taper in the tree, the grain 
of the wood in timbers having parallel edges may deviate. This 
deviation is called “‘slope of grain” and is expressed in terms of the 
amount of deviation that takes place over a certain length, as 1 in 
20 or 1 in 15, meaning a deviation of 1 in. in a length of 20 in. or 
1 in. in a length of 15in. Until the slope of grain exceeds 1 in 40 
there is not much reduction in strength. The effect of slope of 
grain greater than this depends upon the manner in which the 
piece is to be used and upon its location with respect to the top 
and bottom and in the length of the piece. It is of greatest 
importance on the top and bottom faces and toward the center of 
the length. It has less influence upon the strength of columns 
than upon horizontal members. Extreme cross-grain in columns, 
however, may cause checking as the piece dries. Slope for grain 
is measured over a distance sufficient to avoid the influence of 
short, local deviations. 


OTHER FEATURES CONSIDERED IN GRADING 


In addition to the strength-influencing factors mentioned tim- 
bers have other characteristics which are considered in grading 
them for certain purposes. Among them are the proportion of 
sapwood and heartwood present, wane, and in some woods the 
presence of pitch pockets. 


HEARTWOOD AND Sapwoop 


Contrary to the impression of many there is no inherent 
difference in strength between heartwood and sapwood, other 
things being equal. In timbers graded for strength, therefore, no 
restrictions need be made on the amount of sapwood present. 
Where decay resistance is necessary sapwood should be limited 
if the timber is to be used untreated. Sapwood absorbs wood 
preservatives more readily than heartwood, however, and if 
timbers are to be treated a large amount is desirable. 

WANE 

Wane is the absence of wood on the edge or corner of a timber 
resulting in the lack of asquare corner. It is usually caused by the 
surface of a tree intersecting the edge of a timber. Wane ordi- 
narily is not a serious factor from the point of view of its effect 
upon strength. It is considered rather because of its influence 
upon appearance, bearing areas, and nailing. Wane is measured 
according to its width as compared with the width of the faces on 
which it appears. While it could theoretically be permitted in all 
structural grades, the higher grades exclude it entirely. 


Pircu Pockets 


Pitch pockets are openings between the annual rings, usually 
containing pitch and sometimes bark. They do not have sufficient 
influence on strength to be classed as defects, but if a large number 
are present the piece should be examined closely to make sure that 
shakes are not present. 


COMMERCIAL APPLICATION OF STRUCTURAL PROVISIONS 


The principles outlined have been applied in a practical 
manner by lumber manufacturers’ associations in drawing up 
commercial grading rules for structural material. The per- 
missible knots, shakes, slope of grain, and other factors are tabu- 
lated for each grade so that the exact description of the material 
permitted in individual grades can be judged without difficulty. 

Material is graded at the mill by expert inspectors, who from 
long experience are able to segregate it accurately into the proper 
quality classes. In order to indicate to purchasers the grade 
of structural members many mills grade-mark structural mate- 
rial, stamping on each piece its exact grade. In this way the 
engineer or architect is assured that the material purchased and 
used conforms to specifications and will have the required strength 
properties. 


Work1nG STRESSES FOR STRUCTURAL MATERIAL 


Definite working stresses have been established as a guide to 
the proper use for the various grades of structural material. 
Values are given for material exposed to three conditions of mois- 
ture: Continuously dry, occasionally wet but quickly dried, and 
more or less continuously damp-or wet. 

The values for material to be used in continuously dry condi- 
tions apply in sheltered locations and interiors not subjected to 
high humidities. The occasionally wet but quickly dried condi- 
tion applies to such uses as bridges, trestles, grandstands, and 
open sheds. 

The values for material to be used under more or less continually 
damp or wet conditions contemplate such uses as docks and 
wharves where the timbers are continually subjected to moisture. 


WOOD INDUSTRIES 


The engineer preparing specifications should judge as to which of 
these classes best represents each project. 

The subject of determination of working stresses is a subject 
complete in itself and can only be touched on here. The salient 
points considered in their derivation are outlined. Values are 
provided for extreme fiber in bending, compression parallel to 
grain, compression perpendicular to grain, horizontal shear, and 
modulus of elasticity. 

Working stresses for material of structural sizes and quality 
are based on the strength of green clear wood as determined by 
the U. S. Forest Products Laboratory, Madison, Wis., in its 
comprehensive studies of the mechanical properties of woods and 
of the influence of various factors upon strength. In deriving them 
consideration has been given to the various strength-influencing 
factors outlined, the effect of seasoning and exposure, the effect of 
knots, their size, number, and location, the effect of shakes and 
checks, and the influence of cross or spiral grain. 

In addition, allowance has been made for long-time loading, 
and the nature of the defects which may be characteristic of 
different species. Certain woods are more likely to contain 
shakes than others, some have their knots grouped more closely, 
some tend to check more in seasoning. All of these factors which 
study and experience have shown to be important have been con- 
sidered. 

An enormous amount of detailed and intensive research has 
been devoted to the study of the strength properties of wood and 
the effect of various factors on strength. The results of this work 
and the experience acquired through long study of wood have been 
used in setting up these stresses. 

The influence of the strength-influencing factors varies for the 
different properties for which values are given. For example, the 
size and location of knots influence the stresses for extreme fiber in 
bending and in compression parallel to grain, but have little 
effect upon horizontal shear and compression perpendicular to 
grain. Shakes and checks influence horizontal shear principally 
and in extreme cases compression parallel to grain. Slope of 
grain influences the values for extreme fiber in bending and com- 
pression parallel to grain. The extent of exposure with the 
resulting range in moisture content has an effect upon the stress 
for extreme fiber in bending and compression parallel and perpen- 
dicular to the grain. The size of the piece affects the stresses for 
extreme fiber in bending, but not the other properties. 

Density and close grain, in the woods in which they are con- 
sidered in grading, permit an increase in the stresses for all 
properties except modulus of elasticity. Values for modulus of 
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elasticity within a species are the same regardless of the grade, size 
of the piece, or exposure in use. 

Working stresses are established on the basis of the lowest 
quality of lumber admitted in each grade. Each grade, however, 
contains material ranging in quality from that described up 
to that described for the next higher grade. Practically all of the 
material, therefore, could take higher stresses than those recom- 
mended. The published working stresses consequently are 
ultra-conservative and safe, and can be used with assurance. 

Up to the present time grading rules and working stresses for 
structural material have been established and published by 
lumber manufacturers’ associations for three species, Douglas fir, 
Southern yellow pine, and California redwood. Selection of 
other species, both softwoods and hardwoods, for structural pur- 
poses can be made according to the structural grade examples 
given in the American Lumber Standards. 

These principles of grading structural material for construction 
uses can also be applied to stock used for such purposes as ladders, 
airplanes, masts, flagpoles, railroad-car sills, and crossarms. For 
example, slope of grain is important in lumber to be used in air- 
planes, where the best possible material is necessary. Likewise, 
in ladder stock, where failure may cause loss of life, both slope- 
of-grain and rate-of-growth limitations insure maximum strength. 

These principles can be applied to much of the general con- 
struction lumber carried in retail lumber yards throughout the 
country, or by examination of the lumber on the job, material 
of good strength properties can be selected for certain structural 
parts of buildings where strength or stiffness is particularly 
desirable. For example, floor joists and other horizontal members 
can be so placed that the larger knots are on the upper edge, as in 
Fig. 5 rather than on the lower edge where they would have a 
greater effect upon the strength. It has been established that the 
load-bearing capacity of horizontal members of structural grade 
is increased up to '/, or more when the better edge is placed down. 
Present working stresses are based on the assumption that each 
member may be used with the poorer edge down, and are con- 
sequently lower than they could be safely if care was taken to 
place the better edge down. This can readily be done on the job, 
however, thus assuring maximum strength. In some woods a 
considerable number of pieces in retail yards will be found to meet 
the density and close-grain requirements of the structural grades 
and thus can be depended upon to have good strength prop- 
erties. By applying these principles advantage can be taken 
of the maximum strength of the lumber and the most efficient 
utilization will be effected. 
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Woodworking Industries 


Explosions in flour mills have been common, but now 
the hazard is recognized in grain elevators, starch fac- 
tories, sugar refineries, woodworking plants, textile mills, 
and other factories in which materials in the form of dust 
are manufactured. The woodworking industry is con- 
sidered susceptible to this danger, especially since there 
is created a great quantity of dust from saws, planers, 
and sanders, and the recent manufacture of wood flour. 
More than thirty explosions in woodworking plants have 
been investigated. These indicate that wood dust is 
more easily ignited than some of the grain dusts. Pre- 
cautionary measures are suggested, and regulations have 
been tentatively adopted for the prevention of dust ex- 
plosions in wood-flour manufacturing establishments. 


N RECENT years the investigation of 
dust explosions and the development 
of methods of preventing dust igni- 

tions have been extended by the Chemical 
Engineering Division of the Bureau of 
Chemistry and Soils in the U. 8. Depart- 
ment of Agriculture to include the various 
industrial plants in which the hazard is 
known to exist. The first dust explosions 
recorded occurred in flour mills, and for 
many years such explosions were the only 
ones reported. Now the hazard is recog- 
nized in grain elevators, starch factories, sugar refineries, wood- 
working plants, textile mills, and factories in which rubber dust, 
sulphur dust, metallic dusts, powdered milk, chocolate, and cocoa, 
or other combustible materials in the form of dust are manufac- 
tured or handled. 

Changes recently made in the industrial field, both in the manu- 
facturing processes and in the utilization of by-products, have 
served to create a dust-explosion hazard in many plants not pre- 
viously considered susceptible. The woodworking industry is 
an example of this type. Larger scale operations creating greater 
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quantities of dust from saws, planers, and sanders have increased 
the possible hazard, and the demand for wood flour has induced 
some operators to reduce their scrap to powdered form. Even 
where the scrap is used for fuel, hogs reduce the material to small 
size so that it can be transported mechanically, and in so doing 
frequently create sufficient fine dust to form an explosive mix- 
ture. 

More than thirty explosions in woodworking industries have 
been investigated, including explosions of wood dust, wood flour, 
wood pulp, and sawdust. A number of lives were lost, and many 
workmen were injured in these explosions which the investi- 
gations showed were caused principally by fires, overheated bear- 
ings, and electrical sources of ignition. A great many of the 
wood-dust explosions occurred in shavings vaults, especially 
ones in which the fine dust was blown into the vault with the 
shavings. A vault of some kind is generally provided for the 
collection of the refuse from the various machines in a wood- 
working plant, and this is the most likely spot where an explosion 
might be expected in the average plant. 


LABORATORY TESTS 


In the laboratory, tests have shown that wood dust is more 
easily ignited and produces higher pressures than some of the 
grain dusts which experience has taught are capable of producing 
tremendous pressures and completely destroying concrete and 
steel structures when the proper mixture of dust and air is ig- 
nited. 

These same laboratory tests, although not strictly comparable 
because they were made on samples of wood dust as received in 
the laboratory without regard to particle, size, or moisture con- 
tent, show a considerable variation in the results obtained with 
different kinds of wood dust, and also indicate that the upper 
and lower limits of concentration may vary greatly for differ- 
ent dusts. 

For instance, in a comparison of uniformly fine redwood and 
white pine wood flour it is shown that with a concentration of 
0.1 oz. per cu. ft. the redwood produced a pressure of 2 lb. per sq. 
in., While the white pine produced a pressure of 12 Ib. per sq. in. 
However, when the concentration was increased to 0.4 oz. per 
cu. ft., the difference in pressure was not so great proportionally, 
being 19 and 34 lb., respectively. 

In another series of tests with samples collected at Southern 
woodworking plants, somewhat similar variations were noted. 
With a concentration of 0.1 oz. per cu. ft., cypress dust produced 
a pressure of 15 lb. per sq. in.; a mixture of poplar and cedar 
dust at the same concentration produced 23 lb. pressure; and 
a mixture of tupelo and sweet gum under the same conditions 
gave a pressure of 22 lb. per sq. in. In the tests of oak, cedar, 
and mixed hardwood dusts, concentrations of 0.2 oz. per cu. ft. 
were used, and the pressures produced were 25 lb. for oak, 26 lb. 
for cedar, and 25 lb. for the mixed hardwood. These figures 
are cited not so much to draw a comparison between different 
wood dusts as to show the wide variation in the results. If 
any comparison can be drawn it is that the softwoods as a rule 
produce higher pressures than the hardwoods when the concen- 
tration is low, but as the concentration increases the pressures 
increase more rapidly for hardwood than for softwood. Of 
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the most importance, however, particularly to the operator of 
a woodworking plant, is the fact that all of the wood dusts tested 
have been found to be quite explosive, which indicates very 
conclusively the necessity for the adoption of explosion-pre- 
vention measures. Before considering some of the preventive 
measures recommended it may be well to review briefly some 
of the explosions investigated in which certain outstanding 
facts indicate quite definitely the methods to be followed 
in reducing or eliminating the dust-explosion hazard in wood- 
working plants. 


ExpLosions INVESTIGATED 


A short time ago a serious dust explosion occurred in a wood- 
working plant in the Middle West where the shavings and dust 


CONCRETE AND STEEL WILL Not WITHSTAND THE PRESSURES 
Propucep 1n Dust Exp.Losions 


Fig. 1 


Fie. 2 A Burtpine Survivep a Dust Expiosion 


(Large window areas and light wall and roof construction frequently serve 
as vents to release the pressure < a ae explosion and to prevent serious 
amage. 


from the finishing machines were deposited in a brick vault 
extending from the boiler room through the various floors to 
the roof of the plant. This v.ult 22 ft. by 37 ft. and 35 ft. high 
with 8-in. walls extended 6 ft. .bove the building and was covered 
with a flat wooden roof. Tio metal cyclone dust collectors 
were supported by a steel frsmework directly over the vault 
and discharged the material they received from the machines 
through the wooden roof into the vault. Material was removed 
from the vault through three doors at the bottom located about 
8 ft. from the furnace doors. Fire is believed to have entered 
the vault through one of these doors, although sparks or a 
smoldering fire may have been carried with the material blown 
into the vault from the plant. When the fire was discovered 
two men went to the roof of the plant and attempted to open a 


2 ft. by 3 ft. door in one end of the vault. An explosion occurred 
instantly, and the men were buried under bricks and debris. 
Flames shot out of the vault openings in the boiler room and 
enveloped three employees there. The force of the explosion 
was sufficient to lift the vault roof and the heavy steel frame- 
work which supported the two cyclone collectors, and the entire 
mass dropped into the vault. 

Previous explosions are believed to have been caused by 
backdrafts from the firebox of boilers, and there is also a case 
on record where a spark from an emery wheel near a wood- 
finishing machine ignited the dust, and the fire was drawn into 
the dust-collecting systems. In another case a bolt dropped 
into the cutters of a grinding machine and produced a shower of 
sparks which ignited the finely divided dust in the air. 

One of the explosions reported occurred under peculiar cir- 
cumstances. Oil and sawdust on a bearing caught fire and 
ignited sawdust on the floor below. In an effort to extinguish 
the blaze the assistant engineer dashed a pail of water on the 
floor with such force that some of the light dust was thrown into 
suspension and exploded. 

A somewhat similar explosion but on a mych larger scale oc- 
curred at the woodworking plant where the scrap, shavings, and 


Fie. 3. Resutt or a Dust ExpLosion IN A WoopDWORKING PLANT 


sawdust were passed through a hog and blown to a storage 
tank outside of the boiler house from which it could be drawn 
as needed for boiler fuel. A fire at the hog flashed through 
the pipe line and ignited the material in the storage tank. Fire- 
men attempted to draw off the contents and wet it down with a 
hose as it fell from the tank to the ground. The dust cloud 


formed in this way was ignited when the burning scrap fell 


from the tank, and the resulting explosion enveloped and seriously 
burned several of the firemen. Soon after this explosion firemen 
attempted to draw off the contents of interior bins following 
a fire in a Western woodworking plant, and six of them were 
killed when the dust cloud thus formed ignited and exploded. 


PRECAUTIONARY MEASURES 


The information obtained in the laboratory tests of wood 
dust and during the inspection of woodworking plants indicates 
very clearly some of the precautionary measures which must 
be adopted in order to obtain protection against dust explo- 
sions. It is of course impossible to have a dust explosion with- 
out a sufficient quantity of dust in suspension in the air and 
a spark or flame to ignite the dust. As in all other dusty indus- 
tries, therefore, cleanliness is of the utmost importance. If 
the plant is kept clean, there will be no dust to form a cloud 
through which an explosion can propagate, even if a minor 
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dust ignition should occur in or around one of the machines. 
Careful attention to the elimination of all possible sources of 
ignition, such as open flame, electrical apparatus likely to 
produce sparks or ares, cutting or welding torches, and exposed 
element electrical-heating devices, will also serve to reduce the 
dust-explosion hazard. It has been found possible to produce a 
dust explosion by breaking in a dust cloud a lighted incandescent 
electric lamp. Evidently the filament remains heated after the 
glass is broken for a sufficiently long interval to ignite the dust 
particles with which it comes in contact. It is essential, there- 
fore, to provide double globes and guards for all lamps of this 
kind used in a dusty atmosphere. 

Steps should be taken to prevent the accumulation of static 
electricity on machines or equipment, because some dusts can 
be ignited by static sparks. Metallic sparks also are likely to 
cause trouble, and magnetic separators should be installed 
wherever necessary to prevent foreign material entering grinders 
or other machines. 

Special care should be taken to prevent hot bearings or fric- 
tion of belts and moving machinery which may cause a fire or 
dust ignition. Fire-resistive construction should be used 
wherever possible, and automatic or self-venting windows often 
prove valuable in releasing, before serious damage can be done, 
the pressure produced in a dust explosion. 


Sarety CopeEs 


The precautionary measures which have been mentioned are 
the ones more generally applicable to the average plant. Com- 
plete safety codes for the prevention of dust explosions in grain 
elevators, flour and feed mills, sugar and cocoa plants, starch 
factories, and pulverized-fuel systems have been prepared by 
the National Fire Protection Association through its Dust 
Explosion Hazards Committee and have been approved by the 
American Standards Association. A special study of dust 
control in grain elevators has been made by the Chemical En- 
gineering Division of the Bureau of Chemistry and Soils, and 
the results, together with certain suggested changes in the 
design and installation of dust-collecting systems, have been 
published in U. 8. Department of Agriculture Bulletin 1373. 

Regulations for the prevention of dust explosions in wood- 
flour manufacturing establishments have been tentatively 
adopted by the National Fire Protection Association, and atten- 
tion is being given to safety requirements for other types of 
woodworking plants. It is suggested that owners or operators 
of woodworking plants obtain a copy of either the tentative 
code or one of the completed codes and consider carefully the 
safety requirements. Undoubtedly many of the recommenda- 
tions in the completed codes can be followed or adapted to use 
in plants where wood dust is present and will serve to reduce 
considerably the dust explosion hazard. The Chemica! Engineer- 
ing Division of the Bureau of Chemistry and Soils in the U. S. 
Department of Agriculture will furnish on request any infor- 
mation on dust-explosion prevention which is available for 
distribution. 


Discussion 


H. G. Wisera.?. The data made available by the author 
draws attention to a hazard in woodworking plants not com- 
monly thought of or known. The information should be utilized 
to prevent explosions similar to those cited from occurring in 
other plants. However it is thought that additional informa- 
tion which may in fact be already available, but which is not 
given in the paper, will be necessary. 

The results of tests with respect to the pressure resulting from 

2 Lumber Mutual Casualty Insurance Company, New York, N. Y. 
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the explosion of different kinds of woods and at various concen- 
trations are mentioned. It is wondered whether any data in- 
dicating the necessary concentration of wood dust to create an 
explosive mixture are available. Have any tests of that sort 
been made? Does this vary with the kind of wood and the 
fineness of the dust? 

In discussing the explosions investigated, no mention is made 
of the products being manufactured. Were the plants sawmills, 
veneer plants, furniture mills, cabinet works, piano factories, 
planing mills, or sash and door plants? Fine dust is found only in 
certain types of woodworking plants, and we can therefore ex- 
clude a great many plants from this discussion. 

For instance, the writer has been in a great number of planing 
mills, sawmills, sash and door plants, carpentry and cabinet shops, 
wood-turning plants, veneer product and cooperage shops where 
there were open flames, sparks of various kinds, and bearings 
and shaftings coated with sawdust and dripping with oil. They 
had been that way for long periods. He personally has not heard 
of a dust explosion in this type of plant. 

Are not the explosive conditions confined to plants where 
work involving a large amount of fine sawing and sanding is 
found, such as furniture, radio-cabinet, piano, and panel fac- 
tories? And perhaps the size of the plant has some bearing. 

It seems that the efficiency of blower systems, where large 
quantities of fine wood dust are made in the process of manu- 
facture, has a distinct bearing on the problem. If the suction is 
adequate and the heads closely surround the cutter or abrasive 
tool, there will be little free dust around the machines. This 
does not mean, of course, that the precautionary measures cited 
by the author should be disregarded, but that efficient dust re- 
moval will minimize, if not obviate, the hazard in the workroom. 

The paper points to the conclusion that the great hazard is at 
the storage vault, tank, or cyclone. The writer does not note 
any specific recommendations for prevention at that source. 
Perhaps there are none. Has that phase been investigated? 

A word with respect to the health hazard in woodworking 
plants. The writer cannot recall any claims for compensation 
because of work in an atmosphere which we might say is full of 
dust. There are few such places, anyway. As a rule, where 
there is a quantity of really fine wood dust coming from machines, 
it is kept down by dust removal systems. On the other hand, 
the writer has been in many places where the air was full of 

coarse wood particles and has not come across any cases of dis- 
ease as a result. Apparently, the ordinary nasal dust-removal 
equipment takes care of that type and prevents injury. 

The writer is reminded in this connection of a paper at a ses- 
sion of the woodworking section of the National Safety Council 
on infection from wood. The medical director of a large plant 
in Wisconsin, where there is a great deal of woodworking, made a 
positive statement that infection is not caused by any property 
of any kind of wood. Where infection follows puncture of the 
skin by splinters or any other form of wood, it is caused by some 
foreign material either being carried by the wood or present on 
the skin at the point of entry. 


E. H. Scuurcu.* At the George W. Smith Woodworking 
Company’s plant in Philadelphia, we have installed an Allington- 
Curtis screw-feed shaving stoker to handle hog refuse, shavings, 
and sawdust from the various machines. This consists of a 
small collector mounted above a storage bin on the roof of the 
boiler house. In the bottom of this storage bin are four screws 
which convey the fuel to two openings at one end of the bin. 
At this point, the fuel drops into the feeder screws, which are 


3 Plant Engineer, Geo. W. Smith Woodworking Co., Philadelphia, 
Pa. 
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about 5 or 6 ft. in length, terminating in an almost vertical 
cylindrical chute which conveys the fuel into the furnace. 

These screws are about 14 in. in diameter, and have a clearance 
of about '/, in. in the cylinder, which is supposed to prevent 
any fire from getting back into the storage bin. At the upper 
end of this vertical chute, there is an opening almost equal to 
the area of the chute, the idea of this being to admit a down draft 
into the furnace and prevent a flareback. At our request, this 
opening was closed with a loose hinged lid. 

Since closing this opening we have had three fires, two of which 
were confined to the feed screw, but the other got up into the 
storage bin, which was hot enough to buckle some light iron sheets. 

The question in mind is why, with all these screws agitating 
the fuel and no doubt keeping a lot of dust in suspension, was 
there not an explosion when the fire got into the bin. Mr. 
Brown’s answer is that we did not get just the right condition 
or mixture to cause an explosion. In other words, we were just 
lucky that time. 

This dust-explosion talk has thrown such a scare into us 
that we have installed steam jets in the openings from the bin 
to the feed screws and also in the bin itself. We wish to be just 
a little safer next time, in addition to being just lucky. 

The writer also asked Mr. Brown if there was any danger 
from sparks in the case of a large collector which was dusting 
freely, located close to the railroad. His answer is that there 
was a possibility of an explosion, but he did not consider it very 
serious. 


AvuTHOR’s CLOSURE 


Mr. Wiberg’s question concerning the concentration of dust 
necessary to create an explosive mixture is one which several 
investigators have attempted to answer, and the results obtained 
in their experiments vary widely. The best information available 
indicates that to produce a wood-dust explosion it is necessary to 
have at least 10 oz. of dust per 1000 cu. ft. of air. This minimum 
concentration or lower limit cannot be taken as the absolute limit 
for such dusts wherever they are created because of the possible 
variation in size and composition under different manufacturing 


conditions, but it may be used as a guide in developing or provid- - 


ing dust-control equipment. One of the weak points in any work 
done with dusts lies in the inability to create and maintain a 
uniformly concentrated dust-air mixture. The heat capacity of 
the ignition source also has a decided effect on the limit. 

In view of the laboratory tests referred to, it is believed that the 
lower limit of concentration for softwoods will be lower than that 
for hardwoods, but the figure given, 10 oz. per 1000 cu. ft., should 
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serve for all practical purposes as the lower limit for wood dust. 

Among the more than 70 wood-dust explosion reports in our 
files will be found listed nearly gll types of woodworking plants, 
although it is generally specified that the dust producing the 
original ignition was fine. The greater number of explosions have 
occurred in sash and door plants, cabinet shops, wood-flour plants, 
or other establishments where fine dust is generally present, but 
sometimes ignitions occur in sawmills or planing mills when fine 
dust allowed to collect on overhead ledges is thrown into suspen- 
sion and ignited. 

Once a flame reaches the vault or shaving bin an explosion 
usually occurs unless the blowers have been shut down and the 
vault is comparatively free of suspended dust. Steam jets and 
water sprays are sometimes used to reduce the hazard at such 
places, but the method generally followed is to endeavor to 
provide protection rather than means of prevention. In bins 
properly vented with loose covers or swinging doors in the ratio 
of 1 sq. ft. for each 80 cu. ft. of volume, destructive pressures 
cannot be produced by an ordinary dust ignition. 

The dust-ignition problem mentioned by Mr. Schurch is one 
generally encountered wherever an attempt is made to feed hog 
refuse, shavings, and sawdust to the firebox of a boiler. Some 
success has been attained in preventing ignitions due to back 
drafts by installing steam jets or sprays. A system of chokes or 
dampers designed to prevent the passage of a flame will be found 
much more satisfactory, it is believed. Chokes may be produced 
in screw conveyors by removing a section of flights usually for a 
distance equal to about three times the diameter of the screw and 
substituting pins for the flights. This arrangement forms a seal 
in the conveyor box by allowing material to accumulate. The 
pins prevent packing, and the oncoming material forces that ahead 
of it through the choked section. Seals of this kind will prevent 
flashes or back drafts from the boiler reaching the storage bin, but 
care should be taken in shutting down to see that the material in 
the choke is not burning and the damper in the feed line to the 
boiler is closed. 

Revolving dampers or rotary feeders are proving satisfactory in 
many instances as a means of preventing flames from the boiler 
reaching the storage vault. They consist of a paddle wheel or 
star wheel revolving horizontally, inside a close fitting cylinder 
with openings at the top and bottom. Material entering at the 
top falls between two of the paddles or blades and is carried around 
as the wheel revolves until it reaches the lower opening, through 
which it drops. The object with all such devices is to prevent the 


forming of a flue or direct opening from the boiler firebox to the 
vault. 
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Study in Present-Day Wood Finishing 


A specific case of wood finishing is described in detail, a 
type of plywood floor covering that is completely finished 
by the manufacturer, the operations being carried out 
while the flooring is continuously conveyed. The finish 
(a water-resisting coating applied to the under side of 
the flooring and a filler, two coats of lacquer, and a coat 
of wax applied to the face of the flooring) is completed in 
approximately two hours. 


HE general matter of the technol- 

ogy of wood finishes and their ap- 

plication has been ably discussed in 
the sessions of this division, notably by 
Silverstein?.* and by Kennedy‘ in papers 
that have covered in considerable detail 
the characteristics of various wood finishes, 
particular attention being given to types of 
materials and methods of application 
then in current use. 

It is the purpose of this paper to pre- 
sent a description of a specific case of 
present-day wood finishing, illustrating what may be accom- 
plished through the coordination of the woodworker and the 
wood finisher and utilizing materials and facilities available. 

The case cited is a type of plywood flooring completely finished 
by the manufacturer, the operations being carried out while the 
flooring is continuously conveyed and with the finish (a water- 
resisting coating applied to the under side of the flooring and a 
filler, two coats of lacquer, and a coat of wax applied to the face 
of the flooring) completed in approximately two hours. 

This product and its process of manufacture are considered 
unique, particularly in that the development is the result of in- 
tensive research, with the project carried from inception to large- 
scale production in less thanoneyear. Inthis development, certain 
important fundamental conditions contributed largely, as follows: 

(1) An unusual opportunity was presented for cooperation be- 
tween woodworker, equipment manufacturers, and finishing- 
material supplier, complete coordination of all effort being effected 
by an engineer familiar with plywood manufacture. 


1 Factory Manager and Technical Director, Marietta Paint and 
Color Company. Mr. Derr has been in his present position for 
eight years. Formerly he was for seven years with the Sherwin- 
Williams Company, Cleveland, Ohio, in the capacities of super- 
intendent of technical service department, factory superintendent, 
and chemist. His extensive previous experience includes chemist 
with Kelloggs & Miller, linseed oil manufacturers, Amsterdam, 
N. Y.; and du Pont Company, Experimental Station, Wilmington, 
Del., and Carney’s Point (N. J.) plant; and as instructor in chem- 
istry at Washington and Lee University, Lexington, Va. He 
received the degree of B.S. in Chemistry from Washington and Lee 
University in 1910. 

2S. M. Silverstein, Providence Meeting of the A.S.M.E., May 3 
to 6, 1926. 


3S. M. Silverstein, Annual Meeting of the A.S.M.E., Dec. 6 
to 9, 1926. 
‘Paul S. Kennedy, National Meeting of the Wood Industries 


Division, A.S.M.E., Oct. 17 and 18, 1927. 

Presented at the Sixth Annual Wood Industries Meeting, Winston- 
Salem, N. C., Oct. 15 and 16, 1931, of THe AMERICAN Society 
or MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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(2) No existing organization, equipment, or traditional tech- 
nique for finishing the product was required to be incorporated or 
accommodated. 

(3) The development of the finish was put in the hands of one 
manufacturer of finishing materials, thereby providing the most 
favorable conditions for the proper interrelation of all finishing 
materials. 

(4) The quality of the woodwork delivered to the fitnishin 
department is of the highest order, thereby minimizing he surg- 
facing operations during finishing. The excellence of the wood- 
working was favored by expert assistance in applying the prin- 
ciples of flooring manufacture to plywood construction. 

(5) Adequate financial resources and other facilities were 
available to carry out the research and development. 

From the standpoint of finishing, the problem presented was 
as follows: 


(A) To determine the most suitable and practical type of 
finish for prefinished plywood flooring. 

(B) To develop such finishing materials as would accomplish 
the desired type of finish in the shortest time and: with minimum 
operations. 

(C) To determine the most favorable methods of application 
and to adapt the finishing materials to such application, making 
proper adjustments to conform with conditions imposed by con- 
tinuous movement of the flooring during finishing and in large- 
scale operations. 


A—Type or FINIsH 


The plywood to be finished was for the most part faced with 
sawn white oak in strips, with considerable strip flooring faced 
with rotary-cut white oak or sawn red oak, as well as parquetry 
of plain or quartered white oak and to a minor degree parquetry 
involving walnut, mahogany, and maple, singly or in combination, 
and also a small proportion of maple strip flooring. 

Practically every type of finish available was given considera- 
tion. With the oak flooring as the product of primary impor- 
tance, finishing materials most suitable for that wood were selected 
first. Naturally the matter of color required early attention. A 
light antique oak color was tentatively selected. Its general 
popularity being later confirmed by an expansive survey of 
representative architects, home owners, etc., it was decided to 
standardize on it for all regular work on oak. Color combina- 
tions for the other woods were later worked out, using modifica- 
tions of the finishing materials selected for the oak. 

It was then determined that the desired color effect could be 
produced on the oak by a combined stain and filler. The type 
of finishing coat, however, involved careful consideration and 
investigation. The flooring manufacturer naturally desired as 
highly finished a floor as was compatible with the practical re- 
quirements. The aim was to standardize upon one finish, of 
the type which would appeal to the majority of buyers. This 
condition tended to eliminate the thin, “hungry looking” type 
of treatment which purposely leaves little or no protective film 
of finishing material over the surface, however desirable this might 
be from an artistic standpoint, particularly where antique effects 
are desired. 

It therefore became apparent that a full-bodied, smooth coating 
with subdued gloss was desirable. To produce such an effect 
became the next step. Various varnishes and lacquers and shel- 
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lac were tested to determine what type and combination would de- 
velop the most durable and practical coatings. 

The service to which a floor is subjected is of the most severe 
type, involving the tread of feet, scuffing from the movement of 
furniture, abrasion of hard particles carried in, exposure to water 
in small quantities, and occasional spillage of various liquids. 

The floor finish must be hard, tough, and resistant to abrasion 
and water, but it should not be unyielding. Theoretically, the 
floor coating should be neither harder nor softer than the flooring, 
but should as nearly as possible become a part of the floor itself, 
so that when the floor is dented, the finish should not shatter or 
crack visibly nor should the finish leave the wood at the dented 
area, but rather it should follow the depression in the wood with- 
out loosening of the bond between the finish and wood. 

It was determined by tests for wearing properties, exposure to 
the weather, and immersion in water that oak flooring coated 
with certain lacquers or varnishes offered the best general service, 
particularly if there also was applied a coat of wax. Sections of 
oak flooring finished in various ways were laid in passages or 
stairways. Stair treads offer a particularly rapid means of deter- 
mining the relative wearing properties of flooring treatments. 
The earlier wearing tests were of this type. A device recently 
developed, best described as a twin-step testing machine, repro- 
duces the average human step, successively applying pressure 
of 25 lb. per sq. in. through a leather pad which is turned 5 deg. 
at each step. Two samples can be compared side by side. 

Although certain varnishes would make possible a high-quality 
finish at relatively low material cost, there was the considerable 
handicap of a comparatively long drying schedule, even with the 
fastest type of synthetic-resin varnishes. As it was planned to 
use a continuously moving conveyor for the flooring during 
finishing, it would be more economical to use a somewhat higher 
cost finishing material, particularly when lacquer offered other 
distinct advantages. 

The type of finish finally selected resolved itself into the fol- 
lowing: For the face of the oak flooring, a combination filler, 
two coats of lacquer, and one coat of wax; for the back or 
underneath side of the flooring, one coat of a water-resistant, 
rapid-drying synthetic-resin varnish carrying aluminum bronze, 
so as to develop proper leafing and coverage and giving a high 
degree of protection. 

The decision as to the finishing materials for the face of the 
floor has been confirmed by an investigation, results of which 
were published in June, 1931, as circular No. 384 of the Scientific 
Section, Educational Bureau, American Paint and Varnish Manu- 
facturers Association, entitled ‘Finishes for Oak Floors.”’ The 
conclusions are in part as follows: 

(1) It would appear that wax-like materials applied directly to 
oak flooring give entirely unsatisfactory service, in that they become 


dark very rapidly, allowing the dirt to become ground directly into 
_ the grain of the wood in such a way that it is very difficult to remove 
such dirt. 

(2) It would appear that of al! the finishing tests the ones which 
gave the best general results, resistance to grinding of dirt into the 
wood, the lightest in color and the best general appearance, were 
those in which the wood was first filled with silica wood filler and then 
given several coats of varnish, shellac, or lacquer. 

(3) We believe that it is advisable that shellac, lacquer, or varnish 
finishes on floors be waxed before the floors are put into service and 
that wax coatings should be renewed frequently. The wax acts as a 
lubricant, protecting the finish from scratching. It is probable that 
a floor thus finished would remain in a presentable condition indefi- 
nitely if properly cared for. 


B—FInNIsHING MATERIALS 


With the general type of finish clearly defined, development 
work on the finishes took the form of producing materials which 
would, without impairing the high quality of the finish, make pos- 
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sible the minimum of time for the finishing. The several finishing 
materials adopted and the minimum time allowance for each 
coating are as follows: Combination filler, 30 minutes; _first- 
coat lacquer, 20 minutes to permit sanding; second-coat lacquer, 
20 minutes; wax, 6 minutes; aluminum backing, 10 minutes. 
The backing was applied prior to finishing operations on the face 
of the flooring, giving longer opportunity for drying. The actual 
drying schedule established in production is somewhat slower 
than the foregoing allowances. All of the drying operations are 
assisted by temperatures ranging up to 134 deg. fahr. (See 


Table 1.) 

It is probably desirable at this point to give attention to each 
of the finishing materials involved. 

Combination Filler. By this is meant a material which fills 
the pores of the wood and at the same time introduces the desired 
color into the finish, In many cases a considerable depth of 
color can be introduced into the wood, but in this instance 
the staining effect required is relatively slight. The develop- 
ment of a combination filler to meet the unusual requirements for 
speed of drying was difficult. In the building of a wood finish 
the foundation is important. This foundation in the finishing 
of oak, which presents large, open pores, is the filler. After 
it has been properly packed into position, it should harden with- 
out shrinking or swelling, bringing the surface of the wood to a 
uniform level and providing a smooth, non-porous surface that 
will permit of building up other coatings until the full finish is 


produced. 


TABLE 1 FINISHING SCHEDULE FOR PREFINISHED 
PLYWOOD FLOORING (SEE FIG. 1) 


(Conveyor Moving Continuously at Rate of 14! 4 Ft. per Min.) 
1 Loading on conveyor in woodworking department. 


Aluminum backing (total time 11'/: min.): 
2 Sprayed on back of flooring. 
3 Force-dried at 130 deg. fahr. for 1'/: min. 
A Air-dried at room temperature for 2!/: min. 
B Force-dried at 134 deg. fahr. (relative humidity, 46 per cent) for 6 
min. 
4 Flooring turned back-side down. 
A Air-dried at room temperature for 1'/: min. 
Filler (44!/: min.): 
5 Brushed on face of flooring. 
6 Flatted by air-blast from fan (room temperature) for 2 min 
7 Padded-in by 26-in. Strand rubbing machine. 
8 Rubbed-off by hand after '/: min 
4 Air-dried at room temperature for | min. 
B Force-dried at 134 deg. fahr. (relative humidity, 46 per cent) for 
39!/2 min. 
9 Cooled by air-blast from fan (room temperature) for 1'/: min. 
First-Coat Lacquer (34!/2 min.): 
Sprayed on. 
Air-dried at room temperature for 5 min. 
Force-dried at 104 deg. fahr. for 6 min. 
Force-dried at room temperature in chamber providing rapid air 
circulation for 11!/: min. 
A Air-dried at room temperature for 1'/2 min. 
11 Sanded. 
A Aijir-dried at room temperature for 3 min. 
D Force-dried at room temperature for 6 min. 
A Air-dried at room temperature for 1'/: min. 
Second-Coat Lacquer (25'/: min.): 
12 Sprayed on. 
A Air-dried at room temperature for 4'/: min. 
C Force-dried at 104 deg. fahr. for 6 min. 
D Force-dried at room temperature for 12 min. 
A Air-dried at room temperature for 3 min. 
Wax (8 min.): 
13 Padded-on. 
14 Rubbed-off after 1 min. 
15 Polished after 1 min. 
A Air-dried at room temperature for 6 min. 
16 Removed from conveyor for inspection and packing. 
Total time for complete finishing, 2 hr. 4 min. 
Total time for complete cycle of conveyor, 2 hr. 12!/: min. 


bass 


By ordinary standards a good filler should be hard enough in 
from 24 to 48 hours to permit the application of lacquer finishing 
coats, assuming normal room temperature. For many years 
the 24-hour drying schedule had been in effect when varnish- 
type coatings were to be applied over the filler, and with the 
advent of lacquer finishing coats, it was for a while felt necessary 
to permit a drying period of 48 hours to offset the softening action 


to be expected from lacquer coatings involving liquids of high 
solvent power. 

It having been tentatively determined that a force-drying 
condition with a temperature ranging from 130 to 140 deg. fahr. 
would be feasible for the work proposed, experimental work which 
had been under way on this general type of filler for some three 
years was directed at this specific problem, and a filler was finally 
developed which could be coated over with lacquer materials 
within 30 minutes after completion of the filling operation when 
assisted by a force-drying condition of rapid air circulation at a 
temperature from 130 to 140 deg. fahr. and with a relative hu- 
midity of approximately 45 per cent. This same filler when air- 
dried at normal room temperature takes lacquer coatings properly 
within 1'/, hours. To provide a liberal factor of safety, the proc- 
ess finally set up provided for a force-drying period of 39'/2 
minutes, or a total of less than 45 minutes for the time required 
from the first operation in the application of the filler until the 
lacquer coat was applied over the filled work. 

Prior to the development of this filler, it is believed that the 
most rapid-drying practical filler available was that used by a 
large radio-cabinet manufacturer, in whose process the wood 
filler is air-dried for 2'/»s hours. 

To make possible this drastic reduction in the time schedule 
no sacrifice of practical working properties or quality was in- 
volved, as indeed this filler has proved to be remarkably adapt- 
able, particularly as to what may be done with it in the manipula- 
tion of the initial set-up immediately following the application 
of the filler. 

The filler, supplied in paste form, is thinned with benzine in 
the proportion of 7 lb. of filler to 1 gal. of benzine. In this thin 
consistency it is brushed upon the surface of the wood. Evapora- 
tion of the volatile material immediately begins, and when this 
has developed to where the surface of the filled work ‘‘flats down,”’ 
the filler is “padded in” by rubbing across the grain. In the 
process finally established only two minutes elapses between the 
application of the filler and the ‘‘padding in” process, during 
which time the work is under an air blast from a fan. It was 
found, however, that the same filler, if properly adjusted, could 
be passed through a dry room at 130 deg. fahr. for six minutes 
before “padding in”’ and still work properly. 

In a wood filler there are four different types of materials 
usually involved. The “backbone” of the filler consists of inert 
pigment of transparent type; then there is the binder, which 
causes the hardening action; other materials are used to introduce 
the desired color, and volatile liquids are used for thinning the 
paste to proper working consistency. 

While a filler is ordinarily rather simple in its chemical com- 
position, the filler required in this case is quite complex. In the 
same four types of materials, 23 different materials are included; 8 
come as raw materials to the filler manufacturer, while 15 are 
more or less highly processed before fit for use. The bulk of 
inert transparent pigment used is finely powdered silica, but 
two other inert pigments are used in combination with silica. 
The binder used in this filler differs radically from that usually 
employed in wood fillers. Ordinarily, raw linseed oil with a pro- 
portion of drier is utilized. However, this case, in order to make 
possible hard drying in the minimum time while retaining proper 
working qualities, required the development of a highly processed 
oil combination in which a certain balance of materials is care- 
fully adjusted. 

The coloring materials used are for the most part natural earth 
pigments, to avoid the tendency of the lacquer solvents toward 
“bleeding” of the color. The dyes also are of a special type. 

The volatile portion of the filler comprises petroleum and coal- 
tar distillates balanced to give the desired speed of initial set-up 
and final hard drying. 


WOOD INDUSTRIES 
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The results obtained with this filler are an indication that re- 
search has accomplished what was predicted by Silverstein,’ that 
“‘a filler will be developed with a drying time which will more 
nearly approach that of lacquer instead of the 48 hours now 
required.” 

Lacquer Facing Coater. Lacquer is not customarily used as a 
floor coating, primarily because of the difficulty in application 
by brushing and, secondarily, because the average lacquer is not 
suitable for floor treatment. 

Prefinishing of the flooring overcomes the first difficulty, and 
the great diversity of materials which scientific research has re- 
cently made available to the lacquer manufacturer makes possible 
lacquers that are entirely practical for use on floors, giving great 
durability and introducing into the floor finish at the same time 
qualities which are peculiar to lacquer. 

A lacquer for use on wood floors must provide for strong ad- 
hesion, and at the same time be sufficiently elastic or plastic to 
“stay with” the wood during volume changes due to varying 
humidity and also when the floor is dented in service. 

Resistance of the flooring finish to weather exposure is 
also of importance, as during occasional exposure at open 
windows or doors. Practically any lacquer is highly resistant to 
the action of water on its finished surface, but only certain types 
of lacquers resist the action of moisture from beneath the film, 
i.e., moisture which finds its way into the grain of the wood under 
the finish, with resultant swelling of the wood and consequent 
strain upon the bond between the lacquer and the wood. 

Such a condition, in an extreme degree, is represented by the 
immersion of wood coated on one face with lacquer, but with end 
grain or back of the wood, or both, unsealed. Therefore tests 
of this type with the finished flooring immersed in water for 
periods of 24 hours and longer were freely used in the develop- 
ment of the lacquer. Also, various types of weathering tests 
were utilized, in some of which the flooring under test was com- 
pletely sealed with finishing coats, while in others only the face 
was sealed or finished. 

In general, it was found that those lacquers that stood up the 
best in immersion tests also gave greatest durability under out- 
side exposure to the weather. The weathering tests, however, are 
particularly important because of the action of the ultra-violet 
rays of sunlight. 

The methods employed for testing the value of the lacquer with 
respect to wearing properties have already been described, and 
these wearing tests, immersion tests, and weathering tests con- 
stitute the most significant tests available, it being found that 
lacquers which satisfactorily answered these tests would, in 
general, meet other and special tests, such as exposure to sub- 
freezing temperatures, to soap solutions, brine, alcohol, gasoline, 
ink, and various commonly used medicinal preparations having 
staining or corrosive properties. 

In the formulation of the lacquer it was necessary, also, to have 
the material properly adjusted for application to the filled work 
while the flooring retained a temperature of 125 to 130 deg. fahr., 
involving unusually slow set-up on the part of the lacquer in 
order to obtain a smoothly flowed finish. 

Furthermore, the lacquer facing coater must permit sanding 
within a very few minutes after application of the first coat, and 
waxing in a similarly brief time after the application of the second 
coat, followed by packing in bundles, face to face and back to 
back, a little more than an hour after the application of the first 
coat of lacquer facing coater. 

It was for a while considered necessary to use different lacquers 
for the first coat and second coats, but later, for several reasons of 
a practical nature having to do with the operation of the plant, 
it was decided that inasmuch as one lacquer could be developed 
which would meet all of the requirements for both first coat and 
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second coat work, it was desirable to utilize only one lacquer. 

The composition of a lacquer coating which complied with 
all these varied and more or less conflicting conditions is interest- 
ing from a technical standpoint, but it may be said that the de- 
velopment of such a lacquer has been made possible only through 
the utilization of a synthetic resin of a very unusual type in com- 
bination with a group of the most modern solvents, some of which 
have been available to the industry only during the past year or 
two. Nine different materials are involved in its make-up, all 
of which come as raw materials to the lacquer manufacturer, while 
each of these materials in itself represents the product of a more 
or less complex chemical process resulting from and controlled 
by applied organic chemistry of a high order. 

War. The general popularity of a wax finish on hardwood 
floors is well-founded, because of the comparative ease with 
which this finish may be maintained or renewed, the upkeep of 
the floor being thereby simplified. At the same time, a beautiful, 
subdued sheen is developed upon the floor by repeated waxing, 
and this effect is reproduced on the prefinished flooring by the 
use of a coat of wax as the final finishing application. Another 
useful service which the wax coating performs is the protection 
of the finished faces of the flooring during storage and shipping, 
the wax acting as a lubricant, preventing slight marring as the 
result of the tight bundling of the strips in steel-strapped cartons 
and serving also to protect the face of the flooring during the lay- 
ing operation. 

The wax combination used, while polishing readily, is not 
slippery. The principal component of this wax is the time-tested 
beeswax, in combination with other waxes and suitable solvents. 

Aluminum Backing. The use of an aluminum backing coat for 
the bottom side of the flooring tends toward an increase in cost 
over a clear or unpigmented backing coater, but the features of in- 
creased efficiency in moisture resistance and increased attractive- 
ness of appearance justify its employment. Because of its lower 
cost a varnish-type vehicle, rather than lacquer-type, was se- 
lected. 

The leafing action of aluminum bronze during the setting-up 
of the film makes possible the special efficiency in moisture-proof- 
ing attributed to aluminum coatings. This same characteristic 
tends to retard the drying of the vehicle. The development of a 
varnish-type vehicle for this purpose, which would comply with 
the extremely rapid drying schedule imposed and offer a very 
high degree of moisture resistance, represented a most interesting 
problem from the standpoint of its technology. The back or 


(See Table 1 for key.) 


underneath side of the flooring is coated as the very first operation 
in finishing. Within ten minutes the aluminum coating must 
be set sufficiently hard to permit handling, as the flooring is at 
that stage of the process turned over on the conveyor. While the 
aluminum backing coater continues to dry and harden during the 
finishing of the face of the flooring, it is only two hours and four 
minutes from the time the aluminum backing coater is applied 
until it may be packed in bundles for shipment. 

The vehicle portion of the aluminum backing coater is a strik- 
ing example of what can be accomplished by the new technique 
in varnish making, and its composition is an illustration of the 
so-called synthetic varnish. Representing a synthetic resin of 
highly complex origin (phenolic-condensation product of the 
bakelite type) properly cooked with china-wood, or tung, oil, with 
the addition of suitable metallic driers and volatile thinners, there 
is presented a varnish which gives not only the desired speed of 
drying, toughness, and water resistance, but a full-bodied film 
meeting all of the practical requirements of a one-coat sealing and 
protecting finish on the under side of the flooring. 

This entire finish represents a further interesting illustration of 
the interdependence involved in modern industrial civilization. 
The four different items of finishing materials supplied by the 
manufacturer of finishing materials to the woodworker in this 
instance represent a total of 48 different materials which, coming 
as raw materials into the processes of the maker of finishing 
materials, are in many cases themselves the highly processed 
products of the chemical industries, which in turn draw upon the 
natural resources of widely separated parts of the world. 

This may also serve to illustrate the importance of the inter- 
relation of one finishing material to another and the advisability 
of obtaining when possible all finishing materials from one 
source to insure the proper correlation of the various finishing 
materials; which point is of greatest importance when for any 
reason a change becomes necessary in any one of the coatings. 


C—MeErTuops oF APPLICATION 


Let it be kept in mind that the application of all finishing ma- 
terials was required to be done while the flooring is in constant 
motion, and with the flooring temporarily assembled to form 
panels 24 inches wide (the width of four strips) and 80 inches 
long, the panels supported by standard carriers coupled to the 
conveyor chain. This condition naturally influenced the selec- 
tion of methods of application. 

The aluminum backing coater and both the first and second 
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coats of the lacquer facing coater are applied by spraying, hand 
operated, 

The filler is applied by brushing, ‘‘padded in’? by a machine 
consisting of a rotating disk 26 inches in diameter, equipped with 
a series of felt pads as rubbing members, as shown in Fig. 2, 
and is rubbed off by hand. 

Owing to the high degree of perfection of surfacing and smooth- 


Fic. 2) APPLYING THE FILLER 
Ihe man to the right is brushing on filler. The rotary machine in the 
center is ready to “pad in" the filler. The man to the left is rubbing off 
the filler.) 


UwNFinisHep FLoortinc Comina Ue on Conveyor From 
WoopworkKING DEPARTMENT 


Flooring is here bottom side up, and the aluminum spray station, not 
shown, is at the right, just before conveyor passes into back-coating drier, 
in the center.) 


lia. 


Fic. 4 Oprosire Enp or Drier From LACQUER STATIONS 


Showing where filler is applied and intermediate sanding and rubbing is 
done.) 


ing operations on the flooring before its entry into the finishing 
room, only one slight hand-sanding operation, supplied by one 


man, is required during the finishing operations. (See Fig. 4.) 
The wax is padded on, rubbed off, and polished at the present 
time by hand. These operations can, however, all readily be 
accomplished mechanically. 
It was recognized that spraying application, particularly of the 
lacquer coats, involves the waste of considerable material in 
excess of that actually falling upon the work, as well as the use 
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of a large proportion of volatile material which serves only to 
spread the solid content of the lacquer into place and is then lost 
by evaporation; and serious consideration was given to the possi- 


Fic. 5 Finisuep FLoorRiInG ON CONVEYOR TO THE PACKAGING 
DEPARTMENT AND Stock Room 


(Waxing crew is located along the chain at left.) 


Fie. 6 Spray Boots ror AppLyinGc First Lacquer CoaTING 


(Similar booths are used for second lacquer as well as for aluminum back 
coating. In the foreground, flooring is coming from back-coating drier, 
bottom side up.) 


Fie. 7 Conveyor Insipp or Drying Room, Sipes 
REMOVED 


(The various decks wind around in a vertical s iral, giving an all-over travel 
exceeding 2000 lineal feet.) 


bility of application by rolling, which process permits of the use 
of heavier bodied or higher non-volatile content material. Such 
application, however, was deemed not as practical as spraying 
for the purpose at hand. 


he 

coat 

|| 

@ 


74 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


In the final adjustment of finishing material to meet the actual 
conditions involved in the large-scale production process, sur- 
prisingly few and slight changes were required to be made in 
materials previously developed and tested in the laboratory. 
This is to be attributed largely to the full cooperation and com- 
plete exchange of information between the flooring manufacturer, 
the manufacturer of equipment, and the manufacturer of the 
wood-finishing materials. 


OPERATION OF FINISHING SysTEM 


Figs. 3, 4, and 5 show the general character of the equipment 
set-up. In the center of the large finishing room is built a drier 
system which includes three separate compartments, each with a 
separate air-circulating system and humidifier and automatic 
temperature control, heat being supplied by closed steam 
coils. 

The conveyor is arranged to pass back and forth through the 
drier and extending a considerable distance beyond both ends 
of the drying chambers. All spraying operations are located at 
one end of the main room along the conveyor, while the filling 
and sanding operations are carried out at proper stations at the 
other end of the system. (See Fig. 1.) 

One loop of the conveyor extends into an adjoining building 
in which the woodworking operations terminate, and here the 
conveyor is loaded with flooring ready to be finished. (At an- 
other point along this same loop the finished flooring is removed 
from the conveyor for inspection and packing.) 

The flooring enters the finishing room back side up (see Fig. 
3), and is temporarily assembled for finishing in panels. Moving 


continuously at the rate of 14'/, ft. per min., it is finished as de- 
scribed in detail in Table 1. 

In this process the product being finished is not withdrawn at 
any time from the conveyor line, there being no provision made 
for the semi-processed product being accumulated in pools or 


side streams as in some other wood-finishing operations which 
make more or less use of chain production methods. As the 
result, there is no flooring in evidence in the finishing department 
except that which is actually in movement at all times, the 
amount of product being held at any time in semi-processed 
condition being governed simply by the capacity of the conveyor. 


CONCLUSION 


Distinct advances have been made in the art and science of 
wood finishing during very recent years. 

The application of scientific research based on long experience 
in practical wood finishing and utilizing improved types of ma- 
terials now available make possible the development of high- 
quality finishes on wood in a fraction of the time formerly re- 
quired. 

Complete cooperation between manufacturer of woodwork and 
manufacturer of wood-finishing materials, with proper coordina- 
tion of knowledge and effort, has been demonstrated to bring a 
prompt solution to a difficult and unique problem in wood finish- 
ing. 

Such coordinated effort, applied according to sound scientific 
principles and making use of modern mechanical equipment, has 
resulted in the development of schedules for the finishing of wood 
comparable in speed of operation and uniformity of product with 
those in effect for metal finishing. 

Such finishing schedules do not necessarily involve any sacrifice 
whatever in the quality of the wood finish, as wood-finishing 
materials available today which can be adapted to such rapid 
schedules make possible finishes of higher quality than have 
heretofore been possible or economically practical. 

“Science can, and will, help the woodworking industries, par- 
ticularly in the application of cheaper and more durable materials. 
The extent to which science can be of assistance depends largely 


on the attitude and cooperation of the woodworker.’’? 
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Utilization of Wood Waste in the Chemical 


The principal uses, other than for fuel, for the wastes 
from the sawmill and woodworking industries are found 
in the following chemical industries: Destructive dis- 
tillation, the manufacture of pulp, paper, and building 
boards, and those industries consuming large quantities 
of wood flour, principally linoleum, plastics, and explo- 
sives. The technical aspects of this waste utilization 
have been so satisfactorily worked out that a project of 
this sort may be evaluated almost entirely from the eco- 
nomic side. Competition from other raw materials, 
together with certain economic factors, requires that all 
of these operations be based on an ample, well-located, 
and relatively long-lived supply of waste wood. In many 
of these processes the waste wood must be separated either 
as to size or as to variety, although in some cases similar 
varieties may be processed together. 


HIS paper is intended to present a 
comparative summary of the several 
outlets which the chemical indus- 
tries afford for the salvage of waste from 
the woodworking industries. The discus- 
sion is limited to those processes in which 
the immediate conversion of the waste or 
its ultimate utilization fall within the so- 
called chemical industries. It is, how- 
ever, true that, except for fuel and the 
limited market for the disposal of these 
wastes in the form in which they are pro- 
duced, the chemical industries afford the only outlets which have 
been developed on a substantial scale for waste of this nature. 
Consideration is similarly being restricted to those develop- 
ments in which the technical aspects have been satisfactorily 
worked out, both as regards procedure and the details of com- 
mercial equipment, so that such economic factors as the supply 
of waste, the cost of conversion, and the possibility of profitably 
distributing the finished product are the determining factors 
in such a venture. In view of the importance of the economic 
aspects of this situation and the fact that these vary so widely 
from case to case, no attempt will be made to set up over-all 
cost data on any of these processes, although an effort will be 
made to discuss the relation of the more important factors 
in each process as a guide to the consideration of any indi- 
vidual case. 
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in general mill engineering work; seven years in charge of pro- 
duction engineering, Ludlow Mfg. Associates, Ludlow, Mass.; two 
years in charge of mechanical research, Research Division, Chemical 
Warfare Service, Washington, D. C.; four years as mechanical 
engineer, Experimental Engineering Department, National Lamp 
Works, General Electric Company, Cleveland, Ohio; and five years 
with his present connection. 

Presented at the Fifth National Wood Industries Meeting, New 
York, N. Y., Oct. 16 and 17, 1930, of Tue American Society oF 
MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Bachrach 


Industries 


By BEN B. FOGLER,' CAMBRIDGE, MASS. 


As determined by the limitations noted, the processes con- 
sidered are those for the manufacture of the following materials: 


Wood flour 

Wood distillation products 
Pulp and paper products 
Building board. 


From an economic viewpoint, there are a number of common 
elements in these conversions which, to avoid duplication, will 
be considered at this time and then referred to only briefly in 
the detailed discussion of each process. On account of existing 
competition all of these operations must be carried out on a 
comparatively large scale. It is essential, therefore, that a 
careful check be made of the supply of raw material and the 
cost of getting it to a central processing point. Consideration 
must also be given to the uniformity in the quality of the mate- 
rial as regards species of wood, as well as to the continuity of 
volume throughout the year. 

Most of these processes involve a substantial investment 
in equipment, some of it having a comparatively long life; 
and the analysis of the supply of wood waste should establish 
its availability over a period to amortize properly the capital 
investment in the waste plant. This is particularly true in 
those operations where the finished product is in competition 
with an essentially similar product made from other raw mate- 
rials or from new wood. 

As regards the cost of conversion, the usual economic fac- 
tors apply, although there is frequently an available supply of 
excess or low-cost power about such primary woodworking 
operations. 

The problem of profitably distributing the finished product 
is one of the most important phases of such a venture. With 
the possible exception of building board made from the 
waste from sawmill or wood-dressing operations, the product 
of such a salvage project will be distributed through entirely 
different channels from those in which the basic product of the 
parent company is sold. The parent company entering upon 
the manufacture of such a by-product is therefore usually faced 
with the alternatives either of marketing its product through a 
sales agent or of setting up a separate sales organization for the 
distribution. The cost of such an organization, and also that 
of the supervisory personnel and other elements of fixed over- 
head in the by-product plant, are among the most important 
factors in determining the scale upon which an enterprise of 
this sort must be operated. 

Another closely related phase of this general situation is 
the matter of choice as to whether the producer of the waste 
shall undertake its conversion to by-products or turn this work 
over to another group. The latter may be an organization 
subsidiary to, and jointly financed by, a group of several inde- 
pendent mills operating in a territory from which the waste may 
be economically collected and forwarded to a central point for 
processing. 

Alternately, an entirely independent operator may purchase 
the mill waste as a raw material for his manufacturing opera- 
tions. In this case the operator is in the position of setting 
up a secondary operation based on a primary one which he does 
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not control, and if he is wise, he will not confine himself to a 
single source of supply. 

Careful consideration should be given to the location of the 
source of wood waste with reference to the markets in which 
the proposed salvage products are to be consumed. Neither 
wood waste nor the majority of products made directly from it 
in appreciable volume are of sufficient value per unit of weight to 
bear the cost of rail transportation to far-distant markets. 
This situation will effectively shut out many wood-waste salvage 
operations as long as there are adequate sources of similar waste 
more advantageously located with respect to markets in which 
the products of these operations are consumed. 


Woop Fiour 


Wood flour is wood reduced to a fineness approximating that 
of cereal flours. It may be made of either hard or soft wood 
in any form, from the bolts of new wood from which some special 
flours are ground, to sawdust and shavings which serve as the 
raw material for the majority of the domestic flours. Much of the 
equipment in this industry follows cereal mill practice, both 
in the grinding and final sizing operations. 

One of the major items of cost in the manufacture of wood 
flour is the power required in the grinding operation. An 
obvious economy in this direction is the use as raw material 
of wood waste in as finely subdivided form as is available in the 
requisite quantities. For this reason shavings and sawdust 
are preferred raw materials and are used in the manufacture of 
most of the flour produced in this country. 

Although accurate detailed data are not available on the 
production and consumption of wood flour, a conservative esti- 
mate places the total quantity used last year at 85,000,000 lb., 
of which some 15,000,000 Ib. are imports mainly from Germany 
and the Scandinavian countries, whose low production costs 
and cheap ocean transportation to our Atlantic seaboard permit 
their product to compete with domestic flour on a price basis 
in some of the important consuming centers in spite of a duty 
of 33'/3%. 

Approximately half of the wood flour consumed in this country 
is used as a filler in the manufacture of linoleum. While ground 
cork was originally used for this purpose and is still preferred 
in some grades, such as battleship and the darker inlaid and 
jaspé patterns, on account of its superior resiliency, the lighter 
color of wood flour, permitting pigmentation through a wide range, 
makes it a more satisfactory filler for those patterns in which 
light colors and delicate shades are desired. 

Explosives of the type of dynamite account for a third quarter 
of the total demand for wood flour. Here it is used, along with 
oxidizing agents, such as sodium and ammonium nitrate, to 
serve as an absorbent and ts cut down the sensitivity of nitro- 
glycerin and to produce an explosive which can safely be accepted 
for transportation by the common carriers. Kieselguhr, a 
diatomaceous earth, was originally used for this purpose, al- 
though it is entirely inert in its chemical contribution to the 
reaction at the time of detonation. It has been found, however, 
that cellulosic fillers of the nature of wood flour not only 
serve a similar purpose, but also furnish carbon and hydrogen 
to react with the excess oxygen in the balance of the mixture, 
thus producing a more complete explosive reaction. The 
users of explosives have learned to associate light colors with 
fresh high-quality dynamite, which, in turn, has created a 
demand for light-colored flour for this market, although there 
is no reason chemically why a darker material would not serve 
the purpose equally well. 

The third major outlet for wood flour is in plastics, where 
it again serves as a filler or body. This market now consumes 
close to 10,000 tons a year of the highest grade flour that is 
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made in large quantities. The resinoid plastics of the type 
of Bakelite and Durez often contain up to 60 per cent by weight 
of flour, which has proved the most satisfactory all-purpose 
filler for such plastics and is used in approximately 90 per cent 
of the molding powder made. 

The balance of the demand is split up between several varie- 
ties of relatively minor outlets, among which might be men- 
tioned the surfacing of wall paper, the manufacture of incense, 
and as a cleaning agent for the finer grades of furs. 

Quoted prices on wood flour range from $23 per ton for the 
coarser linoleum grades to $50 per ton for the finer grades used 
in resinoid plastics. Some special grades sell as high as $80 per ton. 
The possibility of converting wood waste, which in many in- 
stances is of value only as fuel to wood flour salable at the prices 
noted, is one which has been extremely attractive to many lum- 
bering and woodworking interests. It is significant, however, 
that the ratio of failures to successes in the manufacture of this 
commodity has been extremely high. 

There are several reasons for this situation. The first is 
the rigid specifications which have been laid down by the con- 
suming industries covering the fineness of grinding, color, and 
the resin content of wood flour. Many of these specifications 
are technically sound; others have been drawn more or less 
arbitrarily, to insure a continuation of a material of a grade 
which has been found satisfactory to the consumer without 
regard to whether or not flour of some other specifications might 
serve his purpose equally well or even better. The result of 
these specifications, however, has been to restrict the raw materia! 
from which flour acceptable to the trade can be made to a rela- 
tively few species of wood which, in the main, must be kept 
entirely separate for each particular grade of flour. Fully 
75 per cent of the flour made in this country is ground from 
white pine. Poplar, fir, maple, and birch are used for special 
grades. 

In the majority of the products containing wood flour as 
a filler, the binder and other ingredients cost so much more 
per pound than the wood flour that the incentive to establish 
more competitive sources of flour supply is correspondingly 
lessened. At the present time the large producers and con- 
sumers of wood flour are both relatively few, and apparently 
are working in reasonable cooperation. This, with the balanc- 
ing effect of foreign competition, creates a market situation 
into which it is rather difficult for a new producer to break 

In selecting a location for the manufacture of wood flour, 
consideration must be given to the costs of raw material, power, 
and transportation to market. While shavings or sawdust are 
usually cheap at the planing mill, the cost of freighting to a 
central flour plant, even within a few miles, results in appreciably 
more expensive raw material than when the flour plant receives 
its entire supply by conveyors from the planing mills. 

The major factor affecting the demand for wood flour is the 
rapid growth of the plastics industry. This use calls for a high- 
grade, light-colored flour, finely and uniformly ground and con- 
forming to close specifications as to resin content. 

An independent wood-flour operation should not be set up 
on a scale of less than 10 to 15 tons of finished product. A 
plant of 5000 tons annual capacity involves capital charges 
approximating $50,000, and the nature of the industry requires 
a substantial amount of working capital. 


Destructive DIstTILLATION 


Technically the recovery of values from wood waste by de- 
structive distillation is one of the most fascinating of the chemica! 
salvage industries. No one who has seen the plant of this type 
operated by the Ford Motor Company at Iron Mountain, Mich.. 
or the unusually complete educational model of this installa- 
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tion which has been exhibited so widely can fail to be impressed 
with the thoroughness with which these conversion processes 
have been worked out and the step up in value between the 
waste from the sawmill and wood-body plant and the exten- 
sive line of wood-distillation products and their derivatives 
produced in the Ford plant. 

The destructive distillation of wood which today is prac- 
ticed almost exclusively on hardwood consists essentially of 
two steps, carbonization and distillation. In the first opera- 
tion wood is heated in closed retorts from which charcoal and 
crude pyroligneous acid are obtained, together with non-con- 
densible gases, the latter of value only as a source of heat in 
the process. The charcoal from the retorts is cooled, graded 
for size, and except where the high proportion of fines necessi- 
tates a briquetting operation, this portion of the product is 
ready for the market. In the still house the crude pyrolig- 
neous acid is initially separated into acetic acid, crude methanol, 
and wood tar. The refining and conversion of these intermediate 
products varies with the individual plant, and any adequate 
discussion of them is beyond the scope of this paper. 

The economic soundness of any wood-distillation project de- 
pends upon simultaneous satisfactory markets for its three 
major products: 


Methanol 
Acetic acid or calcium acetate 


Charcoal. 


While there are firmly established and increasing markets 
for both methanol and acetic acid, this situation itself has con- 
tributed largely to the development of synthetic processes for 
the manufacture of both products. Several of these processes 
are now in commercial production on a large scale, and their 
output is seriously affecting the price of these materials. The 


production of synthetic methanol, starting in this country in 


1927, has so increased that in 1930 it will represent over one- 
third the domestic production, while in the same period the 
price has fallen off almost 50 per cent. 

The increased demand for acetic acid and its derivatives 
caused by the rapid growth of the lacquer and rayon industries 
has been sufficient to absorb the synthetic production of these 
materials at satisfactory prices, until early this summer, when 
quotations on both acetic acid and acetate of lime broke sharply, 
following the announcement of the new plant of the Commercial 
Solvents Corporation for producing acetic acid by the fer- 
mentation of corncobs. The liquor used to feed the bacteria 
effecting this fermentation is a by-product of other large-scale 
operations of this company. The reported capacity of the 
initial unit of this installation is 5000 tons of acid per year. 

With the falling off in the market for charcoal for metallur- 
gical use, the finding of satisfactory outlets for this material is 
rapidly becoming a problem of specialty selling, on a commodity 
that will not bear heavy transportation expense. 

This general market situation has kept the wood-distillation 
industry in a very disturbed condition for a period of several 
years. Improved processes and equipment and favorable out- 
lets for their production, frequently in part within affiliated 
industries, have kept some of the larger plants operating at an 
apparent profit. The most important factor in maintaining the 
wood-distillation industry in a position to operate in competi- 
tion with the synthetic products just noted is the development 
of processes for the recovery of acetic acid of required com- 
mercial grades directly from the still liquor without the inter- 
mediate production of calcium acetate. 

The majority of the wood-distillation plants are operated 
mainly on cordwood cut for this purpose plus any sawmill 
edgings that are available within an economic shipping range. 
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Where this process is operated largely on the waste from wood- 
working plants, such as furniture and body plants, special retorts 
must be used such as the Badger-Stafford continuous retort for 
block waste and the Seamen rotary retort for sawdust and shav- 
ings. Both equipment and operating costs for plants with 
retorts of these types are higher than in the case of plants operat- 
ing on cordwood to the extent of wiping out a large part of the 
advantage in the cost of raw materials accruing from the use of 
waste wood. A wood-distillation plant involves an investment 
of $5000 to $7500 per ton of bone-dry waste treated per day, 
depending on the type of waste and the extent to which the 
intermediate products are refined. Under present conditions 
a plant of 75 to 100 tons input capacity per day is the smallest 
that should be considered. 


Paper Propucts 


The utilization of waste coniferous woods in the manufacture 
of pulp and paper products has made rapid strides within the 
past five years. This period has brought into production approxi- 
mately 12 mills, producing in the aggregate some 1500 tons of 
pulp daily from raw materials consisting largely of the waste 
from the lumbering operations on the Pacific Coast. This repre- 
sents approximately 10 per cent of the domestic consumption of 
pulp, and the availability of this material at highly competitive 
prices along the Atlantic seaboard has caused radical changes in 
the manufacturing practice of many Eastern mills. The West- 
ern mills are making sulphite pulp from Western hemlock, while 
Douglas fir and Western pine waste are being converted by the 
kraft process. Similar kraft conversions based on waste from 
Southern pine sawmills have been in operation in the South for a 
longer period. 

The conversion of waste soft woods of almost any variety to 
standard pulp and paper products is purely a problem in 
economics for which the following brief specification may be 
drawn: 

“An adequate supply of waste wood of varieties sufficiently 
similar to cook together uniformly to support a plant of economic 
size over its normal life, so located that the combined manufactur- 
ing and distributing costs will permit the product to be delivered 
to the consumer at a price equal to and preferably below that of 
the competing product.” 

Under the present highly competitive conditions in the indus- 
try the minimum unit operation in either sulphite or sulphate 
pulp mills should have a capacity of 100 tons per day consuming 
the equivalent of, roughly, 200 cords of wood. 

The commercial status of the manufacture of paper products 
from hardwood waste of the varieties which are milled in large 
quantities is less clearly defined. The difficulty of using these 
woods arises from the comparatively short length of the ulti- 
mate fibers, when these are separated by chemical cooking and 
fiberizing operations, which produces a pulp of low strength in 
comparison with that obtained from the coniferous woods. 

Under the demand created by the recent and continuing rapid 
growth in the use of fiber shipping containers made from both 
corrugated and solid stock, so-called “‘semi-chemical” cooking 
processes have been developed for hardwood which hold a real 
promise of a more profitable utilization of waste trimmings from 
these varieties. The best known of these processes is the Forest 
Products semi-chemical cook. 

So far the only strictly commercial development of this proc- 
ess has been the manufacture of paper for container stock from 
the spent chestnut chips left from the production of tannin 
extract. Several plants of this type are in commercial operation, 
and the development has brought about a marked change in 
the economic structure of the chestnut extract business. 

Processes of this type, of which there are others under develop- 
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ment, can be successfully applied to the conversion of mixed 
hardwood waste to container stock wherever an adequate supply 
of such waste is advantageously located as regards manufactur- 
ing costs and proximity to markets. Yields by these cooking 
processes are substantially higher than from the conventional 
chemical cooks. There are a number of features which indicate 
the possibility of profitably converting hardwood in units of 
approximately half the size of those which can be economically 
operated by either the sulphate or sulphite processes. Such 
a hardwood conversion unit should have a minimum capacity of 
50 tons of product per day and requires approximately 50 cords 
of wood. 


Boarp 


Another important outlet for wood waste is in the manufacture 
of building board, the use of which has increased in a spectacular 
way during the past few years. This material is now produced 
in a variety of forms ranging from the insulating boards of the 
types of Celotex, Masonite, and Insulite to the dense, almost 
synthetic wood, of which Prestwood is the outstanding example. 
New wood as well as such wastes as sulphite screenings and sugar- 
cane bagasse now furnish a considerable proportion of the raw 
material for the present boards. 

While the manufacturing processes for products of this type are 
somewhat restricted by active patents, they offer with the proper 
combination of industrial interests an exellent opportunity for 
the utilization of wood waste of practically all the varieties 
worked on a large scale. Such wastes, in fact, are now being 
utilized in a substantial amount of the present production by 
cooking processes similar to those already outlined. 

At present prices this field offers an unusually attractive mar- 
gin above the cost of production; and manufacturing facilities 
have had this stimulus for expansion over and beyond that 
created by a rapidly growing market. This situation, to- 
gether with the wide range and large quantities of available 
waste or low cost material which can be converted to a satis- 
factory building board, is bringing about an expansion of the 
industry which is likely to result in overproduction with a corre- 
sponding break in prices and curtailing of profit. 

A new process still in the development stage offers the possi- 
bility, with relatively minor changes in equipment, of changing 
a considerable portion of the waste of wood-dressing plants from 
shavings to a fibrous material which in turn can be converted by 
developed processes to a rigid insulating board. 

Building board as well as many of the container products which 
can be made from waste wood are in most instances competitive 
with products made from wood. Regardless of its relative merits 
as compared with the earlier products made from virgin wood, 
these newer reworked or synthetic materials are now firmly estab- 
lished. An appreciation of this situation is already evidenced 
by several of the far-sighted interests in the lumber and wood- 
working industries which are arranging their manufacturing set- 
up with such salvage operations in view. 


CONCLUSIONS 


Commercial processes are available for the conversion of the 
majority of the varieties of wood waste from either sawmill or 
woodworking industries to products for which there is an estab- 
lished market. Many of these processes require the separation 
of the waste wood by varieties, and sawdust and shavings re- 
quire separate treatment and are usually used in the manufacture 
of other products than those which can be made advantageously 
from slab edging and trimmings. 

On the majority of these waste-wood products existing com- 
petition is of such a nature that new enterprises must operate on 
a substantial scale and frequently involve an investment in the 


by-product plant approximating that in the primary operation. 

Distribution costs of the finished by-product are a very impor- 
tant factor in the utilization of waste wood and may frequently 
bar out a development offering both a satisfactory supply of 
waste wood and low conversion cost. 

Supplies of waste wood from a small operation, unless it is one 
of several producing the same type of waste within a small area, 
cannot as a rule be salvaged by processes of the type discussed. 
An increasing number of special developments are making profit- 
able use of these smaller quantities of waste, although in most 
instances local conditions and merchandizing skill have been 
primary factors in the success of these operations. 

Although the economic position of the major wood-waste 
salvage operations may be definitely established with relation 
to synthetic or other competitive processes on the basis of exist- 
ing technology, this balance is continually being upset by the 
results of research work within these industries. This element 
is of importance as indicating for any enterprise of this sort the 
need for a very thorough analysis of each individual case at the 
outset of the undertaking and the provision for a qualified tech- 
nical staff as an integral part of the business. For the same 
reason a conservative policy should be followed in setting up the 
depreciation periods for plant and equipment. 


Discussion 


Leon V. Quiaciey.? One should find good incentive in the 
numerous uses to which even waste wood is adapted. Mr. 
Fogler has epitomized nicely the economic factors involved in 
the establishment of a plant for wood-waste salvage or con- 
version. His indication of difference and diversity of market- 
ing problems involved in the sale of primary products and by- 
products is brief but significant. 

To the molder of plastics, particularly those of the Bakelite 
phenol-resinoid type, the term wood flour implies a filling sub- 
stance. The term filler is, however, unfortunate, inasmuch as 
wood flour is not added to phenol resinoid to contribute to the 
weight or bulk of finished product. Neither does it represent 
an attempt to conserve on the amount of resinoid binder used. 
In phenol-resinoid material wood flour has two principal func- 
tions: (1) It contributes to the facility of molding—modifies 
favorably the flow properties, etc.; (2) it improves the property 
of shock resistance, yielding a molded part mechanically strong 
and tough, instead of one relatively fragile, which would result if 
the resinoid were used without reenforcement. Truly, wood 
flour had much better be called a reenforcing material than a 
filler. 

Physically, the wood flour acts as an absorbent for the resinoid. 
While the analogy is imperfect, one might liken the function to 
that of a blotter absorbing ink. Wood flour serves as a carry- 
ing agent—a mass of fibrous material in which the initially liquid 
resinoid is dispersed. 

The choice of wood is interesting, since all woods are not 
suited to provide commercial wood flour. In view of the re- 
marks of Mr. Fogler, it will be realized that wood flour is a much 
more refined product than sawdust. It is unfortunate that many 
contributors to the literature have confused the two terms. 
Wood flour is pulverulent in a somewhat strict sense of the 
word, rather than granular or flocculent like sawdust. From 
the viewpoint of the plastics industry, it will be appreciated 
that a more nearly homogeneous molded product results from 
the use of wood flour than would be possible using ordinary 
sawdust. Preference rests with such woods as pine and spruce. 


Choice of wood depends directly on composition, chemical and 


2 Leon V. Quigley, Technical Editor, Bakelite Corporation, New 
York, N. Y. 
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physical. From the physical standpoint, hard woods are re- 
jected in favor of soft because lower in absorptive power. 

Texture, or the degree of fineness, is a property of especial 
importance. The finished molded unit must frequently be of 
good appearance, and to this end it is necessary that the wood 
flour fibers be entirely covered by penetration, or film, of resinoid, 
plus pigment or dyes which it embodies. An appreciable prob- 
lem is to so adjust the fineness of the fiber that the flour incor- 
porates itself unnoticeably in the molded piece, retaining never- 
theless a microscopically fibrous texture, which will contribute 
to the molded product a degree of strength and toughness, 
which is more characteristic of fibers than of powders. 


AvuTHOR’s CLOSURE 


One of the difficulties in preparing this paper has been the 
limited space which the author was forced to allot to each of the 
major utilizations of waste wood, any one of which might profit- 
ably be made the subject of a paper of the same length. Mr. 
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Quigley’s discussion has provided a valuable and much ap- 
preciated amplification of that part devoted to wood flour. 

The term “filler,” while thoroughly understood within the 
several plastics industries, is, as Mr. Quigley points out, a some- 
what unfortunate designation for a very important element 
in the composition of a wide range of industrial plastics, as 
well as in the specific field of phenolic resins. While it is true 
that some of the materials classed as “fillers’”’ are used primarily 
as diluents to reduce the cost of the plastic compound as a whole, 
in the majority of instances the proper selection of fillers, both 
as to material and physical specifications, enables the plastic 
technologist to tremendously extend the range of physical proper- 
ties and appearance of the product available with a single resi- 
nous binder. 

In the wood-flour industry the results of the careful work of re- 
search groups in the phenolic resin field, represented by Mr. 
Quigley, are found in the rigid specifications already noted for the 
molding grades of flour. 
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Fic. 1 Hanp Presses, THE ANTECEDENTS OF THE HypravuLic Press 


(Left, the age-old hand screw, applied to plywood; center, wooden-frame plywood presses, extensively used 30 years ago; right, iron or steel sectional 
presses, still used for hand work.) 


Hydraulic Presses for Plywood 


By HARRY G. FRANCIS,' RUSHVILLE, IND. 


The paper reviews the progress made in the clamping amount of pressure is to be applied, hydraulics must be used, 
of plywood, especially in the last 35 years, when wooden being the only type of pressure that can be accurately measured 
hand screws and wooden-frame hand-screw presses were and controlled. Until recent years, however, hydraulic presses as 
in general use. Improved hand clamps, improved hand- _ regularly furnished for the plywood factories were comparatively 
screw presses, and power-screw presses have their uses slow, although faster than hand-screw or power-screw presses. 
for certain classes of work and comparatively small output, The pipe connections were not carefully made, methods of piston 
and inverted-cylinder hydraulic presses are necessary for packing were not developed to the present-day efficiency, and the 
special methods and classes of work. Plywood is an _ controls were not in the most convenient position. 
artistic and utilitarian product with increasing appeal 
for both manufacturing and construction purposes. As 
the market for plywood products expands, new problems These apparent difficulties in the early types of hydraulic 
will necessitate further advances in press design. Ply- presses or the lack of intelligent operating methods led to further 
wood presses of the future may outdistance those of the efforts to develop efficient mechanical presses. The most success- 
present as much as the presses of the present demonstrate _ful of these for plywood production is the screw type, as it can be 
improvement over the old hand presses. made to operate at a proportionately faster speed, and when run 
by an electric motor, the pressure can be approximately gaged by 
H ISTORY relates that the earliest plywood press consisted anammeter. This type of press is giving satisfaction where users 


Mororizep Screw PrREssES 


of bags of hot sand, which both held the veneer flat do not require high or accurate pressures and the work is not of 

against the core and accelerated the glue drying, and large area. When high pressures are required, however, the 
there is indisputable evidence of this process being used around friction losses are excessive. A greater percentage of the power 
1500 B.C. Various other types of presses—lever, toggle-joint, input is lost in friction, and as the friction losses are not in a 
and screw—came successively into use, but it was not until within constant proportion to the pressure exerted by the press, there is 
the last 50 years that any standardized mechanical designs ap- no way of knowing what part of the power input is being con- 
peared. A few of the older designs are shown in the woodcuts re- sumed by friction, and therefore no way of knowing what pressure 
produced in Fig. 1. is being applied to the work. 

Though the hydraulic principle is one of the oldest and the 
most efficient methods of producing high pressure, its advantages 
in plywood gluing are not fully appreciated. This may be be- In the meanwhile, development in the hydraulic field has been 
cause so many inefficient hydraulic-press installations are still in rapid, and the former objections to hydraulic presses have been 
service that plywood manufacturers are inclined to judge all eliminated. Methods of piston packing have been improved, 
hydraulic presses by these antiquated predecessors of the present- pumping systems have been developed whereby any speed of 


IMPROVEMENTS IN HypRAULIC-PrREss DEsIGN 


day high-production units. operation can be had free from pulsation, and the controls are so 
simplified and protected that a child could operate them. The 
Hypravtic Pressure Is MEASURABLE hydraulic press is built more compact than before; in fact, in 


many cases it is a self-contained unit requiring no more floor space 
than the press frame alone. A hydraulic press can be had to 


1 President and Engineer, Charles E. Francis Company. meet the most exacting requirements. There are a great many 
Presented at the Sixth Annual Wood-Industries Meeting, Winston- _ different styles and combinations, vertical and horizontal. 

Salem, N. C., Oct. 15 and 16, 1931, of THe American Soctety or 

MECHANICAL ENGINEERS. Mopern Hypravtic Press Tyres 


Nore: Statements and opinions advanced in papers are to be ‘ 
understood as individual expressions of their authors, and not those The most popular of the modern hydraulic-press arrangements 


of the Society. will be described. As different manufacturers use different trade 
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Where pressures are to be closely regulated or a predetermined 
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Fie. 2 Hypravutic Press Wits RecrprocaTine Pump 
(Pump shown at left, with cylinder below lower platen.) 


Fig. 4 Hypravutic Press Wits ReciprocaTINnG AND Rotary 
Pumps 


(Rotary auxiliary pump mounted above for quick closing of platen, supple- 
mented by reciprocating pump for ultimate high pressures.) 


Fic. 3 Hypravuiic Press Witn ReciprocaTinc Pump 


(Hydraulic cylinder below, operating lower platen, and motorized geared 
nuts above, operating upper platen for quick opening and closing.) 


Fie. 5 Hypravuiic Press Witn Rotary Pump INTENSIFIER Fic. 6 Bate or PackaGe Emeraginc From Press 


(Rotary pump mounted under lower platen, with intensifier for building (Ultimate pressure obtained in press is preserved by I-beams 4nd turnbuckle 
up ultimate high pressures.) rods until the glue takes its initial set.) 
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names and model numbers, the types will be described in details 
of construction and compared by key letters. 

(A) Press With Reciprocating Pump. This is the most 
common form of hydraulic press (see Fig. 2) and has been built 
in this way for quite a number of years. This type is suitable 
where large production is not a problem and where large-dimen- 


Fic. 7 Srrain-Rop Pressures, WRONGLY APPLIED 
(Side view, outside strain rods, platens supported at corners.) 


sion work is done to a limited extent and occasionally left in the 
press until the glue sets. It can be equipped with contact- 
making pressure gage, which can be set to start the pump motor 
when the pressure begins to drop and to stop it when the pre- 
determined pressure is built up. This is an advantage over the 
older method, whereby the pump was left running continually 
against a relief valve, both in the saving in power consumption 
and in the wear on the pump. 

(B) Press With Reciprocating Pump and Motorized Rapid 
Traverse or Quick-Closing Head. This type of press is similar to 
and has all of the advantages of the first-mentioned type, with the 
additional advantage of speed. The nuts on the top of the strain 
rods are in the form of gears, from which the top member of the 
press is suspended, as shown in Fig. 3. The internally threaded 
gears are motor-driven in unison through a connecting train of 
gears, making the top member quickly adjustable and enabling 
the operator to close the press on the work very rapidly, using the 
pump only for building up the final pressure. 

This type of press combines all of the advantages of the power- 
screw type of press (not shown), with the superior pressure- 
applying qualities of the hydraulic press. ,It is suitable for large 
production, and usually has a closing speed of about 36 in. per 
min. When the plywood is laid up and the clamps are tightened, 
the pressure may be released through the motorized gear chain 
and the package removed immediately without waiting for the 
lower platen to return, as this platen (hydraulically operated) has 
not traveled very far in applying the final pressure. 

This type of press is usually equipped so that the operation is 
semi-automatic; that is, when the plywood is placed in the press, 
the operator needs only to close the valve and press the “down” 
button of a three-button push-button station. The top member 
of the press will quickly run down until it comes in contact with 
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the plywood. The pump will then automatically start to build 
up pressure, and the top will automatically stop. When ready to 
release the bale of plywood, the valve is opened and the “up” 
button is pressed. The pressure is thus released, and the top 
returns to normal open position and stops automatically. The 
normal open position is adjustable. Due to the short travel of 
the lower platen, no time is wasted in waiting for its return to 
unload, but there is still enough lower-platen travel to provide a 
platen-operated unloading device, the advantages of which will be 
described farther on. A greater variation in heights of packages 
can be handled without the use of fillers or without the use of 
extra-long hydraulic cylinder and ram, as the “daylight” (clear 
opening between platens) can be made to adjust from maximum 
to zero, and the adjustment for low packages can be made very 
rapidly. 

Both the initial cost and the operating cost of this press are 
somewhat higher than with other types of production presses 
using hydraulic transmission throughout. 

(C) Press With Reciprocating High-Pressure Pump and 
Rotary Auxiliary Pump. This combination is shown in Fig. 4 
and embodies all of the advan- 
tages of type A, with additional 
improvements. It is also an 
efficient production press, as a 
rotary auxiliary pump can be had 
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Fic. 9 Srrarn-Rop PRESSURES, 
WRONGLY APPLIED 


(End view, center strain rods, with 
unsupported platen corners.) 


Fic. 8 Srrarn-Rop PRESSURES, 
WRONGLY APPLIED 


(End view, outside strain rods, 
platens supported at corners.) 


that will effectively close the press at any desired speed. This 
press is also usually arranged with the semi-automatic control 
features, so that when the “up’’ button is pressed, the rotary- 
pump motor closes the press and takes up most of the slack 
in the package, building up initial pressure, which automatically, 
by means of a pressure-operated switch, causes the reciprocat- 
ing-pump motor to start and the rotary-pump motor to stop. 
This arrangement makes this press with its two pumps as simple 
to operate as a press with a single pump. The number and kind 
of manual controls are the same. 

It is not as expensive as type B, either in initial cost or in opera- 
tion, as hydraulic transmission is used throughout. It is not as 
well suited to varying heights of packages as type B unless fitted 
with extra-long cylinder and ram. It can be provided with hand- 
adjustable “daylight,”’ but this adjustment would require longer 
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time and would not be justified unless a fairly large number of the 
off-height packages were to be run. Although the closing speed 
can be made faster with this type than with the preceding, the 
lower platen must return the full travel distance before unloading, 
but return speed can be made as rapid as desired. 

(D) Press With Rotary Pump and Intensifier. This is a 
smooth and quiet-operating combination, and is shown in Fig. 5. 
It is free from pulsation and shock. It closes at a high rate of 
speed and builds up pressure at a slower speed. When the pres- 
sure is building up, the gage finger moves steadily across the dial. 
The absence of pulsation and shock increases the life of the gage 
and of the valves and packings, and as there are but eleven 
motivated parts in the system, including the valves, a high 
efficiency is attained. A unit which exerts a pressure of 450 tons 
requires only a 3-hp. motor to operate it. As the pressure is built 
up steadily, perfect regulation can be had and it is simple to 
operate. 

A valve and an electric push-button station are the only 
controls necessary, and it is usually equipped with a pressure- 
regulating gage that can be set to the pressure desired for each 
package before the “start’’ button is pressed, and when the 
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Fic. 10 Srratn-Rop Pressures, CORRECTLY APPLIED 


(Side view, outside strain rods, with center piston, showing both platens 
tending to curve in the same direction.) 


pressure reaches the point for which the gage is set, it stops 
automatically. 


SuMMARY OF OPERATING ADVANTAGES 


The type D is the most economical press yet devised. Its 
operating cost is under that of any other type of power press, 
both in upkeep and power consumption. As all of the operating 
parts are built in the press frame with the exception of the 
intensifier, comparatively little floor space is required. 

The four types of hydraulic presses described are the types now 
most generally used, and are all regularly built with an “up 
stroke;” that is, the cylinder is supported by the bottom frame 
and is arranged to apply pressure on the work through an upward 
movement of the ram. This arrangement is most desirable for 
plywood manufacture as it provides a means for more easily 
loading and unloading the press and is in other respects more 
desirable for plywood than inverted-cylinder presses. 
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RETAINER CLAMPING METHOD 


As I-beam retaining clamps are in general use and are placed 
on the lower press plate previous to loading, the space between 
the clamp beams provides a convenient place for placing roller 
bars. These roller bars are made so that their overall height is 
slightly less than the height of the clamp beams, and when the 
press platen is raised in the pressing position, the roller bars rest 
on the face of the platen, and the clamp beams take the entire 
load. After pressing and tighten- 
ing the clamps, the platen is 
lowered. At a point approxi- | 
mately a half-inch above the 
lowered position of the platen, the 
roller bars strike on jack stands, 
which cause them to remain sta- 
tionary while the platen continues Ay 
its downward stroke, thereby trans- 
ferring the weight of the package 
from the platen to the roller bars. . 7 
The package (shown in Fig. 6) can 
then be easily rolled ont of the 4 
press over an offbearing truck and Tt 
lowered to the truck by means of 
the jack stands. The jack stands 
are usually made to return to the 
starting or loading position auto- j 
matically, leaving only the opera- 
tion of lowering the package on the ma ry | 
offbearing truck to manual control, 
and withthemodernimprovements, 

SURES, CORRECTLY APPLIED 
(End view of Fig. 10.) 
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this operation consists of a pull 
of only 5 lb. on a hand or foot lever. 


PRESSURE-GAGE VARIATIONS 


There is an impression among some users of pressing equipment 
in glue rooms that, when the pressure gage on a hydraulic press 
falls back, the press is losing pressure due to leaking in valves or 
packings. This is not necessarily the case. Any type of press, 
whether geared-screw or hydraulic, if provided with a gage to 
show the actual pressure held on a freshly glued package would 
show a drop in pressure. This is due mainly to the displacement 
of glue between the laminations and to a certain amount of 
compression in the stock, both of which actions continue after the 
press is stopped, causing the package to become lower and there- 
fore to not offer as much resistance to the pressure applied. The 
same action takes place in all glue-room presses, but passes 
unnoticed in electrically gaged screw presses, as the electric gage 
or ammeter ceases to register as soon as the press movement is 
stopped, whereas the hydraulic gage registers as long as stock 
remains under pressure. 


FRAME CONSTRUCTION AND PLATEN DESIGN 


A feature of major importance in producing good glue joints in 
plywood manufacture is the method of constructing the frame of 
the press. The fact that the frame is heavily constructed does 
not necessarily mean that it is correctly constructed. Excessive 
deflection in a press frame may be the invisible cause of much 
spoiled work. It is impossible to build a press entirely free from 
deflection, but by means of proper construction and use of beams 
of sufficient depth, the amount of deflection can be minimized and 
its injurious effects on the work eliminated. There are shown 
three types of frame construction now in general use, with their 
deflection curves greatly exaggerated. 

The front elevation of a press is shown in Fig. 7, with the 
pressure both applied and backed at the corners through the 
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strain rods. This type of construction, when the press is under 
load, permits the top and bottom members to deflect in opposite 
directions, causing more pressure to be exerted near the ends of 
the press than at the center in both directions across the press. 
This condition can cause a starved joint at the ends of the stock 
due to the concentrated pressure at this point, while at the 
center, part of the stock may not even be pressed into contact. 

An end elevation of the same construction is shown in Fig. 8. 
While the same condition exists, it is usually to a much lesser 
extent, due to the shorter span. If deep presses for wide plywood 
are built in this manner, however, the deflection in this direction 
soon reaches serious proportions. 

Fig. 7 also represents a front elevation of the type of press using 
only two strain rods, one at each end of the center. The same 
deflection curves apply to this press in this direction, and Fig. 9, 
which is an end elevation of this type of press, shows that under 
extreme load a large percentage of the pressure can be concen- 
trated at the two points closest to the strain rods, as the deflection 
in both directions causes the members to curve away from each 
other in all directions radiating from the strain rods. 

The front elevation of the usual method of constructing a 
hydraulic press is shown in Fig. 10. Although deflection cannot 
be wholly eliminated, the members for clamping the stock are 
made to deflect with each other instead of away from each other. 
This is due to the pressure being applied at the center and 
backed at the four corners, making it possible to hold the distance 
between the lower platen and the pressure head the same at all 
points, thereby delivering uniform pressure at all parts of the 
work. 

An end elevation of the same press with practically the same 
conditions is shown in Fig. 11. 

It is of course understood that the drawings show greatly 
exaggerated deflection curves, but if one considers a definite con- 
dition for an example, the importance of balanced deflection in 


press-frame construction can be more readily understood. 
Let dimension D, Fig. 7, equal '/s in. when under full-load 
pressure and A equal 30 in.; the B would equal 30 plus 2D, or 


30'/, in. This means that the work under pressure must either 
be compressed '/, in. more at the ends than at the center or that 
there is no pressure being applied at the center. 

Compare this with a press constructed as shown in Fig. 10 with 
the same span and using the same members for the top, or in 
other words, with the same strength. D in this case would also 
equal '/, in., and dimension A equals 30 in., and as the deflection 
of both pressure members is in the same direction, dimension B 
also equals 30 in., as well as all other points between the platen 
and the pressure head. This latter example cites a perfectly 
proportioned press, but even if the press is not perfectly pro- 
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Fig. 12 Down-Srroxe Hypravtic Press (INvertTep From Usuat 
Type) 
(Showing angling platens for gluing up material to make end-block flooring.) 


portioned, the greatest possible difference between the distances 
between the pressure members at different points could not 
possibly be so great as the total deflection of one member, whereas 
this difference in all other types of presses equals the sum of the 
total deflection of the top plus the total deflection of the bottom 
member. 
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Research in Wood Products 


By JAMES W. LAWRIE,' MILWAUKEE, WIS. 


Wood has widely different characteristics, and species 
may be chosen for a wide range of industrial and construc- 
tion purposes possessing either high strength-weight ratios 
or qualities that permit cutting thin veneers, also possess- 
ing great ultimate strength or low specific gravity. It 
varies widely in color, grain structure, and beauty. 
Wood also has faults and limitations which can be largely 
corrected through intensive research. Wood expands 
when wet. Research with the X-ray has shown the 
reason, and has pointed to a way of rendering wood nearly 
non-expansive. Wood can be made fire-resistant, but tests 
must be conducted under both heat and strain conditions 
to be of practical value. Preventive measures can be taken 
to lengthen the life of wood by toxic-chemical treatments 
to eliminate decay. Wood-finishing methods can be 
greatly improved by scientific adaption of the right prin- 
ciples. There are many other wood qualities that can 
be improved by modern research methods. 


wood industries through the National 

Lumber Manufacturers’ Association 
are organizing and equipping a research 
laboratory to undertake the study of 
wood. Of all the materials which nature 
has given us, wood was among the earliest 
used by man in construction work, yet 
through the ages man has neglected the 
study of wood and even today is largely in 
doubt as to what wood is, and why it has 
the peculiar and interesting physical and 
chemical properties which make it the indispensable material 
for variety, beauty, and practicability in construction. 


fz IS VERY pleasing to know that the 


Wipe RANGE or Woop 


Wood has certain properties which can be evaluated. Pound 
for pound, wood, in general, is stronger than steel. It can be 
obtained in many sizes, in the form of veneer less than 0.01 in. in 
thickness, in lumber several feet thick, in lengths up to over 
100 ft. These are woods that are soft, hard, that are lighter 
than cork, and heavier than water. Wood varies in color, 
grain, structure, and beauty. It is moderate in cost, generally 
available, and can be fitted and used by even unskilled workmen. 
There is some kind of wood that is useful and usable for almost 
every construction purpose. 


CorreEcTING Woop Favutts 


Has wood any faults which, if corrected or eliminated, would 
make it an even more desirable material? It is particularly 


1 Director of Chemical Research, A. O. Smith Corp. He re- 
ceived the degree of Ph.D. from the University of Chicago and was 
engaged as chief chemist for several manufacturing concerns from 
1909 to 1919, when he became research and consulting chemist for 
the E. I. du Pont de Nemours and Co. He joined the A. O. Smith 
Corp. in 1930. 

Contributed by the Wood Industries Division and presented at 
the Annual Meeting, New York, N. Y., Dec. 1, to 5, 1930, of Tue 
AMERICAN Society OF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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along the lines of correcting the faults of wood that research 
should be of assistance to the wood producers and consumers. 
When wood takes up moisture it expands, when it is heated too 
highly it chars and burns, when rot fungi get proper conditions 
for attack they cause rotting, insects eat the wood, and lastly 
in order to keep the beauty of wood it must be protected from 
undue wearing. 


Wuy Woop Expanpbs AND CONTRACTS 


What causes wood, a comparatively soit material, and water, 
a liquid, when brought together, to expand, and in expanding 
to exert such enormous forces as to be able to split open large 
rocks? In fact, the wet wedge is employed commercially to 
split marble, slate, and other like formations because the lines 
of splitting can be controlled by proper placement of the wedges. 
How can two such soft bodies when brought together exert these 
great forces? Soft wood, liquid water. It seemed that water 
might react chemically with the cellulose molecules of wood to 
form a hydrated cellulose with a larger molecule, and that the 
expansion in size of the molecule is the source of the forces which 
exist. How can this idea be proved or disproved? If one can 
prove that there is chemical union or disunion of cellulose and 
water to form a larger or smaller molecule, and that expansion 
or contraction is due to these reactions, then why can not the 
cellulose molecule unite with some other chemical than water to 
form a permanent union and thereby stabilize the wood so it 
will no longer contract or expand? 

X-rays have been turned to as a means of answering the question 
as to what is the reaction between water and cellulose, and why are 
expansion and contraction practically all across the grain of the 
wood and almost none along the grain? The X-ray work was 
carried out by Dr. George L. Clark at the University of Illinois. 
He was able to show definitely that the swelling of wood is a 
physical and not a chemical reaction. The reason wood expands 
largely in one direction is that the cellulose in the form of large 
spiral crystals is packed in close bundles called micelles. Mois- 
ture as such cannot penetrate these bundles, but it does pene- 
trate in between the bundles and by capillary force pushes the 
micelles apart with tremendous force. As the micelle bundles 
are long in the direction of the grain of the wood and very narrow 
across the grain the expansion takes place proportionately much 
more in the cross-grain than in the length. By X-rays it is 
possible to measure exactly the amount of expansion, the size 
of the micelles, the number of crystals of cellulose in a micelle, 
and further the number of molecules of cellulose in the crystals 
themselves. These established facts have been of great value 
in pointing out the direction of research to overcome the en- 
trance of moisture between the micelles. Experimentally so 
far the rate of this entrance of moisture has been cut down to 
10 per cent of that of untreated wood taken from the same 
board. The complete exclusion of moisture from the wood, 
however, is not looked forward to. Wood is now looked upon 
as a tank with a large capacity for quickly absorbing or giving 
up moisture. By use of proper moisture-resisting treatments the 
rate and to a lesser extent the amount of water or moisture which 
may penetrate into the wood is cut down, and in this way the 
wood is stabilized so that under ordinary average conditions 
there is such slow absorption or evaporation of moisture as not 
to affect expansion or contraction in wood with continuous 
changes in humidity. If today humidity is high and tomorrow 
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it is low, there will be no appreciable effect on the treated wood 
because of the slowness of the rate of absorption or evaporation 
of the moisture. Over long low humidity or long high humidity 
periods the contraction or expansion will change, but in consider- 
ably lesser total degree than for untreated wood. Apparently 
one can never hope for a complete freedom from expansion 
and contraction. 


Frre-REsistant Woop 


The problem of next greatest interest is probably that of 
making wood resistant to fire. Again it is realized that no 
treatment can make wood fireproof, but at best it can be made 
more or less resistant to fire. There are several factors that 
must be considered in the study of fire resistance. If wood is to 
be made only resistant to the passage of fire such as would be the 
case with partitions and separating walls, then this is a certain 
type of problem, but if it is to be made resistant to fire and at 
the same time is under a stress from a load such as is struc- 
tural timber in a factory, then the question of the effect of the 
chemicals used in the treatment of the wood becomes at least of 
as great importance as does the problem of fire resistance. It has 
been found that many of the chemicals that are used to give wood 
resistance to burning react on the wood at not very high tem- 
peratures and cause a much more rapid destruction of the wood 
than does the fire itself, and the treated timbers will give way 
under their loads long before they would be consumed by the 
fire. This point should be given deep consideration, and methods 
of testing for fire resistance should at least, in the case of struc- 
tural timbers, include definite tests on the effect of the chemicals 
on the wood at varying temperatures up to the ignition tem- 
perature. The use of salts soluble in water or aid in fire resis- 
tance is wrong in theory. Such salts in nearly every instance 
are injurious to the wood even at normal temperatures, and 
chemical action takes place even though very slowly. The 
salts also tend to leach out gradually or in some cases to volatilize, 
and therefore gradually render the wood less resistant to fire. 
Another undesirable feature is that wood treated with water- 
soluble salts must, in general, be first slowly air dried and later 
kiln dried, a time-consuming process, and because of time, re- 
quiring the carrying in stock of large quantities of treated wood 
in process. 


PREVENTING Woop Decay 


From the tree in the forest to the lumber bought is a pathway 
of waste and loss. Only about 40 per cent of the tree reaches 
the consumer. Further than this, the average life of the wood 
used for all-around construction purposes is only about 10 years. 
This means that much of the wood lasts only a short time to 
make up for that portion which lasts along time. Wood properly 
taken care of should last for decades. Why the short average 
life? Wood is subject to attack by fungi which in their life 
process put out certain chemicals that react on wood to cause 
it to change in its physical as well as chemical properties. The 
effect of these changes we call rot. With rot fungi the old 
paint slogan, “Paint the surface and you save all,” is an un- 
happy misnomer. Rot fungi can work from the inside of the 
wood out or from an unpainted surface like the back side of 
a base board through to the painted surface. Again, through- 
out most of this country and in all tropical countries the rav- 
ages of termites, the so-called white flying ants, are causing 
untold damage to both old and new wooden structures. 

Toxics for making wood immune to rot and to attacks by ter- 
mites and other wood-destroying insects must be toxic to fungi 
and insects, but should not be toxic to humans. They must be 
slightly soluble in water or in the liquids of the fungi or insects in 
order to act as a toxic to them. They should be odorless, 
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practically colorless, should aliow for the wood being painted, 
varnished, lacquered, or given some type of finish to enhance the 
beauty of permanence of the wood; they must be permanent and 
must not weaken the physical structure of the wood over a long 
period of time. Another desirable requirement is that they be 
easily applied without expensive equipment or the necessity 
of keeping large stocks of treated lumber on hand because of the 
long, slow period of drying as is the case when the wood is treated 
with water solutions of toxic materials. Again the wood should 
not undergo changes in dimensions due to the treatment, and 
where complete penetration is not required, the method of 
treatment should as far as possible sterilize the wood through- 
out. Where wood has been kiln dried complete sterilization is 
assured, and if the moisture content is held low then the inside 
of the wood should remain sterile after the outside is treated. 
Again, the concentration of toxic materials in the wood must be 
considerably greater than the ‘‘killing concentration”’ due to the 
gradual loss of toxic either by volatilization or solution from 
the wood. Finally, any successful treatment of wood from rot 
resistance must be reasonable in cost. 


BetrerR FINISHING PROCESSES 


The beauty of wood can be preserved from damage or definite 
changes by coating its surface with materials which either are 
less affected by weather and abrasion or which can be readily 
applied to the surface, such as with varnishes, lacquers, or oils. 
With some woods the beauty is enhanced by the use of stains, 
which usually help differentiate the grain of the wood, by fillers 
which help level the surface, by varnishes, ete. which by differ- 
ences in defraction bring out more markedly the beauty of wood. 
Hard woods such as red and white oak are used very extensively 
for floors. There are several fundamental reasons for the choice 
of these woods for flooring purposes. The woods are hard 
and therefore wear well, they have unusual variety and beauty 
in grain, they do not readily splinter or crack, and they can 
be easiest enhanced in beauty by varnishing or lacquering. 

The problems presented in giving a desirable finish to oak 
flooring have not been given thorough study in all their as- 
pects. The ordinary practice is to sand the floor, then add 
the filler coat with a certain amount of rubbing or brushing 
to remove excess filler. Next shellac, varnish, or lacquer is 
applied. In many instances the floor is considered as finished, 
but in some cases a second coat of varnish, etc. is applied and 
then a coat of wax which is given a so-called polish. The entire 
procedure is really, at least theoretically, incorrect. 


SANDING Errors 


An analysis of the sanding operation shows that the surface 
of the wood is torn usually in one direction by means of abrasives. 
These abrasive materials are not uniform in size nor are they 
distributed on the sand belt or drum in an absolutely uniform 
manner. The result of sanding is that the surface of the wood 
is scored and pressed down in the direction of the movement 
of the sanding belt. When filler is then applied to such a sur- 
face it does not readily enter the open grain of the wood where 
the wood ‘whiskers’ have been pressed into the grain. The 
result is that the filler cannot function properly and the average 
floor when finished presents a very uneven surface. In theory a 
floor should be given a currying so that the fibers are shredded, 
but not removed, and they should stand up giving a velvet- 
like appearance to the surface of the wood. The entire surface 
of the wood supporting the ‘whiskers’ of the curried wood 
should be at a uniform level. The next operation should then 
be the shaving of the whiskers, leaving the surface of the wood 
level, smooth, and with no matted surface of finely shredded 
wood. The entire grain of the wood is left open. The appli- 
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WOOD INDUSTRIES 


cation of a proper kind of filler to such a surface is not sufficient, 
however, to insure good filling. The need for filling is to create 
not only a surface that is level, but also to create a surface which 
will allow a uniform penetration of the finishing coats of varnish, 
lacquer, etc. In order to get such a surface it is necessary to 
work the filler into the soft and open grain of the wood under a 
pressure which is just great enough to force the filler into the 
grain, but not great enough to abrade the harder structure of the 
wood. By the application of a filler that has the proper absorp- 
tion qualities, and by the use of the required pressure, a surface is 
created which is entirely different from that of ordinary filled wood. 


Woop FILiers 


The proper filling of the wood is probably the most important 
step in the finishing of wood. It is the basic foundation of 
all the other materials to be applied. It gives a surface to 
the wood which is smooth and level, and as a result there are 
no multiplicity of small ridges such as result from the sanding 
process, and which have little resistance to abrasion. When 
abrasion starts at the peaks of these ridges, there is a rapid 
spread of destruction of the finish to large areas, but with the 
shaving method a surface is presented which is level throughout, 
and which wears evenly and therefore has a long life. 

The question of the use of a seal coat directly after the filler 
has been the subject of much argument. Seal-coating mate- 
rials have, in general, been made so as to give a film which has 
very little penetration into the wood, which is therefore some- 
what brittle and subject to chipping by abrasion. The seal 
coat, however, gives a base for the subsequent finishing coats 
so that there is almost no penetration into the grain by the 
finishing coats, and therefore a more even surface is obtained, 
but they afford a poor surface for adherence of the finishing 
coats. With the very even surface presented by the newer 
method of surfacing and filling the wood, the old seal coats are un- 
necessary, but the use of a film which is intermediate in charac- 
teristics between the filled surface of the wood and the finish- 
ing coats gives a better set up than the use either of a seal coat 
or a first finishing coat. The final finish coat should be hard 
but not brittle. It will therefore stand abrasion well, and 
with a uniformly even foundation as presented by the pre- 
vious finishes will wear several times as long as it would when 
applied under old conditions. 


PREFINISHING FLOORING 


The use of oak blocks set in a permanent mastic is rapidly 
coming into general use especially in homes, apartments, hotels, 
hospitals, ete. With a floor material of this kind, uniform in 
size, the prefinishing of the blocks in the factory becomes an 
interesting problem. It is at once obvious that the usual methods 
of finishing flooring would be impractical because of the long 
time period, and because of the very large space required for 
storage during processing. A study was made of the conditions 
which would be practical. This study showed that a time limit 
of two hours from raw to finished block was the maximum that 
could be allowed. To meet such time conditions it was neces- 
sary to develop more exact equipment and new methods of 
application of the finishing materials. There are no varnishes 
which will dry within these specified time limits. Lacquers were 
found not to wear satisfactorily, but with the cooperation of 
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some of the lacquer manufacturers new lacquers were developed 
which present a hard surface, but which are not brittle. These 
lacquers age well and retain their hardness and non-brittle 
properties. With the use of the new methods of surfacing 
and filling, and the specially designed machinery, it is possible 
to finish the oak blocks in less than one hour. This finishing 
process includes surfacing, dust removal, filling, rubbing, removal 
of dust, first coat, drying, rubbing, second or finish coat, drying, 
rubbing, wax coat, and polishing. 


How FLoors WEAR 


The wear on floors is largely caused by persons walking over 
the floors. It is not, however, possible to make even fair com- 
parative tests on various finishes on floors by counting the steps 
of persons walking over the floors. There is a tremendous varia- 
tion in the weight, pressure, grinding effect of the persons, and 
in the particular spots where the walking dominates. The 
weather, dust, and a multitude of other conditions will all have 
their immeasurable effects. Because of these facts a ‘“walking”’ 
machine was designed which gives a uniform pressure of 27 lb. 
per sq. in. to a disk of sole leather while turning 5 deg. in a circle 
at the time of contact with the surface. These conditions 
simulate average conditions of persons walking. The machine 
operates at the rate of 250 steps per minute, and the samples 
are run in duplicate, changing the two test pieces every 100,000 
steps. Under the old conditions of finishing floors the finish 
with a good varnish will last for a maximum of 300,000 steps 
and with a lacquer for about 250,000 steps. With these same 
finishing materials, but applied by the new methods, the varnish 
and lacquer coats both stand up for over 1,500,000 steps. Ob- 
viously such a test is not quantitative. The wear of the finish 
is checked by microscopic examination and is therefore open 
to the error of personal equation, but the results are so out- 
standing that there is no question about the increased value 
due to the methods of application. The blocks finished by this 
method present a beauty which has heretofore been obtained 
only by the use of high gum varnishes and rubbing by hand. 

It has been found, however, for stores, halls, or other places 
where there are unusual conditions that a polished floor is un- 
desirable. In cases like this after the filler coat has been worked 
in, it has been found that the treating of the floors with a hot 
brushing of a solution of drying oils and waxes gives a splendid 
finish. This solution penetrates into the fibers of the wood and 
resists to a large degree the effect of moisture or water on the 
wood, it fills the cells preventing dirt and stain from entering, 
and it gives a finish that withstands abrasion and wear. It is 
particularly fine for use in smoking rooms where a varnish or 
lacquer finish is easily marred by burning cigarettes, etc. This 
kind of a finish is difficult to burn or char, and any discoloration 
is usually removed by a slight rubbing with steel wool and the 
application of some additional treatment. 


CONCLUSION 


The foregoing problems are only a few of the many which are 
apparent in the wood industry. As some measure of success 
is obtained with one problem other new and important problems 
suggest themselves. This is the history of research work on 
all other materials. It is well that it is already showing like 
history with regard to wood. 
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A.S.M.E. Record and Index, 1931 


HIS section of the Transactions contains a record of the activities of The Ameri- 

can Society of Mechanical Engineers for the year 1931, together with an index of 
its publications. It is issued to every member of the Society in pamphlet form and 
when bound with the technical papers of the Professional Divisions for the use of 
libraries and official depositories throughout the world, it completes the permanent 
record of the Society’s activities. 

The Record and Index Section of Transactions includes all the reference material 
likely to be of permanent value and of interest to future searchers. As an index it 
provides a means of locating the technical information in the Society’s publications. 
It includes the separate indexes of the Transactions and Mechanical Engineering, 
together with a miscellaneous index to reports or other technical publications of 


the Society that have appeared during the year. 

A considerable portion of the Record and Index is devoted to memorial notices 
of members who have died during the year. Special care has been given to the prepa- 
ration of these brief biographies with the idea in mind that fitting attention should 
be given to significant events in the lives of deceased members, even though they 


may fall outside the immediate field of mechanical engineering. 


W. H. WinTERROWD, Chairman 
L. C. Morrow 
S. F. VoorHEES 
S. W. DupDLey 
W. F. Ryan 
Publications Committee 
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ROY V. WRIGHT 


PRESIDENT OF THE AMERICAN SocrETY OF MECHANICAL ENGINEERS 
1930-1931 
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Rov V. Wright 


S railroad mechanical engineer and editor for the Simmons-Boardman Publishing 
# Company, Roy V. Wright, president of The American Society of Mechanical 
Engineers for the term 1930-1931, has given more than thirty years of progressive 
service to the transportation industry. 

Mr. Wright was born at Red Wing, Minn., on October 8, 1876. He attended 
the public schools of St. Paul, Minn., and the University of Minnesota, from which 
he received the degree of M.E. in 1898. He was given the honorary degree of Doctor 
of Engineering by Stevens Institute of Technology in 1951. He is a member of 
Sigma Xi and Pi Tau Sigma (1931). 

Immediately upon graduation he entered the locomotive erecting shop of the 
Chicago, Milwaukee & St. Paul Railway at South Minneapolis, Minn., as machinist 
apprentice. For three years he served this railway and the Chicago Great Western 
as apprentice, draftsman, and chief draftsman. In 1901 he became mechanical 
engineer for the Pittsburgh & Lake Erie Railroad. This was in the period of early 
development of the all-steel gondola and hopper freight cars, the P. & L.E. R.R., 
in the heart of the coal and steel districts, being one of the first railroads to use such 
cars on a large scale. The locomotive repair shops at McKees Rocks, Pa., were also 
rebuilt during this period, involving one of the first extensive applications of indi- 
vidual motor drive to machine tools. 

The editorial career of Mr. Wright began in 1904, as associate editor of the 4meri- 
can Engineer and Railroad Journal, now Railway Mechanical Engineer; he was made 
editor of that publication in 1905. In 1910 he became mechanical department editor 
of the Railway Age Gazette, which is now Railway dge. In 1911 he was appointed 
managing editor of that publication, and this position and the editorship of the 
Railway Mechanical Engineer, which he resumed in 1912, he still holds. Since 1910 
he has acted as editor of various editions of the Locomotive Cyclopedia, the Car 
Builders’ Cyclopedia, and the Material Handling Cyclopedia. In 1911 he com- 
piled and edited “Railway Shop Kinks’ for the International Railway General 
Foremen’s Association. Mr. Wright was elected a director of the Simmons-Board- 
man Publishing Company in 1915 and was appointed secretary four years later. 
In December, 1951, he was elected vice-president of the company. 

He is also a director and secretary of the Simmons-Boardman Publishing Cor- 
poration and the board of the Y.M.C.A. of the Oranges; chairman of the Board 
of Publication and member of the Administrative, Railroad, and Industrial Com- 
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mittees of the Home Division of the National Council of the Y.M.C.A.; member 
of the International Committee of the Y.M.C.A.; trustee of the Silver Bay Asso- 
ciation; member of the Silver Bay Human Relations in Industry Conference Com- 
mittee; member of the board of the Committee on Friendly Relations Among Foreign 
Students; and a director of the Ampere Bank & Trust Co., East Orange, N.J. 

He has been very active in the affairs of the A.S.M.E., which he joined in 1907. He 
was a member of its Railroad Committee before the formation of the Railroad Division, 
anda member of the first Metropolitan Section Committee. He served as manager from 
1922 to 1925 and as vice-president in 1926 and 1927. He has been a member of the 
following committees: Meetings of the Society in New York, 1910-1914, and chairman 
in 1914; Railroad, 1915, 1914, 1915; Meetings and Program, 1919-1923, and chair- 
man in 1921 and 1922; Policy of the Society, 1924; Presentation of Dues Increase, 
1924; and Finance, 1926, 1927. From 1928 to 1931 he was a member of the Stand- 
ing Committee on Awards; he is a menrber of the Biography Advisory Committee. 
He was president of the United Engineering Society during 1928 and 1929; was a 
member of the Committee on the War Memorial to American Engineers at Louvain, 
Belgium; was a delegate to the First World Power Conference in London in 1924, 
and honorary vice-president of the American Management Association in represent- 
ing it at the International Management Congress in Prague, Czechoslovakia, in 1924. 
He was a member of the American Engineering Council committee which prepared 
the report on Storage of Industrial Coal, and is a member of the Advisory Board 


of the Department of Smoke Regulation of Hudson County, N.J. He was one of 


the organizers of the New York Business Papers Editorial Conference and served 
as its president in 1918. He is a member of The Franklin Institute, Engineers’ Club 
(New York), Railroad Club of New York, and of the executive committee of the 
New York Railroad Club. 

His contributions in papers and discussions have been an inspiration toward better 
engineering. He contributed a chapter on Transportation in the symposium “To- 
ward Civilization,” edited by Dr. Charles A. Beard and published in the spring of 
1930, and he has delivered many addresses on this subject. He was one of the 
honorary editors of the Professional Divisions’ reports on technical developments 
since 1880, as published in the Fiftieth Anniversary Issue of Mechanical Engineering. 
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cism in these recent years. While much of this may not 
have been deserved, it promises to be helpful to the profes- 
sion—strange as it may seem— if for no other reason than that it is 
foreing the engineer more thoroughly and critically to examine 
his part in and contribution to our economic program and prog- 
ress. Moreover, it is encouraging him also to develop a larger 
and stronger prvfessional consciousness. Again, it is a clear 
indication that certain elements, at least, are looking to him 
for leadership in helping to solve some of our more pressing 
economic problems. 

These are trying days, and in some ways they promise to 
mark a distinct turning point in the activities of our Society, 
and in the emphasis on its major objectives. We seem to be 
at the parting of the ways. With statesmanlike vision and 
constructive effort we may yet lift the engineering profession 
to the heights which it should occupy, in the light of its past 
achievements and of the leadership which it can help to give 
this present civilization. Stuart Chase has been a harsh critic 
of the engineer, and yet in his ‘“‘The Nemesis of American Busi- 
ness” he makes this statement: ‘‘Plato once called for philoso- 
pher kings. Today the greatest need in all this bewildered 
world is for philosopher engineers.” 


‘te engineer has been subjected to harsh and severe criti- 


Wuat Asovut THE I'uTuRE? 


Unfortunately, up to this time the engineer and those with 
whom he has been associated have been too prone to consider 
only the immediate results of their work, and have failed to vision 
the great forces which have been in process of development in 
our economic, social, and political life as a result of the com- 
plications brought about by this machine age, for which the engi- 
neer is largely responsible. 

Was it a recognition of the engineer’s responsibility in these 
respects that the artist attempted to portray so graphically on 
one side of the medal commemorating the Fiftieth Anniversary 
of our Society? Obviously the engineer pictured is looking 
over and beyond the tools and instruments in the foreground 
and is visualizing a world raised to higher levels and standards. 
Can the engineer render a larger or more important service 
than to insure the total results of his work, direct and indirect, 
being entirely in the interests of humanity? Those are indeed 
challenging words on the medal: ‘“‘What Is Not Yet, May Be.” 

These problems and others have been brought home to me 
most forcefully as I have journeyed about among you this past 
year and have discussed with you some of the larger problems 
ind challenges which are facing us. Quite naturally, there- 
fore, there are a number of important tendencies concerning 
which 1 should like to talk with you this evening, if there were 
more time. I shall attempt rather to comment briefly upon 
only a few of the high spots. 


Civic RESPONSIBILITIES 


We ought to give more serious consideration to the building 
ip of a stronger professional consciousness, which will weld the 
engineers more closely together and inspire and encourage them 
to greater and more constructive unified efforts in the interests 
f humanity. Of all men the engineer should take a large and 


1 Presidential Address, at the Annual Meeting, New York, N.Y., 
November 30 to December 4, 1931, of THe AMERICAN Society oF 
MECHANICAL ENGINEERS. 


The Engineer Militant 


By ROY V. 


WRIGHT 


intelligent interest in helping to control all of the forces which 
have been set up as the result of our more complicated existence 


in this era of mass production. The very success of our nation 
depends upon the intelligence of its citizens and the extent to 
which they use this intelligence in working out problems of 
government—and these problems are steadily and rapidly he- 
coming more serious. 

Is it not strange, under these conditions, that students are 
being graduated from our colleges and universities, many of 
which are supported largely by public funds, without having 
any clear understanding of the elements of citizenship, or how 
they can best serve their communities and country? Engineers 
must take these responsibilities more seriously—as individual 
citizens or as groups in assisting their localities in city and 
county planning, or collectively by taking a larger part in public 
affairs of the state and nation. 

We can, for instance, well take pride in and ought to support 
generously and with enthusiasm the work of the American 
Engineering Council, which represents the engineer in public 
affairs and has done so much also to bring the engineering atti- 
tude to bear in important economic studies. One of our mem- 
bers, L. P. Alford, was recently awarded the Gantt Medal, 
partly, at least, because of the outstanding part that he has 
taken in the making of these engineering economic studies in 
the public interest. Our President-Elect, Conrad N. Lauer, 
was mindful of the engineers’ responsibility for public service 
when he founded the Hoover Medal, the purpose of which, in 
the words of President Hoover, “is to mark the public service 
of men who have gone outside their strictly professional work 
to interest themselves in civic and humanitarian affairs.”’ 


ELEVATING PROFESSIONAL STATUS 


Study and discussion of the report on the status of the mechani- 
cal engineer, which was so ably prepared under the direction 
of a committee headed by President-Elect Lauer, indicate that 
there are possibilities of greatly improving the status of the 
engineer, which almost automatically should bring home to 
him more forcefully his responsibilities to the community at large. 

If this is to be done thoroughly, however, it means a rebuild- 
ing of our structure from the very foundation. One of the evi- 
dences of an intelligent appreciation of this is the fact that more 
and more thought is being given to the better selection of young 
men who enter our engineering schools. In some instances mem- 
bers of the faculties of engineering colleges are getting in touch with 
the high-school authorities and are trying to locate, particularly 
through the science teachers, boys who seem to be particu- 
larly well adapted for engineering and who should be encouraged 
to enter that profession. Stevens Institute of Technology, 
under the direction of its president, Dr. Harvey N. Davis, also 
one of our vice-presidents, this last summer gathered a group 
of junior-high-school students at its camp in northern New 
Jersey, with a view to giving them a thorough understanding 
of what engineering is, and of the requirements for success in 
its various phases; at the same time an attempt was made 
scientifically to study and analyze each boy, with a view to en- 
couraging those who were specially fitted for engineering to 
enter that profession. 


Ovur StrupENnt BRANCHES 


Our Society has done good work with its Student Branches, 
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but has not approached the problem with the same type of states- 
manship as in the supervision of the Local Sections and the 
Professional Divisions. The committee in charge of this work 
is to be congratulated upon the forward step that it is now tak- 
ing. The experiment with the new set-up is at present confined 
to 15 Student Branches in the Southeast, but there are good 
reasons even now to believe that it will be a success and that, 
when extended to all of our Student Branches, it will more 
closely integrate the activities of our Society with the engi- 
neering colleges. Rightly directed, this means that it can be 
of very great assistance to the engineering faculties and students 
in a practical way, and will help greatly to develop a proper 
professional consciousness among the students; it should also, 
almost automatically, bring these young men into the member- 
ship of the Society. We have to too great an extent neglected 
these students. It will mean much to them if in the course of 
their training they can touch elbows with the experienced and 
practical engineer. Indeed, their future success depends largely 
upon the extent to which we reach out a helping hand to them 


Tue Junior MEMBERS 


We have been so intent and so serious in promoting our tech- 
nical programs that we have lost sight of some of the large op- 
portunities for strengthening the Society and insuring its future 
stability. What, for instance, have we done in a constructive 
way to encourage and help the young graduate engineer? He 
needs our friendship as well as our helpful interest and encourage- 
ment. If he has come to our meetings, too frequently we have 
paid little or no attention to him, or have given him the cold 
shoulder. This neglect has not been intentional. We have 
simply failed to see the young man and to realize how much he 
needs coaching and encouragement; and too often we have 
lost him from our membership, possibly never to return. It 
is a question as to whether any other activity needs our atten- 
tion so much at this time as the development of constructive 
and aggressive plans to assimilate the Juniors into our activities. 
They need us, but we need them with their youth, enthusiasm, 
aggressiveness, and courage. And then, too, this is one of the 
very foundation stones for building a larger and stronger pro- 
fessional consciousness. 


CoLp AND INEFFICIENT 


Engineers are not cold-blooded. Indeed, as we come to 
know each other as individuals, we find that we are intensely 
human. For some reason, however, our meetings have lacked 
much of that spirit of warmth and good-fellowship which is so 
vital if we are to come to understand each other better and to 
be mutually helpful to as great an extent as possible. Judging 
from numerous comments that I have received, many members 
fail to attend meetings because of the lack of this spirit. Some 
of our Local Sections are deliberately organizing to introduce a 
spirit of good-fellowship into their meetings. 

We have been careless also in attending to the appointments 
and details which go to make the technical handling of the 
meetings a success. It is not enough to find some one who will 
prepare a paper or make an address, send out a formal notice 
to that effect, and then perfunctorily carry out the program. 
Staging a successful technical meeting is an art. Incidentally, 
even an experienced speaker has difficulty in overcoming some 
of the handicaps that are thoughtlessly placed in his way. Even 
a machine must be treated with reasonable consideration, but 
fine discrimination must be used with a human being if he is 
to give the best that isin him. Oh! how careless and thought- 
less some of our members and groups can be—and never even 
realize it! Surely a profession that prides itself upon elimi- 
nating waste and increasing efficiency in industrial operations 
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can master the technique of putting over successful technical 
programs. 

We have not made the best of jobs in selling ourselves, either 
to the mechanical engineers who are not members of our Society 
or to the public. We can well take a lesson from the construc- 
tive piece of publicity work that has been done by the chemi- 
cal engineers. Few things will do more to enhance our prestige 
or develop a larger professional consciousness than a carefully 
planned publicity campaign—and, personally, I believe this can 
well be done by the engineering societies jointly. It will cost 
money, but, wisely directed, should far more than pay for itself 


Enainegers, Not 


Up to this point I have carefully refrained from mentioning 
the mechanical engineer as such. Not that I am not proud 
of the profession and of this great Society which so ably repre- 
sents it, with its multitudinous and far-flung activities. Basically 
however, we are engineers, having the same fundamental train- 
ing and, in a large way, the same objectives as other branches 
of engineering. We are seeing recognition of this in the fact 
that engineering colleges more and more are thinking in terms 
of the engineer rather than of the specialist. We see it in the 
extent to which graduate engineers shift from one type of engi- 
neering to another. We see it in the tendency for specialized 
groups of engineers in a community to combine in federations 
or all-inclusive clubs, each type of engineering functioning as 
& group within the larger group. We see it again in the extent 
to which our national engineering societies more and more are 
engaging in joint activities—in technical meetings, in our Engi- 
neering Societies Library, in public service through the Ameri 
can Engineering Council, and now, let us hope, in a joint pro- 
gram looking toward the elevation of the status of the engineer. 

Many years ago one of our most honored members, a past- 
president, Ambrose Swasey, made possible the formation of the 
Engineering Foundation. With clear vision and unfaltering 
step he has never lost faith in this joint activity for the promo- 
tion of engineering research. Within recent months he has 
generously added to his already liberal contribution to this pro)- 
ect—a challenge to all of us to put forth greater efforts in this 
worthy joint activity. 

Rapid shifts which have taken place in our industrial and 
economic life in this era of mass production have brought home 
to us in no uncertain manner the fact that the engineer must 
be so trained that he can readily adapt himself to new and 
greatly changed conditions. Indications are that such changes 
may be even more numerous and radical in the days to come 
Just as business and industry should protect the worker by 
cooperation to provide a continuous training throughout his 
service life, in order that he may keep up with the advancement 
of skill in his craft, so the engineer must have a broad basic 
training in order that he may readily adjust himself to new 
and unforeseen requirements. This again emphasizes the fac' 
that we should train engineers—not specialists. 


ENGINEERS! 


Vice-President Ralph E. Flanders has recently published « 
book entitled, “Taming Our Machines.” He is not a pessi 
mist. Indeed, those of us who know him well have been im- 
pressed by his optimism and his enthuiastic, constructive att! 
tude. He is a builder, not a wrecker. Listen to this challeng: 
from the last chapter of his book: 

If our age of machines cannot assure, on the whole, a steady an‘ 
considerable flow of sustenance and the opportunity for leisure fo: 
all who are able and willing to work, it has failed in the end whic! 
it was best adapted to serve. The whole social fabric built upon 


our machines wiil then slowly crumble and decay. 
The process of decay, however, will be hastened by direct attacks 
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which are being organized at this moment. The political battles 
of the present and future are visibly concentrating about our economic 
failures. If we, who are the sponsors of the machines and of the 


industrial society built upon them, can successfully organize them 
to the ends of genera] human satisfaction, and if we can join to our- 
selves the other groups whose cooperation is essential, or if we can 
join ourselves to them in some effective way, then this civilization 
which we have built will endure. Otherwise it will perish. No 
mere defensive tactics will avail in this critical undertaking. 


Stuart Chase calls for philosopher engineers, but we need 
something more than this. We need militant engineers—ag- 
gressive and constructive—who will enthusiastically devote 
their energies to building up the engineering profession, raising 
it to higher levels, and will vigorously take the offensive in help- 
ing to find a solution of some of the great economic problems 
which we are now facing 
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The American Society of Mechanical 


ngineers 


r I NHE personnel records and other information presented in 
this first section of the Record and Index refer, except where 
otherwise noted, as in the case of Local Section and Student 

Branch chairmen, to the official year beginning in December, 

1930. Such information is purely of historical nature and is in- 

cluded here as a permanent record. Further information was 

published in the Membership [ist for 1931. 


Officers and Council 
Dates in parentheses denote expiration of terms 
PRESIDENT 
Roy V. Wricat 
PAST-PRESIDENTS 
Terms expire in December 
Wituram F. Duranp (1931) CHARLES M. Scuwas (1933) 
L. Anport (1932) ALEX Dow (1934) 
Prez (1935) 
VICE-PRESIDENTS 
Terms expire December, 1932 


Harvey N. Davis 
A. HaNnLey 
Tuomas R. WeymovutH 


Terms expire December, 1931 
Paut Dory 
Raupu E. FLANDERS 
Ernest L. JAHNCKE 
Conrab N. LAvVER 
MANAGERS 


Terms expire December, 1931 Terms expire December, 1932 


V. Cops 
James CUNNINGHAM 
CLARENCE F, 


CHARLES M. ALLEN 
Ropert M. Gates 
Evy HutcHrnson 
Terms erpire December, 1933 
L. Barr L. Hersert L. Wairremore 
TREASURER SECRETARY 
Ertk OBERG Catvin W. Rice 
EXECUTIVE COMMITTEE OF COUNCIL 


Harvey N. Davis 
Ropert M. Gates 
L, Batr 


Roy V. Wricut, Chairman 
Conrap N. Laver, Vice-Chairman 
Catvin W. Rice, Secretary 


Advisory Members: Chairmen of the Finance Committee, the 
Local Sections Committee, and the Professional Divisions Committee. 


CHAIRMEN OF STANDING COMMITTEES 
Representatives on Council but without vote 


Relations with Colleges, M. C. 
MAXWELL 

Education and Training for 
Industries, R. L. Sackerr 

Library, A. S. MILLER 

Standardization, L. K. 

Research, Wm. Revuspen WeEs- 
STER 

Power Test Codes, F. R. Low 

Safety, H. W. Mowery 

Professional Conduct, 
HuNTER 


Finance, F. A. Scuarr, Chairman 
Davip Lorts, Vice-Chairman 
Meetings and Program, G. M. 

EaTon 
Publications, F. V. Larkin 
Membership, F. A. WALDRON 
Professional Divisions, H. W. 
Brooks 
Local Sections, H. R. Westcotr 
Constitution and By-Laws, A. 
D. BLAKE 
Awards, H. L. Spwarp 


EXECUTIVE SECRETARY EDITOR 
E. Davies Gerorce A. STeTson 
ASSISTANT SECRETARIES 


Ernest HartTForD 
C. B. LePace 


JOHN 


Standing Committees 
Dates in parentheses denote expiration of terms 
FINANCE 
F. A. Scuarr, Chairman and Representative on Council (1931) 
Davip Lorts, Vice-Chairman (1932) Joun H. LAWRENCE (1934) 
L Martin (1933) E. A. (1935) 


Council Representatives: 
H. V. Cogs (1931) 
C. Hvutcninson 


MEETINGS AND PROGRAM 
G. M. Eaton, Chairman and Representative on Council (1931) 
F. M. Ferker (1932) C. P. Burss (1934) 
J. W. Parker (1933) R. I. Rees (1935) 
PUBLICATIONS 
F. V. Larkin, Chairman and Representative on Council (1931) 


W. H. WinTeRROwD (1932) S. F. Voornegs (1934) 
L. C. Morrow (1933) Ss. W. Dup.ey (1935) 


(Personnel of Special Committee, p. 11) 
MEMBERSHIP 


F. A. Waupron, Chairman and Representative on Council (1931) 


H. W. Butier (1932) Orto E. Go_pscumipt (1934) 
Hosea WessTer (1933) Henry A. LARDNER (1935) 


(1932) 


PROFESSIONAL DIVISIONS 
H. W. Brooks, Chairman and Representative on Council (1931) 
W. F. Drxon (1932) C. B. Peck (1934) 
P. T. Sowpen (1933) W. A. SHovupy (1935) 
(Chairmen of Professional Divisions’ Erecutive Committees, p. 11) 


LOCAL SECTIONS 


Harry R. Westcorr, Chairman and Representative on Council (1931) 


CHARLES W. BENNETT (1932) Jires W. Haney (1934) 
James M. Topp (1933) Wa. Lyte Duptey (1935) 


(Chairmen of Local Sections’ Executive Committees, p. 11) 
CONSTITUTION AND BY-LAWS 
A. D. Buake, Chairman and Representative on Council (1931) 
Tuos. C. McBripe (1932) H. H. SNELLING (1934) 
R. S. Neat (1933) P. R. FayMonvitie (1935) 
AWARDS 


Sewarp, Chairman and Representative on Council (1931) 


F. L. ErpManwn (1934) 
W. L. Batr (1935) 


H. L. 


A. M. Greene, Jr. (1932) 
H. (1933) 


RELATIONS WITH COLLEGES 
M. C. MaxweE Chairman and Representative on Council (1931) 


. B. Prentice (1932) W. L. Assporr (1934) 
. Cuurcn, Jr. (1933) Lewis F, Gorpon (1935) 


(Student Branches and Honorary Chairmen, p. 11) 
EDUCATION AND TRAINING FOR THE INDUSTRIES 
R. L. Sackxerr, Chairman and Representative on Council (1934) 

D. C. Jackson (1931) H. 8. Faux (1933) 
Joun T. Fare (1932) C. F. Bartey (1935) 
LIBRARY 


ALTEN 8S. Mituer, Chairman and Representatite on Council (1931) 
Gerorce F. Bateman (1932) E. P. WorpeEn (1934) 
W. M. Keenan (1933) Tre Secretary, Carvin 
Rice 
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RESEARCH 


Organized 1909, to “supervise all research activities, collaborating 
with committees of kindred societies, and obtaining results of re- 
searches conducted in the U. S. and other countries 
W. Reuspen Wesster, Chairman and Representative on Council (1931) 
W. H. FuLwerer (1932) A. Potrer (1934) 
D. Barry (1933) F. C. Biacert, Jr. (1935) 


STANDARDIZATION 


Organized April, 1911, to supervise all standardization activities of 
the Society. Cooperates with American Standards Association 
L. K. Srtucox, Chairman and Representative on Council (1932) 


H. B. Taytor (1931) E. Buckin@Ham (1934) 
W. S. Monroe (1933) B. H. Bioop (1935) 


POWER TEST CODES 
Organized December, 1918, to revise and extend the Power Test Codes 


of the Society. The Codes had been formulated by various committees 
appointed from 1886 to that date 


Frep R. Low, Chairman and Representative on Council (1935) 
Term Expires 1981 Term Expires 1932 


A. G. CHRISTIE H. Cooke 

P. E. R. Fisx 
C. E. Lucke O. P. Hoop 
G. A. Orrok H. B. Oatiey 


W. M. Wuite W. J. WoHLENBERG 


Term Expires 1933 Term Expires 1934 


E. H. Brown C. H. Berry 
I. E. Mouttrop F. HopGkKINnson 
G. A. Horne D. 8. Jacosus 
L. 8S. Marks L. F. Moopy 
E. N. Trump E. B. Ricketts 

Term Expires 1935 
F. R. Low C. F. HrrsHrevp 
A. T. Brown R. J. S. Pigotr 
R. H. 

SAFETY 


Appointed October, 1921, to extend knowledge of safety, to promote 
cooperation in this field and to supervise all safety code activities of 
Society with exception of those of Boiler Code group of committees 
H. W. Mowery, Chairman and Representative on Council (1933) 

L. R. Patmer (1931) T. A. Wausn, Jr. (1934) 


L. Price (1932) M. H. CuristopHEerson (1935) 
PROFESSIONAL CONDUCT 


Joun Hunter, Chairman and Representative on Council (1931) 


WituraM B. Power (1932) H. S. Pariprick (1934) 
A. G. Curistig (1933) D. Rospert YARNALL (1935) 


Special Committees 
BOILER CODE 


CHARLES E. Gorton 
ARTHUR M. GREENE, JR. 
Frank B. 


Frep R. Low, Chatrman 
D. 8. Jaconus, Vice-Chairman 
C. W. Osert, Honorary Secretary 
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M. Jurist, Acting Secretary J. O. Legcu 

H. E. Epwarp F. MILuer 
Wa. H. M. F. Moors 
FRANK S. CLARK I. E. Movu.trrop 
Francis W. Dean C. O. Myers 


W. F. Duranp 
Epwarops R. 
Vincent M. Frost 


JAMES PARTINGTON 
C. L. Warwick 
H. LeRoy Wuitngy 


Honorary Members 


Tuomas E. DurBan 
L. Huston 


WituraM F. Krieset, Jr. 
H. H. VauGHan 


TELLERS OF ELECTION FOR OFFICERS 


W. J. Harczst 


Henry V. Opera 


Pour S. ATKINSON 


REGULAR NOMINATING COMMITTEE 


GROUP REPRESENTATIVE ALTERNATE 
I S. J. TELLER R. E. Newcoms 
F. S. CLark 
ll C. P. ToLMAN A. A. ADLER 
III HarTE CooKE ALFRED DDLES 
F. A. ALLNER 
IV W. R. Wootricu, Secretary D. E. Kenor 
V A. E. Waits, Chairman W. M. Taytor 
VI W. C. LiInpEMANN C. A. Herrick 
VII DENNISTOUN Woop A. J. Dicktg 
R. L. Manon 


LOCAL SECTIONS IN NOMINATING COMMITTEE GROUPS 


GROUP I 
Boston New Haven 
BRIDGEPORT NORWICH 
GREEN MouUNTAIN PROVIDENCE 
HARTFORD WATERBURY 
MERIDEN Western Mass. 
New Britain WoRcESTER 

GROUP II 


METROPOLITAN (N. Y.) AND ForEIGN 


GROUP UI 
ANTHRACITE-LEHIGH VALLEY RocHESTER 
BALTIMORE SCHENECTADY 
CENTRAL Pa. SUSQUEHANNA 
ONTARIO SYRACUBE 
PHILADELPHIA Utica 
PLAINFIELD Wasuinoton, D. C. 

GROUP IV 
ATLANTA KNOXVILLE 
BIRMINGHAM MeMpHIS 
CHARLOTTE New ORLEANS 
CHATTANOOGA Norts Texas 
FLORIDA RALEIGH 
GREENVILLE SAVANNAH 
Houston VIRGINIA 
GROUP V 
AKRON-CANTON INDIANAPOLIS 

BUFFALO LovuIsvVILLB 
CINCINNATI PENINSULA 
CLEVELAND PITTSBURGH 
CoLUuMBUS ToLepo 
DAYTON West VIRGINIA 
DETROIT YOUNGSTOWN 

GROUP VI 
CHICAGO Rock River VALLEY 
Kansas City St. JosepH VALLEY 
Mip-ConTINENT Sr. Louis 
MILWAUKEE Sr. Pau. 
MINNEAPOLIS Tri-CitT1es 
NEBRASKA 

GROUP VII 
COLORADO San FRANCISCO 
INLAND EMPIRE UTaH 
Los ANGELES WesTERN WASHINGTON 
OREGON 

REVENUES 


E. FLANDERS 
Conrap N. LavER 
Errx OserG 

James L. WaLsH 


W. L. Bart, Chairman 
James D. CUNNINGHAM 
Dexter S. 


BUDGETING POLICY COMMITTEE 


E. Fuanpers, Chairman C. F. 
J.D. Cunninouam, Vice-Chairman Logs 
W. L. Assotr Harry R. Westcotr 
Harowp V. Cogs 
Errx Opera, Treasurer 
F. A. Scuarr, Chairman, Finance Committee 
W. L. Bart, Chairman, Revenues Committee 
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ECONOMIC STATUS OF THE ENGINEER Section Executive Committee Chairmen 
Minneapolis . C. F. SHoop 
Nebraska .. C. F. Mouton 
W. A. New Britain H. Hau 
H. L. 
New Haven . G. R. Hotmes 

James M. Topp, representing a 

Committee on Local Sections New Orleans . G. R. Hammett 

North Texas . ScHMIDT 


Norwich. . . Wa. H. Buck 


F. R. Low, Chairman Geo. A. Orrok Oregon. M. C. PHILuips 
Roy V. Wrieut, Vice-Chairman Joun R. Freeman Peninsula F. H. Meyer 
Raupu E. FLANDERS Philadelphia K. M. Irwin 
Pittsburgh Van A. Regp, Jr. 


Conrapb N. Lausr, Chairman Henry B. Oatiey 
C. F. 
Dexter S. 


Wm. FE. WicKENDEN 


Professional Divisions 


For complete personnel of executive and subcommittees consult 1931 


Division 
Aeronautic . 
Applied Mechanics 


Fuela .. 
Hydraulic 

[ron and Steel . 
Machine-Shop Practice 
Management . 
Materials Handling 
National Defense . 
Oil and Gas Power 
Petroleum . 
Power... 
Printing Industries 
Railroad . 

Textile .. 

Wood Industries 


Membership List 


Executive Committee Chairmen 


.Eumer A. Sperry, Jr. 
_A. L. 


W. J. WoHLENBERG 
E. M. Brezp 

W. Trinxks 

F. C. 
Wa. B. Ferauson 
F. D. 
James L. 
L. R. Forp 

W. G. 

W. F. Ryan 

E. P. Hutss! 
SUMNER 
Paut A. MBRRIAM 


.Tsomas D. Perry 


Local Sections 


For complete personnel for 1930-1931 and further information consult 
1981 Membership List 


Section 


Akron-Canton . 
Valley 
Atlanta 
Baltimore 
Birmingham 

Boston 

Bridgeport 

Buffalo 

Central Pennsylvania 
Charlotte 
Chattanooga 
Chicago . 
Cincinnati 

Cleveland 

Colorado 

Columbus 


Green Mountain 
Greenville 
Hartford 
Houston . 
Indianapolis 
Inland Empire 
Kansas City 
Knoxville 

Los Angeles 
Louisville 
Memphis 
Meriden . : 
Metropolitan . 
Mid-Continent . 
Milwaukee . 


Executive Committee Chairmen? 


H. E. Coox 
F. L. Moors 
L. F. Gorpon 


_F. L. Lermics 


F. H. Crockarp 
. D. ENGiE 

. Monroe 

. HARRINGTON 
. ALLEN 

. Potrer 
ELL SANDERS 

. CoLe 

. W. Harrison 
. GITHENS 

. Prouty 

. Buss 

. Rrpscx 
GLADDEN 

. DARNER 
st KREHER 

. Stupss 
. Kerr 

. PAINE 
. BATEs 

. TAYLOR 
_B. Hover 
. L. Hugues 
“C. WHITE 
. T. Hotmes 
. M. 


BRIGMAN 
EpWaARDs 
K. W. Decuerp 


_A. T. Brown 
J. Kerr 
.Hans DAHLSTRAND 


Plainfield . 
Providence 
Raleigh 

Rochester . . 
Rock River Valley 
St. Joseph Valley 
St. Louis 

St. Paul . 

San Francisco. 
Savannah 
Schenectady 
Susquehanna 
Syracuse . 

Toledo 

Tri-Cities 

Utah .. 

Utica . . 
Virginia . . 
Washington, D. C. 
Waterbury . 
Western Massachusetts 
West Virginia 
Western 
Worcester .... 
Youngstown 


P. F. NypEGGER 
P. N. KistTLer 
L. L. VAUGHAN 
L. P. 
W. M. Dunporg 
. C. Witcox 

. A. Peck 

. B. Curry 

. G. SHEIBLEY 
. E. Kenor 

. W. Howarp 
. J. FisHer 
Devutsca 
. V. MARTIN 


AN 
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ArTuuR ErRIcKson 
WaLTER CLEMENT 
V. SERBELL 

I. H. 
W. K. Smwpson 
R. E. Newcoms 
C. E. Buiven 


.W. L. Dupiey 
W. 
G. ArMsTRONG 


Student Branches 


For further information consult 1981 Membership List 


Name and Location 


Akron, Univ. of, Akron, Ohio . . 
Alabama Polytechnic Inst., Auburn, Ala. ; 
Alabama, Univ. of, University, Ala... 
Arkansas, Univ. of, Fayetteville, Ark. . . 
Armour Inst. of Technology, Chicago, Ill. 
Brooklyn, Polytechnic Inst. of, — : 
Brown Univ., Providence, R. I. ; 
Bucknell Univ., Lewisburg, Pa. 
California Inst. of Technology, Pasadena. 
California, Univ. of, Berkeley, Calif. 
Carnegie Inst. of Tech., Pittsburgh, Pa. . 
Case School of Applied Science, Cleveland 
Catholic Univ. of America, Washington 
Cincinnati, Univ. of, Cincinnati, Ohio . . 
Clarkson College of Tech., Potsdam, N. Y. 
Clemson College, Clemson College, S. C. . 
Colorado Agricultural College, Fort Collins 
Colorado, Univ. of, Boulder, Colo. 
Columbia Univ., New York, N. Y. 

Cooper Union, New York, N. Y. 

Cornell Univ , Ithaca, N. Y. . 

Delaware, Univ. of, Newark, Del. 

Detroit, Univ. of, Detroit, Mich. 

Drexel Inst., Philadelphia, Pa. 

Florida, Univ. of, Gainesville, Fla. . 
George Washington Univ., Washington, D. Cc. 
Georgia School of Technology, Atlanta, Ga. 
Harvard Univ., Cambridge, Mass. 
Idaho, Univ. of, Moscow, Idaho. 

Illinois, Univ. of, Urbana, III. 

Iowa State College, Ames, Ia. 

Iowa, State Univ. of, Iowa City, Ia. 

Johns Hopkins Univ., Baltimore, Md. 
Kan. State Agricultural College, Manhattan. 
Kansas, Univ. of, Lawrence, Kan. 


Honorary Chairmen’ 


.F. 8. Grirrin 
.Soton Drxon 
_J. M. 


J.T. Srrate 


_J. C. 


J. E. 


.J. A. Haun 
. Frank E. 
.W. H. 


H. B. 
T. G. Estep 

Cc. L. Tuvs 

G. H. Herne 

J. W. BuntTiInG 
Jess H. Davis 
C. P. 
L. D. 
FRANK 
F. L. ErpMann 
G. F. Bateman 


.C. O. Mackgy 
.J. L. Corie 


F. J. LINSENMEYER 

C. V. Hanw 

P. O. YEATON 
Watrter B. Lawrence 


.Ray M. Matson 


L. 8S. Marks 


_H. F. Gauss 


Cc. W. Ham 
R. A. NorMAN 
M. Barnes 


_A. G. Curistre 


J. P. CALDERWOOD 
8S. Tart 


1 March, 1931; A. C. Jewett appointed to complete term: 


Resigned 
* Term of office, July, 1890 1931. In office December 31, 1931. 
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Name and Location 


Kentucky, Univ. of, Lexington, Ky. 


Lafayette College, Easton, Pa. 
Lehigh Univ., Bethlehem, Pa. 
Louisiana State Univ. 


Lowell Textile Inst., 
Maine, Univ. of, Orono, Me. . 


Marquette Univ., Milwaukee, Wis. 


, Baton "Rouge, La. 
Louisville, Univ. of, Louisville, Ky. 
Lowell, Mass. 


Mass. Inst. of Technology, Cambridge . 
Michigan College of Mining and Technology, 


Houghton, Mich. 


Michigan State College, East L ansing, Mic h. 
Michigan, Univ. of, Ann Arbor, Mich. 
Minnesota, Univ. of, Minneapolis, Minn. . 
A. & M. College. 
Missouri School of Mines and meeciiiase 
. . . .R. O. Jackson 
_J. R. WHARTON 
.R. T. CHALLENDER 


Mississippi A. & M. College, 


Rolla, Mo. 


Missouri, Univ. of, Columbia, Mo. 


Montana State College, Bozeman, Mont. 


Nebraska, Univ. of, Lincoln, Neb 


Nevada, Univ. of, Reno, Nev. 


Newark College of Engineering, Newark, 


N. J. 


New Hampshire, Univ. of, Durham, N. H. 
New York, College of City of, New York 
New York, N. Y. . 


New York Univ., 


North Carolina State College, Raleigh, N 


North Carolina, Univ. of, Chapel Hill, N.C. 
North Dakota Agricultural ( ‘ollege, Fargo, 


N. D. 


North Dakota, ‘Univ ‘of, Grand Forks, 


N. D. 
Northeastern Univ., 
Ohio Northern Univ., Ada, Ohio 
Ohio State Univ.., 


, Boston, Mass. 
Notre Dame, Univ. of, Notre Dame, Ind. 


Columbus, Ohio. . . 
Oklahoma A.&M. College, Stillwater, Okla. 
Oklahoma, Univ. of, Norman, Okla. 
Oregon State Agricultural College, Corvallis . 
Pennsylvania State College, State College 


Pennsylvania, Univ. of, Philadelphia, Pa. 


Pittsburgh, Univ. of, Pittsburgh, Pa. 
Porto Rico, Univ. of, Mayaguez, P. R. 


Pratt Inst., Brooklyn, N. Y. 
Princeton Univ., Princeton, N. J. 


Purdue Univ., W. Lafayette, Ind. 
Troy, } 
Rhode Island State College, Kingston, R. I. 


Rensselaer Polytechnic Inst., 


Rice Inst.. Houston, Tex. . 
Rose Polytechnic Institute, 
Ind. 


Rutgers Univ., ‘New Brunsw ick, N. J. 
Santa Clara, Univ. of, Santa Clara, Calif. 
South Dakota, Univ. of, Vermilion, S. D. 
Southern California, Univ. of, Los Angeles 
Stanford Univ., Stanford University, Calif. 
Stev ens Institute of Technology, Hoboken, 


N. Y. 


Swarthmore Cc ollege, Sw. arthmore, ‘Pa. 


Syracuse Univ., Syracuse, N. Y 


Tennessee, Univ. of, Knoxville, Tenn. 
Texas, A. & M. College of, College Station 
Texas Technological College, Lubbock, Tex. 


Texas, Univ. of, Austin, Tex. 


Tufts College, Tufts College, Mass. : 
U.S. Naval Academy, Post Graduate School, 


Annapolis 


Utah, Univ. of, Salt Lake City, Utah _ 
, Nashville, Tenn. 
Vermont, Univ. of, Burlington, Vt. 


Vanderbilt Univ. 


Villanova College, Villanova, Pa. 


Virginia Polytechnic Inst., Blacksburg, Vv a. 
Virginia, Univ. of, C harlottesville, Va. 
Washington, State College of Pullman,Wash. 
Washington Univ., St. Louis, Mo. . 
Washington, Univ. of, Seattle, Wash. , 
West Virginia Univ., Morgantown, W. Va. 
Wisconsin, Univ. of, Madison, Wis. . 
Worcester Polytechnic Inst., Worcester 
Wyoming, Univ. of, Laramie, Wyo. 


Yale Univ., New Haven, Conn. 


Honorary Chairmen 


.-CartTerR C. Jetr 
.Paut B. Eaton 
.M. C. Stuart 
H. Fenwick 
-H. J. Bata 


Harry 


.JoHN E. SCHOEN 


C. E. FULLER 


.R. R. SEEBER 


LAWRENCE N. 


.R.S. HaAwLey 
.B. J. ROBERTSON 


O. D. M. VaRNADO 


A. SIOGREN 
.WayNE BuEBRER 


.J. ANSEL 
.Epwarp T. Donovan 
.A. BRUCKNER 


ArtTuuR C. Coonrapt 


C. .J. M. Foster 


E. G. Horrer 


.Rosert M. Dotve 


.A. J. Diakorr 

.J. W. ZELLER 

.C. C. Wiicox 
.JOHN A. NEEDY 
.W. T. Macruper 
.V. W. Youne 

_E. F. Dawson 


R. E. SuMMERS 


.C. L. ALLEN 
.Joun A. Prior 

.S. J. Tracy, Jr. 
.Ramon GIL 

.R. B. DALE 

_A. M. Greene, JR. 
_H. L. Sotpere 

.G. K. PAtsGrove 
L. WALES 
.J. V. PENNINGTON 
Terre Haute, 

WISCHMEYER 
.R. C. H. Huck 


G. L. SULLIVAN 
M. W. Davipson 
T. T. Eyre 

C. N. Cross 


.K. Davipson 

_G. A. 
T. Harr 

.D. Waite 


J. A. TRAIL 
C. L. SVENSEN 


J. Eckuarpt, Jr. 


. MacNavuGHTon 


.P. J. Kierer 

.W. J. Core 

.F. J. Reep 

.F. H. Srptey 

.J. S. MorEHOUSsSE 
_N. W. ConnER 

.A. F. Macconocuig 


F. W. CanDEE 


.R. R. Tucker 

.R. H. G. Epmonps 

.C. R. Jones 

W. McNavut 
.Kenneta G. Merriam 
.Rost. Raoaps 

.8. W. DupLey 


A.S.M.E. Representatives on Joint Activities 
Dates in parentheses denote expiration of term 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF 


SCIENCE 
SECTION M, ENGINEERING 


R. L. DauGHEerRTy Wa. B. Grecory 


Representatives or alternates appointed according to geographical 
location of meetings 


AMERICAN ENGINEERING COUNCIL 


Terms expire January 1, 1933 
Roy V. Wriacut, Chairman, 


Terms expire January 1, 1932 
L. P. ALrorp, New York, N.Y. 


Tuomas D. Camppe.y, Hardin, New York, N.Y. 

Mont. W.S. Conant, New York, N.Y. 
WituraM B. Fercuson, Newport E. O. Eastwoop, Seattle, Wash 

News, Va. B. E. Hutz, Houston, Tex. 
CHARLES E. Feriuts, Knoxville, Jos. W. Roz, New York, N.Y. 

Tenn. WARNER SEELY, Cleveland, Ohio. 
Joun Lyte HarrinetTon, Kansas W. Trinks, Pittsburgh, Pa. 

City, Mo. E. N. Trump, Syracuse, N.Y. 
Witiram H. Kenerson, Provi- W. R. Wesster, New York, N.Y. 

dence, R.I. D. Rosert YARNALL, Phila- 
Joun H. Lawrence, New York, delphia, Pa. 


Ricuarp C. MarsHaty, Jp., 
Chicago, IIl. 

A. A. Potrer, Lafayette, Ind. 

Max Toutz, St. Paul, Minn. 


SOCIETY OF SAFETY ENGINEERS 
NATIONAL SAFETY COUNCIL 


AMERICAN 
ENGINEERING SECTION, 


H. W. Mowery Ernest HartTrorp 


AMERICAN STANDARDS ASSOCIATION 


C. P. (1931)4 
Lewis K. 


Crioyp M. CHapMAn (1933) 
K. H. Conor (alternate) 
C. B. Le Pace (alternate) 
EDUCATIONAL RESEARCH COMMITTEE 
THE ENGINEERING FOUNDATION 


Harvey N. Davis 


THE ENGINEERING FOUNDATION 

H. Hosart Porter (1932)° A. E. Wuire (1933) 
D. Ropert YARNALL (1934) 

GANTT MEDAL BOARD OF AWARD 


W. L. Conrapb Conrap N. LAVER 


Dexter S. KimBai 
GUGGENHEIM MEDAL BOARD OF AWARD 
H. I. Cone (1931) E. E. AuprRINn (1933) 
W. F. Duranp (1932) Georce W. Lewis (1934) 
HERBERT HOOVER MEDAL BOARD OF AWARD 


Dexter S. 


Catvin W. Rice 


AMBROSE SWASEY 


INSTITUTE OF HUMAN RELATIONS 
ADVISORY COMMITTEE 


H. M. Crane H. E. Howe 
E. FLANDERS J. P. Jornpon 


E. W. Ricg, Jr. Catvin W. Rice, Ex-Officio 


INTERNATIONAL ELECTROTECHNICAL COMMISSION 
U. 8S. NATIONAL COMMITTEE 


F. HopGKINSON 
E. C. Hutrcutnson 
F. R. Low 

I. E. 


C. H. Berry 
H. N. Davis 
P. Diserens 
W. F. Duranp 


. w resents the A.S.M.E. on the Executive Committee of the A.S.A. 
.M.E. a ceemeneiien from Board of United Engineering Trustees. 
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INTERNATIONAL MANAGEMENT CONGRESS 
COMMITTEE OF THE U. S. A. 


P. ALForp Carvin W. Rice 


JOHN FRITZ MEDAL BOARD OF AWARD 


The terms of office expire in October of each year 


CuarRLes M. Scuwas (1931) W. L. Asporrt (1933) 
Atex Dow (1932) CHARLES Prez (1934) 
JOSEPH A. HOLMES SAFETY 


O. P. Hoop 


ASSOCIATION 


LIBRARY BOARD 
MONOGRAPHS ADVISORY COMMITTEE 


W. A. SHoupy S. W. DupLrey 


NATIONAL RESEARCH COUNCIL 
DIVISION OF ENGINEERING 

J. 5. Picorr (June, 1931) A. E. Wuire (June, 1932) 

R. L. Streeter (June, 1933) 

ALFRED NOBLE PRIZE 

L. P. ALForp 
THE PRESIDENT’S EMERGENCY COMMITTEE ON 
EMPLOYMENT 
A.S.M.E. COOPERATING COMMITTEE 


Evy C. Hutrcuinson 

C. H. Crawrorp 

W. A. STARRETT 

Roy V. Wricut, President, A.S.M.E. 
Carvin W. Rice, Secretary, A.S.M.E 


E. FLanpers, Chairman 
S. 
J.W. Rog 

Ex-Officio: 


REGISTRATION OF ENGINEERS 
D. S. Chatrman ©. F. 


Vireit M. Patmer, Vice-Chairman J. M. Topp 
Pau, Doty Catvin W. Rice (alternate) 


SPIRIT OF ST. LOUIS MEDAL BOARD OF AWARD 


H. I. Cong 
J. L. 
Wricat 


P. peC. Bau. 
W. F. Duranp 
W. B. Mayo 


UNITED ENGINEERING TRUSTEES, INC. 


H. Hopart Porter (1932) H. V. Cogs (1933) 
Epwarps R. Fisu (1934) 


WESTERN SOCIETY OF ENGINEERS 
WASHINGTON AWARD 


James D. CUNNINGHAM (June, 1931) Juuius L. Hecur (1932) 


GENERAL ASSIGNMENTS* 


American Bureau of Welding, Advisory Board of the National Re- 
search Council, JAMES PARTINGTON. 

American Bureau of Welding, Advisory Committee on Structural 
Steel Welding, Geo. A. Orrox. 

\merican Bureau of Welding, Gas Welding Committee, James Par- 
TINGTON and C. W. OBERT. 

International High Commission, Advisory Committee to the U. 8. 
Saction, concerned with a preliminary study and compilation of 
a report on the use of Uniform Weights and Measures, RALPH 
E. FLANDERS. 

National Screw Thread Commission, LutHer D. BURLINGAME. 

Standardization Survey Committee, C. M. Scuwas, H. Bircnarp 
TayLor (alternate). 

U. 8. Department of Commerce, National Committee on Metals 
Utilization, Srantey G. Fuiace, Jr. 

U. 8. Department of Commerce, National Conference on Street and 
Highway Safety, E. J. Posserr. 

U. S. Shipping Board, Fuel Conservation Board, H. L. Spwarp. 


* The Society is also represented on a number of technical committees 
sponsored by other organizations. 


Exchange of Courtesies 


Special arrangements have been made between the A.S.M.E. and 
the following organizations whereby their members will be mutually 
accorded such courtesies as the use of reading and writing rooms, 
assistance in securing general information and in arranging to visit 
industrial plants, receipt of mail, ete. 


Austria 
Vienna. . Osterreichischer Ingenieur und Architek- 
ten Verein 
Belgium 
Bruxelles. Federation des Associations Belges d'In- 
genieurs 
Société Belge des Ingenieurs et des In- 
dustriels 
Canada 


Montreal The Engineering Institute of Canada 


Cuba 


Havana Sociedad Cubana de Ingenieros 


Crechoslovakia 

Association of Czechoslovakian Engineers 
and Architects in Praha 

Masarykova Akademie Prace 

Spolek Ceskoslovenskych Inzenyru 


Prague. . 


Denmark 


Copenhagen. Dansk Ingeniorforening 


England 

British Association for the Advancement 
of Science 

British Engineering Standards Associa- 
tion 

British Engineers Association 

Chemical Society 

The Institute of Fuel 

The Institute of Marine Engineers 

The Institute of Metals 

The Institution of Automobile Engineers 

The Institution of Civil Engineers 

The Institution of Electrical Engineers 

The Institution of Engineering Inspection 

The Institution of Mechanical Engineers 

The Institution of Mining Engineers 

Institution of Naval Architects 

The Institution of Structural Engineers 

International Electrotechnical Commis- 
sion 

The Iron and Steel Institute 

Junior Institution of Engineers 

The Royal Aeronautical Society 

The Society of Engineers 

Newcastle-on-Tyne.. North East Coast Institution of Engi- 
neers and Shipbuilders 

North of England Institute of Mining and 
Mechanical Engineers 

Newcomen Society 


London. . 


South Kensington. 


France 

l’'Association Technique Maritime et 
Aeronautique 

Société des Ingénieurs Civils de France 

Société Francaise des Electriciens 


Paris. 


Germany 


Berlin. Verein deutscher Ingenieure 


Italy 


Sindacato Nazionale Fascista delgi In- 
gegneri 


Rome. . 


Japan 
Tokyo.. 


Mexico 


Kogakkai 


Asociacion de Ingenieros y Arquitectos 
de Mexico 


Mexico City. . 


Netherlands 


The Hague . Koninklijk Instituut van Ingenieurs 
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Norway 
Scotland 
Ne ee Institution of Engineers and Shipbuilders 


in Scotland 
-South Africa 


Johannesburg....... South African Institution of Engineers 
South America 

Sociedad Colombiana de Ingenieros 
Sweden 

Svenska Teknologforeningen 
Switzerland 

Winterthur........ . Verein Schweizerischer Maschinen-In- 


dustrieller 


UNITED STATES OF AMERICA 


California 
Los Angeles........ Engineering and Architects Association 
District of Columbia 
Washington........ Society of American Military Engineers 
Plorida 
Gainesville......... Florida Engineering Society 
Illinois 
Western Society of Engineers 
Louisiana 
New Orleans....... Louisiana Engineering Society 
Maryland 
Baltimore.......... Baltimore Engineers Club 
Massachusetts 
Boston Society of Civil Engineers 
Michigan 
Missouri 
St. Louis ..Engineers Club of St. Louis 
New York 
New York .American Gas Association 
American Institute of Electrical En- 
gineers 
American Institute of Mining and Metal- 
lurgical Engineers 
American Society of Civil Engineers 
American Society of Refrigerating En- 
gineers 
American Society of Safety Engineers 
Chemists Club Library 
Columbia University Library 
New York Railroad Club 
Rochester. . .. Rochester Engineering Society 
Syracuse... .Technology Club of Syracuse 
Uties...... .Mohawk Valley Engineers’ Club 
Ohio 
Cleveland. . ...Cleveland Engineering Society 
Dayton... ..Engineers’ Club of Dayton 
Pennsylvania 
Philadelphia. ..... . Engineers Club of Philadelphia 
Pittsburgh.........Engineers Society of Western Penn- 
sylvania 
Scranton. . . Engineers Society of Northeastern Penn- 
sylvania 
Scranton Engineers Club 
Rhode Island 
Providence .. Providence Engineering Society 
Tennessee 
Nashville. ..Engineering Association of Nashville 
Washington 
Seattle... . Pacific Northwest Society of Engineers 


Spokane. 


. Associated Engineers of Spokane 
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Awards 


The Committee on Awards, given on page 9, has supervision of 
the awards of the Society under the direction of the Council. Awards 
and special funds are administered as specified in the deeds of gift or 
as may be determined by the Council from time to time. The 
following awards come within the jurisdiction of the Society. A 
list of the recipients of awards previous to 1931 will be found in the 
1930 Record and Index, pages 18-20. 

Honorary Membership, to which persons of acknowledged profes- 
sional eminence are elected by unanimous vote of Council under the 
provisions of the By-Laws and Rules. A list of honorary members is 
given on page 15. 

Life Membership, which may be conferred by the Council for dis- 
tinguished service to the Society. 

A.S.M.E. Medal, established by the Society in 1920 to be presented 
for distinguished service in engineering and science. May be awarded 
for general service in science having possible application in engineer- 
ing. Award for 1931 to Albert Kingsbury for his research and 
development work in the field of lubrication. 

Holley Medal, instituted and endowed in 1924 by George I. Rock- 
wood, Past Vice-President of the Society, to be bestowed for some 
great and unique act of genius of engineering nature that has ac- 
complished a great and timely public benefit. 

Melville Medat, established in 1914 by the bequest of Rear-Admira! 
George W. Melville, Honorary Member and Past-President of the 
Society, to be presented for an original paper or thesis of exceptiona! 
merit, presented to the Society for discussion and publication, to 
encourage excellence in papers. May be presented annually. Award 
for 1931 to A. E. Grunert for his paper entitled ‘‘Comparative Per- 
formance of a Pulverized-Coal-Fired Boiler Using Bin System and 
Unit System of Firing.” 

Spirit of Saint Louis Medal, endowed by members of the Society 
and citizens residing in St. Louis, Mo., to be awarded for meritorious 
service in the field of aeronautical engineering. This medal will be 
awarded at the discretion of the Council of the Society at approxi- 
mately three-year periods upon the recommendation of a Spirit of 
Saint Louis Medal Board of Award made up of six members, each 
appointed for a term of nine years and the terms of two members 
expiring at each three-year period. The St. Louis Section and the 
Aeronautic Division will each nominate three members. The first 
medal was awarded to Daniel Guggenheim in 1929. 

Worcester Reed Warner Medal, provision for which was made in 
the will of Worcester Reed Warner, Honorary Member of the Society, 
is to be a gold medal to be bestowed on the author of the most worthy 
paper received, dealing with progressive ideas in mechanical engi- 
neering or efficiency in management. 

Junior Award, annual cash award of $50, established in 1914, from 
a fund created by Henry Hess, Past Vice-President of the Society, 
to be presented, together with an engraved certificate, for the best 
paper or thesis submitted by a Junior Member. Award for 1931 to 
M. K. Drewry for his paper entitled ‘“‘Radiant-Superheater De- 
velopments.” 

Student Awards, two annual cash awards of $25 each, established 
in 1914, from a fund created by Henry Hess, Past Vice-President of 
the Society, to be presented, together with engraved certificates, for 
the best papers or theses submitted by Student Branch Members 
One award for 1931 to Jules Podnossoff of the Polytechnic Institute 
of Brooklyn for his paper entitled ‘‘Pressure and Energy Distribution 
in Multi-Stage Steam Turbines Operating Under Varying Con- 
ditions.” 

Charles T. Main Award, annual cash award of $150, established in 
1919 from a fund created by Charles T. Main, Past-President of 
the Society, to be awarded to a student of engineering, preferably a 
member of a Student Branch of the Society, for the best paper within 
the general subject of the ‘Influence of the Profession upon Public 
Life.’’ The exact subject is assigned by the Committee on Awards, 
subject to the approval of the Council, and is announced each year 
through the Honorary Chairmen of the Student Branches. Award 
for 1931 to Robert E. Klise of the University of Michigan for his 
paper on “Interchangeability—Its Development and Significance 
in Industry.” 


SCHOLARSHIPS AND LOAN FUNDS 

Maz Toltz: Loan Fund of $15,000 established by Major Max 
Toltz, former member of the Council of the Society, the income to 
be used for assistance to students. 

John R. Freeman: Fund of $25,000 established in 1926 by John 
R. Freeman, Past-President of the Society, the income to be used 
for travel scholarships and research. Scholarships have been 
awarded as follows: Herbert N. Eaton and Blake R. Van Leer, 1927: 
Robert T. Knapp, 1929; and Reginald Whitaker, 1931. 
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Woman's Auxiliary: Scholarship or Fellowship offered by the 
Woman’s Auxiliary to the Society to assist sons and daughters of 
members or worthy students of mechanical engineering. 


JOINT AWARDS 


The A.S.M.E. participates in three joint awards, the Herbert 
Hoover Medal, the John Fritz Medal, and the Washington Award. 


Tue Hersert Hoover Mepau 


The Hoover Gold Medal was instituted in 1930 to commemorate 
the civic and humanitarian achievements of Herbert Hoover and 
the first award was made to Herbert Hoover on April 8, 1930. From 
time to time the medal will be awarded by engineers to a fellow 
engineer for distinguished public service. 

The trust fund creating the award was the gift of Conrad N. 
Lauer, of Philadelphia. The American Society of Mechanical 
Engineers is the custodian of the fund, which is administered by a 
Board of Award composed of representatives appointed by the 
American Society of Civil Engineers, the American Institute of 
Mining and Metallurgical Engineers, The American Society of 
Mechanical Engineers, and the American Institute of Electrical 
Engineers 


Tue Fritz Mepau 

The John Fritz Medal was established in August, 1902, by the 
professional associates and friends of the late John Fritz, Past- 
President and Honorary Member of the A.S.M.E., to perpetuate the 
memory of his achievement in industrial progress. 

The medal! is awarded not more than once each year for notable 
scientific or industrial achievement, with no restrictions on account 
of sex or nationality. The award is made by a Board of sixteen, four 
representatives from each of the four national engineering societies, 
the A.S.C.E., A.I.M.E., A.S.M.E., and A.1.E.E. 


Tue WASHINGTON AWARD 

The Washington Award was founded in 1916 by John Watson Al- 
vord, to be awarded annually by the Western Society of Engineers 
upon the recommendation of a Commission compused of nine repre- 
sentatives of that society and two representatives of each of the four 
national engineering societies, the A.S.C.E., A.1.M.E., A.S.M.E., and 
A.I.E.E. It is bestowed in recognition of devoted, unselfish, and 
preeminent service in advancing human progress through engineering. 

The award for 1931 was made to Ralph Modjeski for his con- 
tribution to transportation through superior skill and courage in 
bridge design and constriction. 


Honorary Members 


HONORARY MEMBERS IN 
PERPETUITY 
ALEXANDER Lyman HO.Ltey, 
the Society. Died 1882. 
JoHn Epson Sweet, Founder of the Society. 
Died 1916. 
Henry Rossiter 
of the Society. 
DECEASED HONORARY MEMBERS 
ELECTED 
1880 
1905 
ISS6 
ISS4 
1891 
Bram- 
1908 
1900 


Founder of Joun Fritz . 
Major - GENERAL 
FRANZ GRASHOF . 


WoRrTHINGTON, Founder Orro HALLAUER . 


Died 1880. 


DIED 
1889 
1913 
1907 
1893 
1898 


JosepH Hrrscu 
Horatio ALLEN Ira N. Houuis 
Str ARROL 
Sir Bensamin BAKER 
JOHANN BAUSCHINGER 
Str Henry BesseEMeR 
Str Freperick Josern 
JouN ALFRED BRASHEAR 
GusTaVE CANET . 
ANDREW CARNEGIE 1907 
DaNnieEL KINNEAR CLARK . 1882 
Rupoteps Juuivs EMMANUEL 
CLAUSIUS . . 1882 
Sir Coope .1889 
PETER COOPER . 1882 
Cari GustaF Patrik pe 1912 
1912 
James DREDGE 1886 
Vicror .1S886 
Tomas Epison 1904 
ALEXANDRE GusTAVE 1889 
MARSHAL FERDINAND 1921 


BENJAMIN 
WwooD 
Henri 


1903 
1920 
1908 
1919 
1896 


ANATOLE MALLET 


ReEAR-ADMIRAL 
LACE MELVILLE 


1888 
1892 
1883 
1913 
1913 
1906 
1913 
1931 
1923 
1929 


FrRANz REULEAUX 
HENRI 
ScHNEIDER 


Henri TRESCA 


Sir CHARLES Dovatas Fox 
WASHINGTON GOETHALS 


Haynes 
Frrepricn Gustav HERRMANN. 1884 
Gustav HIRN 


Rosert Hunt 
FRANKLIN 


Erasmus DARWIN LEAVITT 


H. MANNING 
Greorce WaL- 


Tue Honorasie Str CH \RLES 
ALGERNON PARSONS . 
CHARLES TALBOT PORTER 
Avueuste C. E. Rateav. 

Str Epwarp J. Reep . 


ADOLPHE - EUGENE 
C. SIEMANS . 


Viscount Er-icn1 Saisvsawa 1929 
Henry Rosinson Towne . 


ELECTED 
1886 
1925 
1900 

. 1897 


DIED 
1897 
1929 
1913 
1914 


ELECTED DIED 

1900 §=1921 

.1900 =1913 
GEORGE 


Francis A. WALKER . 

Worcester Reep WARNER . 
Srr Henry WBSITE . 
1917 1928 GeorGe WESTINGHOUSE 
1893 
1883 
1907 
1907 
1890 
1901 
1930 
1923 


LIVING HONORARY MEMBERS 


ELECTED 
As- 
1911 
1925 


1882 
1889 
1928 
1920 


Sir AvupLeY FREDERICK 
PINALL ... 
WaALLAcE ATTERBURY 
MortTIMER Etwyn Coo.ey 1928 
CHARLES DE FREMINVILLE .1919 
Rear-ApMIRAL STANISLAUS 
GRIFFIN. . . ~1930 
NATHANAEL GREENE Herresuorr . .1921 
HerBert CLarK Hoover. 1925 
Masawo Kamo 1929 
Henri Le CHATELIER . ~1927 
GRANDE ING. P1o PERRONE. 1920 
Catvin WInstow Rice 1931 
PaLMER C. RICKETTS 1931 
CuHaRLes M. Scowaps 1918 
AMBROSE SWASEY 1916 
THOMSON . 1930 
WILt1AM CAWTHORNE UNWIN 1898 
Samvet MatTruEews VAUCLAIN 1920 
OsKAR VON MILLER 1912 
Rieut HonoraBie Lorp WEIR 1920 
OrviLLe WRrIGRT. 1918 
Srr ALFRED FERNANDEZ YARROW .1914 


IsHER- 
1894 

.1891 
1915 
1912 

.1913 


1915 
1916 
1916 
1919 
1919 
.1910 1912 
1920 
1890 
1919 
1882 
1882 


1931 
1910 
1930 
1906 
1905 


. 1882 
1882 


1898 
1883 
1931 
1924 
1885 


.1921 
1882 
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ALEXANDER Lyman Ho.tey, Chairman of the Preliminary Meeting for Organization of The American Society of Mechanic 


PRESIDENTS 
Ropert Henry THURSTON 
Died October 25, 1903 
Erasmus Darwin Leavitr 
Died March 11, 1916 
Joun Epson SwWEET 
Died May 8, 1916 


JosepHus Fiavius HoLtoway 


Died September 1, 1896 
CoLEMAN SELLERS 

Died December 28, 1907 
Georce H. Bascock 

Died December 16, 1893 
Horace SEE 

Died December 14, 1909 
Henry Rosinson TowNeE 

Died October 15, 1924 
OBERLIN SMITH 

Died July 19, 1926 
Ropert Wootston Hunt 

Died July 11, 1923 
CHARLES HarpING LorING 

Died February 5, 1907 
Eckiey Brixton Coxe 

Died May 13, 1895 
Epwarp F. C. Davis 

Died August 6, 1895 
CHARLES ETHAN BILLINGS 

Died June 4, 1920 
JouN FRITz 

Died February 13, 1913 
REED WARNER 

Died June 25, 1929 


1SSO0—1582 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 

1893-1894 
1895 
1895 
1896 
1897 


’ A list of past vice-presidents, managers, trea- 
surers, and secretaries will be found in the 1930 


Record and Index, pages 10-12. 


Past Officers’ 


Died January 29, 1882 


CHARLES WALLACE Hunt 
Died March 27, 1911 
GeEoRGE WALLACE MELVILLE 
Died March 17, 1912 
CHARLES H1LL MorGAaNn 
Died January 10, 1911 
SAMUEL T. WELLMAN 
Died July 11, 1919 
Epwin 
Died February 19, 1909 
James Mapes DopGe 
Died December 4, 1915 
AMBROSE SWASEY 
Cleveland, Ohio 
Joun FREEMAN 
Providence, R. I. 
FREDERICK WINSLOW TAYLOR 
Died March 21, 1915 
FREDERICK RemMseN Hutton 
Died May 14, 1918 
Mrnarp LAFEVER HOLMAN 
Died January 4, 1925 
Jesse Merrick SMITH 
Died April 1, 1927 
GEORGE WESTINGHOUSE 
Died March 12, 1914 
Epwarp DANIEL MEIER 
Died December 15, 1914 
ALEXANDER CROMBIE HUMPHREYS 
Died August 14, 1927 
WILLIAM FREEMAN Myrick Goss 
Died March 23, 1928 
JAMES HARTNESS 
Springfield, Vt. 
JouHN ALFRED BRASHEAR 
Died April 8, 1920 


Davip ScHENCK JacoBus 
New York, N. Y. 
Ira Nevson 
Died August 15, 1930 
CHARLES THOMAS MAIN 
Boston, Mass. 
Mortimer Etwyn Coo.ey 
Ann Arbor, Mich. 
Frep J. MILuter 
Center Bridge, Pa. 
Epwin S. CARMAN 
Cleveland, Ohio 
DeExTER Stmpson KIMBALL 
Ithaca, N. Y. 
Joun Lyte HARRINGTON 
Kansas City, Mo. 
Freverick Low 
New York, N. Y. 
WILLIAM FrepericKk DurRAND 
Stanford Univ., Calif. 
Lamont ABBOTT 
Chicago, Il. 
CHARLES M. 
New York, N. Y. 
ALEx Dow 
Detroit, Mich. 
ELMER AMBROSE SPERRY 
Died June 16, 1930 
CHARLES Prez 
Chicago, IIl. 
Roy V. Wricat 
New York, N. Y. 
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Report of Council 


HE Society made significant progress during the year 

1930-1931 as a result of the cumulative efforts of many 

individuals and active groups organized in committees. 
This progress, which covered a wide range of professional engi- 
neering achievement, was carried on during a period of industrial 
and economic stress which made the work of the individual 
members of the Society much more difficult and the results of it 
therefore much more praiseworthy. 

A noteworthy feature of the year’s development was the un- 
tiring and enthusiastic attitude of the President of the Society, 
Dr. Roy V. Wright, who during his term of office visited every 
one of the 71 Sections and 66 of the 108 Student Branches. Dr. 
Wright aroused the members of the Society to the need for more 
thorough understanding by them of the economic and social 
implications of the work of the engineer. The net result was the 
quickening of interest in the problem which will undoubtedly 
result in broadening and deepening the professional life of the 
Society. Dr. Wright is entitled to the sincere gratitude of every 
member. 

Another notable factor was the opportunity provided for 
members to participate in Society activities. Four meetings of 


MEMBERSHIP CHANGES 


Trans- 
ferred 
from 


Membership—— 
1 Oct. 1, 
1931 


Re- 
signed 


Honorary Members 
Life Members 
Members 
Associates 
Associate- Members 
Juniors (20).... 
Juniors (10).... 


20,011 


the Society outside of New York City, 17 national meetings of 
Professional Divisions, 471 meetings of Local Sections, and 143 
technical committee meetings mark a high point in the number 
of gatherings. This policy of providing more opportunities for 
members throughout the nation to take part in Society work is a 
logic corollary of President Wright’s recent campaign to arouse 
interest in that work. 

A unique achievement of the technical committees was the 
survey of screw-thread practice in the United States, sponsored 
by the 8.A.E. and the A.S.M.E. with the National Bureau of 
Standards cooperating. Over 163 firms manufacturing and using 
threaded products were visited by the Committee’s representa- 
tive and approximately 7600 bolts, nuts, and screws were collected 
and shipped to the National Bureau of Standards for measure- 
ment in an effort to judge the extent to which the American 
National Standard Screw Thread has measured up to commercial 
requirements and in what respect revisions should now be made. 

An important program for future progress has grown out of the 
Report of the Committee on the Economic Status of the Engineer, 
a fact-finding study which appeared in the September issue of 
Mechanical Engineering and which has provided the basis for 
developing the professional position of the engineer. 

The problem of affiliating the student members more closely 
with the work of the Society was brought nearer to a satisfactory 
solution during the year. An auspicious beginning was made at 
the French Lick Meeting shortly after the opening of the fiscal 
year where an unusually successful student session was held. 
The year closed with the initiation of a program for the organiza- 
tion of Student Branches as fundamental units of the Society. 


——— 


Dropped 


The plan that has been decided upon offers great promise for the 
future development ot the engineering profession. 

The Pure Air Committee, organized to focus the influence of 
the engineering profession on reducing smoke, dust, and fumes, 
was a logical and important addition to the list of similar com- 
mittees that are devoted to the public interest. 

The accompanying table shows the changes in membership 
during the year, resulting in a total of 20,040 as of November, 
1931. The Society mourns the loss from the distinguished group 
of Honorary Members of Thomas Alva Edison, Member of the 
Society since 1880, Honorary Member since 1904; the Honorable 
Sir Charles Algernon Parsons; and Viscount Ei-ichi Shibusawa. 

Meetings of the Council were held during the Annual Meeting 
in December, 1930, at the Semi-Annual Meeting, Birmingham, 
in April, 1931, the Hartford Meeting in June, and by special 
representation at the Kansas City Meeting in September. The 
Executive Committee of the Council has met more frequently 
and has attended to urgent and detailed Council business. 

Presidential appointments and special representations, outside 
of the regular routine appointments for the year, have totaled 
more than 100, including those for the Seventy-Fifth Anniversary 


OCTOBER 1, 1930, TO SEPTEMBER 30, 1931 


-Additions 


Net 
Changes 


Rein- 


Died Elected stated 


1 

5 
135 
6 
18 
1 
ll 
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of the Verein deutscher Ingenieure, attended by a group of about 
70 from this country, the Faraday Centenary in London, and 
several century and half-century anniversaries of foreign and 
American Colleges and societies, as well as International Con- 
gresses and similar celebrations. 

A gift has come to the Society from the bequest of C. B. F. 
Waller of Philadelphia, Member of the Society. 

Coordinating the public and joint activities of its 26 engi- 
neering member societies, the American Engineering Council 
has done some notable work in the programs for the relief of un- 
employment, both through the President’s Committee and the 
A.E.C. plan to be carried out throughout the United States by 
engineering societies and their local sections. A report on 
technological unemployment submitted to the Department of 
Labor by a special committee of the societies through the A.E.C. 
has been favorably received. Bulletins of the A.E.C. record its 
most important work, in which the Society participates. 

The reports that follow are worthy of careful study. 


Catvin W. Rice, Secretary. 


FINANCE 


The year 1930-1931 brought a number of problems in the financin 
of the Society. The reduction in inéome from advertising necessi- 
tated reductions in expenditures as compared to the previous year; 
but without serious curtailment of Society activities. By the pro- 
vision of the By-Laws, the income from initiation fees is not in- 
cluded in the estimate of income when the budget of expenditures 
is prepared and is placed in a special reserve. The expenditures ex- 
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ceeded the other income of the Society by $9896.58, which the 
Council authorized to be taken from accumulated surplus reserve. 

While the earning power of our invested securities has not declined, 
the market value has declined somewhat, making it prudent to 
ear-mark a portion of our reserves as Reserve against Depreciation 
of Securities; $15,000 has been set aside for this purpose, merely 
in the event of an emergency that might require the sale of some 
securities in a depreciated market. 

The Society has built up a reputation for paying bills and has 
found it to advantage, toward the end of the year, to borrow for 
short periods rather than to sell investments. This financing is neces- 
sary as the Mechanical Catalog billings are not made until September 
30, the last day of the fiscal year, while expenditures against that 
income are incurred throughout the year. The amount borrowed 
this year was $170,000, an increase of $50,000 over the previous 
year, necessary to pay bills outstanding at the close of the fiscal 
period and because of an increase in needs for cash to operate The 
Engineering Index. 

The Engineering Index passed through its fourth year and made 
an excellent showing in the face of the present situation. The 
income was $108,508.64, the expenses $113,379.71, showing an 
operating deficit of $4871.07. Means have been found for pro- 
ducing the Index more economically, and it is expected that during 
the coming fiscal year the Index will begin to repay the advances 
that have been made for its development. 


INCOME 
The following table gives a comparison of the total income of the 
society for the fiscal year ending September 30, 1930: 


1929-1930 


$ 30,430.17 
314,815.87 


439,704.08 
23,601.18 
5,529.10 


$814,080.40 


1930-1931 

$ 25,863.27 

314,828.31 
77,132.72 
22.080. 
3,364.35 


$743,268. 


Initiation Fees. . 

Membership Dues. 

Advertising and Publication Sales (less bad 
debts) 

Interest and Discount... 

Miscellaneous Sales... . 


The 1929-1930 fiscal year was exceptional because of the large 
income from the special Fiftieth Anniversary issue of Mechanical 
Engineering. 

EXPENDITURES 

During the 1930-1931 year a simplified scheme of accounting was 
installed, which provided that for control purposes the expenditures 
of the Society should be segregated into three major classes: Com- 
mittee Expenses, Printing and Distributing Publications, and Ex- 
penses of the Administrative Office. 

Committee Expenses are those which are incurred by direct 
action of the committees or Council. The Administrative Office 
Expenses are those incurred in the office of the Secretary to carry 
out the work of the various committees and to execute policies 
approved by the Council. The expenditures according to this 
classification are as follows: 

1929-1930 1930-1931 
$116,073.62 
230,932.77 
380,295 . 57 


$727,301.96 
15,966.79 


$743,268.75 


Committee Expenses $114,380.01 
Reserve for Engineering Index Development. . 5,000.00 
Publications (Printing and Distribution only). 242,847.38 
Administrative Office. . 412/804 .34 


$775,031.73 
39,048 . 67 


$814,080.40 


To Reserve.. 


The use to which these expenditures are put in carrying on the 
work of the Society is shown in the following tabulation: 


1929-1930 
$ 41,754. 


1930-1931 

$ 44,630.18 
175,241.50 
64,883.97 
179,390.56 


263,155.75 


General 

Society Activities 

Technical Committees 

Text Publications (Printing, 
Distribution) 

Advertising and Sales (Printing, Soliciting, and 
Distribution) 

Reserve for Engineering Index Development. 


Editorial, and 


$775,031.73 


General Expenses include those for Council, the Library, American 
Engineering Council, the study of the Committee on the Economic 
Status of the Engineer, Awards, and miscellaneous. The increase 
of nearly $3000 was used by the Council (including the traveling 
expenses of the President) and in the study of the Earnings of 
Mechanical Engineers under the auspices of the Committee on the 
Economic Status of the Engineer. 

Expenses for Society Activities include those for Meetings, Local 
Sections, Professional Divisions, Student Branches, Employment 


Service, and for the staff to support these activities and to carry 
on the routine of securing and handling membership applications 
for the Membership Committee. The increase of $3800 was due 
to an increase of $1000 in direct expenditure by the Professional 
Divisions and to an increase in staff support to Sections and Divisions 
in the Mid-Continent area. 

Technical Committee expenses include the direct expenses to 
the International Electrotechnical Commission ($1320), American 
Standards Association ($1500), grants in aid of research ($1286.55), 
and staff expenses to support the Boiler Code, Research, Standardi- 
zation, Power Test Codes, and Safety Committees. The decrease 
from the previous year is in grants for research and in the staff. 

Text publications includes the expenses for printing, distributing, 
and editing Transactions, the A.S.M.E. News, Membership List, 
and the text pages of Mechanical Engineering. In 1929-1930 the 


AS.M.E. INCOME AND EXPENDITURES 
INCOME EXPENDITURES 


MISCELLANEOUS, WET ADDITION TO RESERVE 
INCOME ‘SEE REPORT OF FINANCE COMMITTEE) 
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and the Contribution fo the Employ- 
ment Service. 


#23 90 per Member 


PUBLICATION TEXT SERVICE 
Tex? Publications sent to Members, 
Expenses of Editing, Printing and 
Distributing Mechanical Engineering, 
Transactions, ASME News, Member- 
sup List. 


MEMBERSHIP DUES 


OY 
SS 
SO O41 % 


per Member ~~ 


TOTAL DIRECT SERVICE TO MEMBER 


Note: The average membership during 1930-1931 was 19,878. The in 

come from membership dues is made up of income from about 14,300 mem- 

bers at $20 each and from 4400 Juniors at $10 each. First year Juniors 

who pay partial dues, honorary members, life members, etc., make up the 
remainder of the membership 


April issue of Mechanical Engineering, devoted to the Fiftieth Anni- 
versary, entailed unusual expenses, which were provided by increased 
advertising income. The decrease in 1930-1931 is due to the absence 
of these special expenditures and to fewer pages in Transactions. 
Expenses of Advertising and Sales include (1) printing and dis- 
tributing the Mechanical Catalog and the advertising pages of 
Mechanical Engineering, (2) cost of securing advertising income, 
(3) printing and distributing publications sold, and (4) the expenses 
of the publication sales department. The decrease in this item is 
due to the reduced number of advertising pages sold and printed. 


INCOME AND EXPENSES PER MEMBER 
The chart above shows the income and expenses for 1930-1931 
reduced to a per member basis. 
BaLANce SHEET 


The accompanying comparative balance sheet explains the status 
of our liabilities and assets and shows the changes that have taken 
place during the fiscal year. 


F. A. Scuarr, Chairman J. H. Lawrence 
Davip Lorts E. A. 
K. L. Martin 
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MEETINGS AND PROGRAM 


Five meetings were held during the year under the direct super- 
vision of the Committee on Meetings and Program, as follows: 
French Lick, Ind., October 13-15, 1930, Annual Meeting in New 
York, December 1-5, 1930, Semi-Annual Meeting in Birmingham, 
Ala., April 20-23, 1931, Hartford, Conn., June 1-3, 1931, and Kansas 
City, Mo., Sept. 7-9, 1931. 

Frencu Lick MEETING 

Excellent technical sessions and an attractive outdoor program 
made this meeting an enjoyable occasion. A Student Session proved 
to be one of the most interesting of the technical events; papers 
were presented by students representative of six universities on such 
varied topics as power industry, cooperative education, research in 
mechanical engineering, machine tools, mechanical engineering in the 
coal industry, heat treatment of nickel steel welds, and instruction in 
flying to engineering students. Dr. C. E. Grunsky, President of the 
American Engineering Council, delivered an inspiring message at a 
luncheon for the students and Council members, and addresses of 
interest were also given at the informal dinner and banquet. 


ANNUAL MEETING 


The Fifty-First Annual Meeting broke all records for attendance—- 
2562, which exceeded the attendance of the previous meeting by 
almost 400. An event which attracted a large attendance was the 
general conference on employment which was addressed by Col. 
Arthur 8. Woods, Chairman of the President's Emergency Committee 
for Employment. 

An Exhibition of Art by Engineers, initiated at this meeting, proved 
so interesting and delightful and aroused such enthusiasm that it was 
decided to repeat it at the next Annual Meeting. The formal open- 
ing of the exhibition was preceded by an hour of music by the “Bridge 
Engineers’ Trio,’’ composed of prominent consulting bridge engineers. 
More than 200 exhibits were on display, covering sculpture, paintings, 
prints, line drawings, and photographs by 78 professional engineers. 

Another innovation at this meeting was the delivery of three lec- 
tures on “Talking With an Audience’ by Dr. S. Marion Tucker, 
Head of the Department of English, The Polytechnic Institute, 
Brooklyn, which preceded the technical sessions on three mornings 
and which were so well attended that the Committee has made ar- 
rangements to have Dr. Tucker continue these talks at the next 
meeting. 

At the usual New Members’ Dinner, the outstanding features were 
the presentation of special badges to 14 fifty-year members of the 
Society, the award of the John Fritz Medal to Admiral David Watson 
Taylor, and the address of the evening given by Elliott Dunlap 
Smith, director of industrial engineering at Yale University, on the 
subject “Engineering Encounters Human Nature.” 


BrrRMINGHAM MEETING 


Southern hospitality and an excellent program of technical papers, 
well discussed, made the Birmingham meeting a splendid success. 

The high spot of the meeting was the dinner at which addresses 
were given by Roy V. Wright and Dr. Harrison E. Howe. At this 
meeting also a session with papers contributed entirely by students 
proved of great interest. A special all-day excursion was arranged 
to the properties of the Tennessee Coal, Iron, and Railroad Company 
and a stop for a barbecue luncheon provided a delightful interlude. 
A second all-day excursion was arranged for the last day of the 
meeting to the Jordan Dam of the Alabama Power Company, where 
a modern high-head development was inspected. 


HARTFORD MEETING 


Technical papers of high excellence, noteworthy discussions on 
economic problems, entertainment features of unusual quality, and 
instructive plant visits marked the Hartford Meeting. A session on 
stabilization of employment proved one of the leading attractions and 
provided an opportunity for the exchange of views on many economic 
subjects. Howell Cheney of Cheney Brothers led this discussion. 

A Lamb Bake which the Local Committee arranged was a great 
success, as was a musicale followed by addresses at the new Horace 
Bushnell Memorial Auditorium. Among those who spoke were the 
Honorable Hiram Bingham, Senator from Connecticut, whose sub- 
ject was ‘““The Engineer in Public Life,”’ and F. M. Ryan of the Bell 
Telephone Laboratories, who gave an illustrated lecture on ‘‘ Airplane 
Telephony.”’ At the informal banquet, President Wright and E. E. 
Wilson, President of the Chance Vought Corporation and the Sikorsky 
Aviation Corporation, delivered addresses. 


Kansas City MEETING 


The participation of a number of organizations, including this 
Society, in the first Power Conference in the Southwest was an ar- 
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rangement which offered an excellent opportunity for exchange of 
ideas on the different phases of power problems. The special pro- 
gram of this Society arranged by the Local Committee contributed in 
no small way to the success of the meeting. 

In addition to these meetings, a session was held at the Annual 
Meeting of the American Society for Tecting Materials, sponsored 
jointly by that Society and the A.S.M.E. Special Research Com- 
mittee on Effect of Temperature on the Properties of Metals. The 
Committee on Meetings and Program was represented at the annual 
meeting of the Society for the Promotion of Engineering Education 
at Purdue in June by J. W. Parker, member of the Committee, who 
gave a talk on ‘The Need for Speech Training for Engineers." 


Respectfully submitted, 
G. M. Eaton, Chairman 
F. M. Ferxer 
J. W. PARKER 
C. P. Buss 
R. I. Rees. 


MEMBERSHIP 


The Committee on Membership held 22 meetings during the fiscal 
year 1930-1931. 

The number of applications considered in the transaction of its 
work and a summary showing the action taken follow: 


New applications pending, Octobér 1, 1930. . 292 
Transfers pending, October 1, 1930... . . 94 


Applications received during fiscal year 1930-1931 F 1529 

Total applications handled during year 1930-1931. 1915 
Recommended for membership . 1648 
Transfers denied... .. . 4 
New applications pending, October 1, 1931... . . 179 
Transfers pending October 1,1931 ........ 39 

Total applications handled during year 1930-1931. 1915 


Those recommended for membership were divided into the following 
grades: 


Members ‘ 287 
Transfers to Member. . Sew 153 
Transfers to Associate. ........ 1 
Associate-Members . 260 
Transfers to Associate-Member.......... 98 
338 
Juniors (R5, Rule 1) 490 
Total recommended. 1648 
Total new members recommended 1396 


During the fiscal year 1930-1931 the Membership Committee 
made the following recommendations: 


Elections declared void. ......... 187 
Resignations accepted. 465 
Dropped from membership. 712 


Total loss . 1364 


Respectfully submitted, 


F. A. WaLpron, Chairman 
H. W. Butter 

H. WesstTer 

O. E. GoLpscHMIDT 

H. A. LARDNER. 


PUBLICATIONS 


During the past year the Publications Committee has been seriously 
concerned with an attempt to hold its expenditures within its budget. 
An increase in the activities of the Professional Divisions resulting in 
an overwhelming number of papers has made careful selection of 
material for publication more essential and has retarded the prompt 
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appearance of some papers in the Transactions. It is unfortunate 

that the number of papers awaiting publication should have in- 
creased as a result of limited funds, in view of the fact that the 
editorial staff had caught up with its work to a point where the prompt 
publication, one of the benefits that had been expected to accrue from 
the new scheme of issuing Transactions in sections, became feasible 
otherwise. Because of limited funds the final publication of many 
papers ready for printing has been postponed, and sections of Transac- 
tions have appeared containing a greatly reduced number of papers. 

A study of the costs of publication under the new scheme, based 
upon experience since 1926, has rendered valuable information on the 
amount of the expenditure to which the Society is committed in the 
acceptance of a paper for preprinting for a meeting with assignment 
of final publication to the Transactions. This information has been 
passed on to the Professional Divisions with a request that only papers 
of the highest quality be recommended for printing in Transactions. 
Further study of the problem of quality and quantity of papers is 
necessary, and it is hoped that cooperation between the Publication 
Committee and the committees of the Society which secure papers 
will result in a satisfactory solution of the problem. 

Financial stringency also resulted in the publication of a 2-page 
News throughout the summer and a reduction in text pages in 
Vechanical Engineering from 80 to 72 for the months of July, August, 
and September. As a further measure of economy the Publications 
Committee recommended to Council that the printing of the Member- 
ship List for 1932 be omitted. 

The Record and Index was issued as a section of the 1930 volume of 
Transactions upon the recommendation of the Publications Com- 
mittee and with the consent of Council. This resulted in a saving in 
printing and distribution costs. 

The Committee and the Staff have spent much time and study in 
the development of Mechanical Engineering. The size of type of the 
text pages was enlarged. A new format was worked out and decided 
upon and will be adopted with the January, 1932, issue. The func- 
tions and relationships of the A.S.M.E. periodical publications, the 
News, Mechanical Engineering, and Transactions, have been thor- 
oughly discussed and are being brought to the attention of the mem- 
bers through the Local Sections. In the meantime, Mechanical 
Engineering is undergoing a change in editorial function that should 
enhance its value and significance. 

The Committee is pleased to report the publication by the Engi- 
neering Societies Monographs Committee of the first of a series of 
books to be issued under a joint arrangement with the four Founder 
Societies, the Engineering Societies Library, and the McGraw-Hill 

_ Book Company; this is Nddai's ‘‘Plasticity,” translated, with re- 
visions and additions, from the German. The text was secured 
and sponsored by the Applied Mechanics Division. 

The Mechanical Catalog was issued September 30 and contained 
data on the products of 488 companies, as compared with 574 in 
1930. 

The Engineering Index had reached the fortunate position of 
meeting current expenses when subscriptions were adversely affected 
by general business conditions. A committee of Council was ap- 
pointed at the Hartford Meeting to make a thorough study of the 
Index. 

Respectfully submitted, 


Ss. F. Voornees 
S. W. Dup ey. 


F. V. Larkin, Chairman 
W. H. WINTERROWD 
L. C. Morrow 


PROFESSIONAL DIVISIONS 


The activities of the Professional Divisions during the year have 
been especially significant. Five new developments were gotten under 
way, the most outstanding of which was the First National Meeting 
held by the Applied Mechanics Division at Purdue University. The 
program was coordinated with the summer meeting of the Society 
for the Promotion of Engineering Education. The success of the 
meeting gives promise of gathering into the Society all engineers in- 
terested in this field and also indicates that the Society will be recog- 
nized internationally as the American forum for activities in this field. 

The Petroleum Division continued its splendid activities around 
Tulsa in cooperation with the Mid-Continent Section. It is expected 
that reports of tests conducted on steam equipment for drilling rotary- 
lrilled oil wells will be published early in 1932. Two new develop- 
ments occurred in the East under the auspices of the Division. The 
first was a Petroleum Refining Meeting held in Elizabeth, N. J., 
May 5 and 6, which was very successful and is resulting in the de- 
velopment of a very valuable standard for testing the efficiency of 
oil-refining tubular heat-transfer equipment. The other develop- 
ment was the holding of a one-day lubrication engineering meeting 
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at Pennsylvania State College on May 22, which brought together 
more than 100 specialists in this field. This was the first time the 
Society has held a technical meeting solely on this subject. 

Another new activity launched during the year was the work of the 
Process Industries Committee, which is developing a Division. Its 
program included a cooperative meeting with the American Institute 
of Chemical Engineers at Swampscott, Mass., in June. 

The fifth new activity deals with maintenance engineering, which 
for the first time was given special prominence in divisional programs. 
A successful national meeting on maintenance engineering was held 
in Cleveland during April under the auspices of the Management 
Division as part of the Industrial Congress. 

In addition to these meetings initiated during the year, the four- 
point program of the Professional Divisions continues to function as 
may be seen by the accompanying table. This table of the Divisions’ 
activities shows papers secured and presented by them during the 
year. This does not include papers presented by them at usual 
Metropolitan Section meetings or Division progress reports, but does 
include papers for Section meetings in which the Division assisted 
financially. 


SpecraL CoMMITTEE ACTIVITIES 


The Professional Divisions are gradually developing a fifth activity 
which might be called “Special Committees.’’ Of these the following 
have been especially active during the year: 

The Elimination of Waste Committee of the Management Division 
continued its work to stimulate industrial plants to hold elimination- 
of-waste campaigns, especially during the month of April. This year 
the Committee went to considerable expense to develop a system of 
posters and information which could be used by small companies in 
holding campaigns. This waste-campaign unit sold for the small 
sum of $3, and more then 130 companies made use of the unit in 
holding campaigns. During the year the Committee also compiled a 
booklet published by the Society called ‘‘Waste Materials Dictionary” 
which gave information on the use of waste items. Some 50 com- 
panies contributed items to the Dictionary. 

The Oil-Engine-Power Cost Committee of the Oil and Gas Power 
Division continued its splendid work and again compiled a report on 
the cost of oil power. This Committee has the active cooperation of 
users all over the country. The Committee should be especially 
commended on its splendid report, which has met with wide approval. 

The Pure Air Committee, which was organized this year through 
the aid of the Fuels Division, already has a subcommittee at work. 
The Committee is broadening the scope of work of the former Smoke 
Abatement Committee of the Fuels Division, and has upon it repre- 
sentatives of several other organizations. It gives promise of be- 
coming a very valuable activity and one which will warrant the close 
cooperation of the whole Society. 

The Manufacturers Committee of the Materials Handling Division 
has a subcommittee developing tentative standards for crawlers, 
locomotive cranes, and industrial cranes. This Committee has a 
splendid field of activities, which if given proper support by industry 
should accomplish valuable work. The Division also has a special 
committee at work on analyzing the field of various types of con- 
veyors. 

This year the Hydraulic Division's special committee on the 
translation of important foreign hydraulic papers began its work, 
which promises to be of considerable value. 

The Petroleum Division has a number of committees active in the 
Mid-Continent Section and a newly formed committee which de- 
veloped out of the Elizabeth meeting. 

The Aeronautic Division has formed a committee to study wage- 
incentive practice in its industry. The Applied Mechanics Division 
has subcommittees stimulating developments in vibration, plasticity, 

and impact. The Wood Industries Division is forming a subcom- 
mittee to report on construction and design of doors, and also has a 
newly formed research survey committee. 


Division MEETINGS 


In addition to the new national meetings gotten under way, other 
Divisions have continued to function as usual. 

The Printing Industries Division deserves special recognition for its 
meeting last March at the Government Printing Office in Washington 
in joint cooperation with the United Typothetae of America and the 
Government Printing Office. More than 500 attended this two-day 
meeting. The entire proceedings of the gathering were published 
by the Government Printing Office, as part of its splendid cooperation. 
This meeting was called ‘“‘The Second Conference of Technical Ex- 
perts in the Printing Industry” and it gave very definite evidence of 
the fact that the Printing Industries Division has succeeded in win- 
ning for itself recognition from the entire printing industry as the 
neutral forum for the discussion of its engineering problems. The 
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Division deserves a great deal of credit for the development of these 
conferences and for the recognition it has won the Society in this field. 

The Aeronautic Division held its national meeting at Baltimore, 
Md., under the auspices of the Baltimore Section, Baltimore Engi- 
neers Club, and other local societies, which made possible the largest 
technical meeting ever held in aeronautics. As many as 50 papers 
were presented, covering almost every branch of aeronautics. The 
local program was especially well arranged and added much to the 
interest and pleasure of the meeting. During the year the Aero- 
nautic Division also assisted Local Sections in Toronto, Buffalo, 
Cleveland, Philadelphia, and Detroit in holding meetings of more 
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Society Meetings! 
(Semi-Annual, Regional, An- 
nual) 
(a) Number of sessions... .. 4 2 2 1 2 
(6) Number of papers...... .) 4 6 5 2 3 
2 Division Meetings 
Number of meetings... . 326 1 1 0 1% 1% 

6) Number of sessions. .... 22 4 6 0 1 1 
¢) Number of papers...... 66 17 8 0 0 3 
d) Attendance, members... 460 170 500 0 100 75 

e) Attendance, non-mem- 

800 0 


Division papers 
nted 


present 


3 Research 
(a) Committee at 


(b) Committee 

acting as Survey...... 1 1 0 0 1 1 
(c) Projects being developed 

0 3 0 0 0 0 


(d) Special Research Com- 
mittee authorized dur- 
ing year at work...... 1 0 0 0 0 1 
Progress Reports............ 1 
Enrolment in Divisions, 1930. 
Enrolment in Divisions, 1931. 


Awa 


1 Includes Annual, French Lick, Birmingham, and Kansas City Meetings. 
24 National Meeting, Baltimore, May, 1931; 


PROFESSIONAL DIVISIONS ACTIVITIES IN 1931—FOUR-POINT PROGRAM 


1 1 1 1 1 1 
2575 3803 3818 2015 2250 3951 6255 2608 
2587 3785 3829 2012 2245 4019 6301 2535 


Toronto Meeting, March, 1931; 


meeting, the Division decided to hold its October, 1931, meeting 
at Winston-Salem, N. C. Although the membership of the Society 
is rather small in that neighborhood, the Division held a very success- 
ful national meeting, winning the hearty support and cooperation of 
the Southern Furniture Manufacturers Association. This gave 
promise of future benefit to the Society, as woodworking industries 
in the South have increased rapidly, even during the depression. 

The Textile Division held a meeting jointly with the local engineer- 
ing society and our Section in Providence, R. I., on October 6, and 
also a Southern Meeting as part of the Birmingham Spring Meeting. 
The Machine Shop Practice Division cooperated in the Nationa! 


= 5 3 
4 3 0 2 3 4 2 3 2 39 43 
7 7 0 5 6 Q 5 1 5 4 2 80 87 
1% 12¢0 1 2 0 1 1 0 2 1 17 14 
8 0 6 5 0 4 1 0 2 4 71 51 
20 23 O 17 13 0 12 1 0 4 11 195 159 
450 0O 160 260 0 200 35 0 110 170 2690 3190 
220 0O 80 180 0 300 100 0 50 120 1985 1795 
0 0 500 0 60 


0 1 0 1 1 0 1 0 1 1 1 a 
1 0 1 0 0 1 0 0 0 0 0 7? 8 
1 2 0 0 6 0 0 0 0 0 0 12 13 
0 00 0 1 0 0 0 0 0 0 3 8 
1 0 1 1 1 1 0 1 1 1 15 14 
* 3084 1354 4033 363 0 1250 609 727 38,695 

* 3137 1317 4029 400 0 1210 590 730 38,721 


Cleveland Meeting, Sept., 1931. *% and ** National Meetings were held 


with Management Congress. *4 National Meetings were held with Metal Congress. 


* All members are registered in National Defense Division 


than local interest. In addition, the Aeronautic Division through 
the Metropolitan Section held a memorial meeting in the city of 
New York in February to honor the services rendered to aeronautics 
by the late Daniel Guggenheim, Glenn H. Curtiss, and Chance M. 
Vought. The program was arranged by the Division, but the meet- 
ing was a cooperative one in which several other societies participated. 
During the year the Division initiated the formation of a standards 
committee on aircraft safety inspection. 

The Materials Handling and Management Divisions held their 
cooperative meeting in April in Cleveland as part of the National 
Industrial Congress. The Elimination of Waste Committee spon- 
sored two sessions under the auspices of the Management Division; 
while the holding of a Maintenance Meeting as part of the Congress 
has already been mentioned. The Materials Handling Division 
heid an extensive national meeting, covering its field very thoroughly. 
In spite of the depression the attendance at the Congress from the 
outside was larger than at the one held the year before in Chicago. 

The Fuels Division held its fourth national meeting in February 
in Chicago in coordination with the Midwest Power Conference. 

The Iron and Steel Division cooperated with the Detroit Section in 
a one-day meeting held in May. The Division also cooperated in 
the National Metal Congress held in Boston in September. 

The Oil and Gas Power Division held its usual successful national 
meeting at the University of Wisconsin in June. This is the first 


time the Division has held a national meeting in the West, and its 
success is especially gratifying. 

The Wood Industries Division held its first eastern national meeting 
in New York in October, 1930. 


Encouraged by the success of this 


Nors: Table includes meetings held from October 8, 1930, to October 6, 1931. 


Metals Congress in Boston on September 22, and during the year has 
formed two promising subcommittees, one on foundry practice and 
the other on machine design. At the Boston meeting a conference 
was called on wear of metals, and the Division, jointly with the 
Iron and Steel Division, recommended the initiation of a research 
committee on the subject. 

The Railroad, Power, and National Defense Divisions continued to 
function as adequately as their field demanded, using the regular 
Society meetings for their activities. 

Future DEVELOPMENTS 

During the year of 1932 it is expected that greater attention will be 
given to subcommittee activities of the Divisions, warranted by the 
increased financial support granted by Council. Several of the 
Divisions have already taken advantage of this by beginning to 
develop valuable subcommittee activities. 

H. W. Brooks, Chairman C. B. Pgecx 
W. F. Drxon W. A. SHoupy. 
P. T. SowpEen 


LOCAL SECTIONS 
New 
The members in Eastern Connecticut, with the approval of Council, 
organized the seventy-second Section of the Society, known as the 
Norwich Section. This was accomplished in time for their delegate 
to participate in the Local Sections Conference at the 1930 Annua! 
Meeting. During the year this Section held four successful meetings. 


: and 2 
(a) Total Division sessions 
iD held 31 6 9 2 2 3 ll 11 O 8 8 4 6 2 3 6 6 118 4 
(6) Total 
Ki 75 21 14 5 2 6 27 30 0 22 19 y 17 2 5 s 13 275 246 
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PROSPECTIVE SECTIONS 
Most of the Industrial areas of the United States have been pro- 
vided with Local Sections which are now functioning. Sections at 
Ft. Wayne, Ind., Central Illinois, with headquarters probably at the 
University of Illinois, Nashville, Tenn., and Central Wisconsin, are 
probable developments in the near future. 


MEMBERSHIP CHART 


The number of meetings held by Sections during 1930-1931 is 
shown in Appendix I. This table also details the membership of the 
respective Sections on October 1, 1930, and October 1, 1931, the net 
increase, the percentage of membership increase, and the fact that 
92 per cent of the entire membership is now residing within the 
territory of established Local Sections. 


New MEMBERSHIP 


The potential membership of the Society is enormous. Even with 
20,000 members it can be conservatively stated that not more than 
half of the qualified mechanical engineers are enrolled. The most 
economical and dignified method of membership development would 
be for each of our 20,000 members to encourage one engineering 
associate, whom he knows to be well qualified, to file his application. 
If members would seriously undertake to do this, the membership 
could be doubled at little expense. The saving effected could be well 
applied to other Society services. Normal losses in membership 
include, on the average, 150 deaths, 350 resignations, and 800 who 
allow membership to lapse, making a loss of 1300 members or about 
7 per cent. 

MEETINGS 

The Local Sections have cooperated in the development of Na- 
tional Meetings of the Society, particularly in the arrangements for 
the entertainment and plant visitations program at Birmingham, 
where the 1931 Semi-Annual Meeting was held; and for the National 
Regional Meetings held at French Lick Springs, Ind., October, 1930; 
at Hartford, Conn., June, 1931, and at Kansas City in September, 
1931. Local Sections cooperated with the Professional Divisions in 
holding National Divisional Meetings as follows: 


National Divisional Meetings, October 1, 1930—September, 1931 
October 6-8, 1930 Petroleum Tulsa, Okla. 
October 16-17, 1930 Wood Industries New York, N. Y. 
October 22, 1930 Textiles Greenville, 8. C. 
February 11-13, 1931 Fuels Chicago, Ill. 

March 16-17. 1931 Printing Industries Washington, D. C. 
April 13-16, 1931 Management and 
Materials Handling 
Aeronautics 
Applied Mechanics 


Cleveland, Ohio 

Baltimore, Md. 

Purdue Univ.,  La- 
fayette, Ind. 

Univ. of Wisconsin, 
Madison 


May 12-14, 1931 
June 15-16, 1931 


June 23-26, 1931 Oil and Gas Power 


In addition, Local Sections held 471 meetings of their own as 
shown in Appendix I. 


CooperaTION WITH PROFESSIONAL DIVISIONS 

The Sections also have availed themselves of each opportunity to 
cooperate with Professional Divisions by planning their programs to 
cover the subjects represented by the Professional Divisions; this 
practice is followed particularly in the larger Sections, like the Metro- 
politan and Philadelphia. Individual Sections have given fine sup- 
port to many of the Professional Divisions by cooperating with them 
in various undertakings. 


Score oF SERVICE 

The services available to members through Local Sections vary to 
some extent with the activity of the particular Section. The extent 
of activities is governed by conditions peculiar to the Section, the 
number of members, and its geographical location. A wide range of 
activities include the Employment Service, opportunities to study 
public speaking through classes arranged by the Local Section, op- 
portunities for inspection of industrial plants, contacts with, and 
often, privileges of local engineering societies and clubs; opportunities 
for civie service, etc., besides the usual engineering meetings. Indi- 
vidual members with worthwhile ideas will usually find that their 
Local Executive Committee will welcome their interest and assis- 
tance on special committees. 


Tours AND TRANSPORTATION 


The Committee on Local Sections arranged for reduced fares to the 
Annual, Semi-Annual, and other national meetings of the Society 


during the year, thereby saving thousands of dollars to the members 
of the Society. Also, after the Council had accepted the invitation 
of the V.D.1. to have members of the Society participate in its 
Seventy-Fifth Anniversary Celebration at Cologne, June 26-30, 
1931, it successfully planned, developed, and conducted a tour to 
Europe which was participated in by a large number of members and 
their wives, there being 85 from the United States in attendance at 
the Cologne Meeting of the V.D.I. Considerable international good- 
will was built up through official visits by the party to several other 
societies. The Institution of Mechanical Engineers entertained at 
a tea in their rooms, and the party was also guests of officers of the 
Society of Civil Engineers of France, and of the Faculty of the 
Ecole Centrale des Arts et Manufactures, which they visited. Thus 
the engineering societies of Germany, England, and France renewed 
their friendship with the A.S.M.E. Important industrial plants were 
also visited during the trip. 


ELIMINATION OF WASTE 
Six sections cooperated with the Management Division in organiz- 
ing campaigns and meetings on the subject of “Elimination of Waste,”’ 
as follows: 
Section 
Cleveland 


Subject 

National Division Meeting on 
Management, Materials Han- 
dling, and Maintenance 

Management as Related to a 
Medium-Size Plant 

Elimination of Waste 
Industrial Plant 

The Scope of Management in 
Our Future Business De- 
velopment 

Product Design for Increased 
Utility and Improved Mar- 
ketability 

Factory Management 


Date of Meeting 
April 13-17, 1931 


Detroit November 17, 1930 


Hartford April 7, 1931 in the 


Metropolitan February 6, 1931 


Metropolitan April 3, 1931 


Philadelphia October 28, 1930 


ForeIGN RELATIONS 


In addition to the foreign relations developed in connection with 
tours, there has been built up and functioning for several years a 
service to foreign visitors and to members of our Society or members 
of other engineering societies traveling either in the United States or 
in other countries. Some idea of the extent of this service is con- 
tained in the résumé (Appendix II) covering the three-year period 
1928-1931. 

In addition to this service, from June 1, 1930, to October 1, 1931, 
18 members of the Society were given letters of introduction to 
various organizations, societies, and plants in ten different countries 
of Europe. During the same period 27 members of the Society were 
given letters enabling them to gain admittance to various plants and 
works which they desired to visit. Prior to June, 1930, no records 
were kept of introduction service rendered the members of the 
A.S.M.E. 


EMPLOYMENT 


The administration of the Engineering Societies Employment Ser- 
vice, in so far as it pertains to our Society, was assigned by the Council 
during the year to the Committee on Local Sections. All Local 
Sections rendered special and valuable service at the beginning of the 
year 1931 by responding to the request of the A.S.M.E. Committee on 
Employment, of which Mr. Ralph E. Flanders was the Chairman, 
and which cooperated closely with the President’s Emergency Com- 
mittee for Employment in accordance with Col. Arthur Wood's per- 
sonal appeal to the members of the Society at the 1930 Annual Meet- 
ing. Excellent progress was made during the year by the reestab- 
lished Volunteer Employment Committee, composed of members of 
the four Founder Societies out of employment. These men visited 
various concerns to urge upon them the employment of engineers and 
jobs were located as a result of their activity. Also, more than 30,000 
letters were sent to various industrial concerns in the United States, 
soliciting opportunities for employment. During the year the 
Service placed 559 members in positions, and 231 non-members were 
placed in positions for which we could not find members with the 
necessary qualifications, making a total of 790 placements. These 
were divided as follows: 


New York: Members. . . 
Non-Members. 
Chicago: Members. . . . 
Non-Members. . 
San Francisco: Members . é 
Non-Members . 
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However, because of the falling off in positions open, the income de- 
rived by the Employment Service from contributions made by mem- 
bers placed in positions was so reduced that it was necessary for the 
four societies not only to renew on April 1, 1931, their financial sup- 
port of the Service, but to increase the budget by 50 per cent. Plans 
are progressing for the continuation during the ensuing year of the 
Employment Service with its three offices in Chicago, New York, and 
San Francisco, which will require finances of double the amount 
previously contributed. Members generally will be requested to be 
particularly alert to find opportunities for the very large number of 
members of the Society out of employment. The coming winter 
threatens to be one of the most difficult periods in the history of our 
country and a corresponding degree of importance should be at- 
tached to the Employment Service in its efforts to assist members to 
“help find a job for an engineer.” 


Mip-West AND MiIp-CoNTINENT OFFICES 
The Mid-West Office located at 205 West Wacker Drive, Chicago, 
Ill., and the Mid-Continent Office, 503 Tulsa Bldg., Tulsa, Okla., 
have made much progress in rendering service to the Student 
Branches and Local Sections in those areas of the country. (See 
Appendixes III and IV.) 


LocaL Sections VISITED BY THE COMMITTEE 

During the year President Wright has either visited or has definitely 
scheduled a visit to every Local Section of the Society. This is the 
first time that this will have been accomplished. Other presidents 
have made notable contributions in this direction and have visited a 
majority of the Sections, but President Wright will be the first to 
meet with all of them. In addition, the Committee on Local Sec- 
tions visited Local Sections as shown in Appendix V. 


Loca. Sections FInanciau Pouicy 
The Local Sections Conference of 1930 adopted a recommended 
financial policy of the Society pertaining to Local Sections. Copies 
may be obtained from the Secretary's office if desired. 


Jites W. Haney 
Lyte DupLey. 


Harry R. Westcott, Chairman 
CrarRLes W. BENNETT 
James M. Topp 


APPENDIX . VISITORS FROM FOREIGN COUNTRIES TO 
A.S.M.E., JUNE, 1928, TO SEPTEMBER 30, 1931 


Visits were made to the A.S.M.E. by 208 people from 22 countries, 


as follows: 


Belgium . 
Denmark. 
Formosa . 
Hungary. 
Mexico. 
Roumania . 
Sweden 


Austria . 
Czechoslov akia. 
France . 
Holland. 
Japan. 

Poland . 
Scotland 


Switserland 3 


Of the 62 visitors from England, 34 were students of The Liverpool 
University, sponsored by the Liverpool Engineering Society, Liver- 
pool, England. Each of the past three summers approximately 12 of 
these students have worked in the engine room of a transatlantic 
liner, and in accordance with our arrangements have visited several 
power or other plants in New York and vicinity during the period the 
steamship was in New York harbor. Their interest in different 
phases of engineering is shown by the following figures as to the type 
of plants they requested permission to visit: 


11 electrical engineering 
11 mechanical engineering 

9 civil engineering 

1 general engineering 

1 internal combustion engine 
1 naval architecture 


According to our records Germany sent 64 visitors, of which prac- 
tically one-third were young engineering graduates sponsored by The 
German Students Cooperative Association. We have aided a num- 
ber of them to obtain employment in the United States. 

For each visitor, we prepared letters of introduction to various 
companies whose plants and factories they desired to visit. 

The number recorded, 208, represents only a portion of the number 
of visitors served. In many instances when we arranged inspection 
trips for a party of foreign engineers we kept a record of the leader of 
the party only. We have served several visitors for whom no record 
was entered. In the past three years this Society has served pos- 
sibly 300 engineers of other countries. 


APPENDIX I MEMBERSHIP IN LOCAL SECTIONS, 
oc 


TOBER 1, 1931 


Membership 
Oct. 1, Oct. 1, In- 
Section : 1931 crease 
Akron-Canton . 
Anthracite- Lehigh Valley 
Atlanta . 

Baltimore . 
Birmingham . 

Boston 
Bridgeport . 

Buffalo . 
Central Pennsyly ania : 
Charlotte . 
Chattanooga. 

Chicago 

Cincinnati . 

Cleveland . 

Colorado. . 
Columbus . 

Dayton . 


- 


Florida . ° 
Green Mountain . 
Greenville . 
Hartford 

Houston. 
Indianapolis . 
Inland Empire . 
Kansas City . 
Knoxville . . 

Los Angeles . 
Louisville . 
Memphis 

Meriden. 
Metropolitan. . . 
Mid-Continent. . 
Milwaukee. 
Minneapolis . 
Nebraska . 

New Britain . 

New Haven . 

New Orleans. 

North Texas. . 
Norwich! 

Ontario . 

Oregon 

Peninsula . . 
Philadelphia . 
Pittsburgh. 
Plainfield 
Providence. 

Raleigh . ‘ 
Rock River Valley ° 
Rochester . . 

St. Joseph Valley. 
St. Louis... . 

St. Paul . — 
San Francisco . 
Savannah . 
Schenectady . 
Susquehanna. 
Syracuse 

Toledo 

Tri-Cities . 

Utah 

Utica . 

Virginia . 
Washington, D.C. 
Waterbury. . 
Western Massachusetts . 
Western 
West Virginia . 
Worcester . 
Youngstown . 
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Total membership in Society, Oct. 1, 1930, 20,016; 
Total number of Student Branches, 108. 
! New Section, December, 1930. 


Oct. 1, 1931, 19,979. 


APPENDIX III MID-WEST OFFICE 


The first field office of the Society was established in Chicago, II!., 
in October, 1929. In April, 1930, R. R. Leonard, a member of the 
New York staff, was transferred to the newly established office to act 
as a representative of the Field Department in the following states 
covered by the office: Illinois, Indiana, Iowa, Kansas, Kentucky, 
Michigan, Minnesota, Missouri, Nebraska, Ohio, and Wisconsin. 
Within these states 21 Local Sections and 27 Student Branches 
function. They were visited and given cooperation in working out 
the details of operation of this new venture of the Field Department. 

In addition to personal visits contacts with each group were made 
on numerous occasions by telephone or correspondence. Stress 
has been laid on the facility of a nearby branch office of the Head- 
quarters organization to render prompt assistance. The intimate 
contact of the Mid-West Office with the headquarters staff greatly 
facilitates action in regard to the problems of the Local Sections and 
Student Branches. 


Meet- 
ings, 
Per 10/30- 
cent 10/31 
Detroit 554 557 
Erie 95 100 
68 67 1 
48 
a 4 39 
142 
148 
149 
a 25 23 - 
143 
49 52 
. . 445 452 
44 39 
28 32 
34 32 
. - 4925 5060 
184 
297 
74 75 
46 
134 
90 101 
os 69 72 
39 
~ 85 
. . 1316 1276 
o>» wee 608 
- 820 
i ee 30 27 - 
S84 79 
438 140 
64 
. . 3808 299 - 
Australia... 1 52 48 -- 
England. ... 62 * 934 244 
, 9 
Norway. ... 4 78 | 2 
7," 35 34 — 1 — 2 
. . 200 202 2 1 
92 95 3 3 
107 — 9 — 7 
ss 66 73 7 10 
‘ . . 197 191 — 6 — 3 
ss 84 82 — 2 — 2 
\ 
18045 174 | 


Local Sections have been aided in the preparation of local programs, 
as well as in their participation in regular Society and Division 
meetings. The headquarters staff has been assisted in the operation 
of meetings within the territory of the Mid-West Office. Student 
Branches have been helped in program set-ups, speakers have been 
obtained, and advice on general activities has been supplied. Through 
intimate contact with each of the groups, Local Section and Student 
Branch, it has been possible to use the experiences of one group to the 
advantage of other groups. Information on the activities of indi- 
vidual members has been obtained, and as a result members capable 
of offering valuable committee assistance have been discovered and 
some of these have already been enlisted for service. New activities 
of Professional Divisions have been initiated as a result of information 
uncovered through this more intimate contact with organized groups. 
In the Chicago area especially, engineering and other organizations, 
as well as individuals, have found the Mid-West Office a convenient 
channel through which information on Society activities and general 
engineering information may be obtained. The office has received a 
number of calls for Society publications, and in a few instances valuable 
time has been saved through its ability to supply them immediately. 
Local Sections and Student organizations alike have expressed 
enthusiastic approval of this new service. They have accepted it with 
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of Mechanical Engineering at the University of Oklahoma, will have 
charge of conducting the tests. 

The Unfired Pressure Vessel Committee has sent in to the Boiler 
Code Committee its recommendations for the use and construction 
of unfired pressure vessels used in the petroleum industry, as well as 
its views on the revised draft pertaining to unfired pressure vessels. 

The Automatic Pumping Station Committee and the Economic 
Analysis of Automatic Pumping Station Committee designed and 
constructed an automatic pumping station for use on oil pipe lines, 
which was exhibited at the Seventh International Petroleum Ex- 
position at Tulsa, Okla., in October, 1930. As a result of this experi- 
mental station six such stations have been put into operation during 
the year. Two joint meetings have been held since then at which 
operation problems of the latest automatic stations were discussed 
and corrections suggested. Several changes and improvements of 
equipment will be made as a consequence of these meetings. The 
Economic Analysis Committee has collected data on the salvage 
values of various equipment, insurance, and tax rates. The Com- 
mittee will compile, from reports sent in from several automatic 
stations, a thorough report on improvements made in equipment and 
operation since the exhibition at the oil show. 

A campaign has been started among the pipe-line companies to 


APPENDIX V- LOCAL SECTIONS VISITED BY MEMBERS OF THE COMMITTEE ON LOCAL SECTIONS, 1930-1931 


Section H. R. Westcott, Chairman C. W. Bennett J. M. Todd J. W. Haney W. L. Dudley E. Hartford, Secretary 
Birmingham... . ‘ Apr. 1931 Apr. 1931 Apr. 1931 Apr. 1931 Apr. 1931 Apr. 1931 
Hartford. .. ; June 1931 aie cee Nov. 1930 
Kansas City ... ; Sept. 1931 Sept. 1931 — Sept. 1931 
Meriden Feb 1931 
Metropolitan (Resident) 
Mid-Continent Sept. 1930; Apr. 1931 

Sept. 1931 
New Britain Feb. 1931 
(Resident) Apr. 1931 
New Orleans . (Resident) 
Pittsburgh . ‘ (Resident) 
Rochester Sept. 1931 
St. Louis. Apr. 1931 Apr. 1931 Sept. 1931 
Washington, D.C. . Jan. 1931 
Feb. 1931 
Western Massachusetts . Feb. 1931 aka 
Western Washington (Resident) 
Worcester . Feb. 1931 


obvious pleasure and have shown marked willingness to offer sugges- 
tions for improvement of conditions among all such groups. A few 
Sections have even asked for an extension of the service by placing the 
mid-west representative in temporary quarters within the Section for 
periods ranging from one week to two months. Others have expressed 
the opinion that a beneficial move would be to establish offices of the 
character of the Mid-West Office in other parts of the country. 

The Mid-West Office has taught the organized groups within its 
territory that the close proximity of the office is favorable to quick 
interchange of information, and they have expressed the desire to 
have the greatest possible service through that point. 

There is no doubt that the new service has effected economies, but 
merely from the standpoint of closer contact with the organized 
groups within the territory covered by the office and the increased 
good-will resulting from the more intimate contacts, it would seem 
that the Standing Committee on Local Sections has been more than 
justified in its creation of the Mid-West Office. 


APPENDIX IV MID-CONTINENT OFFICE 


The activities of this office are concerned principally with the 
problems of the petroleum industry. The Steam Subcommittee of 
the Production Committee has compiled and sent in to the Mid- 
Continent Office its report on “Tests on Steam Equipment Used in 
Drilling a Rotary Drilled Oil Well’’ and a second report on ‘‘Tests on 
Slush Pumps and Boilers Used in Drilling a Rotary Drilled Oil 
Well.”” These two reports, as well as all others on rotary drilling, will 
be issued under the auspices of the recently appointed Special Re- 
search Committee on Rotary Drilling of Oil Wells. A report by the 
Electrical Subcommittee on Petroleum Production was also completed. 

The Fluid Meters Subcommittee has completed the layout plans 
for tests to determine the accuracy of existing coefficients and cor- 
rection factors for viscosity, gravity, and temperature of oils flowing 
through orifices and flow nozzles. The necessary equipment needed 
to perform these tests, which will cover a period of two years, is now 
being assembled through the generous cooperation of several manu- 
facturing companies. Prof. W. H. Carson, Head of the Department 


Due to extensive visits to Local Sections by the President this year, the Committee considerably curtailed its usual travel. 


have each appoint a Waste Elimination Committee and to have a 
representative on the A.S.M.E., Mid-Continent Section, Waste 
Elimination Committee. 

Members are beginning to make use of this office as a medium for 
obtaining information pertaining to technical problems confronting 
them in their business. 


Harry R. Westcott, Chairman J. W. Haney 
C. W. BENNETT W. L. Duptey. 
J. M. Topp 


AWARDS 


This Committee has met nearly every month, except during the 
summer season. 

In order to read all papers submitted for the various awards, the 
Committee arranged a new plan whereby the best papers of each 
group were selected by a member and circulated to other committee 
members. 

The Committee made the following recommendations to Council for 
the Awards for 1931: 

(1) The A.S.M.E. Medal to Albert Kingsbury for his research and 
development work in the field of lubrication. : 

(2) The Melville Medal to A. E. Grunert for his paper entitled 
“Comparative Performance of a Pulverized-Coal-Fired Boiler Using 
Bin System and Unit System of Firing.” 

(3) The Junior Award to M. K. Drewry for his paper entitled 
‘*Radiant-Superheater Developments.” 

(4) The Charles T. Main Award to Robert E. Klise of the Uni- 
versity of Michigan for his paper on ‘“‘Interchangeability—Its De- 
velopment and Significance in Industry.” 

(5) One Student Award to Jules Podnossoff of the Polytechnic 
Institute of Brooklyn for his paper entitled “Pressure and Energy 
Distribution in Multi-Stage Steam Turbines Operating Under Vary- 
ing Conditions.” 

The Committee recommended only one Student Award this year, 
due to the caliber of the eligible papers received. 
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The Committee announces that the subject determined for the 
Charles T. Main Award for 1932 is as follows: “Apprenticeship and 
Vocational Training—Their Effect on Industry and Public Life.” 

It is fortunate for students of engineering, in need of financial 
assistance, that the Max Toltz Fund has been available. The de- 
mand for loans has been unusually heavy this year and the Com- 
mittee approved fourteen loans to students from the Fund. These 
loans amounted to $2625.00, more than twice as much as was loaned 
last year. 

The Committee has given some thought to a codification of its 
practice in judging papers and has a statement of this in preparation. 
It is hoped that this statement will also be of value to the Professional 
Divisions as a guide to them in recommending papers to the Com- 
mittee on Awards. 

The statements in the several publications of the Society describing 
the various awards have been studied and harmonized by the Com- 
mittee this year. 

The will of the late Worcester Reed Warner provided a generous 
bequest for a medal to be known as the Worcester Reed Warner 
Medal. It is to be a gold medal to be bestowed on the author of the 
most worthy paper received, dealing with progressive ideas in me- 
chanical engineering or efficiency in management. The Committee 
has selected an artist and will soon be ready to have the dies made. 
The hearty cooperation of Mrs. Warner and Mr. Swasey in assisting 
the artist and the Committee is much appreciated. 

Respectfully submitted, 
H. L. Sewarp, Chairman 
A. M. Greene, Jr. 
K. H. Conprir 
F. L. ErpMann 
W. L. Barr. 


CONSTITUTION AND BY-LAWS 


The Committee on Constitution and By-Laws serves in an editorial 
capacity where amendments to the Constitution, By-Laws, and 
Rules are required or new policies necessitate changes. 

The most important change made during this past year is in the 
amendment to the Constitution affecting the initiation fees in the 
several grades, approved by the entire membership on a ballot 
which closed November 10, 1930. The amendment went into 
effect on its announcement at the Annual Meeting in December, 
1930. The new wording follows: 


Article C5 Fees and Dues 
Szc. 1 The initiation fee for membership in each grade shall be: 


from Juniort to Associate-Member. . 
Promotion from Associate-Member to Member. . 
Promotion from Junior to Member or Associate 


* Formerly $25. 
t No change. 
t Promotion from Junior to higher grade, formerly $10. 


With the recommendation of the committees concerned with 
membership, publications, and Local Sections, the Council has 
reworded part of B14 (3) in order to provide for continuing to send 
the A.S.M.E. News to members after the expiration of the three 
months’ limit for payment of dues (in advance). Other publications 
are not mailed. Other proposals for rewording the By-Laws have 
been submitted to Council, but not yet acted upon. 

The Publications Committee as a matter of economy recom- 
mended, and the Council approved, the future publication of the 
Constitution, By-Laws, and Rules as a separate pamphlet. No 
new edition has been printed since that of the Record and Index of 
1929. 

At the request of the Council the Committee has under considera- 
tion the editing of the By-Laws and Rules to bring into better 
relation certain sections of the rules for various committee work, 
and to condense other sections. However, this work is not com- 
pleted, as all Standing Committees of the Council have in process 
the review of their own special rules; considerable headway has 
been made, but the work must be carried forward into the new 


administrative year. 
Respectfully submitted, 
A. D. Buaxg, Chairman 
Tuos. C. McBripg 
R. 8S. 
H. H. 
P. R. FaYMonvityg. 


RELATIONS WITH COLLEGES 


Student Branches were established at the University of Alabama. 
Tuscaloosa, Ala., Harvard University, Cambridge, Mass., and the 
University of South Dakota, Vermilion, 8. D., during the year, 
bringing the total number of Student Branches to 108. 

There were 867 Student Branch meetings reported during the 
school year 1930-1931, an increase of 230 over last year, or 36 per cent. 
President Wright visited 45 Student Branches during the school 
year 1930-1931 and 17 Branches in the fall of 1931. 

Membership in the Student Branches increased by 660 members 
over the 1929-1930 school year. Twenty-two joint meetings with 
Local Sections were held. 

Student Branch Conferences were held at the Annual Meeting. 
the Birmingham Meeting, and the Kansas City Meeting. These 
conferences were well attended. The Birmingham Conference and 
the program therefor was arranged by a special committee appointed 
for the purpose. More than 125 undergraduates were present to 
hear several excellent papers presented by members of Student 
Branches. 

At the Birmingham Semi-Annual Meeting = the Society an 
even more important event occurred. Mr. M. C. Maxwell, Chair- 
man of the Committee this year, presented a new tthe wn for Student 
Branch activities. This policy had been approved at a meeting 
of the Committee held in New York early in April. The policy 
was approved in principle by Council. It provides that under- 
graduates be admitted to a grade of membership designated ‘‘Student 
Member,”’ that application for this grade be made upon a regular 
form provided by the Society, and that a fee of $3 accompany this 
application. The application, which must bear the endorsement 
of the Honorary Chairman, is passed upon by the Membership 
Committee of the Society and then by Council in the same way as 
all other applications. Upon election, the Student is provided 
with a regular Membership Card bearing the designation ‘Student 
Member.” The Student is also provided with a Student Member- 
ship badge bearing the insignia of the Society. Each Student 
Branch having fifteen or more “Student Members” is entitled to 
receive reimbursement for necessary expenses to the amount of 
$25 per annum and each continues to receive the Transactions of the 
Society as issued and annually a bound volume of Transactions. 
One copy of Mechanical Engineering is sent for each fifteen Student 
Members, and each Student Member receives semi-monthly a copy 
of the current issue of the A.S.M.E. News. The latter will be de- 
veloped to provide sufficient space to record the interesting events 
and progress of the Student Branches and their members. The 
plan provides for mileage for one member of each Student Branch 
to a Regional Student Branch Conference, and for transfer to 
Junior Membership in the Society, upon the endorsement of three 
Faculty members, with suspension of the first year’s dues. 

The Council decided at its Hartford meeting to provide $2850 
as a special fund to inaugurate the new policy in fifteen colleges in 
the South (east of the Mississippi River). President Wright ap- 
pointed Mr. Lewis F. Gordon of Atlanta, Georgia, to membership 
on the Committee on Relations with Colleges for a five-year period, 
thereby giving further recognition to the southern Student Branches 
and assuring them of active leadership by the Committee. As the 
year closes, Chairman Maxwell, Mr. Gordon, and Ernest Hartford, 
Secretary to the Committee, have arranged an itinerary which wil! 
bring them to each of the fifteen colleges to consult with their faculties 
and officers during October, 1931. 

Respectfully submitted, 
Maxweui C. Maxwe.t, Chairman 
D. B. Prentice 
E. F. Cuurca, Jr. 
Wa. L. Assorr 
Lewis F. Gorpon. 


EDUCATION AND TRAINING FOR THE INDUSTRIES 


Meetings of the Committee were held during the Annual Meeting, 
and a proposed joint meeting with the Management Division was 
discussed with President-Elect Wright. 

The Committee considered it unwise to attempt to survey training 
processes in industry under present conditions. The papers ar- 
ranged for the December, 1930, meeting were: 

(1) “Apprentice Training in Virginia,’ by C. F. Bailey, Newport 
News Shipbuilding and Dry Dock Company. 

(2) “The Apprentice Training Movement in Wisconsin Industry,” 
by Harold S. Falk, Vice-President and Works Manager, The Falk 
Corporation. 
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(3) “Opportunities for Aviation Training,’ by J. S. Marriott, 
Chief of Inspection Service, Aeronautics Branch, U. S. Department 
of Commerce. 

Mr. Charles H. Colvin, President, The Pioneer Instrument Com- 
pany, Brooklyn, New York, presided at this meeting. About 200 
were in attendance. 

The following program was arranged for the Hartford Meeting, 
Monday, June 1, 1931: 

(1) “Training Foremen to Deal With Human Problems in In- 
dustry,””’ by John A. McCarthy, State Supervisor of Trade and 
Industrial Education, New Jersey Department of Public Instruction. 

(2) “Training Apprentices and Foremen,” by Frances Perkins, 
Industrial Commissioner, New York Department of Labor. 

A joint program with the Management Division has been arranged 
for the 1931 Annual Meeting, as follows: 

(1) Opening Address, by Roy V. Wright, President of the Society. 

(2) “Foremanship Training,” by U. J. Lupien, Cheney Brothers. 

(3) ‘‘Modern Industrial Training,’’ by George A. Seyler, Lunken- 
heimer Company 

Respectfully submitted, 


R. L. Sackett, Chairman 
D. C. Jackson 

Joun T. Fate 

Harowp 8. 

C. F. Bartey 
5. S. EpMANDs 
W. 5S. Conant 


Associate-M embers. 


LIBRARY 


The Library Conimittee represents the A.S.M.E. on the Library 
Board of the Engineering Societies Library. The report of the 
Library Board for 1930 shows that there has been no lessening in 
the use of the library during the depression, but that, on the con- 
trary, there has been a slight increase. 

More than forty thousand members of the Founder Societies used 
the Library during 1930. Forty per cent of these were non-visitors, 
assisted by loans of books, photoprints, and searches. Twenty 
per cent more photoprints were called for than in 1929. 

Gifts from members of the Founder Societies and other friends 
numbered 12,517 books and pamphlets. The main collection was 
increased by 7418 volumes and now contains 139,916 volumes and 
pamphlets. 

During the year a new bookstack was erected, which eliminated 
serious overcrowding and provided some room for growth. 

At the annual meeting of the Library Board in January, 1931, 
the Chairman of your Library Committee was elected Chairman of 
the Library Board. 

Respectfully submitted, 
Auten 8S. Mruter, Chairman 
Grorce F, BatemMan 
E. P. WorpEn 
Water M. Keenan 
Catvin W. Secretary. 


RESEARCH 


The Standing Committee on Research reports 29 cooperative re- 
search committees wholly or jointly sponsored by the Society on 
October 1, 1931. Two new committees were organized during the 
year, one on rotary drilling of oil wells and the other on critical pres- 
sure steam boilers. 

It is gratifying to note that although a severe business depression 
existed throughout the year the total contributions from industry 
and other sources to the various committees and the expenditures 
by these committees were slightly greater than those of the previous 
record year—$53,000 being contributed and $51,000 spent. This 
money covered the salaries of 25 research workers on whole or part 
time at 10 institutional laboratories, and materials and special equip- 
ment in several cases. 


Commitres ActTiviTy 

The personne! of the 29 committees totals 445 men, 45 per cent 
of whom are non-members of the Society. Most of these committees 
have held one or more business meetings during the year; in all a 
total of 43 meetings were held. In addition, they have sponsored 
either alone or jointly 10 technical sessions for the presentation of 
their reports and related papers at meetings of the A.S.M.E. and 
other societies. 


Experimental investigations are being financed either in whole 
or in part at the following institutions: National Bureau of Standards, 
Washington, D. C., and Columbus, Ohio; U. 8S. Bureau of Mines, 
Pittsburgh, Pa.; Massachusetts Institute of Technology; University 
of Michigan; Union College; University of Illinois; Ohio State 
University; University of Minnesota; and Carnegie Institute of 
Technology. Several field investigations have also been under 
way. Many more institutional and industrial laboratories have 
been cooperating with the committees without financial assistance. 


FInanciaL Recorp 


Contributions to the various programs from industry, Engineering 
Foundation, and similar sources have totaled more than $53,000 this 
year as against $48,000 last year. The committees have thus con- 
tinued to maintain 25 full- and part-time research workers on their 
programs. Expenditures for this work amounted to $51,000, some- 
what more than last year. The Society, in addition, contributed 
about $14,000 for administrative and secretarial assistance this year 
toward the organization, maintenance, and development of this 
cooperative research work. It should be noted that the ratio be- 
tween industrial contributions and Society contributions still con- 
tinues to be better than three to one. 


PUBLICATIONS 


Technical progress reports on their work and related papers have 
been presented by the committees and published by the Society 
and other organizations throughout the year. These filled 39 pages 
of Mechanical Engineering and 387 pages of the Transactions alone. 
As was done last year, these papers are being bound together in a 
single volume for sale under the title ““A.S.M.E. Research Reports 
and Papers, 1931." In addition, the following separate Research 
publications developed by the committees were published for sale 
by the Society: 


Fluid Meters, Part 2—Description of Meters 

Dynamic Loads on Gear Teeth 

Bibliography on Deterioration of Condensing Equipment 

Supplement to a Bibliography on the Effect of Temperature 
on the Properties of Metals. 


The Bibliography on Riveted Joints being prepared by A. E. R. 
deJonge for the industry is in printer’s proof form and now com- 
prises over 500 selected and abstracted references. 

Prof. W. M. Coates reports that the manuscript of the bibliography 
and monograph on the Stress Analysis of Pressure Vessels is about 
completed. 

Items of current interest on the activities of the various committees 
have appeared from time to time in the A.S.M.Z. News. 


Approved Research Publications of the A.S.M.E. The following 
research publications have been issued by the Society to date: 


Bibliography on Riveted Joints 

Bibliography on Mechanical Springs 

Report on Fluid Meters, Part 1—Their Theory and Application 
(Third Edition) 

Bibliography on Effect of Temperature on Properties of Metals 

Bibliography on Woods of the World—Exclusive of the Tem- 
perate Region of North America and with Emphasis on 
Tropical Woods 

Bibliography on Cutting of Metals 

Fluid Meters, Part 2—Description of Meters 

Dynamic Loads on Gear Teeth 

Bibliography on Deterioration of Condensing Equipment 

Supplement to a Bibliography on the Effect of Temperature 
on the Properties of Metals. 


INTERNATIONAL COOPERATION 


The Research Committee can report considerable progress in 
bringing about closer contact between the Society's research com- 
mittees and similar groups abroad, particularly through the Insti- 
tution of Mechanical Engineers and the Department of Scientific 
and Industrial Research in England and through the Verein deutscher 
Ingenieure in Germany. Reports of collateral work are exchanged 
regularly, and the men active in these fields are being brought closer 
together through international conferences as well as personal visits 
These contacts are profitable to the members of the A.S.M.E. as 
well as to those of the foreign societies in many ways. 


CommitTree Reports 
Lubrication. A. E. Flowers, Chairman. The experimental! studies 
at the Bureau of Standards have been continued during the year with 
three full-time and several part-time workers in the employ of the 
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Committee, an arrangement made possible by contributions totaling 
more than $4000 from industry and Engineering Foundation. These 
studies include (1) further investigation of viscosity under high pres- 
sure, (2) journal bearing investigations, and (3) oiliness research. 
Three other laboratories have cooperated with the committee, 
namely, (a) Pennsylvania State College, on experimental test of 
hydrodynamic theory of lubrication, (6) Kingsbury Machine Works, 
on pressure distribution in oil films, and (c) Research Department 
of Westinghouse Electric and Manufacturing Company, on waste- 
packed bearings, ring oiling, and forced lubrication. 

A direct result of this activity was the Annual Meeting session 
held on December 5, 1930, at which Mr. Albert Kingsbury read his 
paper “On Problems in the Theory of Fluid-Film Lubrication With 
Experimental Method of Solution,’’ and the Fifth Report of the 
A.S.M.E. Special Research Committee on Lubrication was presented. 

Preparations for a similar session at the 1931 Annual Meeting 
are now in progress, and it is known that papers on “Optimum Con- 
ditions in Journal] Bearings’’ will be read by Mr. Kingsbury and on 
“Pressure Distribution in Oil Films of Journal Bearings’’ by Messrs. 
S. A. McKee and T. R. McKee. 

The Chairman published a paper on ‘Modern Lubrication Studies” 
in the May 26, 1931, issue of Power. 

Mr. L. J. Bradford, a member of the Committee and Professor 
of Machine Design, Pennsylvania State College, read a paper on 
“Bearing Design in the Light of Oil-Film Pressure Investigation” 
at the Lubrication Meeting of the Lubrication Engineering Com- 
mittee of the A.S.M.E. Petroleum Division, State College, Pa., 
May, 1931. He will also present a paper on “Oil Film Pressure” at 
the coming Annual Meeting. 

In July, 1931, the Committee was represented at the International 
Congress on Lubrication, Strasbourg, France, by Mr. Winslow H. 
Herschel, a member of the staff of the Lubrication Section of the 
National Bureau of Standards. 


Fluid Meters. R.J.S. Pigott, Chairman. ‘Fluid Meters, Part 2, 
Description of Meters,’’ has been completed and published by the 
Society. Draft of Part 3, on the “Influence of Installation,’”’ was 
fully discussed by the Committee at its meeting on September 24, 
in Pittsburgh, Pa., and will be revised further. 

The day following this meeting, the members of the Committee 
met with the Gas Measurement Committee of the American Gas 
Association. They discussed the revision of the table of coefficients 
now employed by the American Gas Association and arranged for 
joint review and promulgation of future tables. 

During the summer months a subcommittee was organized in the 
Tulsa area to conduct tests to determine the accuracy of existing 
coefficients and correction factors for viscosity, gravity, and tem- 
perature in the measurement of oil. Two meetings have been 
held. A program has been laid out and contributed equipment is 
now being set up at the mechanical engineering laboratory of the 
University of Oklahoma under the direction of Prof. W. H. Carson. 
A delegation from the A.S.M.E. Special Research Committee on Fluid 
Meters attended the annual Southwestern Gas Measurement Course 
held at the University of Oklahoma in Norman, Okla., April 21-23. 

The Special Research Committee on Fluid Meters will hold a 
session at the 1931 Annual Meeting of the Society. Two papers 
have been prepared for presentation at this session. 


Thermal Properties of Steam. Alex Dow, Chairman. Through- 
out the year, the experimental part of the Committee’s program was 
continued at the Massachusetts Institute of Technology under Dr. 
F. G. Keyes and Mr. L. B. Smith, and at the Bureau of Standards 
under the immediate direction of Dr. N. S. Osborne with Messrs. 
H. F. Stimson, D. C. Ginnings, and E. F. Fiock assisting. 

Dr. Keyes and Mr. Smith have spent the greater part of the year 
designing and constructing a new stainless-stecl bomb with which 
to make check measurements on the volume of saturated and super- 
heated steam. In a similar way the experimenters under Doctor 
Osborne have designed and completed the construction of a new 
steel calorimeter. Early in the coming year it is expected that 
measurements of saturation pressures and temperatures up to 2500 
lb. per sq. in. will be begun with this apparatus, and the design of a 
new flow calorimeter for superheat measurements will be started. 

No international meeting was held this summer, but correspondence 
has passed between members of the Committee and the laboratories 
in Great Britain, Germany, and Czechoslovakia which are at work 
on this problem and others interested in the results attained. One 
of the subjects of discussion was the date of the Third International 
Steam Conference, which is to be held in the United States. The 
date finally decided upon is September 12-17, 1932. 

The usual Steam Tables Research Session was held during the 
1930 Annual Meeting of the Society at which papers and reports 
were presented by Messrs. Keyes, Smith, Osborne, and Keenan. 
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In September, 1931, the Society published an inexpensive abridg- 
ment of the Keenan “Steam Tables and Mollier Diagram,” intended 
particularly for the use of engineering students and publishers de- 
siring to reproduce these tables in abstract. 


Strength of Gear Teeth. Ralph E. Flanders, Temporary Chairman. 
The main Research Committee appointed Mr. R. E. Flanders to the 
chairmanship to fill the vacancy caused by the death of Mr. Wilfred 
Lewis. 

“Dynamic Loads on Gear Teeth,” a complete report of the Com- 
mittee’s investigation at the Massachusetts Institute of Technology 
during the past five years, was finished during the year by Prof. 
Earle Buckingham and published in pamphlet form by the Society, 
in July, 1931. 


Cutting of Metals. F. C. Spencer, Chairman. This has been a 
year of reorganization and readjustment for this special research 
committee. At its December, 1930, meeting, an executive committee 
consisting of the three officers was created, and chairmen of sub- 
committees on Bibliography and Correlation, Cutting Fluids, Metal 
Cutting Materials, Physics of Cutting Metals, and Properties of 
Materials, were appointed or reappointed. 

The Subcommittee on Cutting Fluids presented a preliminary 
report prepared by Prof. O. W. Boston, who is in charge of a part 
of this investigation in progress at the University of Michigan 
This report, in the form of a paper, was presented at the Hartfor/ 
Meeting of the Society in June, 1931. At this session Mr. T. G 
Digges of the Bureau of Standards also read a paper, entitled ‘The 
Influence of Chemical Composition on Heat Treatment of Stee! 
Forgings on Machinability With Shallow Lathe Cuts.” 

Chairman Nicho!s spent three months in Europe during the spring 
and summer. While there, he visited a number of manufacturing 
plants in Germany and gathered data for the Committee. Before 
sailing, he resigned the chairmanship of the Committee in favor of 
Mr. F. C. Spencer. 

Before the close of the fiscal year additional funds were made 
available to the Subcommittee on Cutting Fluids, Mr. Carl Oxford, 
Chairman, to permit the continuance of the experimental program 
at the University of Michigan under Professor Boston. 

At the December, 1931, Annual Meeting of the Society, the Com- 
mittee will hold a joint session with the Machine Shop Practice Di- 
vision at which a report of the Subcommittee on Metal Cutting 
Materials will be presented. 

The Committee has caused to be translated, and is revising for 
publication by the Society, a book by Prof. K. Gottwein on ‘‘Kihlen 
und Schmieren bei der Metallbearbeitung.”’ 

A comprehensive Bibliography on Milling, being compiled by 
Prof. J. D. Hoffman at Purdue University, is nearing completion. 


Mechanical Springs. J. R. Townsend, Chairman. The chair- 
man and secretary visited personally the prominent spring manu- 
facturers to determine the scope of their spring problems and to 
ascertain what the Committee might do to help solve them. This 
survey brought out the need for more information on the fatigue 
qualities of full-size springs, for the determination of correct spring 
constants for those materials most widely used in springs, and for 
the standardization of a new code of design employing these spring 
constants. Two of the large spring manufacturers have offered their 
laboratories for the fatigue tests. The program covering railroad- 
size helical springs has been completed and tests have heen 
begun in these laboratories. A similar program of fatigue tests 
on wire springs is being prepared. In December, 1930, and in June 
of this year, Prof. M. F. Sayre reported before meetings of the Society 
the progress of his investigation on certain characteristics of spring 
materials, which is being financed by the Committee at Union Col- 
lege. Prof. J. B. Reynolds, at Lehigh University, has continued 
his investigations of conical springs and will present a report in De- 
cember, 1931. The Committee’s bibliography of current springs 
literature has continued to be distributed to members and financial 
contributors. 


Effect of Temperature on the Properties of Metals. H. J. French, 
Chairman. (Joint Committee with A.S.T.M.) The outstanding 
contribution of this Committee for the year was the Symposium 
on the Effect of Temperature on the Properties of Metals held dur- 
ing the June, 1931, Annual Meeting of the American Society for 
Testing Materials in Chicago. This symposium amounted to an 
authoritative statement of the engineering needs for metals to with- 
stand high temperatures and the properties of the available metals. 
Some fifty authors contributed 28 papers. These papers with dis- 
cussion will be printed in an 800-page bound volume and sold by the 
two societies. Additional papers were contributed by the Com- 
mittee to the meetings of the two societies during the year. The 
A.S.M.E. also published for the Committee an up-to-date ‘‘Supple- 
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ment to the Bibliography on the Effect of Temperature on the Proper- 
ties of Metals.” 

Prof. H. F. Moore of the University of Illinois has submitted a 
report of fatigue tests on a low-carbon steel at high temperatures, 
an investigation financed by the Committee. Progress has been 
made by the various industrial laboratories cooperating with the 
Committee in studies of high-temperature effects on mechanical 
properties and structural stability of cast, wrought, and stainless 
steel. Progress can also be reported in the development of a test 
code for high-temperature tension tests. 

Nearly half of the required amount of $20,000 has been subscribed 
by the National Electric Light Association, the American Petroleum 
Institute, the Engineering Foundation, and a group of alloy casting 
manufacturers to the support of a proposed enlarged research pro- 
gram for the Committee. 


Condenser Tubes. A. E. White, Chairman. The Committee’s 
progress report on the study of the effect of air both in the entrained 
and dissolved condition upon condenser-tube deterioration was 
presented at the Annual Meeting, December, 1930. Under the di- 
rection of Mr. B. Houghton, Vice-Chairman of the Committee, a 
number of examinations have been made of these conditions in the 
condensers of several steam generating stations according to a pro- 
cedure set up by the Committee. Further experimental work has 
also been carried on for the Committee. 

A comprehensive bibliography of the causes and prevention of 
corrosion and other forms of deterioration in condenser tubes was 
presented to the Society and published in pamphlet form during the 
year. The Committee will present a progress report at the 1931 
Annual Meeting. 


Boiler Feedwater Studies. 8. T. Powell, Chairman. (Joint Com- 
mittee with A.B.M.A., A.R.E.A., A.S.T.M., A.W.W.A., and N.E. 
L.A.) The Committee, resuming activities after the recovery of 
the Chairman from serious illness, has concentrated on research studies 
on priming and foaming of boiler waters, and on the standardization of 
water analysis applicable to boiler feed and other industriai uses. 

The Committee, in April, 1931, completed negotiations whereby 
a fellowship was established at the Ohio State University under 
the direction of Prof. C. W. Foulk, to continue the studies on 
priming and foaming of boiler waters. Professor Foulk will present 
a paper at the Boiler Feedwater Session at the December, 1931, 
Annual Meeting of the Society. 

Subcommittee No. 8 on the Standardization of Water Analysis 
Methods has been reorganized under the chairmanship of Mr. C. H. 
Fellows, and close contact has been established with similar groups 
in the American Society for Testing Materials, the National Electric 
Light Association, and the American Water Works Association. 
To facilitate the work of formulating standard test methods, the 
Committee has established a fellowship at the University of Michi- 
gan. Mr. Fellows’ Subcommittee will present at the coming Annual 
Meeting a progress report including studies of methods for deter- 
mining alkalinity of boiler water. 

Report No. 21 of the Subcommittee on Bibliography was distrib- 
uted in May, 1931, to Committee members and to contributors. 


Boiler Furnace Refractories. W.A. Carter, Chairman. The Com- 
mittee held a session at the 1930 Annual Meeting of the Society 
at which papers were presented on ‘‘Comparative Resistance of 
Refractories to Coal-Ash Slags,”” by R. K. Hursh, “Action of Slags 
on Firebrick and Boiler Furnace Settings,’ by T. A. Klinefelter 
and E. P. Rexford, and ‘““Furnace-Gas Compositions and Tempera- 
tures in Underfeed-Stoker-Fired Boilers and Their Effect on Boiler 
Settings,”” by Albert C. Pasini and Edward M. Sarraf. The authors 
of the third paper are not members of the Committee. 

The U. S. Bureau of Mines published Bulletin No. 334 on “A 
Study of Refractories Service Conditions in Boiler Furnaces’’—a 
summary of papers and reports of work done for the Committee 
during the past five years. Copies of this publication were distrib- 
uted to the members of the Committee and to the contributors. 

A special report on “The Effects of Cahokia, Trenton Channel, 
and Lowellville Slags on Their Respective Bricks Under Reducing 
and Oxidizing Atmospheres,” by E. P. Rexford and E. J. Vachuska 
also was distributed to the same groups for their information. 

Tests have been continued at the Columbus Branch of the National 
Bureau of Standards by E. P. Rexford, A.S.M.E. Research Associate, 
with the assistance of Mr. Vachuska, under the direction of Mr. 
T. A. Klinefelter, superintendent of the station. These include an 
investigation of power-house refractories, studies of samples from 
the Connors Creek Station, Roseville Brick Plant, Deepwater In- 
stallation, and others; studies on the multiple-component system; 
on power-house samples; on firing brick and slag samples in reducing 
atmospheres; and on the effects of reducing atmospheres on the 
slag action on firebrick. 


The laboratory slag tests at the Battelle Memorial Institute in- 
clude reports on various refractories (ST1l to ST8) with Lowellville 
Cahokia, Chicago, Nanticoke, Peoria, and Detroit coal ashes. These 
tests were reported monthly by Mr. H. E. Simpson, and mimeo- 
graphed copies have been distributed to the members of the Com- 
mittee. The Institute is supporting this phase of the work. Similar 
tests have been made by another method at the University of Illinois 
by Prof. R. K. Hursh, and mimeographed copies of his reports also 
have been sent to the members of the committee. 


Elevator Safeties. M. H. Christopherson, Chairman. Tests on 
undercar safeties have occupied the time of the Committee's research 
associates at the Bureau of Standards during the year. Special 
test apparatus, installed in the test hoistway, was further refined 
during use. 

The bi-monthly meetings of this Committee were continued for 
the purpose of reviewing the test data and preparing recommen- 
dations for use in the revision of the Safety Code for Elevators. 

In July, 1931, the Committee sponsored a conference of wire rope 
manufacturers and users to discuss the possibility of establishing 
standards for inspection and condemnation of ropes in service. The 
program of the A.S.M.E. Wire Rope Research Committee was 
adopted as a method of procedure. 


Worm Gears. Earle Buckingham, Chairman. Present industrial 
conditions have materially slowed down the progress of much of 
this Committee’s program. Tests and other work are now being 
carried on in three or four plants, but the test data available is not 
yet sufficient to justify any further report at this time. 


Welding of Unfired Pressure Vessels. E. H. Ewertz, Chairman. 
(Joint Committee with the American Welding Society.) A report 
of tests on a certain type of light-gage welded tank at Lehigh Uni- 
versity has been made. The results obtained have been incorporated 
in the A.S.M.E. Boiler Code. The Committee is now considering 
the desirability of disbanding, as its work appears to have been 
completed. 


Saws and Knives. A. 8S. Kurkjian, Chairman. Owing to the 
lack of financial support from the woodworking industries and manu- 
facturers of saws and knives, this Committee has been inactive dur- 
ing the year. 

In March, 1930, Engineering Foundation made a grant of $1000 
toward the Committee’s proposed experimental program, but be- 
cause of the Committee's inactivity, $500 yet due on the grant was 
transferred to the Lubrication Committee to help meet its current 
research expenses. 


Existing Supplies of Hardwoods. Additional sample logs of 40 
different tropical species were received in New York from Central 
America, British Guiana, Colombia, Venezuela, and Panama. They 
were cut into test blanks by two importing concerns and shipped to 
the University of Michigan for tests. 

A representative of the Tropical Plant Research Foundation, 
with the aid of the Pack Forest Trust and the A.S.M.E., made a 
personal canvass of principal wood-using and importing concerns 
in the United States in an effort to interest them in contributing to 
an investigation of the abundance and qualities of the general utility 
woods of the northern portion of the American tropics. He re- 
ports no success because of existing business conditions. 


Strength of Vessels Under External Pressure. W.D. Halsey, Chair- 
man. The Committee completed its survey of foreign and domestic 
design practice and performance records on jacketed vessels, and 
compiled it into useful form. At the December, 1930, meeting of 
the Committee, Mr. D. B. Wesstrom, member of the Committee, 
presented an analysis of this data in the form of tables and com- 
parative curves which indicated that a large amount of experimental 
work needs to be done to verify existing formulas. Commander 
Saunders, member, also reported on extensive tests that have been 
carried on at the Model Basin, Navy Yard, Washington, D. C., 
on cylindrical structures subjected to collapse, and from which a new 
formula has been developed. He later discussed this work in a paper 
before the Society’s Hartford Meeting, June, 1931. Mr. T. M. 
Jasper, member, reported at the same meeting on an investigation 
of the collapsing strength of steel tubes. 


Absorption of Radiant Heat. W.J. Wohlenberg, Chairman. The 
Committee is continuing to collect and analyze the meager data 
available from the power industry on the absorption of radiant heat 
in installed furnaces. 


Velocity Measurement of Fluid Flow. W. F. Durand, Chairmen. 
The apparatus described in a previous report which required two 
identical sound-detecting devices suffered from the disadvantages 
of producing troublesome reflected sound waves. Professor Hartig 
has accordingly invented an improved apparatus which has the 
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inherent property of suppressing waves which ordinarily would give 
rise to disturbing reflections. A preliminary form of this new ap- 
paratus was set up and tested with moving air during the months 
of July and August, 1931, with encouraging results. The prelimi- 
nary test suggested refinements and improvements which are now 
being incorporated in a more suitable design which is adapted for 
measuring the velocity of gases and liquids. It is planned to test 
the new apparatus by measuring the velocity of water, in connec- 
tion with which adequate means for checking the magnitude of the 
velocity are available in the University of Minnesota Experimental 
Laboratory, where the work is in progress. 


Measures of Management. W.E. Freeland, Chairman. The Com- 
mittee conducted a conference at the Society’s June Meeting in 
Hartford on the possibility of establishing formulas for the selection 
and replacement of manufacturing equipment. Some fifty manu- 
facturing executives attended and brought out in the discussion the 
many practical elements that must be considered in developing 
such formulas. 

The studies on this phase of the Committee’s program are being 
carried on at the Massachusetts Institute of Technology, under the 
joint sponsorship of this Committee and of a similar committee of 
the Materials Handling Division. A report, ‘“‘Economic Life of 
Equipment,” by H. O. Vorlander and F. E. Raymond, will be pre- 
sented at the December, 1931, Annual Meeting. 


Diesel Fuel Oil Specifications. L. H. Morrison, Chairman. The 
Committee has not made much progress in formulating specifica- 
tions or in research work during the year, due to reorganization and 
the entrance of allied technical organizations into the project. The 
formulation of specifications is to be handled by a Sectional Com- 
mittee organized under the procedure of the American Standards 
Association under the sponsorship of the American Society for Test- 
ing Materials but based on data to be supplied by the A.S.M.E. 
special Research Committee on Diesel Fuel Oil Specifications. A 
joint committee has been organized with the Society of Automotive 
Engineers to make a study of combustion in a Diesel engine cylinder. 
Efforts are now being made to raise funds from industry for this 
research. The A.S.M.E. Committee has in addition two subcom- 
mittees, one studying the physical and chemical properties of Diesel 
fuels in the laboratories of the larger oil companies in an attempt 
to discover the characteristics of motor fuel unsatisfactory for engine 
operation, and the other carrying out field tests in the shops of engine 
manufacturers in an effort to discover the effect of viscosity and 
Conradson carbon on the operation of Diesel engines. 


Wire Rope. W. H. Fulweiler, Chairman. The Committee be- 
lieves that a definite relation can be established between the number 
of broken wires and the wear of a wire rope and its remaining useful! 
life. To test this opinion approximately 500 copies of the Com- 
mittee’s program and data sheets have been distributed to persons 
believed to be interested in collecting data on ropes in service and in 
sending samples from discarded ropes to the National Bureau of 
Standards, Engineering Mechanics Section, for testing. Arrange- 
ments have been completed with the Bureau of Standards for test- 
ing the samples and correlating the results of the tests with the 
collected data. Engineering Foundation is financing this phase of 
the investigation. In July, the Committee participated in a con- 
ference with wire rope manufacturers and users called by the Sec- 
tional Committee on the Safety Code for Elevators. The purpose 
of this conference was to discuss the possibility of framing rules for 
inspection and condemnation of ropes in service on elevators at the 
present time. Discussion revealed that a great deal of technical 
information is needed on wire rope life in service before such rules 
can be established. The program of the Wire Rope Committee was 
adopted as a method of procedure in obtaining such data. 


Airplane Vibration With Special Reference to Instruments. Alexan- 
der Klemin, Chairman. The Committee has been inactive since the 
presentation of its report entitled “Airplane Instrument Vibra- 
tion” at the December, 1930, Annual Meeting. 


Heavy Duty Anti-Friction Bearings. W.Trinks, Chairman. Sev- 
eral concerns have cooperated with the Committee in the conduct 
of extensive tests on rolling mills. Three reports have been distrib- 
uted during the year, in mimeographed and blueprinted form, to the 
members of the Committee and to contributors: these were (1) 
forces in the cold rolling of non-ferrous metals, (2) an analysis of 
German data on the forces which occur in the hot rolling of mild 
steel, and (3) analyses of data on roll neck forces which have been 
obtained in enormous quantities from the 35-in., 28-in., and 22-in. 
mills of the Timken Steel and Tube Company in hot rolling alloy 
steels. 

The Committee held two meetings during the year to discuss the 


program and the progress made. Arrangements have been com- 
pleted for a joint session with the Iron and Steel Division at the 
1931 Annual Meeting at which several papers resulting from the 
Committee’s activity will be presented. 


Removal of Ash as Molten Slag From Powdered-Coal Furnaces. 
P. B. Rice, Chairman. Experimental investigations, under the 
auspices of this Committee at the Bureau of Mines, on the addition 
of fluxes as a means of removing ash as molten slag from powdered- 
fuel furnaces, were completed during the year, and a report will be 
presented at the December, 1931, Annual Meeting of the Society. 
A study is now being made of the selective separation of ash in slag 
furnaces. Constructors, manufacturers, and operators of power 
plants and power-plant equipment are financing the Committee's 
program. 


Automatic Oil Pipe Line Pumping Stations. W.G. Heltzel, Chair- 
man. The Committee’s experimental station was completed in 
time for demonstration during the seventh International Petroleum 
Exposition in Tulsa, Okla., October, 1930. As a result of this in- 
vestigation one of the more prominent oil distributing companies 
has during the year built six similar stations into its system. 

The Committee has recently completed a survey of the function- 
ing of these stations from which data will be used to redesign and re- 
build the experimental station along greatly improved lines. 


Methods and Apparatus for Noise Measurement. W. B. White, 
Chairman. The Committee is confining itself to the development 
of an objective scale for measurement and apparatus for the deter- 
mination of sound values in a manner universally acceptable. A 
résumé of the Committee’s first report appeared in the May, 1931 
issue of Mechanical Engineering. 

This committee participated with other interested organizations 
in the symposium on sound measurement conducted by the North 
Eastern District of the American Institute of Electrical Engineers 
at Rochester, N. Y., April 29-May 2, 1931. 

The project has developed steadily and the general facts and 
ideas accumulated have been circulated to the committee members. 
In the spring the Committee expects to submit a report which wil! 
contain a tentative, well-considered formula. 


Rotary Drilling of Oil Wells. D. L. Trax, Chairman. Organized 
originally in January, 1930, to investigate the operating efficiencies 
of steam equipment used in the rotary drilling of oil wells. The 
Committee's scope was later enlarged to include a study of elec- 
trical, gas engine, and Diesel-engine-driven equipment designed for 
the same purpose. 

The study of steam drilling was made first, and one of the oil 
companies in the Oklahoma field made it possible for the Committee 
to conduct its tests during the drilling of a new well. Special meter- 
ing and other apparatus necessary for the investigation were con- 
tributed by local concerns, and the tests were all directed by Prof. 
W. H. Carson, Head of the Department of Mechanical Engineering 
of the University of Oklahoma. The work was completed during the 
summer months and an extensive report has been prepared for publi- 
cation. 


Critical Pressure Steam Boiler. A. A. Potter, Chairman. This 
new committee was organized in August, 1931, to advise with the 
Engineering Staff of Purdue University in a study of the action of 
steam in a boiler at and above the critical pressures. Tests have 
been conducted on a 3500 Ib. experimental steam generator and 
auxiliaries recently installed in the Mechanical Engineering Labora- 
tory of the University with the cooperation of several manufac- 
turers and users of steam-generating equipment. This investi- 
gation is expected to supplement in a practical way the program of 
the Special Research Committee on Thermal Properties of Steam 
A paper by members of the Committee will be presented at the 1931 
Annual Meeting of the Society. This will describe results of pre- 
liminary investigations including automatic control, pressure-tem- 
perature relations, and heat transfer. 


Physical Constants of Refrigerants. (Joint sponsorship with Ameri- 
can Society of Refrigerating Engineers. No personnel yet ap- 
pointed.) Owing to the depressed condition of business, efforts 
to collect funds from industry to support a proposed research at the 
Bureau of Standards on the determination of the physical constants 
of certain refrigerants were not successful. The project is there- 
fore being held in abeyance till conditions improve. 


Respectfully submitted, 
W. Reupen Wesster, Chairman 
Water H. 
Avex D. Battey 
Anprey A. Potrer 
F. C. Biecert, Jr. 
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STANDARDIZATION COMMITTEE 


The A.S.M.E. Standardization Committee presents the following 
as its report for the year October 1, 1930, to October 1, 1931. 


ORGANIZATION 


During the past year the Society accepted one sole sponsorship, 
that for the Standardization of Specifications for Leather Belting, 
January, 1931, and one joint sponsorship with the American Foundry- 
men's Association for the Standardization of Foundry Equipment, 
February, 1931. To date the Society has accepted sponsorship or 
joint sponsorship for a total of 29 sectional committees under the 
procedure of the American Standards Association. These sectional 
committees have subdivided themselves into 238 subcommittees and 
subgroups in order that the work assigned to them may be carried 
forward more promptly and effectively. The total number of 
members of these committees is now 1090, of which 397 are members 
of the A.S.M.E. 

Organization meetings of the following three Sectional Committees 
were held: Pressure and Vacuum Gages in December, 1930; Speci- 
fications for Leather Belting in May, 1931; and Foundry Equipment 
in May, 1931. The reorganization meeting of the Sectional Com- 
mittee on Plain Limit Gages for General Engineering Work was held 
in December, 1930, at which time it was decided to change the name 
to Allowances and Tolerances for Cylindrical Parts and Limit Gages. 
In all, 81 standards committee meetings were held during this year. 


STANDARDS APPROVED 


Four standards were completed under the A.S.A. procedure and 
published in pamphlet form this past year. ‘These are the standards 
for 25 Lb. Cast Iron Flanges and Flanged Fittings; Track Bolts; 
Woodruff Keys, Keyslots, and Cutters; and Symbols for Heat and 
Thermodynamics. 


PuBLicity 


During the year 33 pages of text pertaining to the Society’s work 
in standardization were published in Mechanical Engineering. Part 
of this material was published in the Engineering and Industrial 
Standardization section of Mechanical Engineering, and the remainder 
consisted of the reproductions of preliminary proposals issued from 
time to time by the committees. Thirty-two hundred copies of 
tentative draft standards in printer's proof form were distributed to 
consumer and producer interests and to the technical press during 
the year. 


MEcHANICAL STANDARDS ADVISORY COUNCIL 


The Mechanical Standards Advisory Council, organized in 
December, 1928, to advise this industry and the American Standards 
Association on questions relative to the initiation and development 
of dimensional standards and material specifications of special 
interest to these groups, held a meeting in December, 1930. At this 
meeting it was voted to increase the personnel of the Executive 
Committee from seven to nine members; this vote included the 
recommendation that three members be elected each year for a 
term of three years. 

Since this meeting the new executive committee has been elected 
by letter ballot and now consists of the representatives of the Ameri- 
can Gas Association; American Society for Testing Materials; 
American Society of Mechanical Engineers; American Institute of 
Bolt, Nut and Rivet Manufacturers; Heating and Piping Contrac- 
tors National Association; Manufacturers’ Standardization Society 
of the Valve and Fittings Industry; National Electric Light Associa- 
tion; National Machine Tool Builders Association; and the Society 
of Automotive Engineers. The Council now consists of 24 member 
organizations. 


SgcTionaL CoMMITTEE AND SUBCOMMITTEE REPORTS 


Shafting. C. M. Chapman, Chairman. In January, 1931, 
favorable reactions were received from the committee members on 
the proposed extension of the shafting diameters and flat key series 
for shafts larger than 6 in. 

The four existing standards, namely, Cold Finished Shafting with 
an addition covering recommended diameters for forged shafting 
larger than 6 in., Square and Flat Stock Keys (1925), including 
the extension for large flat keys, Plain Taper Stock Keys (1927), 
and Gib-Head Taper Stock Keys (1927) were then tentatively 
combined under a single cover with appropriate introductory notes 
and title. 

During the review of the combined standard by the committee 
members certain questions were raised in connection with the larger 
sizes of shafting and keys, and in order to obtain authoritive in- 
formation on these points a questionnaire was distributed to the 


larger manufacturers and users of this material. The answere to 
this questionnaire and their bearing on the proposed extension to 
the shaft and key sizes will be discussed at the next meeting of the 
Sectional Committee, scheduled for the third week in October. 

Subcommittee on Woodruff Keys. L. C. Morrow, Chairman. 
The American Standard for Woodruff Keys, Keyslots, and Cutters 
was approved by the American Standards Association in December, 
1930, and is now available in pamphlet form. 


Allowances and Tolerances for Cylindrical Parts and Limit Gages. 
E. J. Kearney, Chairman. The reorganization meeting of the 
Sectional Committee on Plain Limit Gages for General Engineering 
Work was held in December, 1930, letters having been sent to 62 
interested organizations requesting them to appoint representatives. 
The appointments made up to the time of the meeting were discussed 
and several persons were added as ‘‘members at large,” bringing the 
personnel to a total of 43 members. Mr. C. E. Rundorff, of the 
Buick Motor Company, Flint, Mich., was elected secretary. 

After reviewing the work of the original Committee and the extent 
to which the original standard had been accepted by industry, several 
alternative tolerance systems were discussed. 

The plan and scope of the Committee’s work were analyzed and it 
was recommended that certain changes be made in the wording 
of the “‘Scope.”” It was also recommended that the Committee’s 
name be changed to “Sectional Committee on the Standardization 
of Allowances and Tolerances for Cylindrical Parts and Limit 
Gages.” 

The appointment of subcommittees to facilitate handling the 
various phases of the work was left to the discretion of the chairman, 
who has been in touch with the members regarding a plan for the 
activities of the Committee, and it is expected that another meeting 
will be held before the end of the calendar year. 


Ball and Roller Bearings. F. W. Gurney, Chairman. The 
American Standard on Ball and Roller Bearings of the Single Row 
Type and Recommended Practice for the Wide Type was completed 
by this Sectional Committee and approved by the American Stand- 
ards Association in April, 1930. The Standardization of Metric 
Thrust and Roller Bearings is being contemplated by the Committee 
as its next activity. 


Gears. B. F. Waterman, Chairman. While no tangible results 
in the form of American Standards have been produced this year by 
the Sectional Committee on the Standardization of Gears, several 
of its subcommittees have made considerable progress toward this 
end. 

Subcommittee on Nomenclature. E. W. Miller, Chairman. A 
decision was reached at the September, 1930, meeting of the A.G.M.A. 
Committee on Nomenclature that the series of multiple letter symbols 
be designated as ‘“‘abbreviations’’ and that a series of single letter 
symbols be developed for inclusion in the proposed recommended 
practice of the A.G.M.A. covering symbols, abbreviations, and 
definitions. During the year the A.G.M.A. Committee and this 
Subcommittee prepared a proposal based on this idea. Copies of 
the latter were generally distributed for criticism and comment. 
To coordinate its work with the recommendations of the Sectional 
Committee on Scientific and Engineering Symbols and Abbreviations 
three members of the latter Committee are to be appointed to confer 
with the Subcommittee on Nomenclature. 

Subcommittee on Spur Gear Tooth Form. H. J. Eberhardt, Chair- 
man. The letter ballot of the Sectional Committee on the Proposed 
American Standard for the Tooth Form of the 14!/: Deg. and 20 
Deg. Full Depth Involute System was completed during August. 
Chairman Eberhardt is now reviewing the comments received with 
these ballots, after which it will be submitted to the A.-G.M.A. and 
A.S.M.E., the sponsor organizations, for approval. This standard 
when finally approved by the A.S.A. will be combined and printed 
in one pamphlet with the first standard prepared by the Subcom- 
mittee, covering the tooth form of the stub tooth systems. 

Subcommittee on Helical Gears. A. A. Ross, Chairman. During 
the past year agreement on the fundamentals of its report on herring- 
bone gears, with the exception of tooth load formulas, was reached 
by the Subcommittee. The subject of tooth load formulas is re- 
ceiving careful consideration but it will be necessary for the Sub- 
committee to await the completion of certain tests at the Massa- 
chusetts Institute of Technology before definite recommendations 
on this part of the subject can be made. One informal meeting of 
several members of the Committee was held in Buffalo at the time 
of the 1931 meeting of the A.G.M.A. 

Subcommittee on Inspection of Gears. G. L. Markland, Chair- 
man. The Subcommittee’s present proposal is in printer’s proof 
form, dated March, 1929. It was based largely on the recom- 
mended practice of the A.G.M.A. Recently the A.G.M.A. Com- 
mittee on this subject has made a careful review of this material 
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and in turn proposed a redraft at the May, 1931, meeting of the 
Association. This revised proposal will be given due consideration 
by the Subcommittee on Inspection. 

Subcommittee on Materials. T. D. Lynch, Chairman. In April, 
1931, Mr. Chester B. Hamilton, Chairman of the A.G.M.A. Com- 
mittee on Gear Materials, advised Chairman Lynch that his Com- 
mittee had approved, with a few minor changes, the proposed 
American Standard for Gear Materials and Blanks developed by 
this Subcommittee. Chairman Lynch is, accordingly, drafting a 
finally revised proposal. 

Pipe Flanges and Fittings. C. P. Bliss, Chairman. The proposed 
Standard for 25 Lb. Cast Iron Pipe Flanges and Flanged Fittings 
approved in 1930 by this Sectional Committee and the Sponsors 
was designated by the A.S.A. as an American Standard in April, 
1931. In July, 1931, the proposed standard for 800 Lb. Hydraulic 
Cast Iron Pipe Flanges and Flanged Fittings was -submitted to the 
A.S.A. for approval and designation as an American Standard. The 
group of this Sectional Committee's published standards are: 250, 
400, 600, 900, and 1350 Lb. Steel Pipe Flanges and Flanged Fittings; 
125 and 250 Lb. Cast Iron Screwed Fittings; 150 Lb. Malleable Iron 
Screwed Fittings; 125 and 250 Lb. Cast Iron Long Turn Sprinkler 
Fittings; 25 Lb. Cast Iron Pipe Flanges and Flanged Fittings; 
125 Lb. Cast Iron Pipe Flanges and Flanged Fittings; 250 Lb. Cast 
Iron Pipe Flanges and Flanged Fittings. In accordance with action 
taken at the meeting of the Sectional Committee on December 5, 
1930, an additional Subcommittee, No. 9 on Port Openings, was 
appointed. The Chairman reports progress on the various sub- 
committees as follows: 

Subcommittee No. 1 on Cast Iron Flanges and Flanged Fittings. 
A. M. Houser, Chairman. The proposed American Standard for 
800-Lb. Hydraulic Cast Iron Pipe Flanges and Flanged Fittings, 
approved last year by the Sectional Committee, was submitted in 
July, 1931, to the American Standards Association. This action 
was taken after final agreement had been reached on the paragraphs 
pertaining to “‘Marking”’ and ‘‘Materials.'’’ These paragraphs were 
revised at the Sectional Committee meeting held in December, 1930, 
to meet the wishes of the Manufacturers Standardization Society of the 
Valve and Fittings Industry. 

The standard for 25 Lb. Cast Iron Pipe Flanges and Flanged 
littings prepared by this Subcommittee and submitted to the 
American Standards Association in September, 1930, was approved 
and designated as an American Tentative Standard in April, 1931. 

A first draft of a proposed American Standard for Ammonia Pipe 
Flanges and Flanged Fittings was approved as a recommended 
practice by the Refrigerating Machinery Association at its spring 
meeting, in May, 1931. Since then it has been re-edited and will 
be submitted as a preliminary draft to the Subcommittee upon re- 
ceipt of approval of certain editorial changes from the Refrigerating 
Machinery Association. 

Subcommittee No. 2 on Screwed Fittings. 8. G. Flagg, Jr., 
Chairman. The proposed standard for Pipe Plugs of Cast Iron, 
Malleable Iron, Cast Steel and Forged Steel distributed in October, 
1930, to industry for criticism and comment was discussed at the 
December, 1930, meeting of the Sectional Committee. At that 
time it was referred back to Subcommittee No. 2 for further con- 
sideration in the light of the comments received. It is expected 
that the Subcommittee will meet for this purpose at an early date. 

Subcommittee No. 3 on Steel Flanges and Flanged Fittings. 
(. P. Bliss, Chairman. During the year this Subcommittee held 
two meetings, one in October, 1930, and the second in April, 1931. 
Difficulty was experienced in setting the ‘‘pressure-temperature”’ 
ratings for the 150 lb. standard, with the result that action was 
postponed pending further investigation by the Manufacturers 
Standardization Society of the Valve and Fittings Industry and 
the Committee members. The 250 lb. standard was rerated to 
300 |lb., with the metal thickness of the fittings increased where 
necessary, all other dimensions remaining unchanged. The 1350 lb. 
standard was rerated to 1500 lb., with increased metal thickness and, 
in sizes over 4 in., revised flange thicknesses. Before final action 
is taken the revised proofs are being submitted to the A.P.I. and 
N.E.L.A., and their comments will be available in the near future. 

Subcommittee No. 5 on Face-to-Face Dimensions of Ferrous Flanged 
Valves. F. H. Morehead, Temporary Chairman. No actual prog- 
ress in the work of this subcommittee is reported this year. In 
January a further request for the delimiting of the scope of this 
Subcommittee’s activities was expressed by the Manufacturers 
Standardization Society of the Valve and Fittings Industry. The 
scope now covers the standardization of face-to-face dimensions for 
certain types of cast iron valves in a range of sizes for pressures of 
125 and 250 Ib. and for certain steel valves for 150 and 300 lb. pres- 
sure. 


Subcommittee No.6 Malleable Iron or Steel Brass Seat Unions. 


C. P. Bliss, Temporary Chairman. The work of this Subcommittee 
during the past year has been limited to the consideration of the 
tolerances and allowances proposed by the A.R.A. Subcommittee 
on Locomotive Design and Construction. This question is still in 
the hands of a manufacturers’ subgroup. 

Subcommittee No. 8 on Marking of Pipe Fittings. W.S. Morri- 
son, Temporary Chairman. Although a good response was received 
to the questionnaire on ‘‘Marking"’ sent out by this Subcommittee 
late in 1929, action has been postponed pending the results of the 
investigation of this subject being made by the Manufacturers 
Standardization Society of the Valve and Fittings Industry, which 
should be available shortly. 

Subcommittee No. 9 on Port Openings. W. W. Hubbard, Chair- 
man. This Subcommittee of six members was appointed in April, 
1931, in accordance with action of the Sectional Committee at its 
meeting in December, 1930. Although it has not as yet held its 
first meeting, some progress toward definition of its scope of activity 
has been made through correspondence. 


Bolt, Nut, and Rivet Proportions. A. E. Norton, Chairman. The 
Sectional Committee on the Standardization of Bolt, Nut, and Rivet 
Proportions through the activities of nine subcommittees has de- 
veloped and approved seven standards which have received recog- 
nition as American Standards by the A.S.A. These are the standards 
for Small Rivets; Tinners’, Coopers’, and Belt Rivets; Wrench 
Head Bolts and Nuts and Wrench Openings; Slotted Head Propor- 
tions; Track Bolts and Nuts; Round Unslotted Head Bolts (Car- 
riage, Step and Machine Bolts); and Plow Bolts. 

Subcommittee No. 1 on Large and Small Rivets. J. E. Kiernan, 
Chairman. In March, 1931, the Chairman released a revision of 
the proposed American Standard for Large Rivets based on the 
criticisms received from the distribution of the draft dated March, 
1929, to the members of the Subcommittee. The printer’s type 
was accordingly corrected and revised page proofs were sent to the 
members of the Subcommittee in June, 1931, for approval, prior 
to submission to the Sectional Committee for approval by letter 
ballot. The Chairman expects to release this final draft shortly 
after October 1. 

Subcommittee No. 2 on Wrench Head Bolts and Nuts. H. A. 
Spanagel, Chairman. The proposed revision of the American 
Tentative Standard, originally approved by the A.S.A. in February, 
1927, has been completed during the year. Preliminary copies of 
the revised draft were distributed in May, 1931, to the members 
of this Subcommittee for their consideration and approval. With 
a few exceptions the members have indicated their approval, and 
this subject will be discussed at a meeting of the Subcommittee 
which is to be held at an early date. A joint subgroup, consisting 
of three members appointed by the Sectional Committee on Pipe 
Fianges and Flanged Fittings and three appointed by this Sub- 
committee, are studying the special requirements for bolt heads and 
nuts for use in flanged pipe connections. The personnel of this 
Committee includes Messrs. F. W. Martin, A. M. Houser, H. D. 
Summers, O. B. Zimmerman, J. H. Edmonds, E. Ward. No report 
has been received as yet from this Subgroup. 

Subcommittee No. 9 on Socket Head Cap and Set Screws. H. 
Koester, Chairman. This Subcommittee held meetings in December, 
1930, and April, 1931, to complete the preparation of its proposed 
Standard for Socket Head Cap and Set Screws, and since the April 
meeting several minor revisions have been made by correspondence 
In September, 1931, this proposal was formally released by the Sub- 
committee and will be set in type at an early date for distribution to 
industry for criticism and comment. 


Identification of Piping Systems. A. 8. Hebble, Chairman. The 
present American Recommended Practice, ‘‘Scheme for Identifica- 
tion of Piping Systems,’ was developed by this Committee and 
approved by the American Standards Association in November, 1928. 
Since the publication of this ‘Recommended Practice’ a need has 
been indicated for a detailed system of identification for power- 
house piping. The suggestion that such a system be developed was 
placed before the members of the Committee in March, 1931, for 
their consideration. 


Small Tools and Machine Tool Elements. C. W. Spicer, Chairman. 
The Sectional Committee on the Standardization of Small Tools 
and Machine Tool Elements met in December, 1930, to review and 
discuss the problems of the 15 technical committees which are at 
work on the projects before the Sectional Committee. The standards 
of this group which have been approved by the A.S.A. and published 
by the A.S.M.E. are: T-Slots, Their Bolts, Nuts, Tongues, and 
Cutters; Tool Holder Shanks and Tool Post Openings; Milling 
Cutters; and Cut and Ground Thread Taps. 

Technical Committee on T-Slots. E. Oberg, Chairman. The 
Cincinnati Milling Machine Company has submitted to the Tech- 
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nical Committee a suggestion that the depth of engagement of the 
present standard tongue be increased. Blueprints showing the 
maximum and minimum conditions and copies of the correspondence 
were sent to the members of the Committee. The Chairman now 
plans to hold a meeting in December for the purpose of discussing 
this question. 

Technical Committee on Machine Tapers. E. F. DuBrul, Chair- 
man. At the meeting held in October, 1930, it was decided that a 
layout for gages, including necessary drawings and dimensions for 
tapers based on present practice, be developed, and that considera- 
tion be given to the proposed tolerances on the large dimension shanks 
and holders. In April, 1931, the American Standards Association 
transmitted to the Committee, through its Chairman, a proposal 
from the International Standards Association concerning the ad- 
visability of postponing the development of an American Standard 
until an international standard had been evolved. The replies 
received reflected the opinion that it was difficult for European engi- 
neers to understand the vast expense which would be involved in a 
change in this country to the metric system of measurement. This 
made it impossible for the American Committee to consider any 
standardization on a metric basis. 

Technical Committee on Spindle Noses and Collets for Machine 
Tools. E. F. DuBrul, Temporary Chairman. A revised draft of 
the proposed American Standard for Lathe Spindle Noses, dated 
March, 1931, was distributed by the Committee in April, 1931, for 
criticism and comment. This revision represents the work of the 
Subgroup on Correlation of Counter Proposals for Spindle Noses. 
A number of meetings of the Subgroup were held during the past 
twelve months to prepare this revised draft and to discuss the com- 
ments received. At the present time the testing of the new type of 
spindle nose under commercial conditions is in progress, and the 
Committee expects to report a definite recommendation within the 
next few months. 

This activity has been correlated with the work of the Technical 
Committee on Chucks and Chuck Jaws in so far as it relates to the 
standardization of dimensions of the contact surfaces of the chuck 
and the spindle end. 

Technical Committee on Designations and Working Ranges of 
Machine Tools. E. F. DuBrul, Temporary Chairman. The Com- 
mittee held a meeting in New York in October, 1930, and decided 
first to direct its activities toward the standardization of the designa- 
tions and working ranges of planers, engine lathes, cylindrical 
grinders, milling machines, and radial drills. The Committee's 
plans call for a canvass of the manufacturers of these machines for 
data on the designations they are now using and the working ranges 
of the machines of these types which they produce. 

Technical Committee on Drill Bushings. C. J. Oxford, Chairman. 
In accordance with the action taken at the June, 1930, meeting 
of the Committee the recommendations contained in its Proposal 
“C" on Twist Drill Sizes and Lengths, distributed to industry in 
February, 1930, have been put into actual practice during the year 
by several large users of the product. Further action by the Com- 
mittee on the proposed standard has been postponed, pending the 
results of this phase of the work which is still in progress. The 
criticisms and comments received from the distribution of Proposal 
“C” are being reviewed by the members of the Committee. Chair- 
man Oxford states that in all probability the Committee will meet 
during the 1931 Annual Meeting of the A.S.M.E. 

Technical Committee on Drill Jig Bushings. C. E. Rundorff, 
Chairman. Through correspondence during the year the Com- 
mittee has reached a unanimous agreement on the dimensions and 
tolerances for headless and head press fit bushings, liner bushings, 
knurled head slip bushings, and nomenclature contained in its pre- 
liminary proposal, dated June, 1930. However, consideration is 
now being given to a suggestion for a change in the proposed hole 
size limits. As soon as this question is settled the proposed standard 
will be released for duplication and for distribution to a list of manu- 
facturers, users, and interested individuals for criticism and comment. 

Technical Committee on Punch and Die Holders. S. Diamant, 
Chairman. The Committee met in December, 1930, and in May, 
1931. Reports on the two questionnaires which had been dis- 
tributed by the Committee were made and a subgroup was ap- 
pointed to study carefully the replies received and to draft a pro- 
posal based on them. The subgroup held one meeting in Chicago 
in January, 1931, and it is expected that a preliminary standard will 
be in form for distribution within a short time. 

Technical Committee on Circular Forming Tools and Holders. 
W. C. Mueller, Chairman. The organization meeting of this Com- 
mittee took place in March, 1931. At this meeting the Committee 
decided to prepare and distribute two questionnaires, one to cover 
the proportions of circular forming tools and the other to cover dove- 
tailed circular forming tool blanks. These questionnaires were 


developed and submitted to the Committee in July, 1931, for review 
and comment prior to general distribution to the large users of circular 
forming tools and to the manufacturers of the machine tools in 
which circular forming tools are used. 

Technical Committee on Chucks and Chuck Jaws. J. E. Lovely, 
Chairman. During the year this Committee held two meetings, 
the first in October, 1930, and the second in June, 1931. In March, 
1931, two proposed standards, one on Rotating Air Cylinders and 
Adapters and the other on Chucks and Chuck Jaws, were distributed 
in proof form to industry for criticism and comment. A careful 
review of the comments was made and the proposed Standard for 
Rotating Air Cylinders and Adapters was approved, with minor 
revisions, for submission to the Sectional Committee. In September, 
1931, the changes authorized were formally released by the Chair- 
man for incorporation in a revised draft of the proposal. It was 
deemed advisable, however, to investigate further certain elements 
of the proposal for Chucks and Chuck Jaws. and a report of these 
studies will be made at the next meeting of this Committee. 

Technical Committee on Cut and Ground Thread Taps. C. M. 
Pond, Chairman. Good progress has been made by this Committee 
during the past twelve months in the development of standards for 
special types of taps, such as ground thread pulley taps, cut and 
ground thread bent shank tapper taps, cut thread taper pipe taps, 
etc. These new standards when completed and approved will be 
combined with the present American Standard for Cut and Ground 
Thread Taps approved and published in April, 1930. One meeting 
of the Committee was held in December, 1930. and another has been 
scheduled for October, 1931. It is expected that following the coming 
meeting the Committee’s proposal will be released for distribution 
to industry. 

Technical Committee on Splines and Splined Shafts. C. W. Spicer, 
Chairman. In November, 1930, the Committee held a meeting in 
Detroit. Prior to the meeting copies of a number of manufacturers’ 
data sheets on this subject were sent to the members for considera- 
tion. A review of this material and the discussion at the meeting 
indicated considerable divergence in present practices. Accordingly 
two subgroups were appointed to study the subject and to draft 
preliminary proposals; Subgroup No. 1 to cover splines as applied 
to machine tools and Subgroup No. 2 to cover splines as applied 
to automotive uses. 

Technical Committee on Electric Welding Dies and Electrode 
Holders. J. A. Weiger. Chairman. This Committee held one 
meeting this year, in April, 1931. The attendance at the meeting 
was small and consequently little progress was made in the develop- 
ment of its preliminary proposal. The Chairman endeavored to 
hold a meeting during the Annual Meeting of the American Welding 
Society at Boston in September, 1931, but the time and place were 
not convenient to the majority of the members. 

Technical Committee on Milling Machine Tables. G. A. Bouvier, 
Chairman. At its meeting in December, 1930, the Committee 
reached a tentative agreement on table widths for eight sizes from 
3 in. up to and including 21 in. Agreement was reached also on the 
size and width of T-slots for these table widths and the s!ot spacing. 
Blueprints showing the proposed standard cross-sections of milling 
machine tables were distributed to the members of the Committee 
in March, 1931, and it is now actively at work on the further de- 
velopment of this proposed American Standard. 


Scientific and Engineering Symbols and Abbreviations. J. F. 
Meyer, Chairman. During the year one additional standard was 
added to the list of standards previously completed and published 
by the Committee. Two more were passed through all but the final 
stages of the approval procedure. This year’s accomplishments, 
therefore, practically complete the work originally assigned to this 
Sectional Committee. The eight standards so far approved by the 
A.S.A. and published are: Symbols for Hydraulics; Symbols for 
Heat and Thermodynamics; Symbols for Photometry and I[llumina- 
tion; Aeronautical Symbols; Mathematical Symbols; Letter Sym- 
bols for Electrical Quantities; Navigational and Topographical 
Symbols: Graphical Symbols for Telephone and Telegraph Use. 

Subcommittee on Symbols for Mechanics, Structural Engineering 
and Testing Materials. J.T. Faig, Chairman. The Subcommittee 
completed its proposed list of symbols in October, 1930. Following 
approval by the Sectional Committee, the proposed standard 
was submitted to the five sponsor bodies, which are now voting 
on it. 

Subcommittee on Symbols for Heat and Thermodynamics. S. A. 
Moss, Chairman. The American Tentative Standard, “Symbols for 
Heat and Thermodynamics,” was approved and published in Febru- 
ary, 1931. 

Subcommittee on Abbreviations of Engineering and Scientific 
Terms. G. A. Stetson, Chairman. This Subcommittee’s proposal 
is now with the sponsor organizations for approval. Three of the 
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five have given their approval of this proposal and final action by 
the other two is expected in the near future. 


Plain and Lock Washers. C. W. Squier, Chairman. The Sec- 
tional Committee on the Standardization of Plain and Lock Washers 
has given some attention this year to the building up of its personnel. 
Since this was weak on the producer side the manufacturers of this 
product were requested to nominate persons employed in this in- 
dustry who might be appointed to the Committee as ‘‘Members at 
Large.’”’ Satisfactory response was received and the resulting list 
of nominations will be acted upon at a meeting to be held in October. 
As soon as this personnel has been completed by the Sectional Com- 
mittee it will be submitted to the American Standards Association 
for its approval. 

Subcommittee on Lock Washers. C. H. Loutrel, Chairman. 
The Subcommittee on Lock Washers met in December, 1930, and 
again in April, 1931, to discuss tentative proposals. In September, 
1931, another tentative proposal was distributed to the members 
of the Subcommittee for consideration prior to its next meeting. 
which has been scheduled for October. In developing these pro- 
posals the Subcommittee has confined its activity entirely to lock 
washers to fit the present American Standards for Wrench Head 
Bolts and Nuts (B18b-1927) and Slotted Head Proportions (B18c- 
1930). 


Machine Pins. M. E. Steczynski, Chairman. The Sectional 
Committee on Machine Pins distributed a preliminary draft of its 
proposed standard to industry for criticism and comment in January, 
1931. A large number of constructive comments were received. 
These are now in the hands of the Committee for consideration and 
incorporation in its revised proposal. As soon as this work has been 
completed a meeting of the Sectional Committee will be held for a 
thorough discussion of this entire subject. 


Code for Pressure Piping. E. B. Ricketts, Chairman. The 
Sectional Committee on a Code for Pressure Piping met in December, 
1930, and May, 1931, to discuss the several sections of the code 
proposed by its subcommittees. Another meeting is scheduled for 
October. 

Subcommittee on Power Piping. John Lawrence, Chairman. 
At the meeting of this Subcommittee held in April, 1931, the revised 
proposal for Section 2, Power Piping Systems, which had been dis- 
tributed to the members of the Committee earlier in the month, 
was discussed. The Subcommittee has decided to delay the final 
submission of Section 2 of the Code until a decision has been reached 
by the Manufacturers Standardization Society of the Valve and 
Fittings Industry on standard shell test pressures and by the Sec- 
tional Committee on the unification of the pipe thickness formulas 
used in the several sections. 

Subcommittee on Gas and Air Piping. Alfred Iddles, Chairman. 
This Subcommittee reported at the May, 1931, meeting of the Sec- 
tional Committee that objections had been raised by the American 
Gas Association to certain paragraphs of its tentative proposal on 
Section 4, and that the A.G.A. had formulated a redraft of these 
paragraphs which exp .ssed its views on the subject. 

Subcommittee on Refrigerating Piping. A. H. Baer, Chairman. 
The first meeting of this Subcommittee was held in December, 1930, 
at which a preliminary outline of Section 5 distributed to the members 
in November was discussed, changed, and extended. It was pointed 
out that there are few if any precedents in the regulation of refriger- 
ating piping. The Chairman submitted a tentative proposal for 
Section 5 to the members in April, 1931, for criticism and comment. 
This first rough draft has recognized the several requirements of the 
many different kinds of refrigerants, most of which make necessary 
differences in materials, joints, etc. However, the Committee plans 
to cover only the refrigerants in common use. It is expected that 
this proposal will be in tentative shape for distribution to the members 
of the Sectional Committee at an early date. 

Subcommittee on Oil Piping. A.D. Sanderson, Chairman. This 
subcommittee has developed three tentative drafts of this proposal, 
dated January, March, and September, 1931. These drafts have 
been discussed by the members of the Subcommittee and at the 
meeting of the Sectional Committee held in May, 1931. The 
September draft will be discussed at the meeting of the Subcommittee 
to be held in October and reported at the Sectional Committee 
meeting the following day. 

Subcommittee on Piping Materials and Identification. F. H. 
Morehead, Chairman. The meeting of this Subcommittee in 
October, 1930, dealt principally with schemes for marking and 
identification of pipe and fittings and with the plans of the Manu- 
facturers Standardization Society of the Valve and Fittings Industry 
to present a recommendation on this subject. In September, 1931, 
the Chairman submitted a revised list of material specifications to 
the members for criticism. During the year the Subcommittee has 
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also been conducting a study of the thermal expansion of pipe 
material. 

Subcommittee on Fabrication Details. C. G. Spencer, Chairman. 
The five subgroups of this Subcommittee have been very active this 
year in developing questionnaires and draft proposals of the various 
sections on Hangers; Joints Other Than Welded; Pipe Bends; 
Power Piping; and Welding. The subgroup on Hangers, Supports 
and Anchors has distributed preliminary drafts of its proposal, dated 
January, April, June, and October, 1931, to the members of the 
Subcommittee for consideration. In January, 1931, the subgroup 
on Joints Other Than Welded distributed to the Chairmen of five 
Subcommittees of the Sectional Committee copies of the summary 
of the replies to the questionnaire which it had mailed to industry 
in June, 1930. Under date of August, 1931, the subgroup sent to 
the members of Subcommittee on Fabrication Details the subgroup's 
proposal, dated July, 1931. This proposal was based on the replies 
to a questionnaire sent out in June. The December, 1930, proposal 
of the subgroup on Welding was discussed at a joint meeting of the 
American Welding Society and the Sectional Committee held in 
New York in April, 1931. Copies of the discussion at this meeting 
were mailed to the members of the Subcommittee for their informa- 
tion in July, 1931. A meeting of this subgroup was held in Boston 
in September. This subgroup has developed a revised draft of its 
August proposal which will be discussed at the October meeting of 
the Sectional Committee. 

Subcommittee on District Heating Piping. D. 8S. Boyden, Chair- 
man. Two meetings of the Subcommittee on District Heating 
Piping were held during the year, one in December, 1930, and the 
other in April, 1931. This Subcommittee has prepared four drafts 
of its proposal during the past year. These were dated November, 
December, 1930; April and June, 1931. The last was distributed 
to the members of the Subcommittee in September for study prior 
to reporting at the meeting of the Sectional Committee in October. 


Drawings and Drafting Room Practice. F. DeR. Furman, Chair- 
man. During the past twelve months this Sectional Committee 
has not had occasion to hold a meeting. The Editing Committee 
made up of the Chairmen of the six Subcommittees, held an important 
meeting on January 2 and 3, 1931. At this meeting the progress 
made so far by the Subcommittees was thoroughly discussed and 
plans were formulated for the completion of the various sections of 
the Sectional Committee’s report. 

The Subcommittee on Specifications for Paper and Cloth developed 
a new series of proposed sizes in January, 1931, copies of which were 
sent to the members of the Subcommittee. The Subcommittee on 
Methods of Indicating Dimensions distributed a preliminary proposal 
in October, 1929. A summary of the replies are now in the hands 
of the Chairman of the Subcommittee, and it is expected that a 
tentative proposal will be ready for submission to the Sectional Com- 
mittee for its consideration at its next meeting. The Subcommittee 
on Lettering developed a revised proposal in line with suggestions 
made at the January meeting of the Editing Committee, and in 
April, 1931, copies were mailed to the members of these two groups 
The Subcommittee on Line Work distributed to industry in March 
and April, 1931, a questionnaire on the method of representing screw 
threads on drawings. The replies to this questionnaire are now in 
the hands of this Subcommittee for consideration. 


Graphic Presentation. E. F. DuBrul, Chairman. The Sectional 
Committee on Graphic Presentation held no meeting during the 
year. Subcommittee No. 3 on Time Series Charts, No. 4 on Non- 
Time Series Charts, and No. 5 on Survey of Current Practice held a 
joint meeting in October, 1930, which resulted in the combining of 
the three committees into one Subcommittee on Preferred Practice 
in Graphic Presentation, with Mr. A. H. Richardson as Chairman. 
This new Subcommittee plans to divide its program of work among 
small subgroups. 

Subcommittee on Scientific and Engineering Graphs. W. A. 
Shewhart, Chairman. The Subcommittee on Scientific and Engi- 
neering Graphs held an open meeting during the 1930 Annual Meeting 
of the A.S.M.E. Three papers were presented at this time under 
the following titles: (1) “‘Appearance Factors in Engineering 
Graphs;”’ (2) ‘‘Attention Value of Good Chart Design;” and (3 
“Angle of View and Its Bearing on Layout, Proportions, Weights 
of Lines and Lettering of Lantern Slides.’’ The first of these papers 
is to form one of a series of three monographs to be submitted by 
this Committee for publication during the next few months. Thx 
Subcommittee is now making plans for an open meeting to be held 
during the first week of December in New York, N. Y. At this 
time one of the subjects of discussion will be the principles of chart 
construction effecting the production of good lantern slides. 


Transmission Chains and Sprockets. F. V. Hetzel, Chairman 
This Sectional Committee on Transmission Chains and Sprockets 
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developed the American Standard for Roller Chains, Sprockets, and 
Cutters which was approved by the American Standards Association 
in July, 1930, and is now available in the pamphlet form, published 
by the Society of Automotive Engineers. The Committee now has 
under consideration the standardization of Silent Chains. The 
personnel of the Sectional Committee was approved by the ‘A.S.A. 
in May, 1931. 


Wire and Sheet Metal Gaging Systems. W. W. Hutchins, Tempo- 
rary Chairman. While the Sectional Committee on Wire and Sheet 
Metal Gaging Systems has undertaken the development of standard 
gaging systems for (1) Flat Stocks, (2) Wires and Rods, and (3) 
Tubing, Piping, Casing, and Conduit, no progress has been reported 
during the past twelve months. 


Electric Motor Frame Dimensions. W. F. Dixon, Chairman. In 
January, 1931, this Sectional Committee met for the purpose of 
clarifying the situation arising out of the request by the N.E.M.A. 
that the A.S.A. withhold approval of the proposed standard for 
mounting dimensions of general purpose motors which was submitted 
to the A.S.A. in April, 1930, by the A.S.M.E. and the N.E.M.A. as 
joint sponsors. At this meeting the N.E.M.A. proposed the adoption 
of a restricted scope for the Committee's activities, under which it 
would be willing to cooperate in the standardization of motor frame 
dimensions. This abridged scope was accepted tentatively by those 
present at the meeting subject, to a formal canvass of the Sectional 
Committee membership by letter ballot. The scope proposed by 
the N.E.M.A. consists of the following three items: (1) a series of 
dimensions for the height between the plane of base and the center 
line of shaft; (2) the spread, at right angles to the center line of the 
shaft, between the bolt holes, definitely co-related to each dimension 
in Item 1; (3) the distance, parallel with the line of the shaft, from 
the center line of the bolt holes next to the driving end of the motor 
to the shoulder of the shaft, also definitely co-related with each 
dimension in Item 1. 


Pipe Threads. E. M. Herr, Chairman. Three Subcommittees 
have held meetings during the past year and the progress reported 
is recorded in the following paragraphs: 

Subcommittee on Taper Pipe Threads. S. B. Terry, Chairman. 
In October, 1930, this Subcommittee met on two consecutive days 
and discussed in detail the proposed editorial revision of thé Taper 
Pipe Thread section of the American Pipe Thread Standard pub- 
lished in 1919. A considerable proportion of the text was tenta- 
tively revised at that time and the remainder has been completed 
since through correspondence. Two informal conferences were also 
held during the year. The proposed revision of this section, in 
printer's proof form, is now in the hands of the committee members 
for consideration at the next meeting, which it is expected will be 
held before the end of the calendar year. 

The possible consolidation of the American Standard Pipe Thread 
and A.P.I. Standard Line Pipe Thread has been given considerable 
attention, but no definite conclusion has been reached so far. 

Subcommittee on Straight Pipe Threads. Alten 8. Miller, Tem- 
porary Chairman. A meeting of this Subcommittee was held in 
October, 1930, and the character and scope of the Committee’s work 
was discussed at length. As a result of this discussion it was de- 
cided to develop basic dimensions for gages on the basis of two pitch 
diameters, one for pressure joints and one for locknut threads. The 
development of “go’’ and “not go” gages for threadings not readily 
gaged by the present taper plug gages was also decided upon. 

Subcommittee on Plumbers Threads. L. A. Cornelius, Chairman. 
his Subcommittee has held one meeting during the past twelve 
months, in December, 1930, at which the reports of its three sub- 
groups were discussed. Two of these reports, on “threading for 
thin wall non-pressure tubing in sizes larger than 2 in.’’ and “threading 
for 14 and 17 gage non-pressure tubing in sizes 2 in. and smaller” 
were accepted as complete. The third, on threading for corporation 
stops, was recommended for adoption, subject to certain modifica- 
tions in thread sizes and the inclusion of tolerances. It is anticipated 
that this report in completed form will be available for distribution 
to the Subcommittee members at an early date. 

Subcommittee on Screw Threads for Rigid Electrical Conduit. 
H. S. White, Temporary Chairman. While no meeting of this Sub- 
committee has been held during the past twelve months, a threading 
specification for rigid electrical conduit has been adopted récently 
as standard by the conduit manufacturers. This specification covers 
threading dimensions and tolerances for sizes '/2 in. to 6 in., inclusive, 
and copies are being forwarded to the Subcommittee members for 
their consideration. 

Wrought Iron and Wrought Steel Pipe and Tubing. H. H. Morgan, 
Chairman. In June, 1931, a meeting of the Sectional Committee 
on Wrought Iron and Wrought Steel Pipe and Tubing was held in 
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Chicago during the A.S.T.M. Convention, and a report of the progress 
made at a joint meeting of Subcommittee on Pipe and Tubing for 
Low Temperature Service and Subcommittee on Pipe and Tubing for 
High Temperature Service held the previous day was received. A 
report of the letter ballot of the Sectional Committee relative to the 
basic formula developed by the Subgroup for use in setting up 
schedules of pipe wall thicknesses, indicating approval, was made also 
at that time. This Sectional Committee, at the request of the Sec- 
tional Committee on Pipe Flanges and Fittings, had given considera- 
tion to the elimination of the 3'/2 in. nominal pipe size from the 
standards developed by the latter committee. The Secretary re- 
ported at the June meeting that a ballot of the members of the 
Committee had been taken on this subject, and that the results 
indicated that they were somewhat divided in opinion. Following 
further discussion at this meeting, the Committee recommended 
the retention of the 3'/2 in. pipe size in standard weight and extra 
strong pipe and its elimination from the heavier weight pipe, dimen- 
sions for which are to be set up. 

Subcommittee on Plan, Scope, and Editing. H. H. Morgan, 
Chairman. The Subcommittee met in Pittsburgh in March, 1931, 
and discussed the program and progress of work of the several Sub- 
committees. It was agreed at that time that arrangements be made 
for meetings of the Sectional Committee and the two Subcommittees 
during the month of June in Chicago. 

Subcommittee on Pipe and Tubing for Low Temperature Service 
J. J. Shuman, Chairman, and Subcommittee on Pipe and Tubing 
for High Temperature Service. J. R. Tanner, Chairman. The two 
Subcommittees held a joint meeting a day previous to the June, 1931, 
meeting of the Sectional Committee. Considerable work had been 
done by these Subcommittees in preparing schedules of pipe wall 
thicknesses conforming to the basic formula which had been adopted. 
Tables and graphs illustrating the general scheme of the application 
of the basic formula to commercial pipe sizes were distributed at the 
meeting. Both Subcommittees are now at work on the extension 
and completion of this study, which will include sizes up to 24 in. 
O.D. The subject of pipe nomenclature is also receiving the atten- 
tion of these Committees. 


Speeds of Machinery. A.E. Hall, Temporary Chairman. Progress 
in the work of the Sectional Committee on the Standardization of 
Speeds of Machinery has been dependent upon the results from the 
distribution of a questionnaire which was prepared by the Sub- 
committee on Questionnaire and Canvass to Industry. This Sub- 
committee held a meeting in December, 1930, and developed a pre- 
liminary draft of the questionnaire which was completed and dis- 
tributed in March, 1931, to approximately 400 manufacturers and 
users of various types of machinery. The one hundred and sixty-one 
replies received to this distribution are now being compiled by a 
committee of one, preparatory to a meeting of the Subcommittee in 
October. The Subcommittee’s report will be used as the basis of 
the Sectional Committee's first proposal. 


Fire Hose Couplings. The American Standard for Fire Hose 
Coupling Screw Threads was approved and published in May, 1925. 
Each year since that date has marked a continuing increase in its 
adoption by cities and towns throughout the United States. The 
National Board of Fire Underwriters, the Chamber of Commerce of 
the United States, the A.S.M.E. Local Sections, and many local 
organizations have cooperated in the promulgation of this standard. 
A report compiled by the National Board of Fire Underwriters early 
in the year indicates that 3930 protected cities and towns located 
in 40 of the 48 states, including the District of Columbia, have 
adopted the American Standard. The States of Oregon, Massa- 
chusetts, Texas, Maryland, and California have passed legislative 
bills prohibiting the sale, purchase, or use of any fire-fighting appa- 
ratus which does not conform to this Standard. The adoption of 
the American Standard by the State of California, in June, 1931, 
is largely the result of the activities of the San Francisco Section of 
the A.S.M.E. 


Screw Threads for Hose Couplings. H. W. Bearce, Chairman. 
The Sectional Committee on the Standardization of Screw Threads 
for Hose Couplings distributed its preliminary proposal for American 
Standard Screw Threads for Hose Couplings of !/2 to 2 in. in diameter 
in February, 1931, for criticism and comment. The comments 
received have been studied by the Committee and a revision based 
on these comments will shortly be submitted to the Sectional Com- 
mittee for discussion and approval by letter ballot. 


Plumbing Equipment. W. C. Groeniger, Chairman. The Sec- 
tional Committee on the Standardization of Plumbing Equipment 
has set up eight subcommittees which are at work developing stand- 
ards in this field. In January, 1931, a new Subcommittee was 
appointed, that on Cast Iron Soil Pipe and Fittings. The personnels 
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of the first four subcommittees are identical with those of the Standing 
Committees on the same subject of the Division of Simplified Prac- 
tice, U.S. Department of Commerce. 

Subcommittee on Plumbing Code. W. C. Groeniger, Acting 
Chairman. This Subcommittee, the personnel of which is the same 
as that of the U.S. Department of Commerce’s Subcommittee on 
Plumbing of the Building Code Committee, is revising its code which 
was published in 1929. As soon as revised copies are available they 
will be distributed to members of the Sectional Committee for con- 
sideration. 

Subcommittee on Brass Plumbing Products. J. L. Murphy, 
Chairman. In March, 1931, the Chairman distributed to the 
members of the Subcommittee copies of the preliminary proposals 
of several of its subgroups. These were for Subgroup No. 1 on 
Compression Cocks, Washer Screws, Faucets, and Tail Piece Parts; 
Subgroup No. 3 on Fixture Connections and Fixture Valves; Waste 
Holes, Plugs, and Connections; Overflows; Subgroup No. 4 on 
Valves; and Subgroup No. 7 on Nomenclature. For the purpose 
of discussing these sections the Subcommittee now plans to hold a 
meeting during the third week in October. 

Subcommittee on Copper Water Tube Fittings. F. L. Riggin, 
Chairman. This Subcommittee distributed a tentative proposal in 
February, 1931, to approximately 200 manufacturers and users. The 
comments received are to be considered at a meeting of the Sub- 
committee in October. 

Subcommittee on Cast Iron Soil Pipe and Fittings. J. J. Crotty, 
Chairman. The Subcommittee was organized in January, 1931, 
and since then has held five meetings at which tentative proposals 
were considered by the members. In August a questionnaire was 
distributed to the manufacturers of soil pipe requesting that they 
submit to the committee a list of pipe fittings now included in the 
Soil Pipe Association's Specifications, but which, in their estimation, 
could be excluded from the proposed American Standard. An 
investigation is also being made to determine whether it is practical 
to improve upon the design of certain fittings. 


Standardization and Unification of Screw Threads. R. E. Flanders, 
Chairman. In October, 1930, the Sectional Committee met and 
reviewed the progress already made by its six subcommittees. At this 
time also detailed arrangements were made for conducting the 
“Survey of Screw Thread Practice in the United States,”’ and it was 
decided that this should be started as soon as practicable. The 
subject of wood screw standardization was considered, and subse- 
quently a seventh Subcommittee was appointed to investigate this 
project. During the year three of the subcommittees have met and 
the following progress is reported. 

Subcommittee on Scope, Arrangement, and Editing. R. E. Flan- 
ders, Chairman. This subcommittee met in April, 1931, for con- 
sideration of the various activities within its scope; one of the most 
important of these is the following: 

Survey of Screw Thread Practice in the United States. At that 
time considerable progress was reported in the collection of samples 
for the Screw Thread Survey. Since then all the required samples of 
threaded product have been collected by the Committee’s repre- 
sentative and shipped to the National Bureau of Standards, where 
the gaging is being done. In all, 161 firms were visited personally 
and of these 128 contributed samples. The total number of pieces 
collected and sent to the Bureau of Standards is 7579, comprising 
on the average 5 pieces each of 1539 individual samples. The 
expenses of this survey are being met jointly by the Bureau of 
Standards and the Sectional Committee. The Committee's part 
has been subscribed by Engineering Foundation and a number of 
firms which manufacture and use screw threading tools and threaded 
products. The carrying through of the detailed arrangements, 
including the financing of the survey, which had been worked out by 
Subcommittee No. 1 on Plan, Scope, and Editing, was entrusted to a 
subgroup of three appointed on the authorization of the Sectional 
Committee. The members of this Subgroup are: R. E. Flanders, 
C. W. Bettcher, and E. Buckingham. 

Subcommittee on Special Threads and the Twelve Pitch Series 
Except Gages. R. E. Flanders, Temporary Chairman. In April, 
1931, this Subcommittee held a meeting and decided to set up a 
12-pitch series having the following characteristics: (1) tolerances 
adaptable to general purpose applications; (2) tolerances on the 
threads in the nuts limited to Class 2; (3) tolerances on the screw 
threads given in Classes 2 and 3. It also accepted as a part of its 
immediate work the setting up of an 8-pitch thread series in diameters 
from 1 to 3 in., inclusive. This latter series is intended primarily 
for the use of the piping industry. 

Subcommittee on Wood Screws. A. Boor, Chairman. At its 
meeting held in April, 1931, this Subcommittee discussed the possi- 
bility of standardizing the minor diameters of wood screws. After 
reviewing certain data on the present-day practice, recommendations 
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were made on the proportion of minor to major diameters, and it 
was decided to canvass the manufacturers on this point. It is 
expected that a definite conclusion will be reached, on the basis 
of the replies to the questionnaire, at the next meeting. 


Rolled Threads for Screw Shells of Electric Sockets and Lamp Bases 
R. E. Meyers, Chairman. During the year the Sectional Committee 
completed the proposed American Standard for Rolled Threads for 
Screw Shells of Electric Sockets and Lamp Bases. It was submitted 
to the A.S.A. in September, 1931, for final approval and designation 
as an “American Standard.” Following the granting of this ap- 
proval the standard will be printed in pamphlet form. 

In February, 1931, the members of the Sectional Committee on 
Rolled Threads for Screw Shells of Electric Sockets and Lamp Bases 
were designated by the U.S. National Committee of the Internationa] 
Electrotechnical Commission as a Committee of Advisors on Lamp 
Holders and Bases to the U.S.N.C., to prepare the United States 
proposal for the September, 1931, meeting of I.E.C. Advisory Com 
mittee No. 6, Lamp Holders and Bases, in London. Two meetings 
of the Committee of Advisors were held, one in May and another 
in July, 1931. At the latter meeting the committee prepared a 
report recommending to the U.S.N.C. that the proposed American 
Standard be adopted as the International Standard for shallow 
threaded shells and that the European standard be adopted as the 
International Standard for deep threaded shells. This recommenda- 
tion was made after careful consideration of American and European 
practice, which the Committee believed could not be unified at the 
present time. 


Stock Sizes, Shapes, and Lengths for Hot and Cold Finished Iron and 
Steel Bars. F. H. Frankland, Temporary Chairman. At the time 
of the organization meeting of the Sectional Committee on the 
Standardization of Stock Sizes, Shapes and Lengths for Hot and 
Cold Finished Iron and Steel Bars, in June, 1930, it was recommended 
that several additional organizations be invited to appoint official 
representatives on the Committee. This took a longer time than 
usual, so that it was not until June, 1931, that the Chairman was 
able to complete the personnels of the three subcommittees on 
(1) Hot Rolled Steels; (2) Cold Finished Steels; and (3) Hot Rolled 
Tron. 

Subcommittee on Cold Finished Steels. L. E. Creighton, Tem- 
porary Chairman. A meeting of this subcommittee has been set for 
October 20. 


Pressure and Vacuum Gages. M. D. Engle, Temporary Chairman 
Sponsorship was accepted by the A.S.M.E. for this project in June, 
1930, and 55 associations and societies were requested to appoint 
representatives to this Sectional Committee. The organization 
meeting was held in December, 1930, at which time the scope as 
proposed by the American’ Standards Association was approved by 
the Committee without change. At a meeting of Subcommittee 
No. 1 on Plan and Scope in June three subcommittees were appointed 
to develop the several sections of the proposed standard. 

Subcommittee No. 2. C. F. Schwep, Chairman. Subcommittee 
No. 2 was appointed to develop the proposed section on definitions, 
specifications, and rules for installation and use. In July, 1931, this 
committee held its first meeting, and in September the first pre 
liminary proposal was sent to its members. 

Subcommittee No. 3. H. B. Reynolds, Chairman. This Sub 
committee plans to meet during the fall group of Technica] Com- 
mittee meetings in October. Its scope is to include gage sizes and 
mounting dimensions; (suggested list of preferred sizes); size and 
type of connections of gages and cocks; indicator hands (balance— 
interchangeability); stop pins (when and were to be used); beze! 
rings and methods of attachment; and safety features for hig): 
pressure gages. 

Subcommittee No. 4. O. J. Hodge, Chairman. The section on 
dial ranges; recommended dial ranges for various working pressures 
graduations, markings, and space for trade names; accuracy require 
ments for different services; method of expressing the degree 0! 
accuracy; and method of testing (laboratory and field), has bee! 
assigned to this subcommittee. No meetings have been held so far 


Foundry Equipment. E.S. Carman, Temporary Chairman. The 
sponsorship for this project was accepted by the American Foundry- 
men’s- Association and the A.S.M.E. in February, 1931. In the 
same month letters were addressed to 28 associations and societies 
requesting them to appoint official representatives to the Sectional! 
Committee. The organization meeting was held in May, 193), 
at which time the Committee voted to change its name to the Sec- 
tional Committee on the Standardization of Foundry Equipment and 
Supplies. The work of developing the proposed standard was divided 
at that meeting into three parts to be handled by subcommittees to 
be appointed by the Chairman. At this meeting the Committee alo 
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voted to request six additional organizations to appoint representa- 
tives. As soon as these appointments are completed the Chairman 
will name the members of the subcommittees. 


Leather Belting. J. C. Mattern, Temporary Chairman. Sole 
sponsorship for this project was accepted by the A.S.M.E. in January, 
1931. The preliminary organization of the Sectional Committee on 
the Standardization of Specifications for Leather Belting was im- 
mediately begun, and in May, 1931, the Committee held its first 
meeting. A definite outline of procedure was developed at this 
meeting, and two Subcommittees were appointed, one on Standard 
Specifications and the other on Recommendations for Selection, 
Care, and Installation. 

Subcommittee on Standard Specifications. R.C. Bowker, Chair- 
man. The first meeting of this Subcommittee is scheduled to be 
held in November, 1931. 

Subcommittee on Recommendations for Selection, Care, and 
Installation. G. A. Schieren, Chairman. On the same day that 
the Sectional Committee was organized the Subcommittee on 
Recommendations for Selection, Care, and Installation held its first 
meeting and elected permanent officers. As the first step in the 
development of its proposal the Subcommittee is endeavoring to 
secure copies of all specifications having a bearing on its work. This 
data will form the basis of its preliminary recommendations. The 
Chairman has planned for a meeting early in November. 


A.S.M.E. Committee on Shaft Couplings. D. J. McCormack, 
Chairman. During the early part of the year an effort was made to 
correlate the work of the A.S.M.E. Committee on Shaft Couplings 
with that of one of the several Sectional Committees, organized 
under the American Standards Association procedure, whose scope 
and personnel might be appropriate to a review of a proposed stand- 
ard on shaft couplings. This endeavor, however, proved to be 
impracticable, and it was decided that the Committee’s proposal, 
after approval by the A.S.M.E., should be initiated into the A.S.A. 
procedure under the ‘Proprietary Standards’”’ method. In July, 
1931, printer’s proof copies of the proposed standard for Integrally 
Forged Flange Type Shaft Couplings for Hydro-Electric Units, 
developed by this A.S.M.E. Committee, were distributed to the 
Committee members and to other interested persons for criticism 
and comment. The replies received as a result of this distribution 
are now in the hands of the Committee for consideration, and formal 
approval by the Committee of this proposal for submittal to the 
A.S.M.E. Council is expected at an early date. When it has been 
accepted by the A.S.M.E. it will be transmitted to the American 
Standards Association for approval and designation as an American 
Standard. 


Standards Published. The following standards developed by these 
Committees have been published by the A.S.M.E. 


Cold Finished Shafting, Diameters and Lengths (B17a-1924) 

Square and Flat Stock Keys, Widths and Heights (B17b-1925) 

Plain Taper Stock Keys, Square and Flat (B17d-1927) 

Gib Head Taper Stock Keys, Square and Flat (B17e-1927) 

Code for Design of Transmission Shafting (B17c-1927) 

Woodruff Keys, Keyslots, and Cutters (B17f-1930) 

Tolerances, Allowances, and Gages for Meta! Fits (B4a-1925) 

Spur Gear Tooth Form, 14!/: Degree Composite System, 20 Degree 
Stub Involute System (B6b-1927) 

American Standard Screw Threads for Bolts, Machine Screws, Nuts, 
and Commercially Tapped Holes (Bla-1924) 

Cast Lron Pipe Flanges and Flanged Fittings; All Sizes for Maximum 
Working Saturated Steam Pressure of 25 Lb. per Sq. In. (Gage); 
All Sizes for a maximum gas working pressure of 25 Lb. per Sq. In.; 
Sizes 36 In. and Smaller for Maximum Non-Shock Working 
Hydraulic Pressure of 43 Lb. per Sq. In. (Gage) at or near the 
ordinary range of air temperatures. (B16b2-1931) 

Cast Iron Pipe Flanges and Flanged Fittings; All Sizes for Maximum 
Working Saturated Steam Pressure of 125 Lb. per Sq. In. (Gage); 
Sizes 12 Inches and Smaller for Maximum Non-Shock Working 
Hydraulic Pressure of 175 Lb. per Sq. In. (Gage) at or Near the 
Ordinary Range of Air Temperatures (B16a-1928) 

Cast Iron Pipe Flanges and Flanged Fittings; All Sizes for Maximum 
Working Saturated Steam Pressure of 250 Lb. per Sq. In. (Gage); 
Sizes 10 Inches and Smaller for Maximum Non-Shock Working 
Hydraulic Pressure of 400 Lb. per Sq. In. (Gage) at or near the 
ordinary range of air temperatures (B16b-1928) 

Cast Iron Screwed Fittings, for Maximum Working Saturated Steam 
Pressure of 125 and 250 Lb. per Sq. In. (Gage) (B16d-1927) 
Malleable Iron Screwed Fittings, for Maximum Working Saturated 
Steam Pressure of 150 Lb. per Sq. In. (Gage) (B16c-1927) 

Cast Iron Long Turn Sprinkler Fittings (Screwed and Flanged) for 
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Maximum Hydraulic Working Pressures of 150 and 250 Lb. per 
Sq. In. (Gage) (B16g-1929) 

Steel Pipe Flanges and Flanged Fittings for Maximum Working 
Steam Pressures of 250, 400, 600, 900, and 1350 Lb. per Sq. In. 
(Gage) at a Temperature of 750 Deg. Fahr. (B16e-1927) 

Small Rivets, 7/:¢ Inch Nominal Diameter and Under (B18a-1927) 

Tinners’, Coopers’, and Belt Rivets (B18g-1929) 

Wrench Head Bolts and Nuts and Wrench Openings (B18b-1927) 

Round Unslotted Head Bolts (Carriage, Step, and Machine Bolts) 
(B18e-1928) 

Slotted Head Proportions; Machine Screw, Cap Screws, and Wood 
Screws (B18c-1930) 

Plow Bolts (B18f-1928) 

Track Bolts and Nuts (B18d-1930) 

Scheme for Identification of Piping Systems (A13-1928) 

T-Slots, Their Bolts, Nuts, Tongues, and Cutters (B5a-1927) 

Tool Holder Shanks and Tool Post Openings (B5b-1929) 

Taps—Cut and Ground Thread (B5e-1930) 

Milling Cutters—Nomenclature, Diameters, Thickness, and Other 
Important Dimensions (B5c-1930) 

Symbols for Hydraulics (Z10b-1928) 

Aeronautical Symbols (Z10e-1930) 

Mathematical Symbols (Z10f-1928) 

Symbols for Photometry and Illumination (Z10d-1930) 

Symbols for Heat and Thermodynamics (Z10c-1931) 

Fire Hose Coupling Screw Thread for All Connections Having 
Nominal Inside Diameters of 2'/2, 3, 3'/2, and 4!/: Inches. 
(B26-1925) 

Respectfully submitted, 

Lewis K. Chairman 
H. Brrcwarp TaYLor 
8S. Monroe 

EARLE BuckKINGHAM. 


SAFETY COMMITTEE 


The standing Committee on Safety has continued throughout the 
year its efforts in the promotion of industrial safety through the 
activities of the Society. A Symposium on Industrial Accident Pre- 
vention was held during the Annual Meeting of the Society in Decem- 
ber, 1930. Half-day sessions on Safety were planned for the Birming- 
ham, Hartford, and Kansas City meetings, as well as for this Decem- 
ber’s Annual Meeting of the Society; however, it was not found 
possible to carry out this program, except for the Birmingham Meet- 
ing. A joint session with the National Safety Council was held at 
the Birmingham Meeting in April, 1931. Papers were read on the 
economic aspects of accident prevention through engineering in the 
iron and steel industry. Asa result of the efforts of the Committee an 
active part was taken by the Society in the New York Safety Con- 
ference, held in New York in February, 1931, in which 42 organiza- 
tions cooperated. Chairman Mowery arranged for the five-minute 
talk on “Relation of Safety in the Printing Industry,”’ given at the 
Printing Industries Session in December, 1930. Plans have been 
made also for a talk by Frances Perkins, Commissioner of Labor of the 
State of New York, on “State Labor Departments and Professional 
Engineers—Cooperation Essential to Progress in Accident Preven- 
tion’’ during the Annual Meeting, December, 1931. 

The Committee has requested authors of papers to be given at the 
various A.S.M.E. meetings to deal with the safety aspects of their 
subjects. This plan is intended to take the place of the five-minute 
talks previously given at such times. It was further suggested that 
the economies of accident prevention should be stressed in articles in 
Mechanical Engineering, and that books on machine design should be 
reviewed from the safety point of view in Mechanical Engineering. 

The Committee has proposed the appointment of a joint A.S.M.E. 
and N.S.C. committee to promote ways and means of increasing the 
interest of both organizations’ membership in accident prevention, but 
after due consideration and discussion, it was decided that the exist- 
ing set-up is best, whereby the A.S.S.E. Committee on Relations 
With Other Engineering Societies shall continue to function for the 
N.S.C. and the Standing Committee on Safety for the A.S.M.E. 
The Chairman also reports that the A.S.S.E. Committee on Coopera- 
tion With Other Engineering Societies, as a result of its recent ex- 
perience, suggests the following activities as likely to create a greater 
interest within those national bodies in advancing the cause of 
accident prevention: (1) Endeavor to secure the appointment by 
each national engineering society of an accident prevention com- 
mittee; (2) arrange for joint sessions on safety as an integral 
part of the annual, mid-year, or regional meetings of the national 
societies or their divisions; (3) contact the educational committees 
of the national societies (where such committees have been appointed) 
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to advance the project of inclusion of safety engineering in the cur- 
ricula of technical schools and colleges. 

Last spring the organization of a special committee to develop a 
code for aircraft safety and inspection, as suggested by the Pro- 
fessional Division on Aeronautics, was approved by the Committee, 
and in June, 1931, a committee of six was appointed by the President. 
The Code is to include construction, maintenance, and operation of 
aircraft from the viewpoint of safety in its relation to personnel, 
cargo, and the public—both on the ground and in the air. 

During the year articles totaling ten pages of text have been 
published in Mechanical Engineering. 

Of the 50 safety code committees now functioning under the pro- 
cedure of the American Standards Association, five are sponsored 
solely or jointly by the A.S.M.E. These are: 

Sectional Committee on a Safety Code for Mechanical Power Trans- 
mission Apparatus 

Sectional Committee on a Safety Code for Elevators 

Sectional Committee on a Safety Code for Machinery for Compress- 


ing Air 

Sectional Committee on a Safety Code for Conveyors and Conveying 
Machinery 

Sectional Committee on a Safety Code for Cranes, Derricks, and 
Hoists. 


PERSONNEL 
The Sectional Committees on safety codes sponsored by the 
A.S.M.E. now have a membership of 220. Of this number 90 are 
members of the Society. These five Committees have subdivided 
their work among 23 subcommittees and subgroups, making a total 
of 28 committees at work on this safety program. 


ACTIVITIES OF SECTIONAL COMMITTEES 

Mechanical Power Transmission Apparatus. C.B. Auel, Chairman. 
The Safety Code for Mechanical Power Transmission Apparatus was 
originally completed by the Sectional Committee in 1923, revised 
and raised to the status of an American Standard in 1927. Late in 
1930 the State of New Jersey Department of Labor reprinted this 
code in its entirety. A revision of this Code, which is to include a 
chapter on mechanical power control, is now in progress. 


Elevators. 8S. W. Jones, Chairman. The Sectional Committee 
completed and approved the second revision of the Safety Code for 
Elevators, Dumbwaiters, and Escalators in February, 1931, and after 
formal approval by the sponsor organizations the Bureau of Stand- 
ards, the American Institute of Architects, and The American Society 
of Mechanical Engineers it was approved by the American Standards 
Association in July. 

The Subcommittee on Research, Interpretations, and Recom- 
mendations, M. H. Christopherson, Chairman, formed after the 
publication of the 1925 revision of the Code, has continued its monthly 
meetings. 

Subcommittee on Elevator Inspectors’ Handbook. K. A. Colahan, 
Chairman. In December, 1930, printer’s proofs of Part 1, Routine 
Inspection of the Elevator Inspectors’ Handbook, were sent to the 
Subcommittee for letter ballot approval. Before the ballot was 
completed, however, developments indicated that it would be neces- 
sary for the committee to await the results of certain cable tests 
before the paragraph on Cable Inspection could be approved. These 
tests are now being developed and will soon be submitted to the 
subcommittee for approval. 


Conveyors and Conveying Machinery. C. H. Newman, Chairman. 
Two of the Subcommittees of the Sectional Committee on a Safety 
Code for Conveyors and Conveying Machinery submitted redrafts 
of their sections of the Code this spring. These sections deal with 
gravity conveyors, chutes and live roll conveyors, cable-dragline 
Conveyors, Part 1 and 2. Subcommittees are actively engaged in 
preparing reports on Belt Scraper and Screw Conveyors, also Chain 
Elevators and Conveyors, which are expected to be ready for pres- 
entation at the Annual meeting. 


Cranes, Derricks, and Hoists. J.C. Wheat, Chairman. The Chair- 
man reports that the three subcommittees on (1) overhead and gentry 
cranes, (2) locomotive and tractor cranes, and (3) jacks have com- 
pleted their sections of the code. These are now in the hands of the 
editing committee. The two other subcommittees on (4) derricks 
and hoists, and (5) equipment for cranes and hoists, expect to release 
their tentative proposals about October first. The Editing Com- 
mittee has been delayed in its work, due to the extra work put on its 
Chairman, Commander Church, of the U. 8. Navy Bureau of Yards 
and Docks, by rush construction work planned to relieve the un- 
employment situation. 


Other Safety Code Committees. In addition to these Committees, 
the Society has representation on 26 other safety code committees, 
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thirteen of which have completed codes. These committees are as 


follows: 

Safety Code Correlating Committee 

Sectional Committee on Safety Code for Abrasive Wheels 

Sectional Committee on Safety Code for Floor Wall Openings, Rail- 
ings, and Toe Boards 

Sectional Committee on Safety Code for Industrial Sanitation 

Sectional Committee on Safety Code for Lighting Factories, Mills, 
and Other Work Places 

Sectional Committee on Safety Code for Forging and Hot Metal 
Stamping 

Sectional Committee on Safety Code for Ladders 

Sectional Committee on Safety Code for Logging and Sawmill 
Machinery 

Sectional Committee on Safety Code for Aeronautics 

Sectional Committee on Safety Code for Textiles 

Sectional Committee on Underground Power Transmission and 
Power Equipment for Metal Mines 

Sectional Committee on Safety Code for Machine Tools 

Sectional Committee on Safety Code for Paper and Pulp Mills 

Sectional Committee on Safety Code for Power Presses, and Foot 
and Hand Presses 

Sectional Committee on Safety Code for Rubber Machinery 

Sectional Committee on Safety Code for Walkway Surfaces 

Sectional Committee on Safety Code for Amusement Parks 

Sectional Committee on Safety Code for Window Washing 

Sectional Committee on Safety Code for Color for the Identification of 
Gas Mask Canisters 

Sectional Committee on Safety Code for Construction Work 

Sectional Committee on Safety Code for Protection of Industrial 
Workers in Foundries 

Sectional Committee on Safety Code for Prevention of Dust Explosion 

Sectional Committee on Safety Code for Ventilation 

Sectional Committee on Safety Code for Mechanical Refrigeration 

Special A.S.S.E. Committee on Low Voltage Electrical Hazard. 


Two of the five sectional committees have approved codes which 
have been published by the Society; these are: 
Safety Code for Mechanical Power Transmission Apparatus 
(B15-1927) 
Elevator Safety Code (A17-1931). 
Respectfully submitted, 
Haroutp W. Mowery, Chairman 
Lew R. PaLMerR 
Lewis Price 
Tuomas A. Watsn, Jr. 
Martin H. 


POWER TEST CODES 


The Committee on Power Test Codes presents the following report 
for the year ending September 30, 1931. 


Test Copes ComMPLETED 


During the year just closed the Test Code for Liquid Fuels and the 
Test Code for Atmospheric Water-Cooling Equipment were com- 
pleted and printed in pamphlet form. In addition, several sections 
of Instruments and Apparatus were completed and issued in pamphlet 
form, namely, Part 3, Temperature Measurement—Chapter 1, 
General, Chapter 5 on Pyrometric Cones, Chapter 6 on Liquid-in- 
Glass Thermometers, and Chapter 7 on Bourdon Tube Thermometers; 
Part 11, Determination of Quality of Steam; Part 13, Speed 
Measurements; Part 16, Density Determinations; and Part 17, De- 
termination of the Viscosity of Liquids. 

Twenty of the proposed 24 test and supplementary codes and |. 
of the proposed 34 sections of Instruments and Apparatus have been 
completed and published during the period 1922-1931, as follows: 


Code on General Instructions 

Code on Definitions and Values 

Test Code for Solid Fuels 

Test Code for Liquid Fuels 

Test Code for Stationary Steam-Generating Units 

Computation and Report Sheets—(Stationary Steam-Generatin. 
Units) 

Test Code for Reciprocating Steam Engines 

Test Code for Steam Turbines 

Test Code for Reciprocating Steam-Driven Displacement Pumps 

Test Code for Centrifugal and Rotary Pumps 

Test Code for Displacement Compressors and Blowers 

Test Code for Feedwater Heaters 


— 
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‘Test Code for Condensing Apparatus 

Test Code for Atmospheric Water-Cooling Equipment 

Test Code for Refrigerating Systems 

Test Code for Evaporating Apparatus 

Test Code for Steam Locomotives 

Test Code for Gas Producers 

Test Code for Internal-Combustion Engines 

Test Code for Hydraulic Power Plants and Their Equipment 
Test Code for Speed-Responsive Governors 


Instruments and Apparatus: 

Part 1, General Considerations 

Part 2, Pressure Measurements; 
Chapter 1, Barometers 
Chapter 2, Tables, Multipliers, and Standards for Barome- 
ters, Mercury, and Water Columns and Pressure Measure- 
ments 

Part 3, Temperature Measurement; 
Chapter 1, General 
Chapter 5, Pyrometric Cones 
Chapter 6, Liquid-in-Glass Thermometers 
Chapter 7, Bourdon Tube Thermometers 

Part 11, Determination of Quality of Steam 

Part 13, Speed Measurements 

Part 16, Density Determinations 

Part 17, Determination of the Viscosity of Liquids 

Part 21, Leakage Measurement; 
Chapter 1, Condenser Leakage Tests 


During the year two of the original codes in the series of test and 
supplementary codes were also completely revised in the light of 
current practice and reprinted in pamphlet form. These were the 
Code on Definitions and Values and the Test Code for Solid Fuels. 
The Computation and Report Sheets (1929) of the Test Code for 
Stationary Steam-Generating Units were also revised in line with 
the recently revised edition of the corresponding code. 


PERSONNEL CHANGES 


The Committee records with deep regret the deaths during the 
year of three of its members who have been active in the work of the 
Individual Committees: Prof. S. W. Parr, who was a member of 
Committee No. 3 on Fuels, and Messrs. Charles Prentice Turner 
and J. T. Wilkin, both of whom were members of Committee No. 9 
on Displacement Compressors and Blowers. 

Additions have been made by appointment to the individual com- 
mittees of Frank G. Philo on Committee No. 3 on Fuels and Prof. 
William A. Sloan on Committee No. 19 on Instruments and 
Apparatus. 

Mr. Ely C. Hutchinson, a member of Committee No. 18 on Hy- 
draulic Power Plants and Their Equipment, was appointed to suc- 
ceed H. Birchard Taylor as Chairman of this Committee. 

The 20 Individual Committees and the Main Committee on 
Power Test Codes now include in their personnel 119 members of the 
Society and 12 non-members. 


COMMITTEE ACTIVITY 


Committee meetings were held during the year by Committee 
No. 3 on Fuels, No. 10 on Centrifugal and Turbo-Compressors and 
Blowers, and No. 6 on Steam Turbines for the purpose of discussing 
matters pertinent to the revision and further development of their 
respective codes. 

Individual Committee No. 10 on Centrifugal and Turbo-Com- 
pressors and Blowers has completed a fourth draft of its Code. The 
Committee, however, has learned that difficulties have been ex- 
perienced with tests carried out in accordance with the section of 
the proposed Code dealing with the testing of fans. This section is 
based on a test code originally formulated by the American Society 
of Heating and Ventilating Engineers and the National Association 
of Fan Manufacturers. 

When finally revised page proofs of the Test Code for Complete 
Steam-Electric Power Plants were presented for final approval, the 
Main Committee found a number of inconsistencies and omissions 
of a technical nature. The Code, therefore, was referred back to 
individual Committee No. 11 for the purpose of giving consideration 
to the corresponding suggestions. 

A résumé of the progress which has been made during the past 
year in the preparation of the various parts and chapters of Instru- 
ments and Apparatus is as follows: Part 2, Pressure Measurement— 
Chapter 2 on Static and Total Pressure, Static Holes and Tubes, 
Impact Tubes, and Chapter 3 on Pipes for Pressure Measurement 
appeared in the July, 1931, issue of Mechanical Engineering; Part 5 
on Measurement of Quantity of Material appeared in the August, 
1931, issue; Part 9, Heat of Combustion in the December, 1930, 


issue; Part 16, Density Determinations in the February, 1931, 
issue, and Part 20, Smoke-Density Determinations in the November. 
1930, issue. The development of the following parts and chapters 
has progressed appreciably within the past year; Part 3, Temperature 
Measurement—Chapter 2 on Radiation Pyrometers, and Chapter 8 on 
Optical Pyrometers; Part 4 on Head Measuring Apparatus; Part 
10 on Flue Gas Analysis; Part 12 on Measurement of Time; Part 
14 on Measurement of Surface Areas; Part 18 on Humidity Deter- 
minations; and Part 21, Leakage Measurement—Chapter 2 on Boiler, 
Piping, and Engine Leakage. 

The publication of abstracts of preliminary drafts of the Power 
Test Codes and other related material in Mechanical Engineering 
for the year has filled 16 pages. 


HEATING SURFACE 


Since the publication of the 1929 edition of the Test Code for 
Stationary Steam-Generating Units some considerable differences 
of opinion have developed in industry regarding the determination 
of the heating surface of certain types of water-tube boilers. This 
discussion was brought to the attention of Individual Committee No. 
4 on Stationary Steam-Generating Units. Before making further 
changes in their Code, the members of the Committee requested 
an expression of opinion by the Main Committee on the exact defini- 
tion of boiler heating surface. The Main Committee voted that there 
is no deviation between the amount of the boiler heating surface as 
defined by the Code on Definitions and Values, the Test Code for 
Stationary Steam-Generating Units, and the Boiler Construction 
Code, and that the total boiler heating surface as thus defined is that 
surface which is between the fluid to be heated on one side and the 
hot gases or refractories on the other, the area measured on the 
heat receiving side, the fluid being part of the circulating system 
whatever the nature of the fluid and whether it be liquid or vapor. 


THROTTLE AND EXHAUST PRESSURE 


During the year considerable correspondence passed between the 
members of Individual Committee No. 5 on Reciprocating Steam 
Engines and the Main Committee relative to the addition of a section 
to the Test Code for Reciprocating Steam Engines dealing with the 
measurement of throttle pressure and exhaust pressure. Inasmuch 
as the Committee was not in a position to submit a unanimous report 
to the Main Committee the latter group undertook to set up certain 
definitions for admission or throttle pressure and back or exhaust 
pressure which it believes will meet the present need for reciprocating 
steam engines. 

The Main Committee has requested Committee No. 5 to revise 
the Test Code for Reciprocating Steam Engines, bringing its context 
and form in line with the several codes in this field which have been 
formulated since this Code was completed and published. The 
present differences lie largely in definitions of load—particularly 
electrical loading—and in the rules for corrections which are being 
urged by the International Electrotechnical Commission. 


GRAPHICAL SYMBOLS 


Sketches often play a large part in the negotiations for complex 


power-plant equipment. Consequently the use of conventionalized 
graphical representations of the various pieces of apparatus forming 
part of these installations has been made evident. A set of 20 stand- 
ard graphical symbols for heat-power apparatus was adopted by 
Advisory Committee No. 5 on Steam Turbines of the International 
Electrotechnical Commission at its meeting in Stockholm in July, 
1930. This list of symbols was, accordingly, given careful considera- 
tion by the Committee on Definitions and Values and has been 
adopted for use with the A.S.M.E. Power Test Codes. 

Under the procedure of the American Standards Association, the 
Sectional Committee on Scientific and Engineering Symbols and 
Abbreviations developed standards for graphical symbols for electric 
power apparatus and wiring. A selection from this list was made 
and included in the June, 1931, revision of the Code on Definitions 
and Values. 


Repropuction or A.S.M.E. Power Test Cope 


Frequent requests have been received by the Society for permission 
to reprint the A.S.M.E. Power Test Codes in whole or in part. The 
Main Committee recommended that the Society should grant per- 
mission for the reproduction of abstracts of these codes and supple- 
mentary material in textbooks and trade literature, provided that 
(1) attention is called to the fact that the material is reproduced in 
abstract and (2) that full reference to the originating source is given. 
This latter is important since all of these codes are in a constant state 
of flux and each reprinting is in reality a revision. 


a 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Principles UNDERLYING THE A.S.M.E. Powsr Copps 


During the year the Committee has been giving considerable 
thought to a statement dealing with the principles which should 
underly the formulation and use of the A.S.M.E. Power Test Codes 
which was presented by Francis Hodgkinson. Copies of Mr. Hodg- 
kinson’'s statement and recommendations were first sent to the entire 
membership of the Main Committee and the Chairman of the 20 
individual committees for review and study preparatory to a full 
discussion at the May 25th meeting of the Committee. At this 
meeting the Main Committee reaffirmed the fundamental objectives 
and purposes of the codes adopted in 1918 and since, and endorsed 
certain modifications in their make-up, the same to apply to revisions 
of existing codes and the preparation of new codes. 

A special subcommittee consisting of F. Hodgkinson, Chairman, 
C. Harold Berry, C. F. Hirshfeld, E. B. Ricketts, and W. M. White 
was appointed to study these principles in detail and to amend, if 
necessary, the policy to be followed henceforth in the preparation of 
new or revisions of existing power test codes. This special committee 
has completed its report, which will be submitted to the October, 
1931, meeting of the Main Committee for final approval and sub- 
sequent distribution to the entire membership of the Power Test 
Codes Committee as to the new policy of the Committee. 


NATIONAL CoNnTACTS 


The Committee this year has corresponded with the American Gas 
Association relative to the desire of the newly formed A.G.A. Sub- 
committee on Approval Requirements for Industrial Gas Boilers to 
secure information on an acceptable and recognized method of 
running efficiency tests and rating of gas-fired boilers. 

Due to the fact that Individual Committee No. 3 on Fuels was best 
qualified to negotiate with the A.S.T.M. special committee which has 
been organized to give consideration to the development of definitions 
for net calorific value and gross calorific value of fuels, Prof. W. J. 
Wohlenberg, Chairman of the Committee, was appointed by the 
President as the A.S.M.E. representative, on the recommendation 
of the Main Committee. This project was brought to the attention 
of the A.S.T.M. through the American Committee of the World 
Power Conference. 


INTERNATIONAL ELECTROTECHNICAL COMMISSION 


Through membership on the U.S. National Committee of the 
L.E.C., the Society and the Main Committee on Power Test Codes 
has been actively engaged during the year in assisting to bring about 
international agreements on acceptance tests for steam turbines and 
internal-combustion engines. As previously reported, the Secretariat 
for the Advisory Committees on these types of prime movers is held 
by the United States. The Society was represented this year on the 
U. S. National Committee by Fred R. Low, William F. Durand, 
Francis Hodgkinson, C. Harold Berry, Harvey N. Davis, Ely C. 
Hutchinson, Irving E. Moultrop, and Paul Diserens. 


Stream TURBINES 


In February, 1931, finally corrected proofs of Part I, ‘“Specifica- 
tion” and Part II, ‘‘Rules for Acceptance Tests’’ of the I.E.C. Publi- 
cation on Steam Turbines were released by the Secretariat for final 
publication. Since then, in July, 1931, the Central Office of the 
International Electrotechnical Commission completed the printing 
and distribution. 

In July the Secretariat, of which Dr. F. R. Low is Director, mailed 
to the ten member countries of Advisory Committee No. 5 on Steam 
Turbines, printer's proofs of the Supplementary Notes to Section 4, 
Instruments and Methods of Measurement of Part II. This latter 
document consists of a revision of Appendix E, Supplementary Notes 
in accordance with agreements reached in Stockholm, July, 1930, 
and is now ready for further discussion by the members of the 
Advisory Committee. 

While the two completed documents on Steam Turbines have been 
approved by the Advisory Committee and the I.E.C., a question was 
raised as to the desirability of increasing the scope of the Rules to 
include other types of steam turbines. In accordance with instruc- 
tions, the Secretariat referred the matter to the member nations for 
recommendations. When these comments are received the Secretariat 
will prepare documents for further discussion by Advisory Committee 
No. 5 concerning proposals for increasing, or otherwise, the scope of 
the Rules upon which agreements already have been reached. 

The French delegate at Stockholm introduced a paper on “A 
Rational Definition of Steam Turbine Efficiencies.’’ A translation 
of this article was made by the Secretariat and circulated to the 
National Committees for their consideration and recommendation. 

Inasmuch as the technique of flow measurement by means of tubes, 
nozzles, and orifices was somewhat in a state of flux, the material on 
flow measurement before the Advisory Committee was referred by 


the Secretariat to the International Standards Association with the 
request that they propose insertions or deletions which may be con- 
sidered advisable. 


INTERNAL-COMBUSTION ENGINES 


At the Stockholm meeting, July, 1930, some of the documents 
before Advisory Committee No. 19 on Internal-Combustion Engines 
were discussed, but no decisions were reached. It was agreed that 
the Secretariat would transmit to the National Committees of the 
ten member nations a résumé of that discussion, requesting their 
recommendations concerning these proposals. This résumé was 
prepared by Francis Hodgkinson, Director of Secretariat, and dis- 
tributed to the member nations under date of December 13, 1930. 
Since that time, the Secretariat has received the German Rules for 
Acceptance Tests of Gas and Internal-Combustion Engines. The 
German National Committee and the British National Committee 
have issued their comments in response to the Secretariat's letter. 

On June 1, 1931, the Secretariat again requested the member 
nations to expedite the transmission of their recommendations. At 
the end of a reasonable time the Secretariat will proceed to prepare 
for future discussion a new document for Part I, “Specification,” 
reconciling, as far as possible, the views of all the member nations. 
This will replace the corresponding documents now before the Ad- 
visory Committee. 

Hypravutic TURBINES 


It will be recalled that the present I.E.C. Publication (No. 41) 
on the Testing of Hydraulic Turbines was completed by Advisory 
Committee No. 4 on Hydraulic Turbines at Bellagio, September, 
1927, under Dr. Durand’s able leadership and adopted by the Plenary 
Meetings of the I.E.C. during the same month. 

Under date of February 15, 1930, the Secretariat addressed a letter 
to the delegates and secretaries of the 22 National Committees of the 
L.E.C. inquiring if, during the past two years, the hydraulic engineers 
of the several countries have put the provisions of this document 
into practice in national and international commerce, and if there 
was a desire to expand this I.E.C. publication. The replies received 
to the Secretariat's letter have been few and very non-committal. 
Under these circumstances no attempt was made to arrange for a 
meeting of Advisory Committee No. 4 on Hydraulic Turbines 
during the Scandinavian Meeting in June, 1930. Since that time, 
however, the Secretariat has decided to proceed with redrafting the 
Publication No. 41 along the lines suggested. 

For some time past Dr. Durand has felt that he should retire from 
the directorship of this activity, leaving it to some one preferably in 
the East to carry on. After careful consideration on the recom- 
mendation of Dr. Durand, Dr. Sharp, President of the U.S. National 
Committee, appointed Ely C. Hutchinson in Dr. Durand’s stead as 
Director of the Secretariat on Hydraulic Turbines. It is expected 
that the preliminary work of redrafting the publication on the Test- 
ing of Hydraulic Turbines will begin very shortly. 


Respectfully submitted, 


Frep R. Low, Chairman 
C. Haroutp Berry Davin S. Jacosus 
ALBERT T. Brown Cuarues E. Lucke 
Epwin H. Brown Lionget 8S. Marks 
ALEXANDER G. CHRISTIE Lewis F. Moopy 
Harte Cooks Irvine E. Mouttrop 
DIsBRENS Henry B. Oatiey 
Rosert H. Fernatp Gero. A. OrroK 
Epwarps R. Fisx# J. S. Picorr 
C. F. Epwin B. Ricketts 
Francis HopGKINsoN Epwarp N. Trump 
Ozn1 P. Hoop M. Wuirs 
Gerorce A. Horne Wa ter J. WonLeNnBERG. 


BOILER CODE 


The Boiler Code Committee submits the following report for the 
fiscal year ending September 30, 1931. 

During this period the Committee held nine regular meetings, two 
of which were two-day meetings, which were devoted to interpreta- 
tions of the Code and to the consideration of revisions and addenda 
to the various sections. 

As stated in the 1930 Annual Report, the Committee has had under 
consideration rules for the fusion welding of drums or shells o/ 
power boilers and for unfired pressure vessels. These rules received 
widespread attention. As a result of the comments and criticisms 
received, the revised rules were published in the June issue of Mechan- 
cal Engineering and were adopted by Council as a standard of the 
Society on July 7, 1931. 
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The Rules for Fusion Welding of Drums or Shells of Power Boilers 
require the highest type of welding. The use of X-ray apparatus is 
specified for examining the soundness of all longitudinal and cir- 
cumferential welded joints up to a limiting thickness, beyond which 
a manufacturer shall have first demonstrated his ability to produce 
sound welds in boiler drums or shells of a thickness that have been 
X-rayed. The limiting thickness specified represents the maximum 
practical capacity of X-ray equipment at the present time. It is 
stated in the Code that this limiting thickness will be increased when 
evidence is submitted to the Boiler Code Committee that X-ray 
or similar means are developed that can be commercially applied 
to greater thicknesses. All such drums and shells must be stress 
relieved by heating them to a specified temperature for a specified 
time. Searching physical tests are required of the weld metal, and 
every effort has been made to formulate a Code which will result in 
safety. It is an interesting fact that none of the many discussions 
received by the Committee has questioned the safety of welded drums 
or shells constructed in accordance with the Code. 

The Rules for Fusion Welding of Unfired Pressure Vessels are the 
outcome of long and patient work by the Subcommittee on Unfired 
Pressure Vessels, which cooperated with the Subcommittee on Weld- 
ing and a number of organizations and persons expert in the field. 
The rules divide pressure vessels into three classes based on the in- 
tended use of the vessel. Class 1, which represents the highest type 
of construction, is absolutely without limit as to size, working pres- 
sure, or the contents within the scope of the Code; Class 2 provides 
for vessels with a maximum plate thickness of 1'/; in., which are not 
to carry lethal gases or liquids, or to be subjected to as severe condi- 
tions of service as those built under Class 1. Class 3 provides for 
vessels with a maximum plate thickness of */s in., which are not to 
carry lethal gases or liquids, or to be used for the storage of gases or 
liquids at any temperature materially exceeding their boiling tempera- 
ture at atmospheric pressure. 

Included in the 1931 revisions are rules for the welding of miniature 
boilers which were incorporated in the Code for Miniature Boilers. 

Hearings were granted to the Compressed Gas Manufacturers’ 
Association. relative to rules for the storage of liquefied petroleum 
gases. This Association had formulated “Tentative Regulations for 
the Design, Installation, and Operation of Liquefied Petroleum Gas 
Storage Containers and Appurtenant Equipment,”’ and a copy of 
the proposed rules had been submitted to the Committee for con- 
sideration for incorporation in the Code for Unfired Pressure Vessels 
so that fusion welding for this particular type of container would be 
recognized. 

Conferences followed with representatives of the American Welding 
Society, the Compressed Gas Manufacturers’ Association, the Ameri- 
can Boiler Manufacturers’ Association, and the National Board of 
Boiler and Pressure Vessel Inspectors, who rendered valuable assis- 
tance and cooperated in the formulation of the rules. A number of 
others from different industries, such as the petroleum group, co- 
operated and made valuable contributions. 

Another important addition to the Codes has been the incorpora- 
tion of rules for seal welding of riveted seams of boilers and unfired 
pressure vessels. 

As a result of continued cooperation with the American Society for 
Testing Materials, many revisions have been made in the Material 
Specifications Section of the Code. Changes were made in specifica- 
tions which are identical with those of the A.S.T.M., so as to bring 
them into conformity with their latest form. During the year new 
Specifications have been adopted by the A.S.T.M. covering Open- 
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Hearth Iron Plates for Flange Quality and have been accepted by the 
Boiler Code Committee for incorporation in the Code as Specification 
8-25. 

The Committee has received reports on the tests being made by the 
Taylor Forge & Pipe Works, Chicago, IIl., in order to supply data for 
more logical rules on reinforcement of openings than now appear in 
the Code. The Committee has in the meantime appointed a special 
committee which is considering this subject with a view to rationaliza- 
tion of the requirements in the Code on such reinforcements. 

The Honorary Secretary visited Tulsa and Oklahoma City during 
the early part of the year for the purpose of investigating the pressure 
vessel situation there and the application of the Code for Unfired 
Pressure Vessels to constructions employed in the petroleum industry. 
This led to a more harmonious understanding between the Committee 
and the group of manufacturers in that region. 

The Committee has made numerous revisions and additions to the 
various sections of its Code as a result of requests from manufacturers, 
inspectors, users, and others. These revisions were formally adopted 
by the Council on July 7, 1931, and distributed in pink-colored 
addenda sheets. 

At the request of the Boiler Code Committee the Council made the 
following appointments on Subcommittees: F. W. Herendeen, 
Raymond Newcomb, and W. E. Stark as members of the Sub- 
committee on Heating Boilers; Paul Diserens as a member of the 
Subcommittee on Unfired Pressure Vessels. Due to their inactivity 
in the boiler and pressure vessels industry, Leroy Mikels is no longer 
a member of the main Boiler Code Committee, and A. S. Kinsey is 
no longer a member of the Subcommittee on Welding. H. E. Aldrich 
was elected by the Boiler Code Committee as a member of the 
Executive Committee. 


Respectfully submitted, 
F. R. Low, Chairman A. M. Greens, Jr. 
D. 8. Jacosus, Vice-Chairman F. B. Howe. 
C. W. Oszrt, Hon. Secretary J. O. Lescu 
H. E. Aupricu E. F. 
W. H. Boru M. F. Moors 
F. 8S. I. E. Mouurrop 
F. W. Dean O. Myzrs 
W. F. Doranp H. B. Oatiey 
E. R. James PARTINGTON 
V. M. Frost C. L. Warwick 
C. E. Gorton H. LeRoy Wuairtneyr. 


PROFESSIONAL CONDUCT 


During the fiscal year 1930-1931 no complaints on professional 
conduct were received. 

The Committee has been engaged in correspondence on some details 
connected with the development of the Code of Ethics of the Society 
as a more profound influence upon the engineering profession. 


Respectfully submitted, 


Joun Hunter, Chairman 
B. 

A. G. 

H. S. 

D. Ropert YARNALL. 
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HE following pages present brief reports of meetings of the 
Society and of its Professional Divisions during 1931. More 
detailed accounts were published in Mechanical Engineer- 
The meetings reported here are as 


T 


ing and the A.S.M.E. News. 
follows: 


MEETINGS OF THE SOCIETY 


Semi-Annual, Birmingham, Ala., April 20-23, 1931 
Hartford, Conn., June 1-3, 1931 

Kansas City, Mo., September 7-9, 1931 

Annual, New York, N.Y., November 30—-December 4, 1931. 


MEBRTINGS OF THE PROFESSIONAL DIvisIONS 


Aeronautics, Baltimore, Md., May 12-14,,1931 

Applied Mechanics, Lafayette, Ind., June 15-17, 1931 

Fuels, Chicago, Ill, February 10-13, 1931 

Iron and Steel and Machine Shop Practice, Boston, Mass., 
September 22, 1931 

Materials Handling and Management, Cleveland, Ohio, April 
13-17, 1931 

Petroleum, Elizabeth, N.J., May 5-6, and State College, Pa., 
May 22, 1931 

Printing Industries, Washington, D.C., March 16-17, 1931 

Textiles, Providence, R.I., October 6, 1931 

Wood Industries, Winston-Salem, N.C., October 15-16, 1931. 


Semi-Annual, Birmingham, Ala. 
APRIL 20-23, 1931 


The Semi-Annual Meeting was reported in the A.S.M.E. News 
of May 7, 1931, with a special report of the conference of Student 
Branches in the issue of May 22. The attendance of 435 at the 
Birmingham meeting included 125 students representing twelve 
southern colleges. At the Council Meeting held on April 20 the 
establishment of a Student Branch at the University of Alabama 
was approved. An announcement that the 1932 Semi-Annual 
Meeting would be held at Bigwin Inn, Ontario, Canada, from 
June 27 to July 1, was made at the Business Meeting held on 
April 20. The Nominating Committee selected the following 
candidates for new officers of the Society in 1931-1932: 


President, Conrad N. Lauer 

Vice-Presidents, Robert M. Gates, Charles M. Allen, Fred 
H. Dorner, William B. Gregory 

Managers, Alexander J. Dickie, Eugene W. O’Brien, Harry 
R. Westcott 


The following delegates to the American Engineering Council 
were nominated: 


Conrad N. Lauer, Paul Doty, Ralph E. Flanders, .C. E. 
Ferris, L. P. Alford, J. H. Lawrence, R. C. Marshall, 
Jr., A. A. Potter, W. H. Trask, Jr., E. C. Hutchinson: 


A conference of Local Section delegates was held on April 21. 
The exeusions program included all-day trips to the Tennessee 
Coal, Iron & Railroad Co. and to the Jordan Dam of the Ala- 
bama Power Company on the Coosa River, A special program 


of automobile trips, luncheons, a flower show, and a garden party 
was arranged for the ladies. The chief social event of the meet- 
ing was the banquet en April 22 at. which President Roy V. 
Wright delivered an address on “How About the Humanities?” 
and Dr. Harrison E. Howe, editor of Industrial and Engineering 
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The program 


Chemistry, spoke on “Creating New Industries.” 
of papers at technical sessions was as follows: 


Monday Morning, April 20 
HyDRAULICs 


(Auspices of Hydraulic Division) 


The Application of Hydraulic Laboratory Researches, I. A. Winter 

Calibration of a Large Nozzle, Joun R. DuPriest and Jas. H. 
PoLHEMUS 

Present Status of Hydroelectric Development in the Southeastern 
United States, Wm. P. HaMMoNnD 


PROcEsSs 


The Cottonseed-Oil Industry, E. L. Carpenter and Leo HoL_prepGe 


IRON AND STEEL 
(Auspices of Birmingham Local Committee and Iron and Steel 
Division) 
Cast Iron Pipe Produced Centrifugally by the DeLavaud Process, 
S. B. CLARK 
New Mono-Cast Centrifugal Pipe Plant, 8. D. Moxiey 


Monday Afiernoon, April 20 


FUELS AND PETROLEUM 


(Auspices of Fuels and Petroleum Divisions) 


Grindability of Coal, R. M. HarpGrove 
Design Considerations of a Natural-Gas 
Cuas. W. Merriam, Jr. 


Transmission System, 


RAILROAD 


(Auspices of Railroad Division) 
Practical Application of Alloy Steel to Locomotives, C. E. Barna 
Metallurgy in the Railroad Field, A. E. Waite 
SAFETY 


Auspices of A.S.M.E. Safety Committee and American Society of 
Safety Engineers) 


Economic Aspects of Accident Prevention in the Iron and Steel 
Industry, Freperick B. WiInsLow 

Accident Prevention Through Safety Engineering in the Iron and 
Steel Industry, Davin ANDERSON 


Tuesday Morning, April 21 


PowER 
(Auspices of Power Division) 


Heat Transfer From Condensing Steam to Flowing Water, A. T. 
BRowN 

Design Features and Operating Results of Fairfield Blast-Furnace 
Power Plant, F. G. Cutter 


MarTeErRIALS HANDLING AND MACHINE SHop PRACTICE 


(Auspices of Materials Handling and Machine Shop Practice 
Divisions) 
Mold-Handling Methods in Foundries, W. L. Hart iey 
Materials Handling in the Automotive Machine Shop, Norman H. 


PREBLE 
Preparation and Distribution of Molding Sands, H. L. McKinnon 
TEXTILES 


(Auspices of Textile Division) 
Gontrol of Picker-Room Humidity, Norman EB. Eusas 
Trends in the Cotton Textile Industry, C. L. Emerson 
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Tuesday Evening, April 21 
MANAGEMENT AND ABRONAUTICS 


(Auspices of Management and Aeronautic Divisions) 


Principles of Industrial Plant Location, H. C. Rrp1ne@ 
Southern Air Transport, Frepertc G. Copurn 


Hartford, Conn. 
JUNE 1-3, 1931 


A report of the Hartford Meeting appeared in the A.S.M.E. 
News dated June 7, 1931. The attendance at the meeting 
was about 400. A Council Meeting was held on June 1 and a 
conference of Local Section delegates on the following. day. 
Special excursions were made to plants of the Pratt & Whitney 
Aircraft Co., Chance Vought Corporation, Royal Typewriter 
Company, Colt’s Patent Fire Arms Mfg. Co., and Pratt & Whit- 
ney Co. Several other plants were visited by the ladies, including 
that of the Fuller Brush Company and the Cheney Silk Mills. 
An evening program on June 1 included music by the Choral 
Club and soloists, and addresses by Senator Hiram Bingham on 
“The Engineer in Public Life’ and by F. M. Ryan, of the Bell 
Telephone Laboratories on “Airplane Telephony.” Speakers at 
the banquet on June 2 were President Wright and E. E. Wilson, 
president of the Chance Vought Corporation and Sikorsky Avia- 
tion Corporation, whose subject was “Aeronautics.” The pro- 
gram of technical sessions follows: 


Monday Afternoon, June 1 
FUELs 


(Auspices of Fuels Division) 
How Coal Market Values Are Related to Steam-Plant Design and 
Operation, G. B. Goutp 
MECHANICS 
(Joint auspices of Applied Mechanics Division and Special Research 
Committee on Strength of Vessels Under External Pressure) 


The Collapsing Strength of Steel Tubes, T. McLean Jasper and 
Joun W. W. 

The Strength of Thin Cylindrical Shells Under External Pressure, 
Harotp E. Saunpers and Dwieut W. WINDENBURG 


EDUCATION AND TRAINING 


(Auspices of Committee on Education and Training for the Industries) 


Training Foremen to Deal With Human Problems in Industry, Joun 
A. McCartTuy 
Training Apprentices and Foremen, Frances PERKINS 


Tuesday Morning, June 2 
PowER 
(Auspices of Power Division) 


Radiant-Superheater Developments, M. K. Drewry 

Load-Deflection Relations for Large Plain, Corrugated, and Creased 
Pipe Bends, E. T. Copg and E. A. Wert 

The Decomposition of Sodium Carbonate in Steam Boilers (by title), 
REINHOLD F. Larson 


AERONAUTICS 
(Auspices of Aeronautic Division) 
Recent Developments in Airplane Design, C. J. McCarruy 
Developmen 


Recent and Future ts in Aircraft Engines, A. V. D. 
WILLGoos 


Recent 6000-Mile Flight to and Above Central America, I. I. 
Srkorsxy 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Motion-Picture of Pratt & Whitney Aircraft Corp. and Chance 
Vought Corporation Factories 


Macutne Suop Practice (1) 


(Joint auspices of Machine Shop Practice Division and Special Re- 
search Committee on Cutting of Metals) 


Performance of Cutting Fluids, O. W. Boston and C. J. Oxrorp 

The Influence of Chemical Composition and Heat Treatment of 
Steel Forgings on Machinability With Shallow Lathe Cuts 
T. G. Diears 


PETROLEUM AND APPLIED MECHANICS 


‘(Joint auspices of Petroleum and Applied Mechanics Divisions) 


Stresses in Dished Heads of Pressure Vessels, Cyr. O. Ruys 
Analysis of Stresses in Circular Plates and Rings, E. O. Hotmprra 
and Kari AxELSON 


Wednesday Morning, June $ 
MANAGEMENT 


(Auspices of Management Division) 


Discussion of Stabilization of Employment, led by Howgii Cueney, 
Raven E. Fuanpers, W. R. Wesstrer, H. V. Cozs, Howarp 
Truson, W. H. Farrrigetp E. Raymonp 


MacuineE Suop Practice (II) 
(Auspices of Machine Shop Practice Division) 
Small Tools and Gaging for Interchangeable Manufacture, E. J. 
and Their Application to Duplicate Production, 
Tuomas F. MacLaren 


TEXTILES 


(Auspices of Textile Division) 


Use of the Butted Seam by Textile Manufacturers, Joun M. 
WASHBURN 

Use of Counters in the Textile Industry, Harvey L. Spaunsure 

Modern Textile Machinery the Result of Research and Compre- 
hensive Engineering, ALBERT PALMER 


MECHANICAL SPRINGS 


(Joint auspices of Applied Mechanics Division and Special Research 
Committee on Mechanical Springs) 
Progress Report on Comparative Tensile and Shearing Behavior in 


Springs, Presented by M. F. Sarre 
Stresses in Curved Bars, H. C. Perkins 


Kansas City, Mo. 
SEPTEMBER 7-9, 1931 


The A.S.M.E. was one of thirteen organizations which partici- 
pated in the Southwest Power Conference at Kansas City, Sep- 
tember 7-11. More than 400 members and guests of the Society 
attended the Conference, a report of which will be found in the 
A.S.M.E. News for September 22, 1931. The Southwest Power 
and Mechanical Exposition paralleled the Conference. The 
A.S.M.E. was represented at the formal opening of the Confer- 
ence on September 7 by President Wright. Joint luncheons of 
the participating organizations were held at which the speakers 
were Captain Theo. Wyman, Jr., U. S. Engineers Corps, on “The 
Missouri River,” and Marshall E. Sampsell, first vice-president 
of the N.E.L.A. At a joint banquet a lecture and demonstration 
on “Adventures in Science” was given by E. L. Manning of the 
General Electric Research Laboratories. Conferences of the 
Local Section and Student Branch delegates were held, and the 
afternoons were largely devoted to sightseeing and inspection 
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trips. The A.S.M.E. program included six technical sessions, as 
follows: 


Tuesday Morning, September 8 
PowER 


Flour Milling and Power Requirements, Grover C. Meyer 

1400-Lb. Pressure Boiler and Turbine Operation at Northeast Sta- 
tion, J. A. 

Diphenyloxide, Joun J. Grese 


O1 anp Gas PowErR 


A Speed Characteristic for Oil Engines, V. L. Materv 

Diesel Engines as Peak Load Units, S. A. Hapiey 

Internal-Combustion Engines for the Oil and Gas Industries, H. F. 
SHEPHERD 


AERONAUTICS (I) 


The Design of Practical Light Airplanes, Kart H. Wuirts 
Aircraft Diesel Engines of High Output, H. C. Epwarps 
Necessary Trends in Airplane Design, Witu1am B. Strout 


Wednesday Morning, September 9 
FvELs 


Improvements in Mining and Preparing Strip Coal in the Southwest, 
L. Russert Keice 

Coal as Basic Fuel, H. Krersincer 

Some General Chemical and Physical Properties of Boiler Room Re- 
fractories, J. H. Kruson 


PETROLEUM 


Recent Developments in the Liquefied Petroleum Gas Industry, 
O. M. Setrum 

Building an Empire (film), Gzorce H. Barrp 

Economic Analysis of Pipe-Line Pumping, Round-Table Discussion, 
led by W. G. Hetrze. 


Agronavtics (II) 


Aviation Insurance, J. B. Gurnotrs 

The Maintenance and Overhaul of Aircraft and Engines, H. L. 
Brepouw 

Airplane Landing Gears, Freperick KNack 


Annual Meeting, New York, N.Y. 


NOVEMBER 30-DECEMBER 4, 1931 


The Fifty-Second Annual Meeting of the A.S.M.E. was re- 
ported in the January, 1932, issue of Mechanical Engineering 
and in the A.S.M.E. News of December 22, 1931. The atten- 
dance at the meeting was approximately 2000. The closing 
meeting of the 1931 Council was held on November 30, and the 
organization of the 1932 Council took place on December 4, when 
new officers as nominated at the Semi-Annual Meeting were in- 
stalled. The conferences of Local Section delegates began on 
November 29 and continued on November 30 and December 1. 
December 2 was “Student Branch Day.” A contest in extem- 
poraneous public speaking was held in conjunction with the formal 
opening of the second exhibition of art for engineers, on Monday 
evening, November 30. 

The series of lectures on “Talking With an Audience,” by 
Dr. S. Marion Tucker, initiated at the 1930 meeting, were con- 
tinued. The fourth Henry Robinson Towne Lecture was de- 
livered by W. B. Donham, dean of the Graduate School of Busi- 
ness Administration, Harvard University, on the subject, “The 
Temporary Emergency and Twenty-Year Planning,” and the 
fourth Robert Henry Thurston lecture by Edward L. Thorndike, 
professor of education, Teachers College, Columbia University, 
on “Psychology and Engineering.” Another outstanding ad- 
dress was made by Frances Perkins, industrial commissioner of 


the State of New York, on “State Labor Departments and Pro- 
fessional Engineers—Cooperation Essential to Progress in Acci- 
dent Prevention.” 

The Annual Dinner was distinguished by the conferring of 
honorary membership upon Calvin W. Rice, secretary of the 
Society since 1906. Dr. Karl T. Compton, president of the 
Massachusetts Institute of Technology, was the chief speaker of 
the evening. Honorary membership was also conferred upon 
Dr. Palmer C. Ricketts, president of the Rensselaer Polytechnic 
Institute, during the Presidents’ Night program, and other 
awards, including three John Scott medals, were made at that 
time. The presidential address of Roy V. Wright, entitled “The 
Engineer Militant,” will be found elsewhere in this issue of the 
Record and Index. Many important committee meetings and 
conferences were held during the week, and the program of ex- 
cursions included the observatories of the new Empire State 
Building, the new plant of the Ford Motor Company at Edge- 
water, N.J., the 8.8. Pennland, 8.8. Minnetonka, and the Aqui- 
tania, as well as several generating stations, and other inspection 
trips of technical interest. Reports on the Economic Status 
of the Engineer were presented at the Business Meeting held on 
December 1 and at the Local Section conference on the preced- 
ing afternoon. The Woman’s Auxiliary to the A.S.M.E. ar- 
ranged a program of special events for the ladies. 

The program of papers presented at the technical sessions and 
conferences follows: 


Monday Morning, November 30 
MacuIneE SHop PRAcTICE AND APPLIED MECHANICS 


(Auspices of Machine Shop Practice and Applied Mechanics 
Divisions) 


Improved Device for Recording Instantaneous Tool Pressures in 
Machinability Studies, O. F. Gecnter and H. R. Larrp 
Photoelastic Developments 
(a) Kinematography in Photoelasticity, Max M. Frocur 
(b) Photoelastic Study of Shearing Stresses in Keys and Keyways, 
Arsnac G. and B. Kareg.rrz 
(c) Celluloid as a Medium for Photoelastic Investigation, R. H. G. 
Epmonps and B. T. McMinn 


HANDLING 


(Auspices of Materials Handling Division) 


Rustless-Steel Conveyors—Their Availability, Application, and Use, 
Nrxon W. ELMER 
ss and Design of the Floating Drive for Conveyors, N. H. 
REBLE 
Improved Material-Handling Methods in a Container Plant, H. N. 
MacpDoNALD 
Progress Report of Materials Handling Division (presented by title) 


Process INFORMAL CONFERENCE 
(Auspices of Process Committee) 


Discussion on a Rational Approach to the Classification of Data 
of Unit Operations and Industrial Processes, led by H. J. 
Masson 


Monday Afternoon, November 30 


(Auspices of Machine Shop Practice Division and Special Research 
Committee on Cutting of Metals) 


The Elements of Milling, O. W. Boston and Cuaruzs E. Kravs 

Tungsten Carbide and Other Hard Cutting Materials (Progress Re- 
port No. 3 of Subcommittee on Metal-Cutting Materials), 
CoLeMAN SELLERS, 3D 

Motion Picture: Latest Development in German Machine Tools 
as Exhibited in Operation at Leipzig Trade Fair 
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Fiurp Merers 


(Auspices of Special Research Committee on Fluid Meters) 


A Study of Primary Metering Elements in 3-In. Pipe, 8S. R. Beirier, 
Paut Bucuer, and T. C. Barngs, Jr. 

Flow of Steam Through Square-Edge Orifices in 4-In. Line, W. W. 
FryYMoyYER and A. HERSCHEL 

Reports of Subcommittees on Revision of Part I, Description of Flow 
Meters and Water Meters, and Influence of Installation 


APPLIED MECHANICS 


(Auspices of Applied Mechanics Division) 


Design of Spring Gears for Exhaust-Turbine Installations, J. Ormon- 
pRoypD and T. C. KucHLER 

Compression of Rectangular Blocks, and the Bending of Beams by 
Non-Linear Distributions of Bending Forces, J. N. Goop1inr 

Forced Vibrations With Non-Linear Spring Constants, J. P. Den 
HartoG and STanuey J. MIKINA 

Progress Report of Applied Mechanics Division, presented by A. L. 
Kimball 


Tuesday Morning, December 1 


INDUSTRIAL POWER 
(Auspices of Power Division) 


Ford Motor Company's 1200-Lb. Steam-Plant Installation, A. R. 
and H. B. Hanson 

Characteristics of a High-Pressure Series Steam Generator (Con- 
tributed by Special Research Committee on Critical Pressure Steam 
Boilers), A. A. Potrer, H. L. Sotperac, and G. A. Hawkins 

Once-Through Series Boiler for 1500 to 5000 Lb. Pressure (Con- 
tributed by Special Research Committee on Critical Pressure 
Steam Boilers), H. J. Kerr 

Progress Report of Power Division 


CasTING AND MACHINE DESIGN 


(Auspices of Machine Shop Practice and Management Divisions) 


Machine-Design Management, J. L. ALDEN 

Correlation of Casting Design and Foundry Practice, ALEx TauB 

Progress Report of Machine Shop Practice Division, presented by 
F. C. SPENCER 


AppLiIED MECHANICS AND RAILROADS 


(Auspices of Applied Mechanics and Railroad Divisions) 


Air Resistance of High-Speed Trains and Interurban Cars, O. G. 
TreTJENS and KENNETH C. RIPLEY 

Stresses in Railroad Track, S. TimosHEeNnKo and B. F. LANGER 

Presentation of Resolutions on the Deaths of Prof. Arthur J. Wood 
and George Hillyer, Jr. 

Progress Report of Railroad Division (presented by title) 


LUBRICATION RESEARCH 


(Auspices of Special Research Committee on Lubrication) 


Optimum Conditions in Journal Bearings, ALBERT KINGSBURY 

Pressure Distribution in the Oil Films of Journal Bearings, S. A. and 
T. R. McKee 

Oil-Film Pressures in an End-Lubricated Sleeve Bearing, Louis J. 

BRADFORD 


Wednesday Morning, December 2 


STABILIZATION SYMPOSIUM 


(Auspices of Management Division with cooperation of American 
Management Association) 


Business Stabilization 
(a) Financial: Some Thoughts on the Solution of the Depression 
Problem, Paut M. Mazur 
(b) Industrial: The Unemployed—What Shall We Do With 


Them? James W. Hook 
(c) Economic: The Economic Aspects of Stabilization, Virer 
JORDAN 


Progress Report of Management Division (presented by title) 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


FuBLs 
(Auspices of Fuels Division and Special Research Committee on 
Removal of Ash as Molten Slag from Powdered-Coal Furnaces) 


Fluxing of Ashes and Slags as Related to the Slagging-Type Furnace, 
P. NicHouts and W. T. Rerp 
Progress Report of Fuels Division 


Hypravtics (I) 
(Auspices of Hydraulic Division) 


Progress Report of Hydraulic Division (presented by title) 
Hydraulic Butterfly Valves, Ross L. Manon 
Piezometer Investigation, CHARLES M. ALLEN and Lesure J. Hooper 


TEXTILES 
(Auspices of Textile Division) 


Sanforizing Process, SANForD L. CLUETT 

Cause and Effect of Recent Advances in Textile Machinery, Epwin 
D. Fow.Le 

Progress Report of Textile Division (presented by title) 


Wednesday Afternoon, December 2 
ENGINEERING Economics 


(Auspices of Management Division with cooperation of American 
Management Association) 


Dividend Programs Related to Depreciation, E. G. Freip 

Economic Life of Equipment (Contributed by Materials Handling 
Division and Special Research Committee on Measures of 
Management), H. O. VorLANDER and F. E. Raymonp 


LUBRICATION ENGINEERING 


(Auspices of Petroleum Division) 


Modern Oil-Lubrication Methods as Applied to Rolling-Mill Equip- 
ment, Joseph A. MERRILL and Epwin M. May 

Oil Requirements for Modern Rolling-Mill Oil Circulating Systems, 
C. M. Larson 


Hypravtics (II) 


(Auspices of Hydraulic Division) 


Leakage Loss and Axial Thrust in Centrifugal Pumps, ALexey J. 
STEPANOFF 
Turbulence in Centrifugal Pumps, J. W. MacmerEKEN 


Stream TABLES 


(Auspices of Special Research Committee on Thermal Properties of 
Steam) 


Report of the Progress at the Massachusetts Institute of Technology, 
L. B. Smita and F. G. Keyes 

Report of the Progress in Steam Research at the Bureau of Standards, 
N. S. OsporNE 

Progress in Steam Table Experiments, Harvey N. Davis 

Thermodynamic Availability in Power Plants, J. H. Keenan 


Thursday Morning, December 3 


CenTRAL Station PowErR 
(Auspices of Power Division) 


Solubility of Calcium Salts in Boiler Water, Freperick G. Straus 

Performance of Modern Steam-Generating Units, C. F. Hirsurevp 
and G. U. Moran 

Influence of Inlet Boxes on the Performance of Induced-Draft Fans, 
Lionet S. Marks and E. A. WINZENBURGER 


MANAGEMENT RESEARCH 


(Auspices of Management Division with cooperation of American 
Management Association) 


Coordination of Research and Engineering With Production and 
Sales, Cart L. Bauscu 
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The Coordination of Research, Sales, and Production, Ricuarp F. 
WILDER 


SyMPosiIUM ON STEEL MILL BEARINGS 


(Auspices of Iron and Steel Division and Special Research Committee 
on Heavy Duty Anti-Friction Bearings) 


Straight Copper-Lead Alloys Versus Leaded Solid-Solution Bronzes 
for Heavy-Duty Bearings, F. R. Henset and L. M. Ticnhvinsky 

Millwright Bearings for Roll Necks of Medium-Sized Rolling Mills, 
K. W. ATwaTer 

Water-Lubricated Soft-Rubber Bearings, W. F. Busse and W. H. 
DENTON 

Application of Celoron Bearings to Roll Necks, ArTHurR J. Scumitrr 

Application of Tapered Roller Bearings in Merchant-Bar Mills, 
S. M. WecksTEIN 


AERONAUTICS 


(Auspices of Aeronautic Division with cooperation of American 
Institute of Physics) 


A Study of Light Signals in Aviation and Navigation, I. Lanemutr 
and W. F. Westenporp 

Design Problems of Controllable-Pitch Propellers, W. B. Hernz 

Discussion of Aeronautic Progress 

Progress Report of Acronautic Division, presented by Etmer A. 
Sperry, Jr. 


Thursday Afternoon, December 3 
BorLer-FEEDWATER STUDIES 


(Auspices of Joint Research Committee on Boiler-Feedwater Studies) 


Determination of Carbonate Hydroxide and Phosphate in Boiler 
Waters (Progress Report of Subcommittee No. 8), W. C. 
ScHROEDER and C. H. 

Foaming and Priming of Boiler Water, C. W. FoutKk 

The SO,/CO; Ratio for the Prevention of Sulphate Boiler Scale, 
Everett P. PartrivGe, W. C. Scuroeper, and R. C. Apams, 
Jr. 


O1L AND Gas Power 
(Auspices of Oil and Gas Power Division) 


Progress Report of Oil and Gas Power Division, L. R. Forp 

Presentation of the Rudolph Diesel Award for Best Paper Delivered 
at Oil and Gas Power National Meeting, 1931, to K. J. De 
JUHASZ 

Small Marine-Diesel Installations, L. B. Jackson 

United States Navy Diesel-Engine Requirements, HoLprook Gipson 


Meta Ro.uuina 


(Auspices of Iron and Steel Division) 


Recent Developments in Merchant-Bar Mills, G. L. Fisk 

Progress Report of Iron and Steel Division, presented by Leon 
CAMMEN 

Foreign Supplement to Progress Report, presented by W. Trinxks 


EDUCATION AND TRAINING 


(Auspices of Committee on Education and Training for the Industries 
and Management Division) 


Opening Address, Ertk Opera, representing Presipent Roy V 
WRIGHT 

Foremanship Training, U. J. Lupren 

Modern Industrial Training, GeorGe A. SEYLER 


Meetings of the Professional Divisions 


Aeronautic Division 
BALTIMORE, MD., MAY 12-14, 1931 


The Fifth National Technical Meeting of the Aeronautic Di- 
vision was reported in the A.S.M.E. News of May 22,1931. This 
meeting was held under the auspices of the Baltimore. Section 
of the A.S.M.E., the Engineers Club of Baltimore, and local sec- 
tions of the American Chemical Society, American Institute of 
Architects, American Institute of Chemical Engineers, American 
Society for Steel Treating, Illuminating Engineering Society, 
A.I.E.E., and A.S.C.E. Structural parts of different planes, 
models, and other exhibits were arranged by the A.S.M.E. Stu- 
dent Branch of Johns Hopkins University under the direction of 
W. H. Miller. The Merrill self-landing airplane was demon- 
strated at the Curtiss-Wright Airport, where the Wednesday 
afternoon sessions were held. Wednesday morning was devoted 
to inspection trips, which included the plants of the Glenn Martin 
Company, B-J Aircraft Company, Friez Instrument Company, 
and others. A harbor boat trip was arranged for Tuesday after- 
noon, and the ladies program included other sightseeing trips. 
The principal speakers at the banquet were Senator Hiram Bing- 
ham, president of the National Aeronautic Association, and Ad- 
miral W. A. Moffett, head of the Bureau of Aeronautics. The 
following technical sessions were held. 


Tuesday Morning, May 12 


OPERATION 


An Analysis of Various Airplane Types for Transport Uses, F. T. 
CouRTNEY 
Maintenance of Equipment in Air Transport Operation, Lester D. 
SEYMOUR 
Aircraft Servicing Problems, CHARLES FRoEsCcH 


DEsIGN 


Design and Possibilities of the Light Airplane, J. Henry Reisner 
Airplane Design in Relation to Tactical Requirements, Tempte N 
JoYcE 
Weight Control in Airplane Design, Wu. P. McKInnte 
ENGINES (1) 
Analysis of Aircraft Engine Design, HaroLp CAaMINEz 
Development of Engines for Light Airplanes, Henry Lowe Brown- 
BACK 
Light Aircraft Engines and Their Progress, Orro E. SzekeLy 
Two Cycle Aircraft Engine, J. H. Geisse 


Tuesday Afternoon, May 12 


AIRPORTS AND MANAGEMENT 


Airports for Small Cities, E. L. WHe.Less 

Engineering Essentials of Airport Enclosures, Freperick ScHauss 
Architectural Principles Applied to Airport Planning, H. V. Wauss 
Actual Cost of Operating a Business Airplane, Jerome LEDERER 


CONSTRUCTION AND MATERIALS 


Special Methods of Testing Aircraft Materials, D. M. Warner 
Plywood in Aircraft, Geo. L. Fiscuer 


Types of Design and Their Effect on the Structural Design of Air- 


planes, F. 8S. HupBarp 
ENGINES (2) 


Altitude Laboratory Tests of Aircraft Engines, H. K. CumMMINnGs 
and E. A. GaRLock 

Aircraft Engine Testing and Testing Laboratories, R. N. DuBo1s 

Junkers Aero Diesel Engine Type FO-4, by Junkers Research Insti- 
tute, Germany, presented by Captain KENNEDY 


Tuesday Evening, May 12 


The Aviation Lessons of the Byrd Antarctic Expedition, Bernt 
BALCHEN 
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Wednesday Afternoon, May 13 


METAL 


Construction of the Metal Airplane, Gro. H. PruppEN 

Some Effects of Corrosion-Fatigue on Streamline Wire of Aircraft, 
H. E. Haven 

The Cause and Prevention of Heat Cracks in Aircraft Welding, H. 8S. 
GEORGE 


PROPELLERS 


Racing Propeliers for Light Airplanes, Frep. E. Weick 
Magnesium and Hollow Steel Propellers, G. T. Lampton 
The Value of Controllable Pitch Propellers, W. B. Heinz 
Controllable Pitch Propellers, Frank W. CALDWELL 


TRAINING AND NAVIGATION 


Vocational Training in Aviation, Frank CusHMAN 

Modern Flight Training, W. D. Tipton 

The Aviation Course at the U.S. Naval Academy, D. C. Ramspy 
The Ice Hazard on Airplanes, WILL1AM C. GEER 


Thursday Morning, May 14 
AERODYNAMIC 


Control at Low Speed, Cart Harrer 

A Study of Stabilizer Beam Loadings in a Dive and During a Sudden 
Pull-Up, W. H. 

Tail Spinning of Aircraft, G. G. Bupwie 

Decrease of Disturbed Motion in the Flight of an Airplane, Louis 
BreGusT, presented by A. 


ENGINEs (3) 


Wing Radiator Development, G. A. LusurG 

Engine Ring Cowls, W. H. Evers 

Engine Ring Cowls, Paut M. Borp 

Observations on the Development of the English High Speed Oil 
Engines From Submarine to Airship R-101, Atan E. L. Cnort- 
TON, presented by E. T. Vincent 


INSTRUMENT 


Instrument Flying and Its Teaching, W. C. Ockgr and Cart J. 
CRANE 

Performance of Aneroid Altimeters for Landing and for Level Flying, 
W. G. BromMBacHER 

The Sonic Altimeter, C. W. Rice 

The Directional Gyro, E. A. Sperry, Jr. 


Thursday Afternoon, May 14 
CoMMUNICATION 


Radio Methods for Flying and Landing Airplanes in Fog, H. Diamonp 
and F. W. Dunmore 

Transmission of Visible Infra-Red and Ultraviolet Radiations Through 
Fog With Reference to Developing Aids and Fog Flying, 8. 
ANDERSON 

Effect of Lightning on Airplanes, A. O. AusTIN 

Discussion on Airways Communication, Geo. G. 
Breen, H. A. H. N. WILuets 


AIRSHIPS 


The Mooring and Ground Handling of a Rigid Airship, L. E. Rosgen- 
DAHL 

Water Recovery Apparatus for Airships, CHarLEes P. Burcess 

Stresses in Rigid Airships; The Effect of Indeterminateness on Their 
True Value, W. Watters Pacon 

Pressure in Airships, W. A. Kirkorr 


GENERAL DEsIGN 


The S-Rotor, 8. Savontus 

Single Blade Windmill for Electric Generation, E. N. Fates 

The Autogiro Rotor, Heracitio ALFARO 

Supercharging the Engine and Increasing the Speed With Altitude, 
J. Nepesar 

Aerodynamics and Structural Aspects of the Merrill Biplane, Joun 
BaALLou 


Applied Mechanics Division 
LAFAYETTE, IND., JUNE 15-17, 1931 


The A.S.M.E. News for July 7, 1931, contains an account of 
the First National Meeting of the Applied Mechanics Division, 
held at Purdue University, preceding the annual meeting of the 
Society for the Promotion of Engineering Education. About 170 
were registered for the meeting. An exhibit of special research 
apparatus was held in conjunction with the meeting and included 
sound-deadening devices, vibration-recording apparatus, small 
fatigue machines, tensile-testing machines, ete. At a dinner 
meeting on June 15 speeches were made by J. M. Lessells on 
“The Growth of the Division,”” by C. R. Soderberg on “The 
Engineer of Today,”’ and by Dr. S. Timoshenko on “Teaching 
of Mechanics at the University of Michigan,” and Dr. Bakhme- 
teff, of Columbia University, spoke briefly on “Hydraulics.” 
There were four technical sessions, the papers for which were 
as follows: 


Monday Morning, June 15 


Srress ANALYSIS 


Spiral Springs. J. A. VAN per Broek 

Recent Advances in Photo-Elasticity and an Investigation of the 
Stress Distribution in Square Blocks Subjected to Diagonal 
Compression, Max M. Frocut 

The Flexibility of Corrugated Pipes Under Longitudinal Forces and 
Bening, L. H. DonneLu 

The Strength of Thin Plates in Compression, T. von Karman, Ernest 
E. Secuier, and L. H. 


Monday Afternoon, June 15 


Srress ANALYSIS AND PLASTICITY 


Thermal Stresses in Thin-Walled Cylinders, Clarence H. Kent 

Strength of Materials Subjected to Shear at High Temperatures, 
FrRaNKuIN L. Everett 

Flow of Steels at Elevated Temperatures, F. P. Corrin and T. H. 
SwisHEeR 

Concerning the Yield Point of Mild Steel, C. W. MacGreaor 

The Center of Torsion for Angle and Channel Selections, W. L. 
ScHWwa.se (presented by title) 


Tuesday Morning, June 16 


VIBRATION 


A New Type of Dynamic Balancing Machine, Ernest L. Tuear_e 

Noise Prevention Through Elastic Suspension, E. H. Hutt 

The Sub-Critical Speeds of the Rotating Shaft, C. Ricnarp SopEr- 
BERG 

Forced Vibration With Combined Coulomb and Viscous Friction, 
J. P. Den Hartoae 


Tuesday Afternoon, June 16 


HyYprRoDYNAMICS 


Propeller Type Fan, O. G. Tiztsens 

The Hydraulic Jump and Related Phenomena, Boris A. BAKHMETEFF 

The Boundary Layer and Skin Friction for a Figure of Revolution, 
B. MILuIKkaNn 

Jets From Manifold Tubes, Jakos Kunz 


Fuels Division 


CHICAGO, ILL., FEBRUARY 10-13, 1931 


The Fourth National Meeting of the Fuels Division was held 
in conjunction with the Fifth Midwest Power Engineering Con- 
ference and the Fifth Midwest Power Exposition. It was 
reported in the February 22, 1931, issue of the A.S.M.E. News. 


More than 1000 engineers attended these events. At a joint 
banquet on February 12 O. H. Caldwell, editor of Electronics, 
delivered an address on ‘The Electron, Midget Ruler of the 
Universe,” and H. B. Stevens, of the Westinghouse Elec. & 
Mfg. Co., demonstrated a number of electron tube devices. 


Wednesday Afternoon, February 11 


Use of Refinery Waste Fuels in Modern Steam Plants, H. J. Kiorz 
The Economics of Fuel Utilization, A. L. Brown 
New Processes of Dehydrating Low-Grade Coal, Max Toutz 


Wednesday Evening, February 11 


Symposium on Small Stokers, T. A. Mars 

Utilization of Anthracite Coal, C. A. ConNELL 

Conversion of Coal-Fired Boilers and Furnaces to Gas Firing, W. D. 
Epwarps 


Thursday Morning, February 12 


Slag Tap Furnaces, A. L. BAKER 
Developments in Pulverized-Fuel Firing, H. Kreisincer 


Thursday Noon, February 12 


LUNCHEON MEETING 


Recent Developments in Bituminous-Coal By-Products, A. C. Fig.p- 
NER 


Thursday Afternoon, February 12 


Effect of Fineness of Pulverization on Boiler Efficiencies, E. H. Tenney 
Radiation in Boiler Furnaces, N. ArRTSay 
Reduction of Unaccounted for Losses in Boiler Tests, W. F. Davipson 


Friday Morning, February 13 


Selection of Steam Generating Equipment, F. H. Rosencrants 

The Pioneering Element in the Boiler Plant of the Future, Geo. A. 
Orroxk 

Changes in Character of Mid-West Coals and Stoker Performance, 
E. L. McDonatp 


Friday Afternoon, February 13 


The Fly Ash Problem, H. N. Buspar 
Round Table Discussion of Pollution Problems,” led by Evurotr 
H. Wartvock and Ety C. Hutcutnson 


Iron and Steel and Machine Shop Practice 
Divisions 
BOSTON, MASS., SEPTEMBER 22, 1931 


A joint meeting of the Iron and Steel and Machine Shop Prac- 
tice Divisions was held under the auspices of the Boston Section 
during the National Metal Congress, in which the A.I.M.E., 
AS.8.T., S.A.E., and A.W.8. also cooperated. The excursion 
to the Watertown Arsenal on the morning of September 22 was 
participated in by about 200. Simultaneously the Iron and Steel 
Division joined with the A.S.S.T. in a session on sheet steel, at 
which the following papers were presented. 


The Evaluation of the Drawing Quality of Extra Deep Drawing 
Sheets, Toomas Dockray 

Thin Strip Steel for Deep Drawing, H. T. Morton and I. A. RuMMLER 

Some Effects of the Amount and Rate of Deformation on a Low Car- 
bon Strip Steel, JosepH Winiock and A. E. LavERGNE 

Effect of Normalizing Upon the Grain Structure and Physical Prop- 
erties of Automobile Sheet Steel, Wm. F. McGarrity 

Plastic Drawing of Sheet Steel Into Shapes, E. V. Crane 

Lubricants Used in Deep Drawing of Sheet Steel, Maurtce Reswick 

Comparison of Sheet and Strip Steels for Difficult Stampings, Epw. 
8S. LaAwRENcE 


At a session of the Machine Shop Practice Division in the 
afternoon three papers were presented, as follows: 
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Belt Drives With Cast-Iron Pulleys and Paper Pulleys, C. A. Nonman 
and G. N. Morratt 

Positive Drive Equipment, C. R. Werss 

Radiographic Inspection of Steel Castings and Welded Structures 
Hersert R. IsenpuRGER 


At this session two films were shown, one on the latest develup- 
ments in German machine tools as exhibited in operation at the 
Leipzig Trade Fair and the other from the Research Laboratories 
of the Westinghouse Elec. & Mfg. Co. on gear research studies. 
A group conference on coordination of research on wear of metal 
resulted in a unanimous vote to ask the A.S.M.E. to consider 
the establishment of a committee to act as a clearing house for 
the research work being done on wear of metals with the possi- 
bility of establishing some general principles. 


M-M-M Congress 
CLEVELAND, OHIO, APRIL 13-17, 1931 


The Management and Materials Handling Divisions and the 
Elimination of Waste Committee of the A.S.M.E. participated 
in the National Industrial Congress, the local arrangements for 
which were under the auspices of the Cleveland sections of the 
A.S.M.E. and 8.1.E., the Cleveland Engineering Society, and 
the Cleveland Handling Equipment Manufacturers Committee 
and Chamber of Commerce. Other participants were the Society 
of Industrial Engineers, American Management Association, and 
Cleveland Electrical Maintenance Engineers Association. An 
account of the congress will be found in the A.S.M.E. News for 
May 7, 1931. 

In addition to the program of technical sessions given herewith, 
there was a joint banquet at which Newton D. Baker introduced 
one of the principal speakers of the evening, General G.G Har- 
bord, who spoke on “What the Future Can Expect From Radio.”’ 
Dr. Lillian Gilbreth was the second speaker; her address dealt 
with the machine age and its relation to the development of skill 

Inspection trips were made to the Westinghouse Elec. & Mfg. 
Co., the Willard Storage Battery Co., the Hupp Motor Car Co., 
Lamson & Sessions Co., the Midland Steel Company, American 
Steel & Wire Co., and the White Motor Company. 

The Second National Industrial Exposition paralleled the 
congress and included a number of exhibits by the Elimination 
of Waste Committee. 

The maintenance engineering sessions were arranged by the 
Management Division of the A.S.M.E. and the Materials Han- 
dling sessions were arranged by the Materials Handling Division. 


Monday Afternoon, April 13 
Scrap HANDLING 
(Auspices Elimination of Waste Committee, A.S.M.E. and A.M.A.) 


Handling of Thin Sheet Scrap in Tin Plate and Sheet Stee! Mills, 
H. H. 

Handling of Automobile Body Scrap, R. R. Regs 

Briquetting of Cast-Iron Borings and Steel Turnings, A. K. Nowak 

Discussion of Handling and Disposition of Ferrous Scrap 


Monday Evening, April 13 
Waste EvIMInaTION 
(Auspices Elimination of Waste Committee, A.S.M.E. and A.M.A.) 


Segregation and Control of Waste, C. H. McKnicut 

Waste Campaign Experiences and Suggestion Systems. 
giving experiences from several companies.) 

A Plant Museum and Its Relation to Plant Control in the Ceramic 
Industry, W. A. WELpon 


(Short talks 
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Tuesday Afternoon, April 14 
MANAGEMENT 


(Auspices Management Division, A.S.M.E.—A.M.A. cooperating) 


Developments in Manufacture of Lead-Covered Paper-Insulated 
Telephone Cables, J. R. SHEA 

Planning a Lead-Covered Telephone Cable Manufacturing Plant, 
L. C. HaNLery 


Hoists aND MonoralL HANDLING 


Monorail Handling of Materials, C. W. Preston 
Engineering Factors in the Use of Electric Hoists, H. J. Futter 
Use of Monorails, A. A. Bureau and J. R. Hooper 


Tuesday Evening, April 14 
Drartinc Room MANAGEMENT 


(Auspices Management Division, A.S.M.E.—A.M.A. cooperating) 


Production Management Applied to the Drafting Department, W. J. 
Kunz 
Improved Drafting Room Management, F. D. Newsury 


Wednesday Afternoon, April 15 


Conveyor HANDLING 


Synchronization of Production Control With Conveyorization, E. M. 
Our and W. C. Beatriz 

Materials Handling in Mass Production at General Electric Plant, 
H. C. Runpie 


OvtTpoor HANDLING 


Remote Controlled A.C. Haulage at the Plant of the Trinity Portland 
Cement Company, R. F. Emerson 

Automatic Electric Transfer Cars, E. W. SHELLENTRAGER 

Industrial Type of Internal-Combustion Engine Locomotive, 8. B 
ScHENCK 


Wednesday Evening, April 15 


DesicN HANDLING EQuIPMENT 


Application of Two-Speed Motors to Monorail Electric Hoists, 
C. E. ScHIRMER 

Variable-Speed Transmission for Materials Handling, D. W. CLem 

Types of Materials Used in Materials Handling Equipment, Hervey 
SKINNER 


MANAGEMENT 


(Auspices Society of Industrial Engineers) 


Skill and Satisfaction, LILuiaAN GILBRETH 


TRUCKING AND SHIPPING 


Skids and Skid Shipments, R. L. Lockwoop 

Use in Marine Terminals, H. E. Stocker 

Use in Railroad Terminals and Stores, J. B. M1ILLer 

Materials Handling of Platforms, C. C. Stusger 

The Use of Gas Trucks and Tractors in Materials Handling, Geo. 
E. HAGEMANN 


Thursday Morning, April 16 


ORGANIZATION SESSION FOR MAINTENANCE ENGINEER; 


Variations in Maintenance Costs and Procedure, E. B. Sroopy and 
G. I. Ross 

Departmental Analyses and Wage Incentives, W. G. UHLir 

The Control of Non-Productive Costs, Harry W. BENTON 

Organization and Operation of the Electrical Maintenance, SIpNEY 
WATKINS 


MATERIALS HANDLING 


Automatic Electric Control of Materials Handling, J. E. Woop 
Pneumatic Handling of Vegetable Potash, J. F. BARNARD 
Handling Small Packages in the Shop, C. A. Fixe 


Thursday Afternoon, April 16 


OPERATING SESSION FOR MAINTENANCE ENGINEERS 


Maintenance of Electric Cranes and Hoists, Rost. W. Watton 
Tools for the Maintenance Engineering Department, T. A. Keeren 
Inspection for Preventative Maintenance, A. HecKMAN 


MATERIALS HANDLING 


Use of Rubber Products for Materials Handling, Cuas W. Sraacke 
Weighing and Counting Devices Used With Material Handling 
Equipment, A. B. Jacosus 


Friday Afternoon, April 17 


HOUSEKEEPING SESSION FOR MAINTENANCE ENGINEERS 


Maintenance of an Industrial Illumination System, R. C. Smrru 
Maintaining the Lighting System, WaLTerR StrurRocK 
Maintenance Painting, T. J. MALONEY 


MarTERIALS HANDLING 


Handling Bulk Materials Mechanically, W. W. Sayers 
Uses and Application of Portable Conveyors, J. B. Bray 


Oil and Gas Power Division 
MADISON, WIS., JUNE 23-26, 1931 


The Fourth National Meeting of the Oil and Gas Power Divi- 
sion held at the University of Wisconsin with a registration of 
more than 250, was reported in the A.S.M.E. News for July 7, 
1931. The laboratory of the new mechanical engineering build- 
ing, which was dedicated on June 22, provided excellent facilities 
for the exhibit of Diesel engines and equipment. An informal 
gathering, with entertainment and dancing, on the first evening 
of the meeting, and a banquet at which Professor Louis Kahlen- 
berg, of the Chemistry Department of the university, was the 
principal speaker, on Thursday evening, were the chief social 
events. Thursday was largely devoted to an inspection trip to 
the works of Fairbanks, Morse & Co. A number of special events 
for the ladies were provided. The program of technical papers 
follows: 


Tuesday Afternoon, June 23 


Dispersion of Oil Sprays, K. J. DeJunasz 

A Quiescent Combustion Chamber, JoHn A. SPpANOGLE 

Experiments on the Flow of Air Through Engine Valves, E. 8. Den- 
NISON and T. C. KercHLEE 


Wednesday Morning, June 24 


Report of Diesel Fuel Research Committee, presented by Wi Ley 
BUTLER 

Report of Diesel Power Committee, presented by M. J. Reep 

How to Select a Diesel Engine, Orro NoNNENBRUCH 

Development of a High-Speed L-Head Diesel Engine, Max Hormann 


Wednesday Afternoon, June 24 


Development of Double-Acting Diesels, Louis R. Forp 

Present Position of the Automatic Diesel-Electric Plant, EpGar J. 
KaTEs 

Diesel Municipal Light Plants in the Middle West, C. F. Lampert 


Wednesday Evening, June 24 


Observation of European Diesel Developments, Joun O. Huse 

European Trends in Diesel Design, O. F. ALLEN 

Diesels for Motor Trucks, contributed by Verein deutscher Ingen- 
ieure 


Thursday Morning, June 25 


Application of Oil Engines to Ship Propulsion, A. J. C. ROBERTSON 
Light Alloy Pistons and Rods in High-Speed Industrial Engines, 
B. J. Istp1n 
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Friday Morning, June 26 


Piston Packing Problems, C. K. SenceBAUGH 

An Outstanding Municipal Diesel Power Plant, CLement RugGG 

Heat Recovery From Internal-Combustion Engines, THOMAS CLARK- 
and WILLIAM BrapFrorp 


Petroleum Refining Meeting 
ELIZABETH, N.J., MAY 5-6, 1931 


The meeting of the Refining Committee of the Petroleum Di- 
vision under the auspices of the Plainfield Section was attended 
by nearly 300 members and guests. An account of it will be 
found in the A.S.M.E. News for May 22, 1931. At a dinner on 
the evening of May 5 Dr. P. K. Frolich, of the Standard Oil 
Development Company, spoke on “Chemistry and Mechanical 
Engineering,” and there was an illustrated talk on oil develop- 
ments in Russia. The discussion at the Tuesday afternoon ses- 
sion resulted in a unanimous vote to request the Refining Com- 
mittee to appoint a committee made up of representatives of oil 
refiners and heat-exchange-equipment manufacturers to study 
the question of a test code. The meeting closed on Wednesday 
afternoon with an inspection trip to the Bayonne plant of the 
Standard Oil Company of New Jersey. Papers presented at 
the technical sessions were as follows: 


Tuesday Morning, May 5 


Centrifugal Dewaxing of Vacuum Distilled Overhead Lubricating 
Stocks, Max B. MILLER 

Distillation of Topped Crude Under Vacuum for the Recovery of 
Lubrication Oil Distillates, C. E. and JoxHn 
PRIMROSE 


Tuesday Afternoon, May 5 


Suggested Specifications for Testing Tubular Heat Transfer Equip- 
ment for Oil Refineries, prepared by Atlantic Refining Com- 
pany, presented by WALTER SaMANns 

Discussion of Problems of High Pressure and Temperature Oil Re- 


fining 
Wednesday Morning, May 6 

The Evolution of Pressure Vessels to Meet Present Day Refining 
Pressures and Temperatures, H. LERoy Wuitney 

Forged Drums for Oil Refining, Joan L. Cox 

Welded Vessels for Oil Refining, T. McLean Jasrer 

New Development of Chromium Tungsten Steel for Oil Refining 
Service, V. T. 

Discussion on Metal Problems in Oil Refining 


Lubrication Engineering Meeting 
STATE COLLEGE, PA., MAY 22, 1931 


About 125 attended the joint meeting of the Lubrication Engi- 
neering Committee of the Petroleum Division with The Pennsyl- 
vania State College, during the Fifth Oil Power Conference of 
the College. At a lubrication research session in the morning the 
following papers were presented: 


Lubricating Testing, E. G. Bopen and O. L. MaaG 
Bearing Design in the Light of Oil Film Pressure Investigations, 


L. J. Braprorp 
Fluid Film Lubrication as Applied to Railroad Journal Bearings, 


F. O. WiLLHorrr 
Oral Discussion of Lubrication of Railway Bearings, M. E. Mc- 


DoNNELL 


A symposium on internal-combustion engine lubrication was held 
in the afternoon, with papers discussing lubricants from coastal 
erudes by A. Ludlow Clayden, Pennsylvania crudes by C. M. 
Larson, and Midcontinent crudes by E. R. Lederer. The meet- 
ing was reported in the A.S.M.E. News for June 7, 1931. 


Printing Industries Division 
WASHINGTON, D.C., MARCH 16-17, 1931 


The Second Conference of Technical Experts in the Printing 
Industry was attended by about 500 delegates. The Govern- 
ment Printing Office and the United Typothetae of America 
were joint hosts for the meeting. The A.S.M.E. News for April 
7, 1931, presents a report of the conference. In addition to the 
program of technical papers presented here, there were group 
conferences on air-conditioning data, establishing color standards 
for printing, and the standardization of paper, thickness of 
plates, patent bases, and cylinder diameters. The various de- 
partments of the Government Printing Office and its new re- 
search laboratory were open for inspection, and there were special 
demonstrations of printing machinery and other exhibits. Takeo 
Ohara, connected with the two Japanese newspapers, “Osaka 
Mainichi” and ‘‘Tokyo Nichi-Nichi,”’ was the principal speaker 
at a dinner meeting, his subject being ““The Great Newspapers 
of Japan: Their Circulations and Equipment.” There were 
four technical sessions, as follows: 


Monday Morning, March 16 
Air Conditioning for Printing, Witiis H. Carrier 
Paper Pulp From Hybrid Poplars, a Reforestation Remedy, RaLpu 
H. McKee 


Monday Afternoon, March 146 
Premakeready Methods and Machines, J. W. Rockere.uer, Jr. 
Paper and Ink Testing—Some Simple Tests and Their Application; 
Some Troubles and the Remedy, SUMMERFIELD Eney, Jr. 
Ink Drying by Ozone and the Ultraviolet Ray, Rospert A. Brown 


Tuesday Morning, March 1° 


Electrotype Versus Stereotype Printing Plates, Wituiam T. Timmons 

The Mechanics of Photoengraving, W1LL1aM GAMBLE 

Chromium Plating of Plates and Slugs: Their Life and the Advan- 
tages, Georce B. and A. 


Tuesday Afternoon, March 1° 
Measuring Color and the Use of the Spectrophotometer in Deter- 
mining and Matching Shades, P. J. MuLper and Joserx 


RAZEK 
The Renck Process, Frrepricw Sacus 
Ink Misting, ARTHUR THOMPSON 
The Effect of Rubber Rollers, Bert Reep 


Textile Division 
PROVIDENCE, R.L., OCTOBER 6, 1931 


The New England Meeting of the Textile Division was held 
jointly with the Providence Section and is reported in the Oc- 
tober 22, 1931, issue of the A.S.M.E. News. Inspection trips 
to the Cranston Point Works, the Universal Winding Company, 
and the Crompton & Knowles Loom Works were arranged for 
the afternoon. An informal dinner was followed by an evening 
session at which the following papers were presented. 


United Quality and Economy in the Fabrication of Textiles, A. I. 


HARVEY 
Development in Gaseous Fuels for Textiles and a New Singeing 


Application, R. 8S. Van Note 


The meeting was attended by about 80 members and guests. 


Wood Industries Division 
WINSTON-SALEM, N.C., OCTOBER 15-16, 1931 


The Sixth National Wood Industries Meeting, held under the 
auspices of the Charlotte and Raleigh Sections, with the coopera- 
tion of the Southern Furniture Manufacturers’ Association, was 
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reported in the A.S.M.E. News for October 22, 1931. Inspection 
trips to the B. F. Huntley Furniture plant and the Winston- 
Salem Chair Company, which opened the meeting, were followed 
by a luncheon meeting at which Fred Tate, president of the Conti- 
nental Furniture Company, High Point, N.C., talked on the 
“Growth of the Furniture and Panel Industry in the South.” 
The second morning was also devoted to inspection trips, visits 
being made to plants of the Myrtle Desk Company, High Point 
Furniture Company, Thomasville Chair Company, K. & L. 
Panel Co., and Kennedy Plywood Company. A feature of the 
meeting was an exhibit to which educational charts and panels 
were contributed by the National Committee on Wood Utiliza- 
tion of the Department of Commerce, the Government Forest 
Products Laboratory of Madison, Wis., Iowa State College, the 
Bureau of Standards, and a number of companies. The program 
of the technical sessions follows. 


Thursday Afternoon, October 15 


MANUFACTURING 

The Essentials of Securing Maximum Kiln Efficiency, Kenneru 
REDMAN 

Dimension Stock Manufacture, Its Theory and Economy, D. B. 
MorGan 

Manufacture of Plywoods and Panels Made With Veneer Cores, 
N. M. Lewis 

Developing a New Wood Product Through Research, THomas D. 
PERRY 


Thursday Evening, October 15 
MACHINE AND EquIPpMENT 


Types of Hydraulic Presses in Wood Gluing Processes, H. G. Francis 

Double End Tenoner and Its Use, Jupson H. MANsFIELpD 

Modern Methods Used in Dust-Collecting Systems, H. A. Cotvin 

Studies in Design of Local Exhaust Hoods, J. Dautuavitie and T. 
Hatcu 


Friday Afternoon, October 16 
Symposium ON GLuEs For Woop Propucts 


The Development of Wood Adhesives and Gluing Technic, T. R. 
TrvuAx 

Vegetable and Starch Glues, A. B. Maing 

Oil Seed Residue Glues, I. F. Laucxks and GLenn Davipson 

Casein Glues, W. F. Leicester 

Animal Glues, L. Jones 

Blood Albumen Glues, C. P. Smirx 


Friday Evening, October 16 
DRYING AND FINISHING 


How Dry Should Wood Be for Various Industrial Uses? H. L. 
HENDERSON 

Some Observations on Raised Grain, KOEHLER 

Comparative Tests on Aluminum Oxide Versus Garnet Paper as 
Wood Abrasive, J. F. TRaENDLY 

Study in Present-Day Wood Finishing, H. A. Derr 


4] 
) 
| 
| 


Necrology 


i DWARD GOODRICH ACHESON 


Edward Goodrich Acheson, whose death occurred on July 6, 1931, 
was born at Washington, Pa., on March 9, 1856, the son of William 
and Sarah D. (Ruplé) Acheson. At the age of sixteen he was obliged 
to terminate his studies at the academy at Bellefonte, Pa., because 
of financial losses suffered by his father. He became time-keeper 
at his father’s blast furnace at Monticello, Pa., and devoted his 
leisure time to mechanical pursuits which resulted in the invention 
of a rock-boring machine, for which he filed his first application for a 
United States patent at the age of seventeen. His father died in 
1873 and the furnace was closed the following year. Mr. Acheson 
was variously employed during the next six years as a dry-goods 
clerk, surveyor, ticket clerk, and tank gager in the oil fields at 
Bradford, where he developed a set of tables for easily determining 
the contents of any tank. 

In 1880 Mr. Acheson became interested in the electrical industry 
and secured employment as an assistant draftsman for Thomas A. 
Edison at Menlo Park. The following year he received a prize of 
$100 offered by Mr. Edison for the preparation of a graphite loop or 
filament, and was appointed first assistant to the chief engineer in 
charge of the Edison exhibit at the International Exposition in Paris. 
At the close of the exposition Mr. Acheson aided in the construction 
of power units and lamp factories at Ivry-sur-Seine for the Société 
Edison Continentale of Paris, and later installed the first electric 
lighting systems at Milan, Antwerp, Amsterdam, and Brussels. 

After two and one-half years in Europe, Mr. Acheson returned 
to New York. He left the Edison interests shortly afterward to 
take a position as superintendent of the Consolidated Lamp Com- 
pany, Brooklyn, a lamp factory working under the Sawyer-Man 
patents. He also conducted experiments on the problem of direct 
conversion of heat into electrical energy and the production of 
insulated wire. He invented an anti-induction telephone cable in 
1886 and attempted to reduce iron ore with natural gas and to 
produce synthetic rubber. He was electrical engineer for the Stand- 
ard Underground Cable Company of Pittsburgh from 1886 to 1889. 

In 1890 Mr. Acheson founded the Monongahela Electric Light Com- 
pany. With the high temperatures obtainable electrically there he 
conducted experiments upon clay-carbon mixtures which resulted 
in the production of silicon carbide (‘‘carborundum”). The Car- 
borundum Company was formed at Monongahela in 1891, moving 
four years later to Niagara Falls, where cheaper power was available. 

Mr. Acheson next experimented with silicon carbide and found that 
when subjected to high temperatures it decomposed, leaving a 
residue of graphitic carbon of high purity. This first product was 
put on the market in 1899 by the Acheson Graphite Company, 
which was later known as the International Graphite Company 
and then the Acheson Graphite Corporation of Niagara Falls. 

Graphite, in its turn, led Mr. Acheson to another development. 
In 1901, while endeavoring to use graphite in crucible manufacture, 
he tried clay as a binder. He discovered a method of improving 
the plasticity of clays which, when applied to graphite five years 
later, led to the production of colloidal-graphited oil and colloidal- 
graphited water. The Acheson Oildag Company, Port Huron, 
Mich., was organized in 1908 to manufacture these products under 
their trade names of “‘oildag’’ and “‘aquadag,”’ respectively. 

Another product developed by Mr. Acheson, in 1902, was a chemi- 
cal compound by electrothermic means which he named siloxicon, 
a refractory material. 

His later years were devoted to finding new uses for his products. 
The firm of E. G. Acheson, Ltd., was established in England in 1911 
to cover the demand for colloidal graphite products in Europe. 
The Acheson Ink Company was incorporated in 1915 for the produc- 
tion of high quality inks by the deflocculating process. The Acheson 
Corporation and the Goodrich Corporation were formed in 1915 
and 1925, respectively, to coordinate Mr. Acheson's various interests 
and activities. 

Mr. Acheson was the recipient of many honors, including the 
John Scott Medal by the City of Philadelphia, in 1894 for the produc- 
tion of silicon carbide and in 1901 for the production of artificial 
graphite; the Count Rumford Medal by the American Academy of 
Arts and Sciences; the Perkin Medal by the American Section of the 
Society of Chemical Industry; and the first award under the Edward 
Goodrich Acheson Fund which he established in 1928 under the 
control of the American Electrochemical Society. The degree of 
Doctor of Science was conferred upon him in 1909 by the University of 
Pittsburgh. 


Among the engineering and scientific societies to which Mr. 
Acheson belonged were the American Institute of Electrical En- 
gineers, Franklin Institute, Society of Arts (London), American In- 
stitute of Chemical Engineers, of which he had been a vice-president, 
American Chemical Society, Society of Chemical Industry, American 
Ceramic Society, and the A.S.M.E., which he joined in 1918. He 
was a fellow of the American Association for the Advancement of 
Science, past-president of the American Electrochemical Society, 
and an honorary member of the Russian Imperial Technical Society 
and the Swedish Technical Society. 

Mr. Acheson is survived by his widow, Margaret (Maher) Acheson, 
whom he married in 1884, and by four sons and three married daugh- 
ters. 


EDWIN HUGH AHARA 


Edwin Hugh Ahara, who retired from active businéss in 1923, 
died of heart trouble in London on June 22, 1931. He is survived 
by his widow, Emma Josephine (Bigelow) Ahara of Mishawaka, Ind., 
whom he married in 1897, and by one married daughter. Mr. Ahara 
was born on January 6, 1865, at Evansville, Wis., the son of Hugh 
and Mary Jane (Leighton) Ahara. He attended the seminary in 
Evansville and then entered the University of Wisconsin, from 
which he received a B.S. degree in civil engineering in 1892 and an 
M.E. degree four years later. His first position was with the Eclipse 
Manufacturing Company, Beloit, Wis., where he did general machine- 
shop work before the completion of his college education. He was 
also superintendent in 1893-1894 for the Esterly Harvester Company, 
Minneapolis, Minn., and for a time transit operator on the Upper 
Mississippi for the United States Government. From 1895 to 1902 
he was in charge of tools and mechanical equipment for the Deering 
Harvester Company, Chicago. From then until his retirement he 
was associated with the Dodge Manufacturing Company, later 
known as the Dodge Manufacturing Corporation, of Mishawaka, Ind., 
serving successively as manager of the manufacturing department, 
general superintendent, and manager of manufacturing for the cor- 
poration. 

Mr. Ahara became a member of the A.S.M.E. in 1906. He served 
as president of the Indiana Engineering Society in 1915 and was 
president in 1931 of the St. Joseph Valley Society of Engineers. He 
was an active member of the Masonic fraternity and a member of 
several clubs in South Bend and Mishawaka. He was captain of 
the Wisconsin football team while at the University and retained a 
keen interest in football and other sports. He was also active in 
civic affairs, being a member of the Mishawaka Chamber of Com- 
merce and of the Mishawaka School Board, on which he had served 
as secretary and president. In 1915 he was a member of the Misha- 
waka Public Library Commission. He held United States patents 
for driving clutches and guards and for sheet metal hangers. As a 
result of extensive tests extending over many months at the Dodge 
plant, he presented a paper at the 1913 Annual Meeting of the 
A.S.M.E. on “Efficiency of Rope Driving as a Means of Power Trans- 
mission.” 


CHARLES DAVIES ALLAN 


Charles Davies Allan, of Chicago, IIl., died in that city on January 
25, 1930. He was born at Fishkill-on-the-Hudson (now Beacon), 
N.Y., on March 29, 1868, the son of Dr. George Allan. His tech- 
nical education was secured at Cornell University, where he took a 
three-year course in mechanical engineering. After leaving Cornell 
in the spring of 1893, Mr. Allan spent about twenty years in construc- 
tion and sales work for different companies, for the most part in 
New England and New York, and during the remainder of his life 
engaged in consulting work in the design of heating, ventilating, and 
power plants. 

The companies with which Mr. Allan was connected included the 
Buffalo (N.Y.) Forge Company, American Stoker Company, New 
York, N.Y. (no longer in business), B. F. Sturtevant Co., Boston, 
Mass., American District Steam Company, North Tonawanda, N.Y., 
Almirall & Co., New York, and General Fire Extinguisher Company, 
Providence, R.I., for whom he was western manager of the heating 
and power piping department. 

Mr. Allan became a member of the A.S.M.E. in 1917. He also 
belonged to the American Society of Heating and Ventilating En- 
gineers and served as president of its Illinois chapter in 1923 and 
1924. He is survived by his widow, Catherine (Harriman) Allan. 
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ETHAN EDWARD ALLEN 


Ethan Edward Allen, whose death from heart trouble occurred at 
St. Lukes Hospital, Manila, P.I., on September 10, 1930, was born 
at Milton, Vt., on July 9, 1867. He was the son of Ethan Edward 
and Grace Ruth Pearl Allen. He obtained his education at Brigham 
Academy, Bakersfield, Vt. He served an apprenticeship as a machin- 
ist at the Mystic Iron Works, Stanbridge, Quebec, Can., from 1884 
to 1889. During the next two years he was toolmaker for the 
Hamden Watch Company, Springfield, Mass., and Canton, Ohio, 
and then foreman of the machine department of the Danner Manu- 
facturing Company, Canton. He went to Cleveland in 1892 to 
work as foreman and designer for the St. John’s Typeobar Company. 
Following that he was employed in 1894 and 1895 by the Warner & 
Swasey Co. of Cleveland. In 1895 and 1896 he was engaged in the 
manufacture of bicycles as foreman toolmaker for the Eclipse Bicycle 
Company, Elmira, N.Y., and the Worcester (Mass.) Cycle Company. 
He next designed dies for the Worcester Sheet Metal Company for 
ayear. In 1897 he went to Salt Lake City, Utah, to accept a position 
as superintendent of the Keller Balance Manufacturing Company. 

From 1898 to 1900 Mr. Allen saw service in the Philippine Islands 
as a first sergeant, Battery A, Utah Volunteer Artillery. He was 
chief engineer of a United States gunboat, at Laguna Bay, P.I., 
for the next two years. He returned to private business as construc- 
tion engineer for the Manila & Dagupan R.R. Co., Philippine Islands 
in 1902. The following year he became chief engineer for the Coast 
and Geodetic Survey in the Philippine Islands. In 1905 and 1906 
he was assistant superintendent and master mechanic of the San 
Nicholas Iron Works in Manila, and for the next eight years super- 
intendent for Manuel Earnshaw & Co. of that city. He was en- 
gineer for the Abaca Products Company of Manila from 1914 to 
1917 and for the next year was connected with the Mambulao Placer 
Company, Mambulao, P.I. From 1918 to 1920 he was employed 
by the Cooper Company and during the next five years by the 
North Negros Sugar Company as chief engineer. After a year's 
vacation he became president and manager of the Moro Improvement 
& Trading Co., Inc., at Davao, Mindanao, P.I., where he remained 
until his death. . 

Mr. Allen became a member of the A.S.M.E. in 1915. He was a 
life member of the National Rifle Association and belonged to the 
Manila Rifle Club. He is survived by his widow, Elizabeth (Rahe) 
Allen, whom he married in 1913. 


HARRY BARTLETT ALVERSON 


Harry Bartlett Alverson, electrical engineer for the Buffalo General 
Electric Company, Buffalo, N.Y., died on January 25, 1931. II 
health for about a year had made it impossible for him to do more 
than serve the company as a consultant. 

Mr. Alverson was born at Portage, Wis., on March 27, 1872, the 
son of Miles Talcott and Melissa (Low) Alverson. He married 
Corrine Van Buskirk in 1904. Two daughters survive him. 

The University of Wisconsin conferred a B.S. degree in electrical 
engineering upon Mr. Alverson in 1893. During the following year, 
he engaged in graduate study at Cornell University. The next two 
years were spent with the White-Crosby Company (later J. G. White 
Company) of Baltimore, building a conduit system at Baltimore 
and street railways at New York and in New Jersey, and with the 
Buffalo & Niagara Falls Electric Ry. in construction work and as 
shop and repair foreman. 

In 1896, Mr. Alverson became superintendent of The Cataract 
Power & Conduit Co. This company, which was founded in 1896, 
was a pioneer in central-station work. It handled power transmitted 
from Niagara Falls, and Mr. Alverson’s position required a thorough 
knowledge of the design of the plants and their equipment. He 
continued in the capacity of superintendent and electrical engineer 
for the company until it was merged with the Buffalo General Electric 
Company in 1915, when he became electrical engineer of the latter 
compeny. He was connected with the construction of the first 
transmission lines between Niagara Falls and Buffalo, and with the 
underground conduit system in Buffalo. From the Terminal Station 
near the Buffalo city line, Mr. Alverson supervised the cable system 
to the then existing stations of the Buffalo General Electric Company, 
The International Railway Company, and The Cataract Power & 
Conduit Co., including the design and construction;of the terminal 
stations and substations of the latter company. 

Much of the success of the spectacular electrical display and other 
features of the Pan-American Exposition in 1901 may be attributed 
to his ability in the handling of the power involved. 

In 1908 he also became treasurer of the Hual Construction Com- 
pany, Inc., builders of underground conduits, sewers, etc. 

Mr. Alverson became a member of the A.S.M.E. in 1915. He 


also belonged to the American Institute of Electrical Engineers and 
had served for one year as chairman of its Niagara Frontier Section. 
He was a member of the University Club, the Buffalo Athletic Club, 
and the Masonic fraternity. 


NATHAN BABCOCK AMBLER 


Nathan Babcock Ambler, superintendent of the hydroelectric 
plant at the Wilson Dam, Florence, Ala., died on April 11, 1931. 

Mr. Ambler was born at Chatham, N.Y., on May 29, 1876, and 
attended the Academy there. He was graduated from the School of 
Applied Science of Columbia University in 1900 with an electrical 
engineering degree. During the next three years he was employed 
by the Metropolitan Street Railway Company, New York, N.Y., 
as wireman and electrical operator and foreman in its railway sub- 
station. From 1904 to 1907 he was engaged in the construction 
and operation of the railway substation for the Westinghouse, Church, 
Kerr Company, and the Long Island Railway Company. During 
the next year, he was superintendent in charge of electrical con- 
struction work for the Aluminum Company of America and the 
Westinghouse, Church, Kerr Company. Acting for the Box Board 
Manufacturing Company, he took charge in 1909 of the operation 
and development of an oil field in West Virginia. He returned to 
New York to accept a position as chief draftsman for electrical trac- 
tion and station construction for the Pennsylvania Tunnel & Terminal 
Ry. Two years later, in 1912, Messrs. Gibbs & Hill, consulting 
engineers, New York, employed him as chief draftsman. 

Mr. Ambler entered the employ of the Toronto Power Company, 
Ltd., of Niagara Falls, in 1913 as superintendent of operation and 
took charge of the construction and operation of the generating and 
transformer station for the company. Following his resignation 
from the company in 1924, Mr. Ambler was connected for a short 
time with McClellan & Junkersfeld, Inc., New York. He had been 
with the United States Engineering Department at Florence since 
1927. Mr. Ambler’s membership in the A.S.M.E. began in 1915 


PELLE ANDERSSON 


Pelle Andersson, who died on January 10, 1931, was born at 
Kellstorp, Sweden, on October 9, 1866. He was educated at the 
Malmo Technical Institute, Sweden, and did engineering work in 
that country until 1892. In that year he came to the United States 
and secured employment as a draftsman for the Chase Elevator & 
Manton Windlass Co. at Warren, R.I. After two years with this 
company, he went to Philadelphia, Pa., to accept a similar position 
with the Link-Belt Engineering Company. In 1896 and 1897 he 
was draftsman for the Corliss Engine Company, Providence, R.1., 
and the following year for the Marine Machine & Conveyor Co. 
in New York. From 1898 to 1901 he was associated with the Filer & 
Stowell Co., Milwaukee, Wis., as chief draftsman and engineer. 
He then spent four years as mechanical engineer for the Brown Corliss 
Engine Company, Corliss, Wis., and a year in the position of chief 
draftsman for the Power & Mining Machinery Co., Cudahy, Wis. 
For three years, beginning in 1906, he was connected with the Wis- 
consin Engine Company of Corliss. Since 1909 he had been mechani- 
cal engineer for the Allis-Chalmers Manufacturing Company of 
West Allis and Milwaukee, Wis. 

Mr. Andersson became a member of the A.S.M.E. in 1913. He is 
survived by his widow, Linnea (Hoyer) Andersson, whom he married 
in 1905, and by one son, Malcolm A. Andersson. 


GILBERT L. H. ARNOLD 


Gilbert L. H. Arnold, a member of the A.S.M.E. since 1899, 
died at his home in Stamford, Conn., on February 1, 1931. Mr. 
Arnold was born in that city on October 12, 1865, and secured his 
early education there. He was graduated from the Sheffield Scientific 
School of Yale University in 1886 with a Ph.B. degree in mechanical 
Engineering. His early experience was secured as a draftsman for 
the Yale & Towne Co., Stamford, and with F. C. and A. E. Rowland, 
New Haven. In 1893 and 1894 he assisted in the design, construc- 
tion, and installation of Belleville boilers on the S.S. North West 
for the Northern Steamship Company, and later had charge of repairs 
to.the boilers on this vessel and on the Northland for the same com- 
pany. Fora time he was connected with the Atlas Portland Cement 
Company, Northampton, Pa., as chief engineer. 

About 1904 Mr. Arnold became associated with Frederick A. 
Waldron, consulting engineer, New York, with whom he remained 
until his retirement from_business~in 1925.. Concerning his work 
during these years Mr.. Waldron wrote as follows: 

“Mr. Arnold’s modesty and retiring disposition have hidden from 
publicity his engineering accomplishments and foresight in the de- 
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sign of reinforced-concrete and structural steel. As far back as 1906 
he developed and used the mathematical data for reinforced concrete 
now demanded by law. Among his outstanding achievements were 
the woodworking building (reinforced-concrete) for the National 
Cash Register Company (1906), service plant (reinforced-concrete 
and structural steel) of the Edison Electric & Illuminating Co. of 
Boston (1911-1912), and the John Hancock Mutual Life Insurance 
Building (reinforeed-concrete and structural steel), Boston (1920- 
1921). 

“His versatility and adaptability to engineering problems were 
well developed, and on data research and special machine design his 
ability was far above the average. These accomplishments, com- 
bined with diplomacy and excellent judgment, will be a loss to the 
engineering profession.” 

Surviving Mr. Arnold are his widow, Carrie Elizabeth (Adams) 
Arnold and three sons and two daughters, John A. Arnold, Englewood, 
N.J., Edmund 8. Arnold, New York, N.Y., and Alfred, Nancy, and 
Elizabeth Arnold, Stamford, Conn. 


JOHN CORLUS WHITE BAKER 


John Corlus White Baker, who died at his home in Naugatuck, 
Conn., on July 15, 1931, was born on January 20, 1865, at Long 
Branch, N.J. His technical education was secured through the 
International Correspondence Schools, from which he was graduated 
in 1902 as a mechanical engineer. He also served an apprenticeship 
as a machinist with the Wharton Railroad Switch Company of 
Jenkintown, Pa., and was subsequently employed as foreman by 
that company. 

He secured his early shop experience with the Naugatuck Manu- 
facturing Company and the Excelsior Needle Company, with which 
he was connected in 1895 and 1896. Later experience was obtained 
in the Engineering and Repair Departments of Plant No. 4 of the 
Goodyear Metallic Rubber Shoe Company, a subsidiary of the U. 8. 
Rubber Co. He served successively as foreman, assistant superin- 
tendent of construction, and master mechanic at this plant, which 
later became the Rubber Regenerating Company. From 1920 until 
1931, when he retired from active business, he was plant engineer 
and consulting engineer for that company. Mr. Baker was re- 
sponsible for the design of special machines for use in rubber mills. 

A sister, Kate S. Baker, of Naugatuck, survives Mr. Baker. He 
had been a member of the A.S.M.E. since 1904. 


THOMAS DENT BANKS 


Thomas Dent Banks was born in Newcomerstown, Ohio, on 
December 24, 1885, and attended the high school there. He was 
graduated from Ohio State University in 1910 with an M.E. degree. 
His first technical experience was obtained during summer vacations 
with the Mesta Machine Company of Pittsburgh and the Hocking 
Valley Railway of Columbus. Following his graduation he secured 
a position as assistant superintendent of the Garbage Disposal 
Plant of the City of Columbus. The following year he was made 
assistant engineer of the Construction Division, and subsequently 
superintendent of the Division of Garbage and Refuse Disposal. 
He went to Marion, Ohio, in 1920 to become chief engineer for the 
Marion Tire & Rubber Co., having charge of the construction of 
buildings and machinery, factory maintenance, and power plant 
operation. About a year later he returned to Columbus as superin- 
tendent of the power plant at the Ohio State University. 

He was stricken with paralysis on July 5, 1930, and had been 
subject to heart attacks since then. His death occurred on September 
14, 1931. His father, Thomas A. Banks, died about seven weeks 
later. He is survived by his mother and by his widow, Ethel Banks, 
and three children. 

In 1918 Mr. Banks enlisted for overseas reclamation work and 
was commissioned a first lieutenant. The unit was not sent, however, 
and after the armistice he was transferred to the Reserve Corps and 
subsequently was commissioned a captain in the Quartermaster 
Corps, Fifth Corps area, Fort Hayes, Columbus, Ohio. He was a 
member of the Faculty Club of the Ohio State University, and was 
affiliated with the Odd Fellows. He became a junior member of the 
A.S.M.E. in 1910 and was promoted to full membership in 1921. 
He was a member of the Columbus Symphony Orchestra. 


WILLIAM F. BARNES 


William F. Barnes, who died at Rockford, Ill., on December 28, 
1930, was born at Mt. Morris, N.Y., on August 6, 1841. After 
completing:his education, he became president in 1874 of the W..E. & 
J. Barnes Co. of Rockford, Ill., and served continuously in that 
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capacity until his retirement in 1906. He had been a member of the 


A.S.M.E. since 1886. 


REINOLD BERRENBERG 


Reinold Berrenberg, owner and general manager of the American 
Rotary Pump Company, Roxbury, Mass. (now known as the R. 
Berrenberg Co.), died on March 25, 1931. Mr. Berrenberg was 
born near Cologne, Germany, on November 1, 1856, the son of 
Wilhelm and Maria Berrenberg. He served four years as an ap- 
prentice in a shop owned by his father and took charge of the shop 
for two years following that. For three years he was engaged in 
military service in Germany as first mechanic. He came to the 
United States in 1882 and was employed for three years by the 
Osborne Machine Company, builders of marine and stationary 
engines, as machinist and foreman. He then established his own 
business in this field, taking up also the manufacture of incandescent 
electric lamps in 1895. From 1900 to 1903 he was employed as a 
foreman in a shop manufacturing switchboard and woodworking 
machinery. During the next ten years he was connected with the 
Trimount Rotary Power Company of Boston in the design and 
construction of rotary compressors and pumps for all purposes. 
Since that date he had been general manager of the American Rotary 
Pump Company. 

Mr. Berrenberg had been a member of the A.S.M.E. since 1913. 
He married Mary J. Berghaus, in Boston, in 1897. Five daughters 
and a son survive him. 


ARTHUR OLIN BERRY 


Arthur Olin Berry, since 1914 senior mechanical engineer for the 
Division of - Valuation, Southern District, Interstate Commerce 
Commission, died at his home in Chattanooga, Tenn., on May 18, 
1931. He is survived by his widow, Helen (Converse) Berry, whom 
he married in 1904, and by one daughter, Doris (Berry) Rountree, of 
Chattanooga. 

Mr. Berry was born in Holyoke, Mass., on April 29, 1878, the son of 
Isaac and Maria Fanning (Stewart) Berry. He attended the public 
schools of that city and was graduated from Sibley College, Cornell 
University, in 1901, with an M.E. degree. 

During the three years after his graduation Mr. Berry served a 
special apprenticeship and worked with the Boston & Albany Rail- 
road at Springfield, Mass. His work included road tests of loco- 
motives. In 1903 he was appointed division master mechanic at the 
Rensselaer, N.Y., shops. From 1905 to 1911 he was in the employ 
of the Lake Shore & Michigan Southern Ry., for two years at Collin- 
wood, Ohio, as general foreman of the locomotive department, and 
during the remainder of the time at Elkhart, Ind., as superintendent 
of shops. At Collinwood he had charge of the blacksmith shop and 
brass foundry, as well as repairing and building locomotives, and at 
Elkhart he also supervised the foundry which supplied the entire 
road with its gray iron castings, and made changes which increased 
the capacity of the foundry about thirty-three per cent. 

In 1911 Mr. Berry became assistant master mechanic of the Lake 
Erie & Western R.R. at Lima, Ohio. During his three years with 
this road he had charge of the car and locomotive departments, 
conducted road tests of different classes of bituminous coal, and 
redesigned caboose cars and the braking equipment of passenger 
cars to conform to the state laws of Indiana and the requirements of 
the Interstate Commerce Commission. 

In 1914 he was appointed senior mechanical engineer for the South- 
ern District of the Interstate Commerce Commission (Division of 
Valuation), at Chattanooga, Tenn. In 1921 he took up consulting 
engineering in that city and three years later was appointed director 
of smoke abatement, which position he retained until his death. 

Mr. Berry became a member of the A.S.M.E. in 1914. He be- 
longed to the Masonic fraternity. 


CHARLES SPAFFORD BLAKE 


Born at Windsor Locks, Conn., on October 25, 1860, Charles 
Spafford Blake was educated in the public schools of Springfield, 
Mass., and Jersey City, N.J., where for a time he engaged in news- 
paper work as a metropolitan district reporter for the United Press 
Association. His aptitude for things mechanical led him to abandon 
the journalistic field and to serve an apprenticeship at the Central 
Iron Works, Jersey City, a firm that built engines and boilers. Before 
he had reached his twenty-first birthday he was licensed as an en- 
gineer for small vessels and shortly afterward he was certified as 
chief engineer of ocean-going steamers. Shortly before the close of 
the Chile-Peruvian war he was commissioned as chief engineer in the 
Peruvian Navy and was awaiting orders when hostilities ended. 
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After considerable experience in marine engineering, Mr. Blake 
entered the boiler insurance field in 1884 as an inspector for the 
American Steam Boiler Insurance Company. Within three years 
he had become chief inspector at that company’s Philadelphia office 
and subsequent to that was made adjustor for its Chicago agency. 
During the last four years which he spent in Chicago he was manager 
of a brass manufacturing works and consulting engineer in the boiler 
insurance field. 

Mr. Blake became identified with The Hartford Steam Boiler 
Inspection and Insurance Company on June 1, 1898, as its general 
agent in Hartford, and six years later he was advanced to the position 
of supervising general agent. In 1907 he was elected second vice- 
president and. a year later. was made secretary. He served in that 
capacity until in 1916, when he was made a director and at the same 
time elected to the presidency. He was made chairman of the board 
of directors on February 8, 1927. 

Evidence of the confidence his competitors had in him was his 
annual election for 13 years as president of the Steam Boiler and 
Flywheel Service and Information Bureau. At various times he 
was a member of the administrative council of the American Uniform 
Boiler Law Society, vice-president of the International Association 
of Casualty and Surety Underwriters, president of the Insurance 
Institute of Hartford, and director of The Boiler Inspection and 
Insurance Company of Canada. At the time of his death he was a 
director of the Phoenix State Bank and Trust Company. 

He was prominently identified with church and civic enterprises, 
and as a member of Asylum Hill Congregational Church served as 
deacon for several terms, besides being a member of the Ecclesiastical 
Soriety’s Committee. At one time he was president of the City 
Missionary Society and was thus actively engaged in the work of the 
society at its Village Street Mission. He served for a term as presi- 
dent of the City Club and was a member of the Hartford Club and 
the Hartford Golf Club. He became a member of the A.S.M.E. in 
1912. 

Mr. Blake was the son of John W. and Lucy Chapin (Hitchcock) 
Blake. He married Miss Elizabeth Reeves of Newark, N.J., in 
1882, and is survived by her and by two sons, Charles Edgar of 
Windsor and Stanley Reeves of Hartford. He died on March 31, 
1931. 


ROBERT HARBISON BOOTH 


Robert Harbison Booth, who retired in December, 1930, on account 
of ill health, died at his home in Providence, R.I., on March 22, 1931. 
He is survived by his widow, Edith Gardner (Andrews) Booth. 
whom he married in 1907, and by one son. 

Mr. Booth was born at Chester, Pa., on November 11, 1883, 
the son of John W. and Ella F. (Ellis) Booth. He studied mechanical 
engineering for three years at the Massachusetts Institute of Tech- 
nology, leaving in 1905 to study steel rolling mill management and 
practice at the Moline, Ill., plant of the Republic Iron & Steel Co. 
After three years there he went to Bettendorf, Iowa, as assistant 
general inspector for the Bettendorf Steel Car Company. 

In 1910 Mr. Booth became a member of the staff of Fred A. Kerry, 
consulting industrial engineer and accountant, Chicago, Ill. This 
organization was dissolved in 1915 and Mr. Booth continued in- 
dependently in the same line of work during the next three years. 
His experience during these eight years covered wholesale and retail 
stores, foundries, forge shops, bridge and structural shops, metal 
working plants, etc. In 1918 he accepted a position as superin- 
tendent, later becoming assistant to the president, of the Bridgeport 
Brass Company, Bridgeport, Conn. His duties related particularly 
to wage rates and incentives and personnel problems. He resigned 
his position in 1925 to become vice-president and general manager of 
Whitney-MacDonald, Inc., Philadelphia, and in 1927 was made 
president of that company, which was reorganized as the MacDonald 
Corporation. During 1930 he was general manager for the U.S. 
Bobbin & Shuttle Co., Manchester, N.H. 

Mr. Booth became a member of the A.S.M.E. in 1922. 


HARRISON SEBA BOWEN 


Harrison Seba Bowen, for more than thirty years associated with 
the Robert W. Hunt Company, Chicago, died of coronary thrombosis 
on February 14, 1931, following a brief illness. 

Mr. Bowen was born at Des Moines, lowa, on July 13, 1872, 
the son of Cromwell and Martha (Fletcher) Bowen. He attended 
high school in Des’ Moines and then entered Iowa State College, 
Ames, from which he received the degree of B.M.E. in 1894. A year 
later he took his M.E. at Cornell University. Prior to his connection 
with the Hunt company he was employed for about six months by 
the Missouri, Kansas, and Texas Railroad, Parsons, Kan., and for 


the same length of time by Booth, Garret & Blair, in inspecting and 
testing work in Pittsburgh and Philadelphia. 

As mechanical engineer for the Hunt company Mr. Bowen was 
engaged in the investigation and efficiency testing of all kinds of 
power units. This work covered such important installations as the 
Chicago water works pumping stations and drainage pumping station 
units. The mechanical efficiency testing work on heating and power 
plants under the direction of Mr. Bowen was a pioneer work in the 
Chicago area. Many installations were reviewed and tested and 
brought to the highest state of mechanical and fuel consumption 
uses. Mr. Bowen was engaged in research with complicated and 
difficult mechanical installations both from the practical operating 
standpoint and from the standpoint of changes and advance in the art 
of power use. 

Mr. Bowen became a junior member of the A.S.M.E. in 1895 and 
was promoted to full membership in 1908. He also belonged to the 
Western Society of Engineers. 

Surviving Mr. Bowen are his widow, Katherine (Christman) 
Bowen, whom he married in 1898, and two sons, Cromwell and 
Llewellyn Bowen. 


JOSEPH BOYER 


Joseph Boyer, chairman of the board of directors of the Burroughs 
Adding Machine Company, died of pneumonia on October 24, 1930. 
at his home in Detroit, Mich. 

Mr. Boyer was a Canadian by birth. His parents, David and 
Modlany (Brown) Boyer, lived on a farm near Pickering. Ontario, 
about thirty miles from Toronto, and he was born there on September 
19, 1848. At the age of eighteen he persuaded his father to take him 
to Oshawa where some friends of his were working in a machine shop 
known as the Hall Works. Three years later, with the opening of the 
transcontinental railway, he was invited to join some friends who had 
decided to go to California. His father had died and his mother 
mortgaged the farm to secure the necessary fare forthe trip. Eventu- 
ally he arrived at San Francisco, where he found work at the Risdon 
Iron Works for about six weeks. There being nothing further avail- 
able, he took an opportunity to secure a return ticket to St. Louis, 
Mo., where he worked for a year or more at the Fulton Iron Works. 
He then worked at Leavenworth for about a year, after which he 
returned to St. Louis and secured employment at the St. Louis Type 
Foundry. Next he was engaged by the Victor Sewing Machine 
Company to adjust machines. 

About 1876 Mr. Boyer left the Victor company to help with the 
manufacture of a new sewing machine. The company failed and 
Mr. Boyer and another employee took over the tools and started a 
small machine shop under the firm name of Boyer & Swaine. Not 
long afterward he bought out Mr. Swaine's interest and established 
larger quarters elsewhere in the city, where he remained until 1900. 
During these years Mr. Burroughs came to his shop for an assistant 
to work with him on the development of his adding machine. Mr. 
Boyer’s shop built the first few hundred of these machines for the 
American Arithmometer Company, which later took over their 
manufacture, though still sharing the same quarters. Mr. Boyer was 
elected vice-president and a director of this company in 1898. Dur 
ing this period Mr. Boyer invented the pneumatic hammer, the air 
drill, and the railway speed recorder, and eventually it became neces- 
sary to enlarge the shop to provide space necessary for the manu- 
facture of both the adding machine and the pneumatic hammer. 
Toward 1900 still more space was required, and Mr. Boyer decided to 
move his business, the Boyer Machine Company, to Detroit. 

After a year in his new location Mr. Boyer sold out to the Chicago 
Pneumatic Tool Company. The following year he was made 
president of the American Arithmometer Company, which relocated 
in Detroit in 1904 and was reorganized as the Burroughs Adding 
Machine Company the following year. Mr. Boyer resigned from 
the presidency and was made chairman of the board in 1920, at the 
age of 72, but never lost his active interest in the work, and spent 
much of his time in the experimental and engineering departments. 

Mr. Boyer became a member of the A.S.M.E. in 1913 and also 
belonged to a number of clubs in Detroit. Surviving him are a 
son and four married daughters. His wife died in 1913. 


HARRY BROADBENT 


Harry Broadbent, for more than thirty years associated with 
the Philadelphia Electric Company, died on March 17, 1931. Mr. 
Broadbent was born at Oldham, Lancastershire, England, on Sep- 
tember 13, 1866. The following year his parents came to Providence, 
R.L, where he attended the public schools and served an apprentice- 
ship as journeyman machinist with the Harris-Corliss Engine Works. 

The family moved to Philadelphia in 1887, and he secured a position 
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as machinist with Robert Wetherill & Co., Chester, Pa., where he 
remained only a few months. During the next six years, he was 
similarly employed in the Maintenance Department for cable roads 
and motive power of the Philadelphia Traction Company; by 
Chambers Bros. & Co., manufacturers of brick and paper-folding 
machinery in Philadelphia; and by the John Lang Paper Company of 
that city. In 1894 he became engineer at the power house of the 
Jenkintown Light Company, Jenkintown, Pa. He entered the 
employ of the Philadelphia Electric Company in a similar capacity 
in 1899 and was made inspector of the Mechanical Design and 
Construction Department in 1917. As chief engineer, Mr. Broadbent 
took charge of reconstruction and extension work at several stations 
of the company in Philadelphia. He supervised the installation of 
new equipment and the maintenance of machinery in operation. 
He was directly connected with the design and construction of 
the Chester and Delaware Stations, which were built after he was 
appointed to the position of inspector. 

Mr. Broadbent became a member of the A.S.M.E. in 1922. He was 
very fond of music and sang in the Episcopal choir in West Phila- 
delphia for many years. He is survived by a sister, Mary Alice 
Broadbent, of Philadelphia, with whom he had made his home since 
the death of his parents in 1911. 


WILLIAM LeROY BRYANT 


William LeRoy Bryant, president and general manager of the 
Bryant Chucking Grinder Company, Springfield, Vt., died there 
on April 25, 1931, of heart disease’ His widow, Blanche (Brown) 
Bryant, whom he married in 1900, and two sons survive him. 

Mr. Bryant was born at Northfield, Vt., on April 29, 1875, the 
son of William Nelson and Sally Angelia (Holbrook) Bryant. He 
attended the Black River Academy at Ludlow, Vt., and entered the 
University of Vermont with the class of 1898. He was obliged to 
leave college at the end of his junior year but was presented his degree 
in 1921 by the college ‘‘as of the class of 1898."" 

All of Mr. Bryant's business experience was obtained in Spring- 
field. In 1897-1898 he was employed by the Jones & Lamson 
Machine Co. in general shop work, and subsequently he was drafts- 
man and chief engineer until 1909 when he organized the Bryant 
Chucking Grinder Company. 

Mr. Bryant had a number of inventions to his credit, holding 
patents for single slide control for internal and cylindrical grinders, 
hole and face grinders, multiple spindle automatic internal grinders, 
grinding wheel spindles, and fluid gages for precision measurements. 
He became a member of the A.S.M.E. in 1910 and also belonged to 
the Society of Automotive Engineers and the Vermont Society of 
Engineers. He was a director of the Associated Industries of Ver- 
mont and of the First National Bank of Springfield, a member of 
the Masonic fraternity and of the Machinery Club in New York. 
Mr. Bryant belonged to the glee club and band while in college, and 
played in local bands later. 


GEORGE BUCHANAN 


George Buchanan, president of the Long Island Foundry Company, 
Long Island City, N.Y., was a native of Pollokshaws. Scotland, where 
he was born on February 6, 1867. He came to the United States 
about the year 1890, and until 1918 was superintendent of the 
McGee Foundry Company, Long Island City. He was then made 
vice-president of the Long Island Foundry Company, later succeeding 
to the office of president. He had been an associate of the A.S.M.E. 
since 1921. His death occurred on May 22, 1931. 


J. NORMAN BULKLEY 


J. Norman Bulkley, consulting engineer, Johannesburg, South 
Africa, died on October 6, 1931. Mr. Bulkley was born at Memphis, 
Tenn., on September 17, 1867. He received an S.B. degree from 
the Massachusetts Institute of Technology in 1889, and during 
the remainder of that year was draftsman for the Wright Engineering 
Company of Boston. The next year he was employed as chief 
engineer by the Pennsylvania General Electric Company at Scranton; 
from 1894 to 1897 he was assistant engineer and in charge of mining 
machinery, designing machinery and supervising the erection of 
electric mining plants. 

Mr. Bulkley went to Johannesburg in 1902 as chief engineer for the 
United Engineering Company, Ltd., a position which he held for 
seven years. He had engaged in general consulting practice in the 
mechanical and electrical fields since 1909. For five years he was 
consulting electrical engineer for the General Mining & Finance Corp. 
of Johannesburg. He spent several years in London and New York 
in consulting work and returned to South Africa in 1922. Among his 
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clients were the African and European Investment Couipany, 
Guest Sykes & Chapman Ltd., Manganese Corporation, and other 
Johannesburg firms. Mr. Bulkley became a member of the AS. M_E 
in 1902. 


STANLEY HALE BULLARD 


Stanley Hale Bullard, vice-president and works manager of ‘Ibe 
Bullard Company, formerly The Bullard Machine Tool Company, of 
Bridgeport, Conn., died on March 22, 1931, at his home in Fairfield, 
Conn., of heart disease. A heart attack about a year earlier had 
forced him to give up his activities for some time but he had begun to 
renew them when he suffered another attack. 

Mr. Bullard was the son of Edward Payson Bullard, the founder 
of The Bullard Company, and Alice Martha (Camp) Bullard, and 
was born on July 4, 1877, in Hoboken, N.J. After his graduation 
in 1895 from the New York Military Academy he became an appren- 
tice machinist at the Bullard works and subsequently entered upon 
the sales work of the company. In 1901 he managed the Bullard 
exhibit at the Pan-American Exposition in Buffalo, N.Y. He served 
successively as manager of the New York office, manager of the 
Eastern Sales District, and general sales manager. He took up the 
duties of general works manager in 1915 and was made vice-president 
of the company three years later. 

In 1917 Mr. Bullard served as vice-president and member of the 
management council of The Bullard Engineering Works, organized to 
manufacture 155 mm. G.P.F.’s. He developed the equipment 
and operating plans for this company and cooperated in the develop- 
ment of the Bullard boring mills, vertical turret lathes, and the 
Bullard Mult-Au-Matic. He contributed articles on machine tool 
manufacture and use to the technical press. 

E. Kent Hubbard, president of the Connecticut Manufacturers’ 
Association, issued the following statement on the death of Mr 
Bullard: 

“The industrial life of the state and the nation suffers in the death 
of Stanley H. Bullard. Identified as he was with a company which 
has made notable contributions to the advan:ement of modern 
machinery design and construction, his name is probably most 
closely associated with that trade. But his active interest in co- 
operative enterprises which characterize the business picture of to- 
day made him a recognized and respected figure wherever business 
men gathered. Asa citizen, as a manufacturer, and as a cooperative 
spirit, his loss will be keenly felt." 

The “cooperative enterprises’’ to which Mr. Hubbard refers were 
numerous and varied. Mr. Bullard was director of the United 
States Chamber of Commerce for two terms; first president of the 
National Association of State Chamber of Commerce Officials; 
president for four years of the Connecticut Chamber of Commerce; 
and vice-president of the Bridgeport Chamber of Commerce. He 
was an original member of the Connecticut Manufacturers’ Associa- 
tion and at the time of his death was a member of its executive board 
and its special advisory committee. He was also an original member 
of the New England Council, formed about five years before his 
death, and had served on its executive committee and external rela- 
tions committee. He had been a member of the Connecticut Division 
of the New England Governors Railway Advisory Commission, 
known as the Storrow Committee, which was appointed to make a 
survey of railway transportation in New England. He was also a 
member of the New England Shippers Advisory Board of the Ameri- 
can Railway Association. Among the engineering societies to which 
he belonged were the A.S.M.E., which he joined in 1920, the Society 
of Automotive Engineers, the National Machine Tool Builders 
Association, and the Atlantic Deeper Waterways Association, of 
which he had been vice-president. He was vice-president of the 
Bridgeport Manufacturers’ Association and a member of the LBridge- 
port Engineering Institute. He also participated in the civic affairs 
of Fairfield, being secretary of the Board of Education there and serv- 
ing on the building committee of the board, and also being director 
of the Fairfield Bank & Trust Co. and the Home Building and Loan 
Association of Fairfield. His clubs included the Engineers’ in New 
York, the Brooklawn and Algonquin in Bridgeport, and the Black 
Rock Yacht Club, Fairfield Beach Club, and Fairfield County 
Hunt Club, and he was a member of the Masonic fraternity. 

Surviving Mr. Bullard are his widow, formerly Grace Cleaveland, 
of Bridgeport, whom he married in 1901, a son, Stanley Hale, Jr., 
and two daughters, Mrs. John Budd, of St. Paul, Minn., and Miss 
Katherine Bullard of Fairfield. 


LOUIS STELLE BURBANK 


Louis Stelle Burbank, who was injured in an automobile accident 
on October 12, 1930, died at the Milford (Mass.) hospital on January 
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6, 1931. He is survived by his widow, Grace (Wilson) Burbank, 
whom he married in 1905. She was also injured but was able to 
leave the hospital shortly before her husband’s death. Also surviving 
him are two sons and a daughter, Davis E. Burbank, Worcester, 
Mass., Thurlow G. Burbank, New York, N.Y., and Mrs. Kester S. 
Lindsay, St. Louis, Mo. 

Mr. Burbank was born at Lexington, Ky., on May 22, 1866, the 
son of Davis and Martha (Cox) Burbank. In addition to a year of 
study at Macalaster College, St. Paul, Minn., he had private in- 
struction in technical subjects, and served a two-year apprenticeship 
as a machinist with C. M. Breuer, Fergus Falls, Minn. His early 
shop experience was secured with the St. Paul, Minneapolis & Mil- 
waukee Ry. and Union Iron Works in Fergus Falls, Barnesville, 
and Minneapolis, Minn. He did some early work on the design of 
sugar and mining machinery and during 1899 was located in Boston, 
engaged on patent drawings and designing. A machine which he 
designed at this time for putting a string through the uppers of shoes 
and tying a knot in it was patented in 1893. 

His first connection of importance was with the Cereal Machine 
Company, Worcester. For a number of years he designed all of 
the special machinery for this company, being located first in Boston 
and later in Worcester, where he was superintendent of machinery. 
Subsequent to this connection he was mechanical engineer for the 
Natural Food Company, Niagara Falls, N.Y. These two companies 
were forerunners of the present Shredded Wheat Company, ‘‘shred- 
ded wheat” being the name given to the product by Mr. Burbank. 

From 1902 to 1908 Mr. Burbank engaged in mechanical engineering 
private practice in Niagara Falls, Worcester, Mass., and Phoenix, Md. 
In 1908 he served as president of the Corn Crystal Company, Wor- 
cester, and for the next nine years was mechanical engineer and as- 
sistant chief draftsman for the Draper Company, Hopedale, Mass. 
He resigned this position in 1916 to become mechanical engineer for 
the Ludlow Manufacturing Associates, Ludlow, Mass. In 1919 he 
was engaged as chief engineer of the Manville Manufacturing Com- 
pany, Waterbury, Conn., and since that year had been with the 
Reed & Prince Mfg. Co., Worcester, as chief engineer since 1921. 

Mr. Burbank became a member of the A.S.M.E. in 1898. He also 
belonged to the Engineering Society of Western Massachusetts and 
the Masonic fraternity. 


WALTER SAFFORD BURKE 


Walter Safford Burke, for some years inspector of the grounds 
and buildings of Harvard University, died on August 5, 1931. He is 
survived by his widow, Frances B. Burke, whom he married in 1893, 
and by a married daughter, Mrs. Ralph H. Wales. 

Mr. Burke was born at Babcock Hill, Oneida County, N.Y., on 
December 30, 1866, the son of Albert G. and Clarissa (Booth) Burke. 
He was educated at the United States Naval Academy, from which 
he was graduated in 1887. He served in the Navy for ten years 
and then went to Harvard as instructor in the Mechanical Engineer- 
ing Department. He was made an assistant professor of mechanical 
engineering in 1894. During the World War, he was stationed at 
the United States Navy Yard as Lieutenant-Commander, United 
States Navy. 

In addition to his duties at Harvard, Mr. Burke was connected 
with the consulting firm of Burke & Hughes from 1906 to 1912. 

Mr. Burke became a member of the A.S.M.E. in 1913. 


NOBLE CHASE BUTLER, JR. 


Noble Chase Butler, Jr., whose death occurred on June 7, 1931, 
was born at New Albany, Ind., on July 27, 1874, the son of Noble 
Chase Butler and Annie (Browning) Butler. After completing 
his work at the Indianapolis High School, he attended Purdue Uni- 
versity and then entered Rose Polytechnic Institute, from which 
he was graduated with a B.S. degree in 1899. From then until 
1916, he worked in the Testing Department of the Henry R. Worth- 
ington Hydraulic Works in Brooklyn, N.Y. He made graphical 
analyses of water-works engines to determine their most suitable 
parts, and also studied the arrangement of engines and accessories 
for plants. He made plans for the layout of water works and con- 
denser installations and superintended the erection and testing of such 
equipment. 

In 1916, Mr. Butler resigned from the Worthington company to 
handle New York sales for the Wilson-Snyder Company, manu- 
facturers of all kinds of pumping equipment. In 1918, he superin- 
tended the erection of an oil line pumping station at the wells and a 
sea loading station at the coast in the Southern Oil Field of Mexico, 
for the Cortez Oil Company, as representative of the Wilson-Snyder 
Company. After completing this work, Mr. Butler was engaged 
as engineer in the Technical Department of the Vacuum Oil Company, 


New York. He analyzed lubrication requirements in central power 
stations and mills in various industries and made a study of machinery 
to determine the proper selection and application of lubricants. 
His work for the Standard Oil Company of New York, for which he 
became sales engineer in 1922, resulted in his appointment as chairman 
of its Committee of Industrial Lubricating Engineers, in which 
capacity he acted as chief engineer and consultant on all major lu- 
bricating problems both as to lubricants to be used and methods of 
application in all types of industries. 

Mr. Butler first became a member of the A.S.M.E. in 1900. He 
resigned two years later but joined the Society again in 1927. He is 
survived by his widow, Ruth G. (Sears) Butler, whom he married in 
1925. 


WILLIAM ALFRED BUTLER 


William Alfred Butler, who died on April 17, 1930, was born on 
January 19, 1868, at Cincinnati, Ohio. After completing his public 
school education, he went to work in 1886 as assistant to the general 
repairman of the C. H. Kilgour Narrow Gage Railway in Cincinnati. 
After four years in this work, he secured a position as chief engineer 
of the plant of Benjamin Hey & Co. in that city. From 1893 to 
1895 he was night chief engineer of the Cincinnati Edison Electric 
Company, and for the next six years engineer for the Cincinnati 
Street Railway Company. In 1901, when the latter company was 
merged into the Cincinnati Traction Company, he was appointed 
superintendent of steam machinery repairs and later became superin- 
tendent of construction and maintenance of the five stations belonging 
to the company. In 1906 he was made chief engineer of the Pendle- 
ton Power Station of the company, where he remained for seven 
years. He was next connected in 1913 with the Duquesne Light 
Company of Pittsburgh as assistant superintendent of power stations. 
At the time of his death he was chief engineer of the Braun Brothers 
Baking Company of Pittsburgh. 

He had been a member of the A.S.M.E. since 1915. 


LEONARD CAHOON 


Leonard Cahoon died of cancer at his home on April 1, 1931, 
after an illness of six months. Surviving him are his widow, Matilda 
(Watts) Cahoon, whom he married in 1909, and two daughters, 
Virginia and Janice. Mrs. Cahoon was a member of the Utah State 
Legislature in the session preceding her husband's death. 

Mr. Cahoon was the son of Mary Erekson Cahoon, who also sur- 
vives him, and Andrew Alonzo Cahoon, who died in 1924. He was 
born in Salt Lake City on December 10, 1881, and received his early 
education there. He studied mining and mechanical engineering 
at the University of Utah, which conferred a B.S. degree upon 
him in 1905. He was secretary of the board of directors of the 
University Club in Salt Lake City at the time of his death. 

Following his graduation Mr. Cahoon gave five years to design 
and construction work for the U.S. Smelting, Refining & Mining Co 
of Salt Lake City and Boston. . Among the plants built under his 
supervision were rock crushing and loading plants in Utah, a smelter 
and bag houses at Kennett, Calif., smelter for the Needles Mining «& 
Smelting Co. at Needles, Calif., as well as mining equipment for the 
company at its Kingman, Ariz., mines, and electrostatic concentrator 
baghouse and arsenic plants at.Midvale, Utah. 

In 1910 and 1911 Mr. Cahoon was engaged in the design and 
construction of a complete new hoisting plant for the Chief Con- 
solidated Mining Company at Eureka, Utah, following which he 
superintended the construction of reinforced concrete and _ steel 
buildings for the James Stewart Company, including a theater build- 
ing in Salt Lake City. During 1912 and 1913 he was placed on special 
design of haulage equipment and ore storage equipment for the 
International Smelting Company, Tooele City, Utah. Next, as a 
representative of the P. J. Moran Contracting Company, Salt Lake 
City, he superintended the construction of the Administration Build- 
ing for the University of Utah. When this job was completed he 
took a position as engineer and superintendent of shops with the 
Galigher Machinery Company, Salt Lake City, with which he re- 
mained for about six years. He then went into business as sales 
manager and vice-president of the Stratton-Cahoon Company in 
Salt Lake City, western representative for the Weller Manufacturing 
Company, Republic Flow Meters Company, Erie City Iron Works, 
and Powers Specialty Company, handling equipment used in mines, 
factories, smelters, etc. Ele was later appointed western representa- 
tive for the Foster Wheeler Corporation of New York, with head- 
quarters at Salt Lake City, the position which he held at the time of 
his death. 

Mr. Cahoon became a member of the A.S.M.E. in 1921. He was 
past-president of the Utah Society of Engineers and prominent in 
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politics, being a member of the Republican County Committee at 
the time of his death. 


JAMES HENRY CALDWELL 


James Henry Caldwell, chairman of the Board of Directors of the 
Ludlow Valve Manufacturing Corporation, Troy, N.Y., was born 
at Mobile, Ala., on March 21, 1865. His parents were Edward 
Holland and Carolina A. (Shields) Caldwell. He prepared for college 
at schools in Mobile, Ala., Salisbury, Md., and New York, N.Y. He 
was graduated from Rensselaer Polytechnic Institute, Troy, N.Y., 
in 1SS6 with a B.A. degree. 

For eighteen years following his graduation, Mr. Caldwell was 
associated with the Mobile Gas & Electric Co. He engaged in 
consulting work and served as vice-president of the company. From 
then until his death on November 18, 1931, he was identified with 
the Ludlow company. He was made vice-president and general 
manager in 1804 and president in 1908. 

Mr. Caldwell became a member of the A.S.M.E. in 1912. He also 
belonged to the Society of Professional Engineers of the State of 
New York, the American Foundrymen’s Association, American Gas 
Institute, American Water Works Association, and the National Gas 
and Petroleum Association of Canada. He was an associate member 
of the American Museum of Natural History. Mr. Caldwell was 
elected president of the Troy Trust Compariy when it was organized 
in 1902. He resigned that position in 1913 and was serving as 
chairman of the board at the time of his death. He was treasurer of 
the Rensselaer Improvement Company, trustee and vice-president of 
the Troy Savings Bank, vice-president of the National State Bank of 
Troy, and of a number of railroads, including the Rensselaer «& 
Saratoga, Albany & Vermont, and the Troy & Schenectady. He was 
vice-president and trustee of Rensselaer Polytechnic Institute and a 
dormitory of the Rensselaer campus was named for him. He had 
been active in the community affairs in Troy, serving as president 
of its Samaritan Hospital, of the Public Library, and of the Troy 
Chamber of Commerce. He married Margery Christie of Troy, 
in 1SS7, and is survived by two daughters. 


ARTHUR LATHAM CHURCH 


Arthur Latham Church, secretary and assistant treasurer of the 
Baldwin Locomotive Works, Philadelphia, Pa., died on June 25, 
1931. Mr. Chureh was born in Philadelphia, on October 11, 1858, 
the son of William A. and Elizabeth (Barker) Church. His wife, 
Louise (Brant) Church, whom he married in 1888, died in 1929. He 
is survived by one son and by three grandchildren. 

Mr. Church was graduated from the Towne Scientific School of 
the University of Pennsylvania in 187s, with a B.S. degree in mechani- 
cal engineering. The next four years were spent in the shops and 
drafting room of the William Cramp & Sons Ship & Engine Building 
Co. of Philadelphia. From 1882 to 1884, he served as electrician 
and oiler on the S.S. Queen of the Pacific and as assistant engineer on 
the S.S. City of Peking and 8.8. Granada. He also did some work as 
designer for the Union Iron Works of San Francisco. During the 
next two years, Mr. Church was chief engineer of the Electrical and 
Novelties Exhibitions of The Franklin Institute and superintendent 
of The Spring Garden Institute. In 1886, he began his long connec- 
tion with the Baldwin Locomotive Works as manager of the Depart- 
ment of Repairs. He was appointed assistant to the president in 
1915, and had been secretary and assistant treasurer since 1920. 
He was always interested in shipbuilding, and from 1912 until it was 
dissolved in 1920, was manager of the Essington Shipbuilding Com- 
pany, Ltd. 

Mr. Church joined the A.S.M.E. in 1917. He was also a member 
of The Franklin Institute, the Pennsylvania Academy of Fine Arts, 
the Historical Society of Pennsylvania, and a number of clubs. 
He was a trustee of the University of Pennsylvania and a manager 
of the Preston Retreat, The Spring Garden Institute, and the Uni- 
versity Hospital of Philadelphia. He was the author of ‘The Train- 
ing of a Secretary.” 


BERTRAND JOSEPH CLERGUE 


Bertrand Joseph Clergue, president of The Waterbury Tool Com- 
pany, Waterbury, Conn., died on March 28, 1930. He was born in 
1873 at Bangor, Me., where he received his early training in the repair 
shop of the Bangor Street Railway Company. He spent three years 
at the Massachusetts Institute of Technology, and in 1895 accepted a 
position with the Penobscot P. & P. Co., at Veazie, Me. The follow- 
ing year he became assistant manager of the Lake Superior Power 
Company, where he remained for three years. From 1899 to 1902 
he was manager of the Algoma Central Railway, Michigan Lake 
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Superior Power Company, and Tagona Water & Light Co. Subse- 
quently he did consulting work at Sault Ste. Marie, Ontario, Canada, 
and at Montreal, and for a time was vice-president and general 
manager of Universal Transmission, Ltd. of Montreal. 

He became an associate member of the A.S.M.E. in 1907. 


CLARENCE E. CLEVELAND 


Clarence E. Cleveland, president of the Intervale Mills, Inc., 
Webster, Mass., died at the home of bis sister in Worcester, on May &, 
1931. Mr. Cleveland was born in that city on August 31, 1865, 
the son of Edwin Clarence and Anna (Goddard) Cleveland. He was 
graduated from the Worcester Polytechnic Institute with a B.S. 
degree in 1886. By 1892 he had become a designer at the Intervale 
Mills at Quinebaug, Conn., and subsequently was made a partner in 
this company. An additional larger mill was built in 1904 under 
Mr. Cleveland's supervision and a great deal of new machinery in- 
stalled during the next few years. Mr. Cleveland had charge of 
practically all of the engineering work for the two plants of the 
company. He was appointed treasurer in 1918 and in 1924 went to 
Webster, Mass., when the firm was relocated in that city. He was 
appointed president the following year. 

Mr. Cleveland became a member of the A.S.M.E. in 1916. He is 
survived by his widow, Gertrude (Stevens) Cleveland, whom he 
married in 1894, and by two sons and a daughter, as well as by his 
sister, Mrs. J. Isabel C. Wood. 


BENJAMIN DENVER COPPAGE 


Benjamin Denver Coppage, who died on October 6, 1931, was born 
at Sudlersville, Queen Anne County, Md., on April 13, 1872. He was 
the son of Edward Keene and Georgia E. (Crouch) Coppage. He 
supplemented his public school education with correspondence 
courses and night classes at the Y.M.C.A. His first position was 
with the Baldwin Locomotive Works as a helper in the erecting shop. 
In 1890 and 1891, he was draftsman for the Edge Moor Iron Company 
and the Newport News Ship Building & Dry Dock Co. He returned 
to the employ of the Edge Moor Iron Company in 1892 and remained 
with that company until 1907, serving as chief draftsman and super- 
intendent. He designed improved forms for a number of types of 
boilers and, while in charge of the shops, designed and put into 
operation many improvements in equipment. 

For ten years, beginning in 1907, Mr. Coppage was connected 
with the Pusey & Jones Co. During his first year with the company, 
he reorganized the engineering department. For the next six years, 
he was works manager in charge of the engineering and production 
departments. He was made chief engineer in 1914, and his duties 
in that capacity included supervision of all patent matters and 
consulting work for the Patents Owning Company, Inc. While Mr. 
Coppage was associated with the company it built paper-making 
machines for producing sheets from 170 in. to 204 in. Mr. Coppage 
was intimately connected with the design and construction of these 
machines. He also prepared plans for building machine shops and 
improving the equipment of the plant. 

From 1917 to 1925, Mr. Coppage was connected successively with 
the E. I. du Pont de Nemours & Co., Wilmington, as experimental 
engineer, with the District of Columbia Paper Manufacturing Com- 
pany, Washington, D.C., as chief engineer, and with the Levgar 
Structural Company, N.Y., as production engineer. Since 1925, 
he had been draftsman for the Viscose Company, Marcus Hook, 
Pa. 

Mr. Coppage became a member of the A.S.M.E. in 1915. He also 
belonged to The Franklin Institute, which presented him with a 
“Certificate of Merit"’ in 1925 for his invention of a testing instrument 
known as the plastometer. 

Surviving Mr. Coppage are his widow, Elsie B. (Johnson) Coppage, 
whom he married in 1898, and one daughter, Mabel Coppage. 


WILLIAM VALDEMAR DAM 


William Valdemar Dam, managing director of Thompsons En- 
gineering & Pipe Co., Ltd., Castlemaine, Victoria, Australia, died at 
Castlemaine on February 12, 1931. He was born at Otahuhu, near 
Auckland, New Zealand, on November 18, 1864, the son of Edward 
Thomas Kdller and Elizabeth (Corliss) Dam. After preparatory 
work in private and state schools, he attended the Workingmens 
College at Melbourne. In November, 1881, he began a six-year 
apprenticeship with the Bay of Islands Coal Company at Auckland, 
working particularly on the manufacture and repair of mining equip- 
ment. 

His first position after completing his apprenticeship was with 
the Austral Otis Engineering Company, Ltd., of Melbourne, as an 
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engine fitter and erector. During the thirteen years of his connec- 
tion with this company he held the positions of outside foreman, 
machine-shop foreman, draftsman, quantity surveyor, estimator. 
and assistant manager. These titles indicate the general character 
of bis work, which dealt with all classes of hydraulic elevators and 
auxiliary machinery, as well as other hydraulic and mining equip- 
ment. For about a year and a half he was engaged in treating 
different ores mechanically and chemically and experimenting with 
new mining machinery, and for two years he inspected elevators in 
Melbourne, Sydney, Adelaide, and Brisbane. 

In July, 1900, Mr. Dam was appointed works manager for Thomp- 
son & Co., Castlemaine, where he was promoted successively to 
designing engineer, assistant general manager, general manager, and 
managing director. He devoted special attention to the subject of 
mining and dredging machinery and was responsible for the design 
and construction of highly successful large steam winding engines 
and numerous important sluicing plants. 

Mr. Dam visited America and Europe in 1919, and while in 
England completed arrangements for the manufacture by his firm 
in Australia of large steam turbines and their condensing plant 
under license to the Metroplitan Vickers Electrical Company, of 
Manchester, England. 

Mr. Dam possessed a great inherent mechanical aptitude and an 
extraordinarily retentive memory and was regarded as one of the 
foremost mechanical engineers of Australia. He was elected a mem- 
ber of the A.S.M.E. in 1906, and for many years belonged to the 
Victorian Institute of Engineers. 

Mr. Dam married Mary Findlay in 1914, and is survived by her 
and hy one daughter by a former marriage. 


CHARLES DAY 


Charles Day, chairman of the board of Day & Zimmermann, Inc., 
Philadelphia, Pa., died at the University Hospital in that city on 
May 10, 1931, following an illness of ten days. An eye disorder, 
which had developed a few days after his return from a trip to North 
Africa and which was at first attributed to the effects of the tropical 
sun, proved to be an organic affliction. 

Mr. Day was born in Philadelphia on May 15, 1879, the son of 
Richard H. and Frances (Corson) Day. He attended the German- 
town Academy and was graduated from the University of Pennsyl- 
vania with a B.S. degree in 1899. An M.E. degree was conferred 
upon him in 1903. He was superintendent of installation of power 
plant equipment and transmission machinery for the National Export 
Exposition at Philadelphia during the latter part of 1899 and then 
spent about two years as assistant superintendent and engineer of 
works for the Link Belt Engineering Company at Nicetown, Phila- 
delphia. 

In 1903 the engineering firm of Dodge & Day, specializing in 
management and construction work, was established. It became 
Day & Zimmermann, Inc., in 1911, with Mr. Day as president from 
1916 until 1926, and chairman of the board since that time. Through 
his work with this firm Mr. Day became widely known as an authority 
on the construction and efficient equipment of industrial plants and 
the management of public service corporations. He lectured on 
these subjects before the Graduate School of Business Administration 
at Harvard, and at Columbia and Lehigh universities. He served 
as president, vice-president, or director of a very large number of 
public service companies, including railway, light, heat, and power. 
He was the author of many articles on industrial management, 
and in 1911 published a book on “Industrial Plants.” 

Mr. Day was called upon by the Government to serve in a number 
of important posts. He was made a trustee of the Emergency Fleet 
Corporation at the beginning of the World War and was appointed 
a member of a civilian board to investigate the efficiency of the 
navy yards. During the War he was a member of the storage 
committee of the General Munitions Board and conferred in France 
with General Pershing on means of expediting the transportation of 
troops and supplies to Europe. He was appointed to the Depot 
Board by the Secretary of War and was present at the War Council 
of the Allies in the winter of 1917. He was also engineering adviser 
to Colonel Edward M. House’s commission. 

Mr. Day became a junior member of the A.S.M.E. in 1902 and a 
member six years later. He was a member of the Bureau of En- 
gineering Standards in 1913 and 1914 and of the Standardization 
Committee of the Society during the next two years. He also 
served from 1913 to 1917 as a member of the Subcommittee (of the 
Committee on Meetings) on Industrial Buildings. 

Among the other societies to which he belonged were the American 
Institute of Electrical Engineers, the American Philosophical Society, 
the Taylor Society, and the Society for the Promotion of Engineering 
Fduention He was a member of the board of managers of The Frank- 


lin Institute, a trustee of the University of Pennsylvania, and a 
director of the Pennsylvania Railroad and Fidelity-Philadelphia Trust 
Company. His clubs included the Racquet, the Engineers’ Club of 
Philadelphia, the Engineers’ Club of New York, the Philadelphia 
Cricket Club, Sunnybrook Golf, University and Rittenhouse Clubs. 

Surviving Mr. Day are his widow, Margaret (Dunning) Day, 
whom he married in 1904, two sons, William L. and Charles C.. and a 
daughter, Margaret D. Day. 


VAN NESS DeLAMATER 


Van Ness DeLamater, since 1915 associated with the Hyatt Roller 
Bearing Company, died on August 29, 1931. It is believed that 
he and his son, Van Ness, Jr., were drowned when their canoe over- 
turned during a sudden storm on Green Lake, Algonquin Provincial 
Park, Ontario. 

Mr. DeLamater was born at Hudson, N.Y., on July 3, 1878, a 
son of Ezra Doane and Anna (Van Ness) DeLamater. He attended 
high school in Hudson and Ithaca, N.Y., and was graduated from 
Cornell University in 1900 with an M.E. degree. He continued his 
studies in engineering and law at Cornell for a year and then served 
an apprenticeship at the Mt. Clare shops of the Baltimore & Ohio 
R.R., Baltimore, Md. During the next two years he was connected 
with the department of tests of that railroad, inspecting material 
and new equipment and conducting laboratory investigations. 
He was next employed for about six months by the American Stee! 
Foundries Company, testing and reorganizing power plants in 
foundries. In 1905 and 1906, he was salesman in the New York 
district for the Star Brass Manufacturing Company. During the 
next two years he was employed by the Central Railroad of New 
Jersey, first as inspector of the motive power department, testing 
locomotives and power plants and designing new car shops, and later 
as acting assistant chief draftsman in the mechanical department in 
Jersey City. From 1908 to 1912 he was chief draftsman and mechani- 
cal engineer for the Rushmore Dynamo Works, Plainfield, N.J 
He designed brass goods and tools, installed and operated producer 
gas and engine plants, supervised the construction and installation of 
equipment of concrete factory buildings, and developed direct- 
current and storage-battery lighting systems for automobiles. 

Mr. DeLamater went to Winnipeg in 1912 as sales manager for 
the Canadian Fairbanks Morse Company, resigning that position 
in 1915 to become assistant sales manager in the motor bearings 
division at Detroit of the Hyatt Roller Bearing Company. He was 
transferred to Harrison, N.J., as assistant to the vice-president of that 
company in 1920 and since 1924 had been located at the Newark office, 
specializing in railroad bearing applications. 

Mr. DeLamater became a member of the A.S.M.E. in 1913. He 
is survived by his widow, Jacqueline (Newton) DeLamater, formerly 
of California, whom he married in 1904, and by two sons and two 
daughters. 


CONRAD G. DIETZ 


Conrad G. Dietz, vice-president and general manager of the 
Aeronautical Corporation of America, Lunken Airport, Cincinnati, 
Ohio, died on September 12, 1931, as the result of an aeroplane 
accident. Mr. Dietz was born in Cincinnati on May 13, 1900, the 
son of Conrad and Margaretta Dietz. He attended the Asheville 
Preparatory School, Asheville, N.C., and was graduated from the 
Ohio Mechanics Institute in 1914. 

The next six years were spent in traveling throughout the western 
part of the United States and operating an automobile sales and 
service agency in Cincinnati. For eight years, beginning in 1920, 
he had complete charge of all work at the Dietz Experimental Labo- 
ratories, Dayton, Ohio, of which he was president. He had been 
connected with the Aeronautical Corporation of America since 1928. 
His specialty was the design of aircraft and aircraft motors. Among 
the planes which he built at the Dietz Experimental Laboratories 
were a three-place biplane and a four-place biplane, both powered 
with a model E Hispano-Suiza motor, and a single-place racing bi- 
plane, powered with a Wright J5 motor. The Aeronautical Corpora- 
tion of America, which was organized by Mr. Dietz, has developed 
and constructed a number of monoplanes, seaplanes, and motors. 

Mr. Dietz became an associate member of the A.S.M.E. only a 
few months before his death. Surviving him are his widow, Harriet 
(Otte) Dietz, and two sons, Robert P. and James C. Dietz. 


FRANK BUTLER DILTS 


Frank Butler Diits, lifelong resident of Fulton, N.Y., died at 
his home on September 17, 1931, after an illneas of several months. 
Mr. Dilts was president of the Dilts’ Machine Works, Fulton, manu- 
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facturers of paper mill machinery. He was also vice-president and 
director of the Citizen's National Bank & Trust Co., vice-president 
of the Draycott Paper Mills Co., Inc., and affiliated in an official 
capacity with the Arrowhead mills, all of Fuiton. 

Mr. Dilts was born on February 14, 1874. He received his early 
education in the Fulton schools and then took up the study of me- 
chanical engineering at Cornell University. He left college in his 
junior year following the death of his father, Frank Dilts, then head 
of the Dilts Machine Works, Inc., and assumed active charge of the 
foundry and machine works. He was made president and treasurer 
in 1913. Mr. Dilts supervised the design work of the company, 
which included plans for new buildings and equipment, and water 
and electric power development. He laid out and arranged for the 
installation of machinery in paper mills, and was the first to conceive 
the idea of tempering paper mill beater roll bars and of using heat- 
treated alloy steels for this purpose. His company was also the 
first to market a bandless beater roll and a beater tub designed for a 
concrete base. 

Mr. Dilts was a Republican and took an active interest in civic 
affairs in Fulton, serving as alderman of the Fourth ward from 1904 
to 1907. He was also several years as officer of the Mount Adnah 
cemetery association. Mr. Dilts became a member of the A.S.M.E. 
in 1918. 

His preference in sports was toward golf and he was a past- 
president of the Oswego country club and a member of the Onondaga 
golf and country club. During the World War, Mr. Dilts served 
as a Captain in the Ordnance Department and was stationed at the 
Watervliet Arsenal, Watervliet, N.Y. He served for some years as a 
member of the Fulton Hydraulic Race Commission, appointed by the 
Supreme Court, in connection with which his knowledge of engineer- 
ing was applied to problems involved in the division of water among 
the various users of water power. 


He is survived by his widow, Mrs. Bessie (Smith) Dilts. 


ALVA CLYMER DINKEY 


Alva Clymer Dinkey, president of The Midvale Company, died 
at his home in Wynnewood, Pa., on August 11, 1931. 

He was born at Weatherly, Pa., on February 20, 1866, the son of 
Reuben and Elizabeth (Hamm) Dinkey, and attended the public 
schools of Weatherly and Braddock, Pa. In 1879, at the age of 
thirteen, he entered the Carnegie service as a water boy at the Edgar 
Thomson Steel Works, later serving as telegraph operator. In 1885 
he became machinist for the Pittsburgh Locomotive Works and in 
1888 expert machinist for the McTighe Electric Company, Pittsburgh. 

He was appointed secretary to the superintendent of the Homestead 
Steel Works of the Carnegie Steel Company in 1889 and in 1893 was 
made electrician of the Homestead plant; in 1898 he became super- 
intendent of the electric light and power plant. In 1899 he was 
appointed assistant general superintendent of the Homestead Steel 
Works, and in 1901, general superintendent. 

In 1903, at the age of thirty-seven. Mr. Dinkey was elected presi- 
dent of the Carnegie Steel Company, retaining that position until 
1915, when he resigned to assume the presidency of the newly formed 
Midvale Stee! & Ordnance Co. When this latter company was sold, 
in 1923, to the Bethlehem Steel Corporation, he was elected president 
of The Midvale Company. He was a director of the Midvale 
Company, The Baldwin Locomotive Works, and the American Iron 
and Steel Institute. 

Mr. Dinkey became a member of the A.S.M.E. in 1902. He also 
belonged to the American Institute of Electrical Engineers, the 
Society of Naval Architects and Marine Engineers, the Engineers 
Club of Philadelphia, the Engineers Society of Western Pennsylvania, 
the American Association for the Advancement of Science, and the 
Academy of Natural Sciences, as well as to many clubs in New York, 
Philadelphia, and Pittsburgh. 

Surviving Mr Dinkey are his widow, Margaret (Stewart) Dinkey, 
whom he married in 1891, two sons, and a daughter. 


JOSEPH DOVE-SMITH 


Joseph Dove-Smith, who died on March 25, 1931, was born at 
Newcastle-on-Tyne, England, on January 19, 1855. His parents 
were Joseph and Mary Ann (Asquith) Dove-Smith. He had a 
publie school education and served an apprenticeship with Bolckow 
Vaughan & Co., iron and steel manufacturers. After experience as a 
fitter, turner, and draftsman with various engineering works, he 
became general foreman in 1885 of the Vulcan Iron Works, Win- 
chester, England. He went to Manchester five years later as general 
foreman of Samuel Fisher & Co. In 1892 he accepted a position as 
general manager for John Holroyd & Co. in Manchester, where he 
remained for four vears. He then went to Birmingham as works 
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manager for Heenan and Froude. From 1898 to 1903 he was me- 
chanical engineer for the London Rubber Company. 

Mr. Dove-Smith left England for Canada in 1903 and for five years 
worked as a machinist, part of the time in charge of outside me- 
chanical construction, for the Allis Chalmers Bullock Company, 
Montreal. He founded the firm of Dove-Smith & Son in 1908 at 
Niagara Falls to design and build special machinery and tools. 
During the World War the entire shop was devoted to the manu- 
facture of master inspection gages for the Canadian and United 
States governments. He held patents in England for a rubber 
heel and in the United States and Canada for all-in-mesh trans- 
mission. 

Mr. Dove-Smith became a member of the A.S.M.E. in 1918. He 
also belonged to the Society of American Military Engineers and was 
a director in 1924 of the Rotary Club. He was interested in all 
church work, especially small missions, and was an enthusiastic 
choral director of children. He is survived by his widow, Phoebe 
(Bell) Dove-Smith, whom he married in 1879, and by five daughters 
and a son. 


ERVIN THAYER DRAKE, JR. 


Ervin. Thayer Drake, Jr., plant engineer for the Lever Bros. 
Co., Hammond, Ind., died on July 27, 1931. Mr. Drake was born 
on November 3, 1894, the son of Dr. E. T. Drake and Mary Aiken 
Drake, of Franklin, N.H. He attended the Cambridge (Mass.) 
Latin School and was graduated from Harvard University in 1916, 
with a B.S. degree. 

Immediately following his graduation, he went to France and joined 
the Norton Hayes Ambulance Corps. He was discharged from the 
Army in the fall of 1919, with the rank of captain, and entered 
the soap plant of the Jones Bros. Tea Co. in Brooklyn, N.Y., 
for a six month’s period of training in that buinesss. He then se- 
cured a position as engineer with the Houchin-Aiken Company, 
Brooklyn, working on the design, construction, and_ installation o/ 
mechanical equipment for the production of soaps and allied ma- 
terials. He also developed chemical processes for manufacturing 
soap, and equipment for the recovery of the by-products, especially 
crude and refined glycerine. In 1922 he laid out and supervised 
the construction of a complete soap plant and double-effect evapo- 
rators in Madrid, Spain. In 1923 he installed large crude glycerine 
evaporators in Havana, Cuba. During the next two years, he 
installed soap and glycerine plants at Middletown, Conn., Woon- 
socket, R.I., and Baltimore, Md. Later he was located at the plant 
of the company at Hawthorne, N.J. 

When the Houchin-Aiken partnership was dissolved in 1926, Mr. 
Drake entered the employ of R. A. Keashey, New York, N.Y., 
selling commercial asbestos. He had been associated with the 
Lever Bros. Co. since February, 1928. He acted as construction 
engineer on the Hammond plant of the company, and during the 
last year of his life had served as plant engineer. 

Mr. Drake became a junior member of the A.S.M.E. in 1923 
and an associate of the Society two years later. He is survived by 
his widow, formerly Elizabeth K. Lum, of Chatham, N.H., whom he 
married in 1921, and by three sons, E. T. Drake, III, and Charles 
Lum and Herrick Aiken Drake. 


THOMAS ALVA EDISON 


Thomas Alva Edison was born at Milan, Ohio, on February 11, 
1847. On the paternal side he was descended from John Edison, 
who came to New York from Holland in 1728. His great-grand- 
father, Thomas Edison, was a banker, and signed the Continental 
currency in 1778. John Edison went to Canada in 1783 and his 
son, Samuel, father of Thomas Alva Edison, was born at Digby, 
Nova Scotia, in 1804. He married Nancy Elliott in 1828 and they 
lived in Canada until 1838, when he became involved in the Papineau 
rebellion and found it necessary to leave the country. They came 
to the United States and in 1842 settled at Milan. 

Thomas Edison’s mother was a native of New England and had 
taught school in Canada prior to her marriage. Largely to her he 
owed his early education. She took him out of school, where he was 
considered stupid and stood at the foot of his class, and not only 
succeeded in developing a love of study and reading but also encour. 
aged him in the experimental work which then, as always, was his 
chief interest. 

These early experiments of Edison's were for the most part of a 
chemical nature, and throughout his life he retained his love for chemi- 
cal research, though circumstances directed so large a part of his 
effort into the electrical field. 

The Edison family, it is pointed out in the biography of his life by 
Dyer and Martin. one of the most authoritative works, while not 
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rich, were in comfortable circumstances. It was not to support him- 
self that Edison became a newsboy at the age of twelve, but to earn 
additional pocket-money with which to purchase materials for his 
experiments. The family had moved to Port Huron, Mich., in 1854, 
and finally securing the consent of his parents, Edison applied, in 
1859, for the privilege of selling newspapers on the trains of the Grand 
Trunk Railroad, between Port Huron and Detroit. 

The details of these early years need not be recorded here. Selling 
newspapers, books, candy, and fruit gave Edison what money he 
required for experimenting. He set up a laboratory in the baggage 
car of the train, and all of his leisure time was spent there and in the 
Detroit public library, where he read many books and magazines 
otherwise inaccessible to him. During the early days of the Civil 
War he further increased his revenues and experience by issuing 
a small newspaper, for which he wrote the copy and set the type, 
and which was printed on a handpress in the baggage car. 

During this period Edison had also become interested in telegraphy 
and to this he turned when a fire in his train laboratory one day led 
to his abrupt ejection on the Mount Clemens platform, with his entire 
outfit. The station agent there, whose child Edison had rescued 
from the path of a train, had already taught him train telegraphy, 
and this experience enabled him to secure the post of operator at Port 
Huron. Subsequently, he applied for a job as night operator for 
the Grand Trunk at Stratford Junction, Canada, and in the cellar 
below that office he spent nearly all his time in chemical experiments 
and in reading. It was at Stratford, in 1863, that he made his first 
invention—a device to send automatically the hourly signals which 
he was required to make to the central office to show that he was on 
duty. This device, until detected, permitted him to remain in his 
workshop uninterruptedly! 

Records of the next five years show Edison to have been a roving 
operator in various western and southern cities, including Toledo, 
Indianapolis, Cincinnati, Louisville, Memphis, and New Orleans. 
He worked on night shifts whenever possible, as that arrangement 
gave him more time and freedom for experiments and reading. He 
developed unusual speed and accuracy as an operator and frequently 
made improvements in the equipment which he used. One of his 
first important inventions was a repeating instrument which per- 
mitted a message to be transmitted automatically on a second line 
without the presence of an operator. 

Edison’s restlessness led him East in 1868. A friend in Boston 
helped him to secure a night line with the Western Union, where his 
speed and general ability were soon recognized. He established a 
small workshop and spent the most of his salary on books and appa- 
ratus. He applied for his first patent in October of that year, to cover 
a device by means of which the votes of a large number of people 
might be recorded in a few minutes. 

It was in Boston also that Edison invented his first stock ticker and 
started a ticker service. He visited New York during the latter part 
of 1868 in an unsuccessful attempt to sell the ticker machine. Later 
he developed a duplex telegraph which he took to Rochester, N.Y., 
to test out on the lines of the Atlantic & Pacific Telegraph between 
that city and New York. He was unsuccessful in this also and in 
1869 went to New York, leaving behind him because of debts what 
few instruments and books he possessed. 

Transition within a few days from this impoverished state to a posi- 
tion earning $300 a month-was the result of his understanding ot 
ticker apparatus. While waiting to secure a position as operator 
with the Western Union, Edison took the opportunity to study the 
central transmitter in the office of the Gold & Stock Telegraph Co. 
and happened to be present at the time of a breakdown in service 
and was able to detect the cause of the trouble. This evidence of his 
ability led to the offer of a position as superintendent of the entire 
plant. 

Before the end of the year Edison had associated himself with 
Franklin L. Pope in a ‘‘Bureau of Electrical and Telegraphic Engi- 
neering.’’ In asmall shop in Jersey City he followed up his work on 
telegraph printers, devising a printer to print gold quotations instead 
of indicating them. This was sold to the Gold & Stock Telegraph 
Co., which also took over private telegraph lines which were estab- 
lished by Pope, Edison, and J. N. Ashley, who had become a partner 
in the firm. 

Edison was now definitely launched upon that period of his career 
so productive that the Commissioner of Patents said, ‘There is a 
young man in New Jersey who has made the path to the Patent Office 
hot.’’ The development and manufacture of stock tickers for the 
Gold & Stock Telegraph Co. necessitated the establishment of several 
shops in Newark and the employment of about 300 men. Before 
he was thirty years old Edison had also perfected the alignment of 
letters on what is now the Remington typewriter, made many contri- 
butions to the development of automatic, duplex, and quadruplex 
telegraphy, and invented the mimeograph. 
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On December 25, 1871, Edison married Miss Mary G. Stillwell, 
and in 1876 they went to live at Menlo Park, N.J., where he estab- 
lished a new laboratory such as he had long desired. Out of this 
laboratory and adjoining workshops during the next ten years came 
the carbon transmitter for the telephone in 1876, the phonograph in 
1877, the incandescent lamp in 1879, the discovery of the ‘Edison 
effect,’’ the fundamental principle on which the radio tube is based, 
in 1883, and many other inventions of importance. 

Concerning the incandescent lamp Dr. Frank B. Jewett wrote as 
follows in Science (January 15, 1932): ‘‘For Edison the incandescent 
lamp was but anincident. ... Asan inventor and experimentalist he 
had produced an ingenious and potentially valuable illuminating 
device, but the electrical art of 1879 was almost devoid of the things 
to make it commercially available. Seldom has the creator of so per- 
fect a new tool found the field so bare. More seldom still has one 
done so much to create an art around and for his tool as Edison did 
in the ten years following 1879. 

‘Generators, systems of distribution and utilization, switchboards, 
auxiliary equipment and adjunct devices, large and small, in vast 
profusion flowed unceasingly from Edison and the group of intelligent 
young men with whom he surrounded himself. In the welter of 
this torrent of new things no one will probably ever know just who 
was initially responsible for each and every one of them. Three 
things are certain, however: first, Edison himself was the creator 
of the principal items; second, his was at all times the guiding mind 
and the driving force; third, the group of men who later came to 
be known as Edison Pioneers, and who were and in large measure 
still are dominating factors in the electric light and power industry 
were youths of his discerning selection.” 

The first Mrs. Edison died in 184, leaving him three children, 
Marion Estelle, Thomas Alva, Jr., and William Leslie. He was 
married a second time in 1886, to Miss Mina Miller, and in 1587 es- 
tablished a new and more elaborate laboratory in Orange, N..J.. 
where all his later work was done. Much of this work, which brought 
the record of his inventions at the Patent Office to more than 1200, 
related to the application of his earlier inventions. There were 
several other outstanding achievements, however, which should 
be mentioned in even a brief record. These include the motion pic- 
ture camera, patented in 1891, and the kinetophone, patented in 
1912, and his contributions to the portland cement industry and to 
the development of storage batteries. 

During the World War Edison turned all his energy to work for the 
Naval Consulting Board, of which he was made president in 1915. 
He and his associates worked on many problems which again, after 
many years, gave him an opportunity to work with chemicals. The 
manufacture of carbolic acid and aniline dyes, and the perfection 
of many devices for the Navy, made his services of tremendous 
value to the country. 

It was during the War that Mr. Edison became interested in the 
rubber supply of the United States, and his research work during the 
last few years of his life dealt largely with that problem. 

With Mr. Edison at the time of his death on October 18, 1931, at 
his home in Llewellyn Park, West Orange, were Mrs. Edison and 
their three children, Charles, Madeline, and Theodore, as well as the 
three children by his former marriage. Much of the tranquillity of 
the latter years of his life was due to the care of Mrs. Edison, whose 
voice was the only one able to pierce the deafness which had afflicted 
him for many years. 

Edison's achievements were recognized in many honors bestowed 
upon him. Among these were the Rathenau Medal from Germany, 
the John Fritz Medal in 1908, and the Congressional Medal in 192s; 
three degrees of the Legion of Honor of France—Chevalier, Officier, 
and Commander; honorary degrees of Ph.D. and D.Sc. from Rutgers 
College, Ph.D. from Union College, D.Sc. from Princeton University, 
and LL.D. from the University of the State of New York; and hono- 
rary memberships in The American Society of Mechanical Engineers 
(in 1904) and in the Americin Society of Civil Engineers and the 
Engineers’ Club, New York. He became a member of the A.S.M.E. 
in 1880, was a Founder Member of the American Institute of Elec- 
trical Engineers, and also belonged to the American Institute of 
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Again and again in the tributes to Mr. Edison following his death 
his characteristics as an inventor and as a man are brought out: 

“‘Mr. Edison became a great man by virtue of three moral quali- 
ties—indomitable courage, keen intelligence, and the will to serve. 
Widely as his mind ranged, he had the rare power of focusing it on 
the question in hand and sticking to it till he reached a solution.” 

“Edison was by far the most successful and, probably, the last 
exponent of the purely empirical method of investigation. Every- 
thing he achieved was the result of persistent trials and experiments 
often performed at random but always attesting extraordinary vigor 
and resource. Starting from a few known elements, he would make 
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their combinations and permutations, tabulate them and run through 
the whole list, completing test after test with incredible rapidity until 
he obtained a clue. His mind was dominated by but one idea, to 
leave no stone unturned, to exhaust every possibility.”’ 

‘His place is assured as one of the world’s greatest benefactors, for 
the results of his inventive genius have contributed immeasurably 
to the advancement, comfort, and happiness of mankind. But aside 
from the splendor of his achievements, the teachings of his life, his 
tireless pursuit of scientific truth, his all-embracing thoroughness in 
research, his intelligence, energy, and persistency in dealing with the 
mighty problems that engaged his eager interest, constitute a legacy 
of priceless value to the youth of all lands.” 


VICTOR EVERETT EDWARDS 


Victor Everett Edwards, whose invention of flying shears per- 
mitted continuous rolling of steel rods, died at his home in West 
Boylston, Mass., on May 16, 1931. Illness necessitated his retire- 
ment in 1928 from the Morgan Construction Company, Worcester, 
Mass., of which he was vice-president, chief engineer, and director. 

Victor Edwards was born at North Chelmsford, Mass., on Sep- 
tember 4, 1862, the son of Dr. Nathan Brown and Sibbyl Robbins 
(Hutchins) Edwards. He attended the North Chelmsford school 
and was graduated from the Worcester Polytechnic Institute in 
1883 with a B.S. degree. In 1927 the Institute conferred the degree 
of doctor of engineering upon him. 

During the seven years following his graduation Mr. Edwards 
acquired knowledge of motive power and the design of heavy machin- 
ery through association with a number of companies. He was first 
connected with the Merrimack Manufacturing Company, Lowell, 
Mass., and then with the Deane Steam Pump Company, Holyoke, 
Mass. He spent about two years with the Washburn & Moen Mfg. 
Co., Worcester, working on economy testing of engines and boilers 
part of the time. For about six months he studied water-wheel 
settings for the Holyoke Machine Company, Worcester. He was 
in the employ of the Simonds Rolling Machine Company, Fitchburg, 
Mass., for two and one-half years, setting up and taking charge of 
their Canadian shop for part of the time, and being assistant super- 
intendent for the company at Fitchburg during the remainder of it. 
He also served as draftsman for the Otis Steel Co., Ltd., Cleveland, 
for a period of six months, and assisted Edward Sawyer, of Boston, 
for a short time. 

In 1890 Mr. Edwards accepted a position as chief engineer for the 
Morgan Construction Company and was elected vice-president the 
following year. He was also a director of the Massachusetts Mutual 
Life Insurance Company and had served as a trustee of Worcester 
Polytechnic Institute. During the World War he was commissioned 
a major in the U. S. Ordnance Department, being stationed at 
Washington and the Aberdeen Proving Grounds. 

Mr. Edwards held more than one hundred United States and 
foreign patents, dealing for the most part with the manufacture of 
steel. The most important of these, the flying shears, were designed 
to travel along with the hot rods as they emerged from the rolls 
and cut them while in motion. This device, eliminating the time 
and expense of stopping the rods for cutting, effected a great saving 
in the cost of their manufacture. As a hobby Mr. Edwards designed 
sun-dials. 

Mr. Edwards became a junior member of the A.S.M.E. in 1889 and 
participated in the European trip of the Society that summer. He 
became a member in full the following year. He was also a member 
of the American Institute of Mining and Metallurgical Engineers and 
the American Iron and Steel Institute. His clubs included the 
Engineers’ in New York and Duquesne in Pittsburgh, Pa. He wasa 
member and formerly a trustee of the West Boylston Congregational 
Church. 

Surviving Mr. Edwards are his widow, formerly Janet Gage, of 
Skowhegan, Me., whom he married in 1896, a son, Kenneth Gage, 
and a daughter, Ruth Edwards. 


HUGH MacDONALD ELDER 


Hugh MacDonald Elder died on July 30, 1931, at his home in 
Fairlie, Ayrshire, Scotland, where he had been since 1927. 

Mr. Elder was born on October 21, 1865, the son of George and 
Jane (MacDonald) Elder. He served an apprenticeship with Alley & 
McLellan, engineers, boilermakers, and shipbuilders, at their Sentinel 
Works in Glasgow. He then spent four years in technical studies 
at the London and City Guilds which granted him a certificate in 
mechanical engineering in 1890. 

For a short time, following the completion of his technical educa- 
tion, Mr. Elder was in charge of an experimental electric light station, 
at Cathchart, near Glasgow. From then until 1904, with the 
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exception of some time spent in the West Indies and Central America, 
he was engaged in marine engineering, securing both British and 
American certificates. His work in the West Indies was as master 
mechanic of railway shops for the San Domingo Improvement 
Company, Puerto Plata, San Domingo, and in Central America as 
contracting consulting engineer, constructing and rebuilding sugar 
mills, refrigerating plants, pumping machinery, etc., in Guatemala. 

In the summer of 1904 he became assistant to the superintendent 
of the Inspection Department of the Casualty Company of America. 
In 1907 he was appointed chief engineer for the Trinity Building in 
New York and two years later took a similar position in the Abraham 
& Strauss and Simpson Crawford Company stores. 

In 1911 Mr. Elder began a connection of more than fifteen years 
with the American Locomotive Company. He had charge of the 
power departments in various plants in the United States and in 
Canada until 1920, when he was transferred to the New York office. 
In 1924 he was made superintendent of power plants for the company 

Mr. Elder became a member of the A.S.M.E. in 1912. He is 
survived by his widow, Mary 8. (Common) Elder, whom he married 
in 1904, 


HARRINGTON EMERSON 

Harrington Emerson, who died in New York, N.Y., on May 23, 
1931, is recognized as a pioneer in the popularization of scientific 
management. Under the term ‘“‘efficiency’’ he applied its principles 
in 1904 to the problems of the Santa Fé Railroad, in a form which 
caught the public imagination. He defined efficiency as ‘the 
elimination of all needless wastes, in material, in labor, and in equip- 
ment, so as to reduce costs, increase profits, and raise wages.’ 
He applied his theory to a wide variety of industries with startling 
results, bringing about standardization, cost control, and waste 
elimination. He met with no serious opposition from employees 
because he maintained that no improvement could be made per- 
manent unless it helped the employee as well as the employer. 
He placed increasing emphasis, as the years passed, upon the personal 
side of efficiency. His ideals for the workman were summarized as 
follows in his book entitled ‘“‘The Twelve Principles of Efficiency:”’ 
“Let each man work with the reliability of a steam valve, yet with 
the joy of a hunting dog and the inspiration of the artist."’ It was 
this spirit of a crusader and a moralist, together with a keen apprecia- 
tion of the commercial opportunities presented by the movement, 
which gave him so large a following. 

Harrington Emerson was born on August 2, 1853, at Trenton, N..J., 
the son of the Rev. Edwin Emerson, a Presbyterian preacher and 
educator, and Mary Louise (Ingham) Emerson. When he was nine 
years old the family went abroad in order that the children might be 
educated there. Harrington Emerson grew up with tutors and in 
schools in Greece, France, Italy, Germany, England, Switzerland, 
and Austria. He received an M.A. degree from the Royal Bavarian 
Polytechnic at Munich, where he was a classmate of the inventor of 
the Diesel engine. 

When Mr. Emerson returned to the United States in 1876, at the 
age of twenty-three, he was given the chair of modern languages 
and literature at the University of Nebraska. Subsequently he was 
appointed registrar and secretary of the faculty. He taught at the 
university for six years, during which time he was active in developing 
the institution along more efficient lines. 

Between 1882 and 1900, when he established a consulting office 
in New York, Mr. Emerson built the background for the work which 
he carried on during the remainder of his life. As a real estate dealer 
in the Middle West he acquired both wealth and a knowledge of the 
frontier of that day which led to his appointment as a member of the 
staff of the general manager of the Chicago, Burlington, and Quincy 
Railroad. The selection of town sites, excursions of settlers, pros- 
pects of coal mines, crop failures, and other problems relating to 
the extension of the frontier were turned over to him during the 
several years he served the road. 

After about ten years in frontier and railroad life Mr. Emerson 
consented to act as representative of a British syndicate seeking 
American investments. In this connection he investigated many 
mills, factories, and mines in the United States, Mexico, and Canada, 
and began to discover the causes and remedies of failure. This 
work, perhaps more than any other, laid the basis for his principles of 
efficiency. 

With the discovery of gold in Alaska Mr. Emerson interested him- 
self in the problems of transportation and communication involved. 
He spent some time in the Yukon, driving dog sleds himself and study- 
ing the conditions of the country. He was instrumental in placing 
in service the first United States mail routes in Alaska, opening the 
line for both summer and winter delivery from Juneau to St. Michael. 
He made a report on the northern submarine cable route to Asia 
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which was largely followed by the United States War Department in 
laving its Alaskan cables 

Mr Emerson had already achieved considerable success in dis- 
covering and eliminating wastes and losses in industrial plants and 
transportation enterprises when he was called to Atchison in 1904 
at the time of the machinists’ strike on the Santa Fé road. The 
problem was four-fold: to continue the repair and renewals of the 
rolling-stock and motive power in spite of the strike; to take care 
of a sudden 40 per cent increase in business without new shops or 
equipment; to establish friendly relations between employer and 
employee where there had been dissatisfaction and unrest for a long 
time; and, although of less importance, to decrease unit costs. 
Even though his system’ was still in its formative stage Emerson 
made recommendations which were successfully carried out. Not 
only that, but his principles of efficiency, brought before the public 
in cornection with this job, created wide interest. To handle con- 
sulting work of increasing scope and importance Emerson organized 
a group of associates, The Emerson Engineers, who under his guidance 
have made contributions of inestimable value to the development of 
scientific management. He withdrew from active association with 
the organization about five years before his death. 

Emerson’s work extended to many countries. During recent 
years he had served as counselor to the Ministry of Railroads of the 
National Government of China and had been called in consultation 
by Japan, Poland, Czechoslovakia, and South American govern- 
ments. In 1930 he was preparing reports on unemployment for 
departments of the French and Canadian governments. He had 
but recently come home from Russia where he was advisor to the 
Soviet government regarding its contemplated continental railroad 
system, and was planning to return for further work. 

His success in the elimination of waste led to his appointment in 
1921 as a member of the Committee on the Elimination of Waste 
in Industry, called together by Herbert Hoover when he was presi- 
dent of the Federated American Engineering Societies. 

The principles ef efficiency for which he stood were set forth by 
Emerson in book form in 1909 in “Efficiency as a Basis for Operation 
and Wages,” and in 1912 in ‘The Twelve Principles of Efficiency.” 
His ‘‘Lessons in Personal Efficiency” have been widely studied and 
his magazine articles and lectures before scientific organizations were 
numerous. 

The technical societies of which Emerson was a member were 
many. He joined the A.S.M.E., of which Taylor and Gantt, and 
later Gilbreth, were fellow members, in 1899. He belonged to the 
American Institute of Mining and Metallurgical Engineers and 
was keenly interested in problems of over-production in the mineral 
industry. The American Electrochemical Society, The American 
Economic Association, the American Electric Railway Association, 
the Society of Industrial Engineers, and The Franklin Institute in 
this country, as well as the Société des Ingénieurs Civils de France, 
the Verein deutscher Ingenieure, and Polish and Czechoslovakian 
engineering societies, had all been honored by his membership. 

At a notable testimonial dinner in Washington in October, 1930, a 
group of his associates recognized his achievements by presenting 
the Society of Industrial Engineers with a plaque designated the 
Harrington Emerson Trophy, to serve as an annual chapter award of 
the society. 

What Harrington Emerson achieved and those qualities which 
underlay his success were summarized by Edward J. Mehren in 
the June, 1931, issue of Factory and Industrial Management, as follows: 

“He made a full contribution to the art of management. His 
brilliant powers of analysis, his resourcefulness, his ability to cut 
through precedent led him to original solutions and marked him a 
great engineer. Much of his technique, though necessarily changing 
with conditions, remains a permanent asset in the literature of 
management. 

‘But conspicuous as was his engineering achievement, his work as 
teacher and philosopher will probably stand as his greatest con- 
tribution. He had been a college professor. He knew how to clarify 
and present ideas; he knew how to draw analogy. And that is 
just what he did—and did brilliantly—for the developing art of 
management. He carried its lessons to every corner of the industrial 
world, here and overseas. 

‘‘His success as teacher—as publicist of the management move- 
ment—was grounded deep. For he was a philosopher. He was 
interested in fundamental causes. He sought always the prin- 
ciples involved. His twelve principles of efficiency stand today a 
conspicuous expression of the philosophy of management.” 


DWIGHT HALL FAULKNER 


Dwight Hall Faulkner was born at Ashtabula, Ohio, on September 
16, 1895, the son of John C. and Mary H. Faulkner. He studied at 


the Manual Training High School in Brooklyn from 1909 to 1913 and 
then entered the Sheffield Scientific School of Yale University which 
granted him a Ph.B. degree. 

During the World War Mr. Faulkner was senior inspector of 
aviation engines in the Signal Corps of the United States Army. 
After leaving the service he accepted a position in 1919 as an erecting 
engineer of the Bethlehem Steel Corporation, Bethlehem, Pa. Later 
he did similar work for the McIntosh-Seymour Corporation, Auburn, 
N.Y., and in 1920 and 1921 was research industrial engineer for the 
Yale & Towne Mfg. Co., Stamford, Conn. In 1921 he became sales 
engineer for the H. B. Smith Co., New York, the position which he 
held at the time of his death. He was also president of the Dissolene 
Corporation of Hempstead, Long Island, N.Y. 

Mr. Faulkner became a junior member of the A.S.M.E. in 1921 and 
was promoted to the grade of an associate member in 1926. He also 
belonged to the American Society of Heating and Ventilating En- 
gineers, the Yale Club and Yale Engineering Society, and was vice- 
president of the Anthracite Coal Club. He married Ruth Anderson 
in 1925 and is survived by her and two children. His death occurred 
in Brooklyn on February 8, 1931. 


HENRY B. FITZPATRICK 


Henry B. Fitzpatrick, who in 1930 became a junior member of 
the A.S.M.E., was born in Honolulu, Hawaii, on June .18, 1904, 
the son of C. H. and Alice (Brady) Fitzpatrick. He was educated 
in the high school at Newberg, Ore., and at the Oregon State College, 
from which he received a B.S. degree in 1929. 

After a short time with the Bend Iron Works, Bend, Ore., he entered 
the employ of the Byron Jackson Company as a machinist. At the 
time of his death, on March 23, 1931, he was a salesman for that 
company. 


BRUCE FORD 


Bruce Ford, second vice-president and a director of The Electric 
Storage Battery Company, Philadelphia, Pa., and until recently 
general manager of the company, died on August 10, 1931, at his 
home at Chestnut Hill, Philadelphia, after a brief illness following 
several years of poor health. Mr. Ford was also a director of the 
Chloride Electrical Storage Company, Ltd., of Manchester, England. 

Mr. Ford was born in Brooklyn, N.Y., the son of Edward Lloyd 
and Lucenia (Young) Ford, and was educated at St. Paul's School, 
Garden City, L.I., and Brooklyn Polytechnic Institute. Later he 
took evening courses at The Franklin Institute fora year. He served 
an apprenticeship and worked in the drafting room of the United 
Electric Improvement Company and the Heisler Electric Company, 
of Gloucester, N.J., and was employed for six years by the Johnson 
Company (subsequently the Lorain Steel Company), of Johnstown, 
Pa., as draftsman, shop foreman, and engineer. During the last 
year of his connection with this company he developed and in- 
stalled a contact railway system in Washington, D.C. 

In 1899 Mr. Ford became engineer in charge of development and 
design in The Electric Storage Battery Company and was promoted 
to the office of vice-president in charge of technical development in 
1913. He had to his credit more than fifty inventions in the storage 
battery field, the patents being owned by the company. 

Mr. Ford was elected a member of the A.S.M.E. in 1907. He also 
belonged to the Society of Automotive Engineers, the American 
Institute of Electrical Engineers, and The Franklin Institute, as well 
as to a number of clubs including the Engineers’ of New York and 
Philadelphia, and the Philadelphia Cricket and Old Colony. He in- 
herited membership in the Military Order of the Loyal Legion of the 
United States from his father, who was a captain in the Union Army 
during the Civil War. Mr. Ford was a vestryman of St. Paul's 
Church, in Chestnut Hill. He was an enthusiastic fisherman and 
big-game hunter and had secured many trophies during hunting 
tripsin Canada. He is survived by his widow, Sophie (du Pont) Ford, 
formerly of Wilmington. 


G. CLINTON GARDNER, JR. 


G. Clinton Gardner, Jr., died suddenly of heart failure at Kane, Pa., 
on June 9, 1931. He is survived by his widow, Elizabeth (Stirling) 
Gardner, and by two sons, G. Clinton Gardner, 3d, and John McLean 
Gardner, of Erie, Pa. 

Mr. Gardner was born at Altoona, Pa., on March 5, 1873. His 
father was general superintendent of the Pennsylvania Railroad, 
so that the natural thing for the son to do, after attending Hill School, 
Pottstown, Pa., was to enter the shops of that road. He served a 
special apprenticeship as a machinist and worked as draftsman and 
inspector in shops at Altoona, Renovo, West Philadelphia, and Jersey 
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City. In 1902 he was appointed assistant road foreman of engines 
on the New York Division of the United Railroad of New Jersey 
a branch of the Pennsylvania Railroad. He had served as general 
foreman of the Belvidere Division, Lambertville, N.J., Hudson Divi- 
sion, Jersey City, N.J., and Manhattan Division, also with head- 
quarters at Jersey City. For several years he was stationed at 
Buffalo, N.Y., as assistant engineer of motive power, and then was 
promoted to the Monongahela Division at Uniontown, Pa., as master 
mechanic. At the time of his death he was master mechanic of the 
Renovo Division, with offices at Erie. 

Mr. Gardner had been a member of the A.S.M.E. since 1903. 


ADOLPH A. GATHEMAN 


Adolph A. Gatheman, whose death occurred at the Naval Hospital, 
Chelsea, Mass., on June 12, 1931, was born at Oldenburg, Germany, 
on May 4, 1880. His parents, Ludwig and Amalia (Dinklage) 
Gatheman, brought him to the United States in 1882 and apprenticed 
him at the age of fourteen to the machinist’s trade in Chicago, where 
he worked at that trade for some years. 

At the outbreak of the Spanish-American War, Mr. Gatheman 
entered the United States Navy and was soon rated as a first-class 
machinist. He was commissioned chief machinist in 1901, in charge 
of engineer's departments of different ships. For about a year he 
was chief engineer of the U.S.S. Jsle de Cuba and at other periods was 
stationed at the public works office of the Boston Navy Yard and was 
an inspector of coal at Baltimore, Md. In 1917 he was commissioned 
a lieutenant and as assistant to the engineer’s office of the Boston 
Navy Yard was put in charge of repairs and maintenance of the 
Boston section of the patrol fleet. 

He resigned from the navy in 1919 to accept an appointment as 
supervisory engineer of the Sea Service Bureau of the U.S. Shipping 
Board. He was in active charge of training engineers on Shipping 
Board vessels and established schools at the General Electric Com- 
pany, Schenectady, N.Y., Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa., and McIntosh & Seymour Corp., Auburn, N.Y., for 
training engineers on turbine reduction gears, electric drive, and Diesel 
engines. Subsequently he served as port engineer of the New En- 
gland district of the Shipping Board, making his headquarters at 
Boston. 

Since his resignation from the Board in 1922 Mr. Gatheman had 
been connected with the sales work of the A. M. Byers Co., Pitts- 
burgh, acting as district manager of New England. 

Mr. Gatheman became a member of the A.S.M.E. in 1923. He 
also belonged to the Society of Naval Architects and Marine Engi- 
neers, New England Water Works Association, New England Gas 
Association, New England Railroad Club, Engineering Societies of 
Boston, National Association of Practical Refrigerating Engineers, 
Engireer Club of Boston, as well as several clubs, the American 
Legion, and the Masonic fraternity. He is survived by his widow, 
Mabel S. (Obrion) Gatheman, of Boston. 


E. FENTON GILBERT 


E. Fenton Gilbert, president of The Dampney Company of Amer- 
ica, of Boston, Mass., died at his summer home on Cape Cod on 
August 29, 1931. He was born in Jamestown, N.Y., on June 11, 
1886, the son of Albert and Jeannette (Fenton) Gilbert. He was a 
graduate of Hill School at Pottstown, Pa., and received his technical 
education at the Sheffield Scientific School of Yale University. 

Mr. Gilbert entered the employ of the Art Metal Construction 
Company of Jamestown, N.Y., in 1907 and was its secretary- 
treasurer and general manager when he left the company seven years 
later. He was next identified for a year with the Miami Motor 
Cycle Company of Middletown, Ohio, as manager of its motor- 
cycle department. For the next two years, he was New England 
manager of the Toledo Scale Company, of Toledo, Ohio. 

During the World War, Mr. Gilbert served in the United States 
Naval Reserve Corps, being connected with the Aircraft Division of 
the Bureau of Ordnance, in charge of the production of aircraft 
armament. Following the war, he operated an independent sales 
agency in Boston, representing managers of factory equipment. 
In 1920 he secured a financial interest in The Dampney Company of 
America. He had been its treasurer and president since that time. 
This company manufactures protective coatings for metal surfaces, 
used extensively in power plants. 

Mr. Gilbert was a member of several clubs and societies, including 
the Yale Club of New York, the University Club of Boston, and the 
A.S.M.E., which he joined as an associate in 1924. Surviving Mr. 
Gilbert are his widow, Katharine L. (Gifford) Gilbert, Brookline, 
Mass., whom he married in 1912, and two children, John A. and 
May Gilbert. 


WILLIAM A. GILCHRIST 


William A. Gilchrist, who died on December 18, 1930, was born at 
Alpena, Mich., on October 17, 1875. He attended the University of 
Michigan and secured some practical experience in the woodworking 
industry and in transportation on the Great Lakes. From 1899 to 
1902 he engaged in construction and operation for the Saginaw Sugar 
Company and Michigan Sugar Company, manufacturers of beet 
sugar. During the next few years he worked on construction and 
repairs of ocean-going steamers. Then for twenty years he was 
associated in executive capacities with companies handling the design, 
construction, and operation of forest products plants. At the 
time of his death he was president of Gilchrist and Company, of 
Chicago, Ill. 

Mr. Gilchrist became a member of the A.S.M.E. in 1922. He was 
also chairman of a committee in charge of research work for the 
National Lumber Manufacturing Association at that time. 


EDWARD JOHN GOTTSCHALK 


Edward John Gottschalk, whose death from diabetes occurred on 
June 21, 1931, at the Nassau Hospital, Mineola, N.Y., was born 
at Rockland, Maine, on July 22, 1898. His high school education 
was obtained at the De Witt-Clinton High School in New York. He 
subsequently attended classes at Cooper Union and Pratt Institute, 
being graduated from the mechanical engineering course of the latter 
in 1920. From then until 1927 he worked as mechanical draftsman 
for the American Manufacturing Company, in Brooklyn. He 
designed textile mills and machinery, made power plant layouts and 
planned the conversion from steam to electric drive at the Charleston, 
S.C., plant of the company, redesigned the heating system at the 
Brooklyn mill, prepared the layout for a Philadelphia mill manu- 
facturing jute carpet yarn and jute twines, and assisted in the con- 
struction of a mill at Calcutta, India, for the manufacture of jute 
bagging for use in cotton mills. During the next year he was con- 
nected with the E. Y. Sayer Engineering Corporation in New York. 
From then until his death he was with the Pan American Petroleum 
& Transport Co. as mechanical engineer. 

Mr. Gottschalk belonged to the United States Naval Air Service, 
1917-1918, being stationed at the Rockaway Naval Air Station, 
Long Island. He became an associate member of the A.S.M.E. 
in 1926. He also belonged to the Masonic fraternity. 


THOMAS WILBRAHAM GREEN 


Thomas Wilbraham Green, president and treasurer of the Thos. W. 
Green Engineering Co., Philadelphia, Pa., died on January 6, 1930. 
He had been a member of the A.S.M.E. since 1902. 

Mr. Green was born at Clay Cross, Derbyshire, England, on July 


3, 1853. His technical training was secured in the United States. 
He served an apprenticeship with Wilbraham Brothers, of Phila- 
delphia, from 1869 to 1873 and worked for that company as designer 
and patternmaker for many years. The name of the company was 
changed to the Wilbraham Baker Blower Company and later it 
became the Wilbraham Green Blower Company and relocated in 
Pottstown, Pa. Mr. Green advanced to the position of chief en- 
gineer of the company and also served as its secretary and treasurer. 
He designed and built the Green pressure blowers, pumps, exhausters, 
etc. 

In 1914 Mr. Green located in Trenton, N.J., and did consulting 
work there and in Philadelphia. Subsequently he organized the 
Thos. W. Green Engineering Co. 


JOHN GOTTFRIED GUSTAFSON 


John Gottfried Gustafson, chief mechanical engineer in the Door 
Device and Signal Department of the Otis Elevator Company, New 
York, N.Y., and the inventor of many devices used on elevator doors, 
died on March 20, 1931, of heart disease at his home in Teaneck, 
N.J. 

Mr. Gustafson was born in New York on May 10, 1893, the son of 
J. Aaron and Ida C. Gustafson. At the age of eighteen he entered 
the employ of the Burdett Rowntree Manufacturing Company, 
New York, designing electric dumbwaiters, pneumatic doors, operat- 
ing and elevator interlocking engines, and manually operated door 
and steel devices for street railway cars. He had two years’ shop 
work for this company and spent some time collecting field data 
and checking outside construction work. From 1917 to 1922 he 
was engaged in the same sort of work for the Elevator Supplies Co., 
Inc., Hoboken, N.J., successor to the Burdett Rowntree Manufactur- 
ing Company. He also worked upon signal apparatus for elevators, 
hydraulic hoisting machinery for theater curtains, and electric 
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magnetic operating devices for elevator hatchway doors. From 
1919 to 1922 he was in charge of the special mechanical equipment 
division of the engineering department of the company. 

From 1922 until he became identified with the Otis Elevator Com- 
pany in 1930 Mr. Gustafson was in charge of the mechanical en- 
gineering department of the Graham & Norton Co., Inc., New York. 

Mr. Gustafson became a junior member of the A.S.M.E. in 1919 
and an associate member in 1925. He also belonged to the Swedish- 
Norwegian Society of New York and to the Masonic fraternity. 

Surviving Mr. Gustafson are his widow, Mrs. Hjordis (Nelson) 
Gustafson, and their daughter, Phoebe Justine Gustafson. 


WILLIAM JOSEPH HAGMAN 


William Joseph Hagman was killed as the result of a fall down an 
elevator shaft at the Eddystone plant of the Baldwin Southwark 
Corporation, on April 6, 1931. 

Mr. Hagman was born at Philadeiphia, Pa., on March 23, 1866, 
the son of Frederick W. and Mary L. (Miles) Hagman. He attended 
the Central High School in Philadelphia and Lehigh University, and 
served an apprenticeship as machinist and draftsman for Bement, 
Miles & Co., Philadelphia, later known as the Niles-Bement-Pond 
Company, and remained with them until 1925, becoming assistant 
chief draftsman in 1894, chief draftsman in 1897, and general manager 
in 1900. He then accepted a position as consulting engineer for the 
Southwark Machine Company, South Philadelphia. Since its 
consolidation in 1930 with the Baldwin Locomotive Works, under 
the name of the Baldwin Southwark Corporation, he had been 
located at its plant at Eddystone, Pa. At the time of his death 
he was also vice-president of the Ridgway Machine Company, 
Ridgway, Pa. 

Mr. Hagman became a member of the A.S.M.E. in 1901. He also 
belonged to the Academy of Arts, the Union League, the Art Club, 
and the Engineers Club of Philadelphia. He was keenly interested 
in paintings and engravings. One daughter, Mrs. Newton B. Misell, 
New York, survives him. 


ARTHUR GOODWIN HALL 


Arthur Goodwin Hall, who died on August 22, 1930, at his home in 
Cincinnati, was born at Newport, Ky., on August 11, 1873. His 
parents were Thomas .). and Anna Theresa (Neighbors) Hall. Prior 
to his two years at the University of Michigan, Mr. Hall was in the 
employ of the Cincinnati Traction Company, which he served for 
seven years as fireman, oiler, dynamo tender, and engineer. After 
leaving the University of Michigan in 1898, he worked for a year as 
chief engineer for the Gerke Brewing Company of Cincinnati. The 
following year he was a lecturer for the International Correspondence 
Schools. 

In 1900 Mr. Hall went to Columbus to work as chief engineer at the 
Chittenden Hotel. After two years there he accepted the position 
of chief electrician for The Hoste Brewing Company of Columbus and 
subsequently worked as chief engineer for the Smith Agricultural 
Chemical Company of that city. From 1904 to 1907 he was chief 
engineer of the Wehrle Company, stove manufacturers of Newark, 
Ohio. He then spent a year each as manager for the Nelsonville 
(Ohio) Electric Light Company, chief engineer of The Hocking Valley 
Railway Company, factory superintendent for F. W. Niebling & 
Co., manufacturers of ice and refrigerating machinery in Cincinnati 
and superintendent of The Oliver Schlemmer Heating & Power Co. 
of that city. In 1912 he was employed by the City of Cincinnati 
as chief smoke inspector and during the next four years was mechani- 
cal director of the City of Cincinnati General Hospital. After a 
year in consulting work he took the position of combustion engineer 
with the Procter & Gamble Co., which he retained until 1921. 
From then until his retirement in 1924 he was chief engineer of the 
Emery Candle Company, Cincinnati. 

Mr. Hall became a member of the A.S.M.E. in 1913 and was also 
active in the National Association of Power Engineers. He belonged 
to the Masonic fraternity and to the Elks. He is survived by his 
widow, Ella (Carson) Hall, and by two married daughters. 


STEPHEN STOCKING HALL 


Stephen Stocking Hall, former president and, at the time of his 
death on September 8, 1931, chairman of the Board of Directors of 
The Pickering Governor Company, Portland, Conn., was born in 
that city in January 18, 1864. He was the son of Jesse and Clara E. 
Hall. He obtained his early education at the Seabury Institute 
and the High School there, and began work for The Pickering Gover- 
nor Company in 1881. He had been active in the conduct of its 
affairs until within a few years of his death. He held patents for 


various attachments for governors, including a device for the trans- 
mission of linear motion, and a patent for universal joints. 

Mr. Hall had been a member of the A.S.M.E. since 1912. He 
is survived by his widow, Marie E. (Pascall) Hall. 


WILLIS EDWARD HALL 


Willis Edward Hall, whose death occurred on July 25, 1931, at 
Skytop, Pa. was born in Philadelphia, Pa., on July 20, 1860, the son 
of John Augustus R. and Caroline (Alford) Hall. He was given a 
B.S. degree by the Towne Scientific School of the University of 
Pennsylvania in 1881, and an M.E. degree two years later. Follow- 
ing his graduation, he spent a year in the design department of the 
Baldwin Locomotive Works. He then served an apprenticeship 
with the Pennsylvania Railroad, at the Altoona shops, and was 
subsequently made assistant master mechanic there. From 1892 
to 1902, he was assistant general manager of the Niles Tool Works at 
Hamilton, Ohio. During the next three years, he traveled in different 
parts of the world. He established his own office as consulting en- 
gineer in New York in 1895, and engaged in that work until his re- 
tirement about 1912. 

Mr. Hall invented the automatic control for the return system 
of steam heating now in practically universal use, and other engineer- 
ing devices and methods. He was one of the early proponents of the 
electrification of steam railroads and submitted a paper on this 
subject before the A.S.M.E. in 1890. He was also one of the first 
to experiment with direct electric drive for machine tools. He was 
the author of ‘Car Lubrication” and of various other papers before 
the A.S.M.E. and other technical societies. 

Mr. Hall became a member of the A.S.M.E. in 1889. He was a life 
member of the Historical Society of Pennsylvania and of the Red 
Cross. He also belonged to the China Society and to a number of 
technical and social clubs. He married Ina B. Fenner, of Hillsboro, 
Ohio, in 1890. 


RUDOLPH L. HANAU 


Rudolph L. Hanau, president of the Hanau Engineering Company, 
Buffalo, N.Y., died on November 1, 1930. He was born at Victoria 
West, Cape Colony, 8.A., on November 3, 1881. He was graduated 
in 1905 from the Technical Institute at Darmstadt, Germany. 
Prior to that he had served an apprenticeship with the Fabrik fiir 
Brauerei Einrichtungen Gehrke, in Berlin. He also had some early 
experience as assistant director with Siemens & Halske, Frankfurt, 
Germany. Following the completion of his technical education, 
he secured a position as draftsman for the Machinfabrik Hyligen- 
staedt, Giessen, Germany. 

Mr. Hanau came to the United States in 1906 and prior to his 
connection with the Hanau Engineering Company in 1907, at that 
time located in New York, he was engaged as draftsman and designer 
at the offices of the New York Central Railroad. The Hanau En- 
gineering Company, manufacturers of dental instruments, transferred 
its headquarters from New York to Buffalo in 1918. 

Mr. Hanau became a member of the A.S.M.E. in 1926. He had 
contributed numerous articles to the American Machinist and to 
dental journals. He made outstanding contributions to prosthetic 
dentistry by instrumentation as well as technique; fundamental 
are his ‘Laws of Articulation,’’ ‘“The Articulation Quint,"’ and many 
other results of his researches which he presented to the dental 
profession in numerous and voluminous articles published in dental 
journals. His teachings are included in the curricula of many dental 
colleges in the United States and abroad. 

Surviving Mr. Hanau is his widow, Isabella (Lus) Hanau, whom he 
married in 1929. 


FREDERICK AUGUSTUS HANNAH 


Frederick Augustus Hannah, who died of heart trouble on De- 
cember 5, 1930, in New York, was a native of Massachusetts, having 
been born at Medford, on January 18, 1873. His parents were 
William Augustus and Amelia (Adams) Hannah. He attended 
public schools at Chelsea, Mass., and was graduated from the Massa- 
chusetts Institute of Technology with an S.B. degree in 1895. Dur- 
ing the following year he was an assistant in the applied mechanics 
laboratory at M.I.T. He spent the summer of 1896 as fireman for 
the West End Street Ry. Co., now the Boston Elevated, and 
as draftsman with the B. F. Sturtevant Co., and inspector of founda- 
tion construction for Rand & Taylor and Kendall & Stevens in Boston. 
He returned to M.I.T. that fall as assistant in mechanical drawing 
During the next summer he was employed as draftsman by Miller « 
Shaw, and by E. F. Woodbury, engineer and patent solicitor, Boston 
He became an instructor in mechanical engineering at M.I.T. in 
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the fall of 1897, and held this position for two years. His vacation 
work during that period included the design of automatic machin- 
ery for the Electrical Machine Company, Boston. 

During the winter of 1899-1900, Mr. Hannah was an instructor in 
mechanical engineering at the Polytechnic Institute of Brooklyn. 
He helped to equip new shops and the hydraulic laboratory, and 
taught shop work and machine drawing and design. During the 
next year he designed and superintended the construction of special 
machinery for the American Tobacco Company at its New York 
shops. From 1902 until his death he was engaged in consulting 
work, making New York his headquarters. He served the Crosby 
Steam Gage & Valve Co. as superintendent for a time and also was 
connected with the American Smelting & Refining Co., the American 
Radiator Company, the Wilson Welder & Metals Co., and the Boston 
& Worcester Street Ry. as general manager for its receiver. For a 
time he was an instructor in evening courses in industrial management 
at M.I.T. The year prior to his death was spent in Russia as in- 
dustrial management engineer for the U.S.S.R. 

Mr. Hannah became a junior member of the A.S.M.E. in 1900 and 
member in 1904. He belonged to the Sons of American Revolution 
and to the Engineers’ Clubs in Boston and New York, as well as to 
several other clubs. He is survived by his widow, Anne Ruth (Jud- 
kins) Hannah, whom he married in 1927. 


MERLE W. HATTON 


Merle W. Hatton, whose death occurred on May 24, 1931, was 
born on November.6, 1888, at Alpena, 8.D., the son of Richard and 
Cora (Thomas) Hatton. He received a B.S. degree in mechanical 
engineering from the Carnegie Institute of Technology, Pittsburgh, 
Pa., in 1913. During the next four years he was employed by the 
Mesta Machine Company, Pittsburgh, at first as assistant master 
mechanic and later as superintendent of electrical and mechanical 
maintenance. In 1918 and 1919 he served as mechanical expert in 
the Research Division of the Chemical Warfare Service, at the 
American University Experiment Station, Washington, D.C. 

Since 1919 Mr. Hatton had been connected with the American 
Sheet and Tin Plate Company, for six years as master mechanic at 
the Gary Tin Mill, Gary, Ind., and since then as resident engineer at 
Canton, Ohio. 

Mr. Hatton became an associate-member of the A.S.M.E. in 1918. 
He is survived by his widow, Mrs. Elizabeth Fiske Kennedy Hatton, 
whom he married in 1919. 


ELMER LELAND HAYWARD 


Elmer Leland Hayward, who died of heart trouble on May 2, 
1930, in Chicago, Ill., was born on May 26, 1866, at Port Henry, 
N.Y. His parents were Eugene B. and Ellen E. (Phelps) Hayward. 
Mr. Hayward was educated in the public schools of Davenport, 
lowa, and Pratt Institute, Brooklyn, N.Y., from which he was 
graduated as a mechanical engineer in 1901. His early experience 
was obtained with Robert Horton on the upper Mississippi River, 
with the Eagle Lumber Company at Eagle Mills, Ark., of which he 
was for a time vice-president, in power plant work, and at the Chicago 
World's Fair in 1892 and 1893, where he installed fire protection and 
sewerage systems. He was associated with the Kimball Engineering 
Company and Cable Lumber Company at Davenport, Iowa, and the 
Belding-Hayward Company at Chicago. He remodeled several 
water works plants and had charge of motive power and was president 
of the Freeo Valley Railroad Company and the Nacogdoches & 
Southeastern Railroad Co. Later he engaged in consulting work and 
also taught machine shop practice at Pratt Institute. At the time 
of his death he was vice-president of the North American Timber 
Holding Company, Chicago. 

Mr. Hayward entered the A.S.M.E. as a junior in 1902 and became 
a member four years later. He was a member of the Chicago Yacht 
Club and was interested in making small working models of engines. 
He married Fannie May Pierce in 1886 and is survived by her and 
by one daughter, Lulu (Hayward) Calkins, of Los Angeles, Calif. 


JAMES NICHOLS HEALD 


James Nichols Heald, president and general manager of the Heald 
Machine Company, Worcester, Mass., died at his home in that city 
on May 7, 1931, of heart disease. He had been in poor health for 
several years and although he had not entirely given up active 
participation in the management of the company, he had relinquished 
many duties to his sons Roger, vice-president and works manager, 
and Richard, secretary and treasurer. He is survived by two other 
sons, Robert and Stanley, and by his widow, formerly Mabel Allen, 
of Barre, Mass., whom he married in 1894. 
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Mr. Heald was born in Barre on September 21, 1864, the son of 
Leander S. and Anna A. (Nichols) Heald. His early education was 
obtained in Barre and he was graduated in 1884 from the Worcester 
Polytechnic Institute with the degree of bachelor of science. At 
that time his grandfather, Stephen Heald, who had established the 
business in 1826, and his father, were associated in the machine shop 
and foundry work then known as 8. Heald & Son. James became 
superintendent and designer and when his grandfather died in 1888, 
took over the management of the business, which was reorganized 
as L. S. Heald & Son. He saw the place which the grinding machine 
must have in the growing automobile industry and concentrated on 
this phase of the work of the company. Drill grinders, center grind- 
ers, and miscellaneous grinding attachments were products of those 
early years. 

In 1903 James Heald bought out his father’s interest, organized 
the Heald Machine Company, and, in order to secure better labor 
supply and transportation facilities, transferred the business to 
Worcester. He now began the development of a long line of interna! 
grinding machines. The Heald ring and surface grinder was the 
first machine of the new line, designed for the automobile trade. 
Then he brought out cylinder grinders and internal grinders for mass 
production at low cost. A subordinate line was magnetic chucks 
for holding work. Not only the automobile industry, but also 
manufacturers of all internal combustion engines were greatly 
benefited by his achievements in the design and manufacture of 
grinding machines, and he built up in Worcester an industry employ- 
ing, in busy times, some eight hundred men. 

Mr. Heald was for many years a member of the National Machine 
Tool Builders’ Association and served as its treasurer and for three 
years on its board of directors. He was made a member of the A.S. 
M.E. in 1917 and belonged also to the Society of Automotive En- 
gineers. Locally he was a member of the Commonwealth, Country, 
and Rotary clubs, the Worcester Chamber of Commerce, and the 
Worcester County Mechanics Association. He was a director of the 
Worcester Bank & Trust Co. and a trustee of the People’s Savings 
Bank. He attended the Plymouth Congregational Church and 
was a member of the Board of Assessors of Worcester. 


WARREN M. HEALEY 


Brigadier-General Warren M. Healey, a Civil War veteran and 
retired manufacturer of carriages and automobile bodies, died at 
the Neurological Institute of the Medical Center in New York, on 
March 25, 1931. He had been in ill health for several months. He 
had resided at the Union League Club in New York and at his country 
home at Cornwall-on-the-Hudson since his retirement from business 
in 1919. 

General Healey was born in Norfolk (ounty, Massachusetts, on 
August 3, 1840, the son of Samuel and Mary Thayer (Mansfield) 
Healey. He was educated as a mechanical engineer in technical 
schools in France. From 1865 to 1876 he was general manager for 
Wood Brothers, Bridgeport, Conn. He established his own business 
as a coach and carriage manufacturer in New York in 1880 under the 
name of Healey & Co. With the coming of the automobile he 
adapted his factory to the production of motor car bodies. He in- 
vented a machine for centering and boring hubs of wheels, and for 
the craftsmanship of his products he was made Chevalier of the 
Legion of Honor of France in 1889. 

General Healey served through the Civil War and was a member of 
the Grand Army of the Republic. He was one of the original com- 
mission for the construction of the Grant Monument in New York 
and was a trustee of the Grant Monument Association. Following 
the war he became a member of the New York National Guard, 
attaining the rank of brigadier-general in 1897. He was vice-presi- 
dent of the Union Dime Bank in 1881 and 1882 and a director of 
the Hudson Trust Company from 1884 to 1919. 

General Healey became a life member of the A.S.M.E. in 1925, 
and also belonged to the Sons of the American Revolution, the May- 
flower Descendants, the New England Society, the New York His- 
torical Society, the New York Chamber of Commerce, American 
Museum of Natural History, and a number of clubs, including the 
Metropolitan and Army and Navy. 


CHARLES LOUIS HEISLER 


Charles Louis Heisler, inventor of the Heisler geared locomotive, 
and many other items, died at his summer home at Rock City Falls, 
near Schenectady, N.Y., on October 13, 1931. 

Mr. Heisler was born on February 22, 1863, at Wapakoneta, Ohio, 
the son of Christian and Christina (Lang) Heisler. He was educated 
in the public schools of that town and at the Cascadilla Preparatory 
School at Ithaca, N.Y. He was graduated from Cornell University 
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in 1890 with the degree of mechanical engineer. He was a member of 
the honorary society of Sigma Xi. 

Mr. Heisler had special training in carriage smithing, machine 
work, and patternmaking as a boy in several shops at Wapakoneta, 
Ohio, and at St. Marys, Ohio. He withdrew from college for a year 
to work for the Brooks Locomotive Works, at Dunkirk, N.Y., as 
engineer of tests in charge of the training school for apprentices. 
After completing his college education, he returned to this company 
for two years, performing development work for the president of the 
company. 

During this period, the geared locomotive was developed by Mr. 
Heisler. His conception of the simple locomotive gear drive with 
bevel wheel and pinion is said to have anticipated the live-axle and 
cardan shaft principle of the modern motor car. The Baldwin Loco- 
motive Works took over the manufacture of the locomotive until a 
manufacturing company was capitalized by business men of Erie, Pa.., 
to whom Mr. Heisler disposed of his interests in the invention. 

After the death of the president of the Dunkirk Engineering Com- 
pany, Mr. Heisler accepted a position with Bement, Miles & Co. 
working on large machine tocls in the engineering department. 
He developed a high-duty reciprocating pumping engine which was 
manufactured in a plant at St. Marys, Ohio, known as the Heisler 
Pumping Engine Company. Mr. Heisler operated this plant for 
some years, as vice-president and chief engineer, until in 1907 the 
plant was discontinued. 

Mr. Heisler then became connected with the American Locomotive 
Works, into which the Brooks Locomotive Works and other com- 
panies had been merged, as a member of its staff of mechanical 
engineers. While with that company he developed and invented 
many improvements in locomotive and machine tools. 

At the beginning of the World War, Mr. Heisler was located at 
Providence, R.I., in the plant of the Aleo Manufacturing Company, 
which was controlled by the American Locomotive Company. He 
developed devices for manufacturing shells and other ammunition, 
and after a time became associated with the Washington Steel and 
Ordnance plant, manufacturers of large armor-piercing and high- 
explosive shells. 

His career with the General Electric Company began in 1922. 
From that year until 1926 he was in charge of the mechanical en- 
gineering department of the general superintendent's office. He 
engaged in the development of sound recorders and combined sound- 
reproducing and moving-picture projecting machines in the photo- 
phone department, mechanical engineering section. At the time of 
his death he was in the general engineering department, engaged 
in the development of refrigerating machines and reversible airplane 
propeller mechanisms. Other results of his ingenuity were pointed 
out in a statement at the time of his death by Charles E. Eveleth, 
vice-president in charge of designing, who said, in part, “‘While with 
the General Electric Company he made valuable contributions to the 
design of geared turbines, hundreds of jigs and fixtures to assist in 
manufacture; he designed wire enameling machines, paper and 
asbestos covering machines for wire, as well as dozens of improve- 
ments in the design of standard apparatus contributed from the 
manufacturing standpoint to improve quality and reduce costs.” 
Since joining the staff of the General Electric Company he had been 
granted 21 patents. 

His principal inventions were the Heisler geared locomotive engine, 
various types of pumping engines and machinery, steam road rollers, 
water-works pumping machinery, barometric condensers, wet type 
vacuum pumps, combined sound reproducing and moving-picture 
projecting machines, refrigerating machinery, an¢@ various other types 
of machinery. 

Mr. Heisler became a member of the A.S.M.E. in 1895. He also 
belonged to the American Association for the Advancement of 
Science and was a 32nd degree Mason. 

He is survived by his widow, Mrs. Laura (Barton) Heisler, of 
Dunkirk, N. Y., whom he married in 1891, by three sons and a 
daughter, and by one brother. 


WILLIAM FERRIS HENDRY 


William Ferris Hendry died at Ossining, N.Y., on January 8, 1930. 
He was born at Wellsboro, Pa., on August 17, 1873, the son of William 
Montgomery and Henrietta (Ferris) Hendry. His education in- 
cluded three years at Betts Academy, Stamford, Conn., two years 
at Cornell University in special engineering work, a student course 
with the General Electric Works, and an apprenticeship with the 
Baldwin Locomotive Works and Edison Electric Company. He 
engaged in general construction work and had charge of the power 
plant at the New York Navy Yard from 1895 to 1898. The following 
year he was connected with the Sprague Electric Company as an 
erecting engineer. He then entered the employ of the Western 


Electric Company as assistant to the factory engineer and remained 
with this company for some years, serving successively as factory 
engineer, assistant superintendent, and superintendent, in New York, 
and then as technical superintendent at the Hawthorne Works, 
Chicago. At the time of his death he was vice-president and chief 
engineer of the Manhattan Electrical Supply Company, New York, 
and also vice-president of the Troy Laundry Machinery Company, 
Trout Mining Company, and the United States Manganese Company 

Mr. Hendry designed and patented several motor controlling de- 
vices for machine tools and automatic-return sand-blast machines. 
automatic valves, radio tubes, dry-cell batteries, and automatic 
package machinery. He became a member of the A.S.M.E. in 1907 
and also belonged to the American Institute of Electrical Engineers 
and the American Chemical Society. He was interested in archeology 
as well as in engineering. He is survived by his widow, Bess (Shel- 
don) Hendry. 


LOUIS GEORGE HENES 


Louis George Henes, who died on November 1, 1931, in New 
York, N.Y., was born in that city on May 25, 1881, the son of Edwin 
and Caroline (Schiffer) Henes. He secured his preparatory educa- 
tion at the German-American School there and at the City College 
of New York. He was graduated from Columbia University with 
an M.E. degree in 1903. His early experience in engineering was 
secured during his vacations with the A. J. Lindeman & Hoverson 
Co. in Milwaukee, in the toolroom of the De LaVergne Refrigerating 
Machine Company, New York, and in the mechanical laboratory 
at Columbia University. He served an apprenticeship with the 
Niles-Bement-Pond Company and from 1904 to 1906 was assistant 
to the manager of the New York Office of the company. He then 
became manager of the Machinery Department of Harron Rickard & 
McCone in San Francisco. 

Mr. Henes went into business for himself in San Francisco and 
Los Angeles in 1909 under the name of the L. G. Henes Machinery 
Company, which was reorganized and incorporated in Los Angeles 
in 1931 as the Henes-Morgan Machinery Company, Ltd. He was 
also Pacific Coast manager for Manning, Maxwell & Moore, Inc., 
and the Commercial Acetylene Company, both of New York, and 
for the Railway Materials Company of Chicago. 

Mr. Henes joined the A.S.M.E. as a junior member in 1903 and 
became an associate of the Society in 1910. 

Surviving Mr. Henes are a son and daughter, He married Evelyn 
Ellis, of Oakland, Calif., in 1914. 


HILARY J. HENNESSY 


Hilary J. Hennessy, chief mechanical draftsman for the Northern 
Pacific Railway Company, St. Paul, Minn., died suddenly of heart 
trouble on July 12, 1931. Mr. Hennessy became a member of the 
A.S.M.E. in 1929. He was born at Chicago, Ill., on October 25, 
1889. His technical education was secured through the International 
Correspondence Schools and the Armour and Lewis Institutes of 
Chicago. From 1907 to 1911, he engaged in drafting for the National 
Dump Car Company and the Rodger Ballast Car Company in 
Chicago. During the next two years, he installed and operated 
laundry power plant machinery for the Lutz Laundry Machine 
Company and Sheridan Park Laundry of that city. He had been 
with the Northern Pacific Railway Company since 1913. His 
father, J. H. Hennessy, of Chicago, and a daughter, Lorraine Jean 
Hennessy, survive him. Mr. Hennessy belonged to the Masonic 
fraternity. 


GEORGE HILLYER, JR. 


George Hillyer, Jr., whose death occurred in Washington, D.C.., 
on April 24, 1931, was born in Atlanta, Ga., on November 6, 1872, 
the son of Judge George Hillyer and Ellen E. (Cooley) Hillyer. He 
received an A.B. degree from the University of Georgia, Athens, Ga.. 
in 1893, and an M.E. from Cornell in 1896. 

For a year following the completion of his college work Mr. Hillyer 
was employed by the Atlanta Talc & Soapstone Mining & Manu- 
facturing Co., Murphy, N.C., as mechanical engineer. He then 
served a two-year special apprenticeship in the drawing room and 
shops of the Southern Railway at Atlanta, and worked as draftsman 
for that road at Washington for several years. 

In 1901 Mr. Hillyer went to Detroit as draftsman for the American 
Car & Foundry Co. The following year he secured a position on the 
operating board of the American Radiator Company in Chicago. 
Later he was promoted to the engineering department of the com- 
pany, and in 1905 became its resident salesman in Atlanta. From 
1907 to 1910 he was manager of the Atlanta office of the American 
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Radiator Company. During the next five years he engaged in 
consulting engineering in Atlanta. 

Since 1916 Mr. Hillyer had been with the Southern Railway, 
for several years as mechanical engineer in its valuation department 
in Atlanta, and during the remainder of his life as mechanical engineer 
of the Southern Railway System, with headquarters at Washington, 
D.C. 

Mr. Hillyer joined the A.S.M.E. as a junior member in 1898, and 
in 1904 became an Associate of the Society. He was a member and 
former trustee of the Cornell Alumni Association, a member of the 
Sons of the American Revolution, the Founders and Patriots of 
America, National Geographic Society, the Virginia and Georgia 
Historical Societies, the Chi Phi fraternity, and the American Associa- 
tion for the Advancement of Science, as well as several clubs. He 
was a Thirty-Second Degree Mason, a Knight Templar, and a 
Shriner. He had been a member of the Second Baptist Church in 
Atlanta for 44 years. 

Mr. Hillyer is survived by his widow, Mrs. Edith (Carter) Hillyer. 


HERMAN EDMUND HOFFSTADT 


Herman Edmund Hoffstadt, until recently mechanical engineer 
for the Mayflower Hotel, Washington, D.C., died on February 18, 
1931, at his home in New York, N.Y. He is survived by his widow, 
Marie A. (Spengler) Hoffstadt, whom he married in 1925, and by 
one son, Herman Edmund Hoffstadt, Jr. 

Mr. Hoffstadt was born on October 2, 1884, in New York, and after 
completing his high-school education served an apprenticeship in 
the Kingsbridge and Interborough power plants of the New York 
Central Railroad as an oiler and dynamo tender. He was then 
engaged in construction work and the installation of ice ma- 
chines and gas and oil engines for the De La Vergne Machine 
(Company. 

In 1905 Mr. Hoffstadt began work as an oiler at the Municipal 
Ferry, New York. He obtained a marine license four years later 
and in 1911 his stationary engineer's license. He served the city 
until 1917 when he enlisted in the U. 8. Navy as a warrant machinist 
for the reconstruction of vessels for sea duty. Following his release 
from the Navy after the close of the War he entered Teachers College, 
Columbia University, under Government tuition to study mechanical 
drawing, machine design, etc. He completed his course in 1923 and 
during the next two years served as safety engineer and inspector on 
steam engines and boilers throughout the United States. 

Since 1925 Mr. Hoffstadt had been employed by private concerns. 
For about six months he was chief engineer and building superin- 
tendent for the Sam & Lee Shubert Theater Corporation, in charge 
of the Broadhurst and Plymouth theaters in New York. He then 
became assistant superintendent of highways and construction for the 
John H. Sullivan Construction Company, laying water mains and 
building conduits and roads. Prior to his connection with the May- 
flower he was superintendent and chief engineer of the Wall Street 
Exchange Building, New York. 

Mr. Hoffstadt became an associate member of the A.S.M.E. in 1923 
and was promoted to full membership in 1927. 


LEO HOLDREDGE 


Leo Holdredge, who died suddenly at Knoxville, Tenn., on April 12, 
1931, was born at Kent, near Akron, Ohio, on July 2, 1886, the son 
of S. T. and Ida May (Barrick) Holdredge. In his early youth his 
parents moved to Louden County, Tennessee, where he attended 
the public schools. He continued his studies at Tennessee Wesleyan 
College, formerly known as Grant University, at Athens, and then 
served for a number of years as principal of a Methodist Seminary 
at Epworth, Ga. This period was followed by a business affiliation 
at Lenoir City, where he was senior member of the firm of Holdredge 
and Kollock, hardware dealers. 

In 1921, Mr. Holdredge decided to continue his education and 
entered the Engineering College of the University of Tennessee. 
During his junior year he was selected as the outstanding engineering 
student and was awarded the scholarship prize offered by that in- 
stitution. He was graduated with a B.S. degree in mechanical 
engineering in 1926 and two years later received his M.E. degree. 

During the summer of 1926 he engaged in time study and efficiency 
tests for The Fulton Company, at Knoxville, Tenn. He returned 
to the University as instructor in mechanical engineering in Sep- 
tember, and in 1930 was advanced to the rank of assistant professor 
of mechanical engineering. During this period he was the author 
and co-author of a number of Engineering Experiment Station re- 
search bulletins, especially on subjects pertaining to fuel and heating 
and ventilation, and was at the time of his death assisting in preparing 
a text on heating and ventilation. 


Professor Holdredge became an associate member of the A.S.M.E. 
in 1926 and was serving the Knoxville Section as secretary at the 
time of his death. He had just completed a technical research paper 
in cooperation with Prof. E. L. Carpenter at the University of 
Tennessee on the ‘Cotton Oil Industry of the South” for presentation 
at the Semi-Annual Meeting of the Society at Birmingham, Ala. 
He was also a member of Phi Kappa Phi and Tau Beta Pi, honorary 
fraternities, and of the Knoxville Technical Society. 

He joined the Methodist Episcopal Church at a very early age 
and was active throughout his life in the major activities of this 
denomination, and particularly in the Epworth League and other 
work with young people. 

He married Miss Leta Cardwell of Lenoir City, Tenn., in 1914, 
and is survived by her and by three sons and one daughter 


EDGAR MALIN HOOPEs, JR. 


Edgar Malin Hoopes, Jr., member of the staff of the Governor of 
Delaware, and engineer for the E. I. du Pont de Nemours Co., at 
Wilmington, Del., died on November 20, 1931. Colonel Hoopes was 
born on May 18, 1888, at Wilmington, Del., the son of Edgar 
Malin and Elizabeth (Osborne) Hoopes. He received a Ph.B 
degree from the Sheffield Scientific School of Yale University in 1910 
He had had some experience during summer vacations in testing 
materials and in surveying for water supply and sewage systems in 
Charleston and Romney, W. Va., and in Wilmington. Following his 
graduation, he was employed by Joseph Bancroft & Sons Co., at 
Wilmington and Reading, Pa., on the design of power plant additions, 
special bleaching and dyeing machinery, and as engineer on steam 
economy tests. In 1911, he became connected with the Board of 
Water Commissioners of Wilmington. He worked on the design of 
proposed water-power developments and hydraulic-turbine installa- 
tions. He was appointed assistant engineer before the end of that 
year, and in 1915 chief engineer in charge of operation and construc- 
tion work for the water department, engineering and survey de 
partment, and street and sewer department of the City of Wil- 
mington 

In 1918, Mr. Hoopes received a Captain’s commission and served 
at Camp Meade and Fortress Monroe. After the war, he became a 
member of the engineering staff of the duPont Company and later 
was engineer for the Elafrael Corporation, composed of the family of 
Senator du Pont. He was commissioned a colonel on the staff of 
Governor Buck in 1929. He also served on the Board of Water 
Commissioners from 1921 until his death, and was a director of the 
Wilmington Savings Fund, the Wilmington Library, the Fine Arts 
Society, and the Regional Planning Commission. 

Mr. Hoopes became an associate member of the A.S.M.E. in 
1917. He married Helen Nelson Bain, at Newburgh, N.Y., in 1913 


CHARLES HENRY HORN 


Charles Henry Horn, of Howard Beach. Long Island. N.Y., died 
on July 25, 1931. Mr. Horn was born at Astoria, Long Island 
on March 25, 1882, the son of David and Anna (Beck) Horn. His 
first position was as toolroom foreman with the John Thomson Press 
Company in Long Island City, for whom he later became assistant 
superintendent of tools. After three years with this company, he 
took a similar position with the Automatic Products Corporation in 
Long Island City. From 1922 until 1927, when the Tool Room and 
Production Departments were in his charge, he worked directly with 
Mr. John Thomson on the perfection of the Thomson Adriance 
Meter, and also did experimental work on a new feeder. Subse- 
quently, he turned his attention to the design and supervision of the 
manufacture of drill jigs, dies, etc. 

Mr. Horn became an associate member of the A.S.M.E. in 1930, 
and also belonged to the Masonic fraternity. He is survived by his 
widow, Minnie (Naumann) Horn, whom he married in 1914, and 
by three children, Charles W., Howard H., and Anita D. Horn. 


THOMAS ROGERS HUGHES 


Thomas Rogers Hughes, who died at St. Joseph, Mo., on August 2, 
1931, was born at Oxford, Ohio, in 1902. He received an A.B. degree 
from the Miami University in 1924 and a B.S. degree from the 
Massachusetts Institute of Technology two years later. He then 
entered the employ of the American Waterworks & Electric Co., 
in New York. His duties included the selection and layout of 
mechanical equipment of waterworks and pumping stations. [He was 
connected with this company at the time of his death. 

Mr. Hughes became a junior member of the A.S.M.E. in 1929 
and also belonged to the American Society of Civil Engineers. 
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JOHN W. HUNNS 


John W. Hunns, assistant at the Physical Laboratory of The Rus- 
sell Manufacturing Company, Middletown, Conn., died on February 
25, 1931. Mr. Hunns became a junior member of the A.S.M.E. in 
1930, and was a member of the Third Congregational Church in 
Middletown. 

The son of George and Mary M. (Williams) Hunns, he was born 
on June 7, 1907, at Middletown and attended the high school there. 
In 1926 and 1927 he worked as an inspector on clutch facings and 
brake linings for the Russell company, and during his vacations while 
attending Pratt Institute he was also employed by the company, part 
of the time on inspection and part on production work. He returned 
to Middletown as assistant at the Physical Laboratory following the 
completion of his course at Pratt in June, 1930. 

Mr. Hunns is survived by his father and mother and by a brother. 


HARRY BURLEIGH HUNT 


Harry Burleigh Hunt was born in New York, N.Y., on March 8, 
1875, the son of James Baldwin and Estelle M. (Hinckley) Hunt. His 
early education was obtained in the schools of Brooklyn and he was 
graduated as a mechanical engineer from the Massachusetts Institute 
of Technology in 1897. He entered the employ of the Erie Railroad 
at Susquehanna as a special apprentice and remained with that road 
as draftsman, engineer of tests, and assistant mechanical superin- 
tendent for eight years. He resigned in 1905 to accept a position 
with the American Locomotive Company. During the twelve years 
he was associated with this company he was a member of its Engineer- 
ing Committee. He was manager of the Electric Locomotive Depart- 
ment in 1906 and 1907, and for the next two years was employed 
jointly by the American Locomotive Company and the General Elec- 
tric Company to investigate the electrification of steam railroads. 
He was made assistant to the president, Mr. Waldo H. Marshall, in 
1914, and placed in charge of sales and the production of artillery 
ammunition; he was appointed vice-president in February, 1917. 
He placed the manufacture of munitions on a workmanlike and profit- 
able basis. 

In June, 1917, Mr. Hunt was granted leave of absence and entered 
the U. S. Army as a Major in the Ordnance Reserve Corps. He was 
assigned to the Gun Division in charge of production of cannon, 
where his technical knowledge, coupled with his administrative ability 
and understanding of sound finance, were of inestimable value to the 
Government. He was promoted to the rank of Lieutenant-Colonel in 
January, 1918, and in November of that year to Colonel in the Ord- 
nance Department, assigned to the Artillery Ammunition Division. 
He was discharged from service in January, 1919. 

During 1920 he was associated with George W. Goethals & Co., 
Inc., as vice-president and general manager of the Automatic Straight 
Air-Brake Company. III health caused by intensive work during the 
war necessitated his resignation at the end of 1920, and since that time 
he had not been active in business, although he had made some studies 
of manufacturing for industrial companies. 

Mr. Hunt became a member of the A.S.M.E. in 1916 and also be- 
longed to the New York Railroad Club, the Engineers’ Club of New 
York, and the University Club of Chicago. He died in New Rochelle, 
N.Y., on July 25, 1929, of heart failure. His estate was left in trust 
for a surviving sister and a friend, with the provision that eventually 
it should go to the Massachusetts Institute of Technology. 


WILLIAM SPENCER HUNTINGTON 


William Spencer Huntington was born at Fairbanks, Iowa, on 
June 23, 1867, the son of William and Maria (Spencer) Huntington. 
His early edu ation was obtained at Oran and at Oelwein, and he 
taught in that vicinity before taking up the study of engineering. 
He was given a B.S. degree in civil engineering by the University of 
Iowa in 1895. His first position was at Oelwein, where he engaged in 
water-works construction during the year following his graduation, 
and was the first superintendent of the works. The next year was 
spent as draftsman on steel bridges for the Bellefontaine Bridge «& 
Iron Co., Bellefontaine, Ohio. He did similar work for the American 
Bridge Company, Minneapolis, Minn., from 1897 to 1900. The 
next eight years were spent with the St. Paul Foundry Co., St. Paul, 
Minn., first as chief draftsman and then as chief engineer. His duties 
included the design of structural steel work and the rebuilding of 
the company’s plant. 

In 1908 Mr. Huntington went to Kansas City, Mo., to accept the 
position of chief engineer for the Kansas City Structural Steel Com- 
pany. He resigned this position in 1913 to engage in general engineer- 
ing work at Galveston, Texas. From 1915 until his retirement in 
1928 he was identified with the C. L. Brooks Engineering Co. and 


The Moultrie Construction Company of Moultrie, Ga., for which he 
designed packing houses and cold storage plants in this country and 
in Cuba. During the World War he was engaged in work on explo- 
=o for the United States Government in New York and at Nitro, 

-Va. 

He had traveled extensively through the United States since his 
retirement, and was on the way from Oelwein to Florida when his 
death occurred, at Streator, Ill., on December 5, 1931. 

Mr. Huntington became an associate member of the A.S.M.E. in 
1917. He had written books on refrigeration and contributed articles 
on that subject to the technical press. He is survived by his widow, 
Sarah M. A. (Smith) Huntington, whom he married in 1899. 


OREN 8S. HUSSEY 


Oren S. Hussey, retired, resident of Nashua, N.H., died at Braden- 
ton, Fla., on February 8, 1931. Mr. Hussey was born in Nashua on 
May 16, 1865, and attended the public schools there. He then en 
tered the Massachusetts Institute of Technology, from which he was 
graduated in 1887 with an S.B. degree. Following his graduation 
Mr. Hussey worked at the laboratory of Thomas A. Edison in Orange, 
N.J., engaged primarily in experimental work, until 1890. During 
this engagement, he designed an air separating plant which was 
erected at Humboldt, Mich., and a similar installation at Bechtels- 
ville, Pa. From 1890 to 1892 he was mechanical engineer for the 
Thomson, Houston Motor Company, Boston, Mass., having charge 
of all engineering work of the company, installation of power plants, 
etc. He then engaged in business for himself in Boston for two years, 
in the firm of Bailey & Hussey, wholesale building supply company. 
In 1894 he became a member of the firm of Gregg & Son, door and 
sash manufacturers, of Nashua. He retired from this firm in 1904 
to become treasurer of the Frank Ridlon Company, Boston, a position 
he held until 1915, when he retired because of ill health. 

During the World War Mr. Hussey held a civilian post in the Ord- 
nance Division of the War Department at Washington, D.C. 

Mr. Hussey became a member of the A.S.M.E. in 1897. He is sur- 
vived by his widow, Mrs. Margie L. Hussey, whom he married in 1889. 


FRANKLIN KILSHAW IRWIN 


Franklin Kilshaw Irwin died on April 6, 1931, at Ardmore, Pa., 
where he had resided since his retirement from active business in 1929 
Mr. Irwin was the son of Thomas Kilshaw and Mary (Ketchum) Irwin 
He was born at Mobile, Ala., on December 4, 1859. He attended 
Towle’s Collegiate Institute there and was graduated from the Stevens 
Institute of Technology as a mechanical engineer in 1883. His first 
position was as draftsman with the American Ship Building Compan) 
in Philadelphia. From 1884 to 1900 he was connected as machinist 
apprentice, draftsman, and mechanical engineer with the Wisconsin 
Central Railroad and continued his studies through the Internationa! 
Correspondence Schools. During the next three years he was assis- 
tant engineer in charge of design and construction of repair shops and 
equipment for the Union Pacific Railroad, Omaha, Neb. After a 
short time in 1903 with the Galena Signal Oil Company of Franklin, 
Pa., he accepted a position as engineer of construction with the New 
York, New Haven & Hartford R.R., being appointed superintendent 
of bridges and buildings for that road in 1908. From 1911 to 1914 
he was special engineer and superintendent of the Boston and Maine 
Railroad. 

Mr. Irwin took up sales work in 1915 as agent for the Babcock & 
Wilcox Co. of Boston. He was transferred to the Chicago sales 
force the following year and in 1917 became sales manager of the 
Philadelphia Niles-Bement-Pond Company. From 1924 until 1929 
he was sales engineer for the Combustion Engineering Corporation o! 
Philadelphia. 

Mr. Irwin became a member of the A.S.M.E. in 1913. He be- 
longed to the Pennsylvania Historical Society, the Manufacturer's 
Club of Philadelphia, and the Masonic fraternity. Surviving him is 
his widow, Mary (McHenry) Irwin of Haverford, Pa., whom he mar 
ried in 1890, and one son, Kilshaw McHenry Irwin. 


CARL ALBERT JOHNSON 


Carl Albert Johnson, president of the Gisholt Machine Company, 
Madison, Wis., died on October 30, 1931. Mr. Johnson was born 
at Madison on April 21, 1870, the son of John A. and Kaia (Kildah!) 
Johnson. He received a degree in mechanical engineering from the 
University of Wisconsin in 1891. During his vacations he had 
worked in the machine shop and drafting room of the Gisholt Machine 
Company, and following his graduation he continued in the business 
of thiscompany. He devoted a great deal of his time to the tools and 
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appliances used with their machines and traveled both in the United 
States and in Europe in the interests of the company. He was 
appointed general manager in 1895 and president in 1908. 
Mr. Johnson became a member of the A.S.M.E. in 1901. He had 
served as president of the Wisconsin Manufacturers’ Association for 
seven years and was a past-president of the National Machine Tool 
Builders’ Association. He was a director of the U.S. Chamber of 
Commerce, founder and first president of the Madison Association 
of Commerce, and a director of the First National Bank in Chicago 
and of the Cutler-Hammer Manufacturing Company of Milwaukee. 
Surviving Mr. Johnson are his widow, Mrs. Lucy (McGlachin 
Berry) Johnson, whom he married in 1927, and Mrs. Ruth (Johnson) 
Weston, a daughter by a former marriage. ; 


JOHN SAMUEL ADOLPHUS JOHNSON 


John Samuel Adolphus Johnson was born at Cismont, Va., on 
August 10, 1878, the son of Wm. Whitfield and Katherine M. (Ander- 
son) Johnson. He attended public and private schools in that vicin- 
ity and was given a B.S. degree in mechanical engineering by the Vir- 
ginia Polytechnic Institute, Blacksburg, Va., in 1898, and an M.E. 
degree the following year. He also studied at Cornell University in 
the summer of 1902 and at Lehigh University in the summer of 1908. 
Another summer was spent at the Baldwin Locomotive Works to 
secure practical experience. The remainder of his life was spent in 
teaching at the Virginia Polytechnic Institute. He was made assis- 
tant professor of mechanical engineering in 1900, after having been 
an instructor in that subject and in military science and tactics since 
his graduation. In 1906 he was given the chair of experimental engi- 
neering. Since 1914, he had been professor of applied mechanics 
and experimental engineering, and since 1921 had been director of 
the Virginia Engineering Experimenting Station. 

Professor Johnson became a member of the A.S.M.E. in 1911. He 
also belonged to the American Society for Testing Materials, and the 
Society for the Promotion of Engineering Education. He had con- 
tributed a number of articles to the technical press. 

Surviving Professor Johnson are his widow, Margaret M. A. 
Smyth) Johnson, whom he married in 1905, three daughters, and a 
son. Professor Johnson, who had been in ill health and had been 
advised to give up his work for a time, committed suicide on October 
21, 1931. 


JOSEPH EDWARD JOHNSON 


Joseph Edward Johnson died of heart failure on May 16, 1930, at 
his home in Meriden, Conn. He was a native of Sweden, having 
been born at Elssborg on September 22, 1865, the son of Johan Pers- 
son and Bendikta (Carlson) Johnson. He attended the public schools 
of Elssborg, served an apprenticeship at the Halmstead’s Mechanical 
Works, and gained experience as a toolmaker at plants of other 
Swedish firms. He came to the United States in 1889 and worked at 
his trade with different firms here, among which was the New Haven 
Clock Company, for which he designed special subpress dies for 
blanking finished clock wheels and other parts from sheet metal in 
one operation. From 1897 to 1905 he was connected with The M. B. 
Schenck Co., now the Bassick Company, of Meriden, Conn., designing 
all machine tools and automatic machines used in the manufacture 
of furniture and truck casters. He was in charge of the tool and 
machine department of the company and redesigned and improved 
the Schenck hydraulic water-wheel governors, manufacturing, seiling. 
and installing them in some of the largest power plants in the eastern 
part of the country. In 1905 Mr. Johnson went to Rochester, N.Y., 
as factory superintendent for the Pritchard-Strong Mfg. Co., manu- 
facturers of lanterns and household utensils. He installed new auto- 
matic stokers and high-speed steam engines, as well as a complete 
lighting and heating system. He returned to the M. B. Schenck 
Co. in 1907 and remained with them for two years in work similar to 
that which he had previously done for the company. He then entered 
the employ of the Connecticut Telephone & Electric Co. of Meriden, 
as superintendent of the mechanical department, as well as of the 
different buildings of the company. When its molded insulation 
department was taken over by the Monowatt Company, he entered 
the employ of that firm as chief engineer. 

Mr. Johnson had taken an active interest in civic affairs in Meriden, 
having been connected with the city government for more than twelve 
years. He was police commissioner under the former Mayor Daniel 
J. Donovan, and had served as alderman and mayor pro tem. He 
was chairman of the aviation commission of Meriden. He was a 


member and former president of the John Ericsson Republican Club 
of that city and treasurer of the state league of John Ericsson Repub- 
lican Clubs. 

Mr. Johnson became a member of the A.S.M.E. in 1916. He also 


RECORD AND INDEX 


71 


belonged to the Odd Fellows and to several other fraternal societies. 
In 1898 he married Anna Louise Nelson, who, together with three 
daughters, survive him. Mr. Johnson held patents on a take-up 
device for crank-pin connections, speed regulator for hydraulic water- 
wheel governors, casters, and coffee percolators. 


LEWIS ERNEST KEIL 


Lewis Ernest Keil died on February 26, 1931, at the Walter Reed 
Hospital, Washington, D.C., where he had been confined since the 
middle of October, 1930. He was buried with full military honors in 
the Arlington National Cemetery. Mr. Keil served in the Ordnance 
Department from 1917 to 1919, being stationed at Camp Funston, 
Kansas, and using the shops of the Kansas State Agricultural College 
for the manufacture of precision clinometers of his own design for use 
in laying machine guns for the 89th Division. 

Mr. Keil was born at Chicago, Ill., on May 15, 1887, the son of 
Louis E. Keil and Lorena C. Keil. His technical training was secured 
at the Chicago Manual Training School, which he attended for three 
years, and as a special apprentice in the locomotive shops of the 
Chicago Division of the Illinois Central Railway from 1904 to 1906. 
He received an E.E. degree from George Washington University in 
1929 and an M.E. degree the following year. 

During 1907 Mr. Keil was a draftsman and templetmaker for the 
Pullman Car Company, at Chicago, and from 1907 to 1908, drafts- 
man and estimator for the Hicks Locomotive Company, Chicago 
Heights. As draftsman for four years with the Northern Pacific 
Railway Company at St. Paul, Minn., Mr. Keil worked on shop 
layouts and electrical wiring diagrams, as well as locomotive parts, 
cars, and trucks. In 1913 he gained experience in the design of re- 
frigerator cars and trucks for the Moore Patent Refrigerator Car Com- 
pany, St. Paul, building and equipping cars and testing them for a 
number of roads. 

The following year he went to St. Louis, Mo., as chief draftsman 
for the St. Louis Car Company, in 1915 was appointed chief engineer, 
and the next year took on the additional duties of superintendent of 
the automobile shops. He was with this company untii he entered 
the Army in 1917. Under his supervision some three hundred 
electric cars and trucks were built for the New York Railway Com- 
pany, and as many more for the Manhattan and Queens Electric 
Railway, the Kansas City Railway Company, and the Pittsburgh 
Railway Company. He also directed the construction of a fleet of 
150 all-steel motor buses for the Chicago Motorbus Corporation, and 
a variety of high-speed electric interurban equipment and trucks, in- 
cluding an express train equipment for the Grand Rapids, Kalamazoo 
High Tension Line of the Michigan Railway Company designed to 
operate on 600-1200 and 2400 volts d.c. As superintendent of the 
automobile shops he had charge of the machining of shrapnel cases 
for holding the fuse, bullets, and explosive, and designed the tools 
and jigs used for this work. 

After the close of the War Mr. Keil became chief draftsman for the 
Texas & Pacific R.R. at Marshall, Texas, where he remained until 
May, 1920. During the remainder of that year he was connected 
with the Havana Central Railroad in Cuba. From then until 1925 
he was mechanical engineer in the Bureau of Locomotive Inspection 
of the Interstate Commerce Commission at Washington, D.C. 
From 1925 to April, 1927, he was engaged as mechanical engineer 
by the Railway Locomotor Company, Chicago, and since July 1, 1927, 
had been assistant mechanical engineer at the Bureau of Yards and 
Docks of the U.S. Navy Department, Washington, D.C. 

Mr. Keil was the patentor of electric motor car truck brakes used 
by the Pittsburgh and other electric railway companies and of a 
special design of electric railway trucks used under small electric rail- 
way cars built to meet bus competition. The St. Louis Car Company 
acquired rights to both these patents. 

Mr. Keil had been an associate member of the A.S.M.E. since 1919. 

Surviving him are his widow, Venita (Worley) Keil, his father, and 
one son, Lawrence E. Keil, of Chicago, Ill. 


FRANK BOCKIUS KING 


Frank Bockius King, retired naval architect and marine engineer. 
died at his home in Washington, D.C., on January 26, 1931, after an 
illness of three months. 

Mr. King was born in Germantown, Philadelphia, Pa., on March 
28, 1855, the son of Charles M. and Anna Louisa King. He attended 
the public schools of Philadelphia, and was graduated from the old 
Polytechnic College of Pennsylvania there with an M.E. degree in 
1875. After some early training in the machine shop of John Roach 
«& Sons, Philadelphia, he entered the marine field as an employee of 
Wm. Cramp & Sons, of that city. Another early contact was with 
the Pusey & Jones Co., in Wilmington, Del. In 1884 he was ship 


| 
iy 
rag 
A 
Paks" 
~ i 


72 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


draftsman at the Navy Yard at Washington and subsequently was 
associated with the chief constructor of the Bureau of Construction 
and Repair of the United States Navy in a study of European naval 
construction. 

In December, 1886, Mr. King became superintendent of the Colum- 
bian Iron Works at Baltimore, Md., when the contract was secured 
for the construction of the gunboat Petrel for the U.S. Navy. 

Mr. King was appcinted marine superintendent of the Maryland 
Steel Company at Sparrows Point, Md., early in 1890, and a number 
of harbor and sea-going vessels were constructed under his supervision 
during the next four years. 

In 1895 Mr. King opened an office in Baltimore for the practice of 
consulting marine engineering and naval architecture. He relocated 
in Washington the following year, and maintained his office there 
until his retirement. 

Mr. King was twice married. In 1893 he married Helen Waldie 
Clark, of Philadelphia, who died in 1916. In 1918 he married Laura 
Larzelere Hofmann, also of Philadelphia, by whom he is survived. 
He was a member of the Society of Naval Architects and Marine En- 
gineers, the American Society of Naval Architects, the Institution of 
Naval Architects, and the Washington Society of Engineers. He be- 
came a member of the A.S.M.E. in 1892. 


HERMAN ARNOLD KIRBERG 


Herman Arnold Kirberg, works manager of the Hanson-Van 
Winkle-Manning Company, Newark, N.J., died on November 25, 
1931. Mr. Kirberg was born in New York, N.Y., on August 7, 1884, 
the son of Louise Veron and Herman Kirberg. After two years at 
Columbia University he entered the employ of the Western Electric 
Company, New York, where he was engaged for three years in making 
estimates and cost analyses. During the next four years he was 
employed by the Manhattan Electrical Supply Company at its Jersey 
City plant. He conducted research work on stock control and im- 
proved manufacturing methods. For a time he was in charge of the 
purchasing department and later general assistant to the works 
manager. From 1912 to 1917 Mr. Kirberg was connected with the 
Westinghouse Electric & Manufacturing Co. His duties included 
time studies, rate setting, and the improvement of manufacturing 
methods. For four years (1917-1921) Mr. Kirberg was assistant to 
the works manager of the Edison Phone Works in West Orange, N.J. 
He was production engineer on the Bates numbering machine and 
assisted in improving the existing designs and developing new ones. 
Since 1922 Mr. Kirberg had engaged in industrial engineering, largely 
in Newark and vicinity. For a time he was connected with Roth 
Brothers of Chicago, going from there to Newark to become works 
manager for its associated organization, the Hanson-Van Winkle- 
Manning Company. 

Mr. Kirberg became an associate member of the A.S.M.E. in 1921. 
He is survived by his widow, Sadie E. (Welsh) Kirberg, whom he 
married in 1907. 


LOUIS W. KLEIN 


Louis W. Klein, whose death occurred at his home in Chicago on 
October 7, 1931, was a native of New York, N.Y., where he was born 
on April 2, 1874. He spent two years at the City College of New 
York, and four years with Hoe & Co., where he served an apprentice- 
ship as a machinist, and studied in its mechanical and technical school. 
He remained with this company until 1913, serving successively as 
journeyman machinist, assistant foreman of manufacturing, and pro- 
duction engineer. During the next two years, he was foreman, first of 
the Ericsson Manufacturing Company, in Buffalo, N.Y., and later 
for the Packard Auto Company, Detroit. From 1916 to 1925 he was 
connected with the Coxe Traveling Grate Company, Port Carbon, Pa., 
as works manager. In this capacity, he designed many special tools, 
fixtures, and additions to the plant. Since 1925 he had been vice- 
president in charge of plant operation of the Green Engineering 
Company, East Chicago, Ind. He was also a vice-president of the 
Combustion Engineering Corporation, of which the Green Engineer- 
ing Company is a subsidiary. 

Mr. Klein became an associate member of the A.S.M.E. in 1921. 
He is survived by his widow, Lillie (Sommer) Klein, and by a son 
and two daughters. 


EDWARD KNOWLES KNOWLTON 


Edward Knowles Knowlton, power superintendent of the Bayonne 
Works of the Standard Oil Company, died of heart trouble at his home 
in Bayonne on May 14, 1930. Surviving him are two children, a son 
and a daughter. 

Mr. Knowlton was horn in Albany, N.Y., on October 16, 1871. 


He attended the Peekskill Military Academy and served an appren- 
ticeship as a machinist with the Schenectady Locomotive Works in 
1889 and 1890. During the next two years he was an apprentice. 
assisting in testing street railway motors, with the Edison Machine 
Company, now the General Electric Company, Schenectady. From 
1892 to 1895 he was connected with the Fonda, Johnstown & Glovers- 
ville R.R., equipping interurban cars and instructing operators of 
them. He also operated engines and generators in the power house 
For a time in 1895 he was employed by the Herkimer, Mohawk & 
Ilion Electric R.R. at Mohawk, N.Y., as assistant engineer of con- 
struction of electric power plants and equipping cars. The following 
year he went to Troy to design and superintend the installation of 
steam power plants for the Hammett Machine Company. After 
two years with this firm he went to Miami, Florida, where he had 
charge of the power plant for the Royal Palm Hotel during its recon- 
struction, and subsequently served as its chief engineer and had charge 
of all mechanical and electrical apparatus for the hotel. He also 
installed a gasoline electric plant for lighting in Miami and erected 
transmission lines there. 

From 1900 to 1911 Mr. Knowlton was connected with Westing- 
house, Church, Kerr & Co. and the Westinghouse Machine Company 
He conducted experimental work on large double-acting gas engines 
and had charge of the construction of gas-electric power plants for the 
Winchester Repeating Arms Company of New Haven, the Atlantic 
Refining Company, Philadelphia, and other companies, and for the 
Pennsylvania State College, where he also was instructor for about 
three months in gas engineering. During this period he designed a 
combined governing and lubricating system for the Westinghouse 
gasengines. For two years after leaving the Westinghouse Company, 
he was identified with the Roessler & Hasslacher Chem. Co., Perth 
Amboy, N.J., where he was engineer in charge of the construction 
of a gas electric power plant extension. 

Mr. Knowlton had been associated with the Standard Oil Company 
since 1913. He had charge of all power apparatus, steam, gas and 
electric; reconstructed the boiler plants for the company; designed 
electric drives for new box factory machinery; and introduced 
new methods of operation and improvements in the boiler and electric 
plants which resulted in large savings in generating steam and elec- 
tricity. 

Mr. Knowlton had been a member of the A.S.M.E. since 1915 


WINFIELD BRADFORD KNOWLTON 


Winfield Bradford Knowlton, supervising engineer of the American 
Woolen Company, Shawsheen Village, Andover, Mass., died at his 
home in Andover on February 17, 1931, after a few days’ illness. He 
is survived by his widow, Mrs. Minnie Knowlton, and by one 
daughter, Marjorie Knowlton. 

Mr. Knowlton was born at Lowell, Mass., on May 18, 1877, the 
son of George Winfield and Etta F. (Watson) Knowlton. He at- 
tended the Lowell Textile School and then served an apprenticeship 
with the Kitson Machine Company and the Tremont & Suffolk Mills, 
at Lowell. He became connected with the American Woolen Com- 
pany as draftsman in 1899 and was appointed construction engineer 
in 1918. He succeeded to the office of supervising engineer of the 
company on January 1, 1920, taking the place made vacant by the 
death of William 8S. Whitney. Among the buildings erected under 
Mr. Knowlton's supervision were two brick mills at the Assabet 
Mills, Maynard, a concrete mill and a concrete storehouse at the 
Riverina Mills, West Medford, two mills and a storehouse at the Wasb- 
ington Mills, Lawrence, two mills, a power house, and a ten-story 
warehouse at the Shawsheen Mills, and a number of structures in 
Shawsheen Village, including an administration building. He also 
supervised the construction of the Andover Country Club House. 

Mr. Knowlton became a member of the A.S.M.E. in 1912. He be- 
longed to the Andover (Mass.) Country Club and was a thirty-second 
degree Mason. 


FREDERICK GOTTHOLD KRETSCHMER 


Frederick Gotthold Kretschmer, whose death occurred on June 14, 
1931, was born at Stuttgart, Germany, on May 15, 1862. He studied 
classical languages and mathematics at the Realgymnasium in that 
city, and later attended the Baugewerkschule there. He came to the 
United States in 1881 and secured his early shop experience with R. 
Hoe & Company, New York, N.Y. In 1893 he represented F. 
Krupp of Essen, at the Chicago exposition. The following year he 
became manager of the New York office of the Brown & Sharpe Mfg 
Co. of Providence, R.F. 

Mr. Kretschmer returned to Europe in 1897 as representative of 
the Brown & Sharpe Mfg. Co. In 1899 he was appointed technical 
manager of Gustav Diechmann «& Son, in Berlin, agents, not only 


; 


for the Brown & Sharpe Mfg. Co., but also for the Pratt & Whitney 
Co., Niles-~-Bement-Pond Company, and many other American manu- 
facturers. From 1901 to 1905 he represented the Bergmann Elec- 
trical Works in London. 

F. G. Kretschmer & Co. was formed in 1905 at Frankfort on the 
Main, acting as agents for the Brown & Sharpe Mfg. Co., the Pratt & 
Whitney Co., the King Machine Tool Company, of Cincinnati, Ohio, 
and other American manufacturers. In 1912 the firm became agent 
for the Taylor Manufacturing Company of Philadelphia, in Conti- 
nental Europe. Several other American machine-tool builders en- 
joyed representation by Mr. Kretschmer. 

As agent for these American companies Mr. Kretschmer specialized 
in the practical and commercial end of the machine tool business, 
introducing new machines and methods throughout Europe. He had 
contributed a number of articles on machine tool industry to the tech- 
nical press. 

Mr. Kretschmer became an associate of the A.S.M.E. in 1895. He 
resigned his membership in 1908 but was reinstated in 1913. He was 
transferred to the grade of full membership in 1928. He was also a 
member of the Verein Deutscher Ingenieure and Verein Deutscher 
Giesserei-Fachleute. He is survived by his widow, Mrs. Linda Kret- 
schmer. 


JAMES B. LADD 


James 1. Ladd, the son of William W. Ladd and Sarah H. (Phil- 
lips) Ladd, was born at Througe Neck, Westchester County, N.Y., 
on June 27, 1860. He was given an M.E. degree by the Stevens 
Institute of Technology in 1881. He spent the next six years as 
draftsman and mechanical engineer for the Southwark Foundry & 
Machine Co. of Philadelphia. From 1887 to 1890 he was chief engi- 
neer in charge of design and construction of the Maryland Extension 
of the Pennsylvania Steel Company at Sparrows Point, Md. This 
company was later known as the Maryland Steel Company and is 
now part of the Bethlehem Steel Company. Mr. Ladd resigned his 
position with the company in 1890 to become chief engineer for the 
Robert Poole & Son Co. of Baltimore, with whom he remained for 
six years. Ill health caused his retirement from active business for 
about two years, after which he opened an office in Philadelphia for 
consulting work. 

Mr. Ladd became a member of the A.S.M.E. in 1884. He was 
married in 1889 to Rebecca H. Serrill, of Darby, Pa., who died in 
1927. One daughter, Frances (Ladd) Keicher, survives him. 


GEORGE CRAMTON LAMMERT 


George Cramton Lammert died at Oak Park, Ill., on October 25, 
1931, after a month's illness. Since his graduation from the Massa- 
chussets Institute of Technology with a B.S. degree in 1927, he had 
been associated with his father in the engraving and engineering busi- 
ness of Lammert & Mann, Chicago, Ill. 

Mr. Lammert was born in Chicago on December 24, 1903, the son 
of Ferdinand E. and Florence J. Lammert. He secured his prepara- 
tory education at the Culver Military Academy. He is survived by 
his widow. Eleanor (Danker) Lammert, and infant daughter, Barbara. 


A, ARCHER LANDON 


A. Archer Landon, president since 1925 of the Landon Radiator 
Co., Inc., died on January 5, 1930. He is survived by his widow, 
Emma J. Landon, whom he married in 1891, and by one married 
daughter, Mrs. Hilda (Landon) Conant, of Dedham, Mass. 

Mr. Landon was born at Detroit, Mich., on February 5, 1868, the 
son of John Mason and Melvina (Akerman) Landon. He supple- 
mented his education in common and evening schools with an ap- 
prenticeship as a machinist with the Detroit Bolt & Nut Corp. After 
the completion of his apprenticeship in 1887, he was employed by 
the American Radiator Company, serving successively as foreman of 
the machine shop, toolmaker, and superintendent of its Kalamazoo 
plant, manager of its Titusville plant, assistant manager of its Pierce 
plant, general superintendent of plants, and vice-president. He was 
located at Buffalo, N.Y., from 1902 until 1930, with the exception of 
four years (1905-1909), when he was general superintendent of the 
manufacturing department in Chicago. 

Mr. Landon was a member of several clubs in Buffalo and vicinity, 
and during the World War was connected with its Chamber of Com- 
merce. He became a member of the A.S.M.E. in 1902. He was a 
member of President Wilson's Industrial Conference Board and chief 
of aircraft production of the National Industrial Conference Board. 
He was active in organizing War Labor Boards. 

A number of United States patents, as well as many in England, 
y, France, and Italy, were taken out in Mr. Landon’s name 
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and assigned to the American Radiator Company, the Crane Com- 
pany, and Kalamazoo Spring & Axle Co. These included radiators 
and radiator sections, molding and casting machines, ramming and 
heating apparatus, pneumatic tongs, and other equipment. 


OLIN HENRY LANDRETH 


Olin Henry Landreth, consulting engineer of New York, died of 
pneumonia on November 6, 1931. He is survived by two daughters, 
with one of whom he made his home in Mount Vernon, N.Y., and by a 
son. 

Professor Landreth was born at Addison, N.Y., on July 21, 1552, 
the son of the Reverend James and Adelia (Comstock) Landreth. 
He attended academies at Pen Yan, Dundee, and Canisteo, N.Y. 
He then entered Union College, from which he received a C.E. degree 
in 1876, A.B. in 1877, A.M. in 1880, and honorary D.Sc. in 1905. 

During college vacations Professor Landreth secured some early 
experience in various railway positions and in making surveys and 
estimates for water works at Schenectady and Olean, N.Y. He was 
an instructor in the physical laboratory at Union College in 1876 
and 1877, professor of civil engineering at Vanderbilt University from 
1879 to 1894, and dean of the engineering department, which he initi- 
ated there, from 1886 to 1894. He then returned to Union College as 
professor of engineering, remaining there until 1919. Since that date 
he engaged in consulting engineering in New York. He was also 
chief engineer of the Eastern Potash Corporation from 1919 to 1921. 

While at Vanderbilt University, Professor Landreth was superin- 
tendent of buildings and grounds for about eight years, in charge of 
new construction and the maintenance and operation of water supply, 
sewerage, and steam heating systems. He also made surveys, esti- 
mates, and investigations for railroads, water works, and electric 
light systems in several southern cities. He served as consulting 
engineer to the Board of Public Works in Nashville from 1883 to 
1885. He was consulting engineer to the Davidson Company, the 
Tennessee Bridge Commission, the West Nashville Water Company 
and the Tennessee State Board of Health. He made examinations 
and reports on smoke prevention and on the sanitary effect of the 
construction of proposed locks and dams on the Cumberland River. 
In 1893 he served as special commissioner to the World’s Fair in 
Chicago. 

After returning to New York, Professor Landreth served as con- 
sulting engineer to the New York State Board of Health from 1896 
to 1901 and for five years thereafter was connected with the State 
Department of Health. He was a member of the New York State 
Water Storage Commission in 1902 and 1903, the New York Bay 
Pollution Commission from 1903 to 1905, and the Metropolitan Sew- 
age Commission of New York from 1906 to 1908. 

Professor Landreth was assistant astronomer at the Dudley Ob- 
servatory at Albany from 1877 to 1879 and had charge of the expedi- 
tion to the Helderbergs in May, 1878, to observe the transit of Mer- 
cury. In 1882, he was in charge of the Vanderbilt Observatory dur- 
ing the transit of Venus. He was a member of the Advisory Council 
of the Chicago Engineering Congress in 1893 and had served on the 
New York State Waterways Association, the Merchants’ Association 
of New York, and various committees on waterways, water storage, 
sanitation, and public health. He was a delegate to the New York 
State Constitutional Convention in 1915. 

Professor Landreth had contributed papers to the technical press 
and before various engineering organizations on a wide range of 
subjects. He was the author of Instructions for Finding the True 
Meridian, With Tables for Surveyors and of Metric Conversion Tables 
for Engineers. He collated the civil engineering terms for the last 
edition of the Century Dictionary. During the World War he served 
as mechanical engineer in the Ordnance Department at Washington, 
D.C. 

Professor Landreth became a member of the A.S.M.E. in 1883 and 
served as vice-president of the Society in 1885 and 1886. He was 
past-president of the American Society for Testing Materials, past 
director of the American Society of Civil Engineers and of the Society 
for the Promotion of Engineering Education, a member of the Council 
of the American Institute of Consulting Engineers from 1923 to 1926, 
past secretary of the Engineering Association of the South, past- 
president of the Society of Engineers of Eastern New York, and past 
vice-president of the American Association for the Advancement of 
Science. 

Professor Landreth married Eliza Taylor at Canisteo, N.Y., in 
1879. 


GIFFORD LeCLEAR 


Gifford LeClear, a member of the A.S.M.E. since 1927, died on 
September 24, 1931, in Boston, Mass. Mr. LeClear was born at 
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Rutherford, N.J., on January 3, 1874. His parents were Thomas and 
Cornelia (King) LeClear. He received an A.B. degree from Harvard 
University in 1895 and his master’s degree the following year. He 
then worked for a year in various capacities for the West End Railroad 
now the Boston Elevated Railroad. In 1897 he formed a partnership 
with Edward D. Densmore under the firm name of Densmore and 
LeClear. The work of the firm was initially confined to small engineer- 
ing work, later developing into larger work and ultimately into a 
combined practice of engineering and architecture. Mr. H. C. 
Robbins was latter admitted to the firm, the name of which became 
Densmore, LeClear, and Robbins. 

This firm, aside from a large architectural practice, has been con- 
nected with the installation of power plants, heating and ventilating 
systems, electrical and refrigeration equipment, and steam transmis- 
sion systems for many building projects in Boston and vicinity as well 
as in other cities. 

Among its clients have been the New England Telephone & Tele- 
graph Co., The American Telephone & Telegraph Co.; The Massa- 
chusetts General Hospital, the Boston City Hospital, Newton 
Hospital, Beth Israel Hospital; Harvard University, Simmons 
College, Smith College, Williams College; Boston & Albany, Boston'« 
Maine, and New York, New Haven & Hartford railroads; and many 
other private, municipal, and state interests. For a numberof years 
the firm acted as consulting engineers for the Mutual Boiler Insurance 
Company of Boston. 

Mr. LeClear was chairman of the Elevator Board for the state of 
Massachusetts for two years and in that capacity prepared one of 
the first standard sets of rules and regulations for elevators. He 
lectured at Harvard University on mechanical plants of buildings, 
power plants, etc. He also lectured at the Harvard Business School 
and Massachusetts Institute of Technology on power plant work. 

For a number of years he was the chairman of the Traffic Com- 
mittee of the Boston Chamber of Commerce, and as such was 
responsible for many of the early developments in signal control in the 
city of Boston. 

In 1903 he married Helen Parker of Boston, and their children are 
Margaret (LeClear) Gray and Donald LeClear. 


JOHN GEORGE LEHMAN 


John George Lehman, president and general manager of the 
Bethlehem Foundry & Machine Co., Bethlehem, Pa., died on May 14, 
1931. 

Mr. Lehman was born in Bethlehem on January 15, 1874, the son of 
Bernhard E. and Harriet M. (Fetter) Lehman. He prepared for 
Lehigh University at the Moravian Preparatory School in Bethlehem, 
and began the mechanical engineering course at Lehigh in 1892. 
Following his graduation in 1896, he devoted himself to the operation 
of the brass foundry and machine shop which his father, who died in 
1892, had owned. This foundry was established in 1832 by his grand- 
father. He sold the business in 1902 to the Bethlehem Steel Company 
and entered its employ as superintendent of its first brass foundry 
department, the layout for which was made by him. 

Mr. Lehman became identified with the Bethlehem Foundry «& 
Machine Co. in 1906, when it took over the old brass works plant. 
His work included the development of new designs of apparatus as 
applied to the chemical industry for the production of acids, dyes, and 
inorganic compounds, the development of special irons for use in such 
apparatus to resist chemical action, and the development of ma- 
chinery for cement plants. He was in direct charge of all sales and al! 
operating departments of the company. 

In addition to the A.S.M.E., which he joined in 1921, Mr. Lehman 
belonged to the American Iron and Steel Institute. 

He is survived by his widow, Emily M. (Myers Fuller) Lehman, 
whom he married in 1918. 


WARREN B. LEWIS 


Warren B. Lewis, consulting engineer of Providence, R.I., who for 
the last 35 years had specialized in the design and operation of 
industrial power plants, died on July 18, 1931. 

Mr. Lewis was born at Providence on April 10, 1870, the son of Mr. 
and Mrs. George W. Lewis. After completing his course at the 
English High School in that city, he worked in the laboratory at 
Cornell University with Prof. W. A. Anthony on mechanical and 
electrical problems. He then spent two years in the experimental 


department of the Thomson Electric Welding Company, Lynn, Mass., 
two years in the district engineer's office of the General Electric 
Company, and one year as manager of central stations for the United 
Traction & Electric Co. 

In 1896 he opened his own office in Providence as a consultant on 
power plant problems. 


He was interested both in the design and construction of industrial 
power plants and in the efficiency of their operation, in connection 
with which he studied processes, equipment, and personnel. He had 
contributed a number of articles on these subjects to the technical 
press. 

Mr. Lewis became a member of the A.S.M.E. in 1915 and also be- 
longed to the American Institute of Electrical Engineers and the 
Providence Engineering Society. Surviving him are his widow, 
Lela V. (Hutton) Lewis, whom he married in 1901, and three 
daughters. 


LeROY N. LIEBERKNECHT 


Leroy N. Lieberknecht was born at Letts, lowa, on April 6, 1895, 
and died on March 13, 1931, at Beloit, Wis. His parents were Henry 
and Salome (Wiedenecht) Lieberknecht. He received his education 
in the public schools of lowa. His work at Iowa State College was 
dropped that he might enlist for service in the U.S. Army during the 
World War. After being honorably discharged from Camp Dodge, 
Iowa, he completed his college work, being graduated from the 
engineering school at Ames in 1920. He was a member of Tau Beta 
Pi, honorary engineering fraternity, and of Theta Nu Epsilon. 

Following his graduation he accepted a position with Fairbanks. 
Morse & Co. at Beloit. For several years he was engaged in testing 
and development work in the Experimental Department, and at the 
time of his death was head shipping inspector in the Large Engine 
Department. He had been an associate member of the A.S.M.E 
since 1926. 

He is survived by his widow, Frances (Newell) Lieberknecht, 
whom he married in 1923, and by three daughters. 


HENRY P. LUDEWIG 

Henry P. Ludewig was killed in an airplane crash at the Thornburg 
Country Club, Pittsburgh, Pa., on June 6, 1931. He had been an 
associate member of the A.S.M.E. since 1930. 

Mr. Ludewig was born in New York, N.Y., on September 19, 1897. 
He took courses in mathematics, drafting, and engineering in evening 
trade schools. From 1918 to 1920 he was in charge of the develop- 
ment of moving picture apparatus for the Daylight Film Corporation. 
New York. During the next five years he was plant superintendent 
in charge of all tooling, designing, and production connected with an 
adding machine for the Type Adder Corporation, New York. He 
then spent three years as salesman of lubricating oils and greases for 
the Vacuum Oil Company, New York, and a year as salesman of plain 
and fabricated steel for Egleston Bros. & Co., Inc., Long Island City, 
N.Y. Since 1929 he had been sales engineer for the Carboloy Co.. 
Inc., Pittsburgh, Pa. His duties included the analysis of jobs and the 
design of tools to speed production. 

Mr. Ludewig is survived by his widow, Olive Marguerite (Hansen 
Ludewig, whom he married in 1922. 


CHARLES W. LUHR 


Charles W. Luhr died suddenly at his home in West Orange, N.J.. 
on December 21, 1930. He is survived by his widow, Kathryn 
(Drudy) Luhr, whom he married in 1903, and by three sons and a 
daughter. 

Mr. Luhr was born at Ober Ingelheim, Germany, on November 15, 
1873, the son of John and Elizabeth (Buchenhauer) Luhr. His educa- 
tion was obtained in the United States where he attended public and 
private schools and Cooper Union, New York, N.Y. In 1887 he was 
apprenticed to Hugo Kayser, New York, where he was engaged in 
experimental work and in making models and special machinery 
After two years with Mr. Kayser, he was apprenticed to the Western 
Electric Company, New York, on telephone and telegraph instrument 
and switchboards, and also in 1889 was employed by the Standard 
Cash Register Company of Orange, N.J. 

Mr. Luhr’s first association with the Edison interests was in June, 
1889, in the Edison Phonograph Works at West Orange, where he was 
employed in the manufacture of phonographs until 1903. He was 
then promoted to the position of foreman with the Edison Manufactur- 
ing Company, making electro-therapeutic instruments, X-ray ap- 
paratus, fan motors, moving picture machines, and other special 
appliances. In 1911 he was made foreman of the second floor of Mr. 
Edison’s laboratory, engaged in experimental and precisiqn work. 
Two years later he was made superintendent of the laboratory in 
charge of all work, under the immediate direction of Mr. Edison, and 
in 1917 was promoted to the vice-presidency and general managershi}) 
of the Edison Phonograph Works, a position which he occupied at the 
time of his death. 

During the early days of the motion picture industry, Mr. Luhr was 
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instrumental in perfecting and improving projecting machines. He 
also helped to perfect the first apparatus for laboratory development 
and projections of the motion picture film now known as the 16 MM. 
and, in conjunction with Adolph Gall, perfected the first daylight 
printing machine for the use of the Edison home kinetoscope. He was 
granted a patent for a machine for shaving sound record tablets 
and various other patents which were turned over to the Edison 
Company. He read widely on the subject of mechanics, had a thor- 
ough knowledge of higher mathematics, and assisted in solving many 
mechanical difficulties. 

In 1901, at the time of the assassination of President McKinley, 
Mr. Luhr was sent by Mr. Edison to Buffalo with X-ray instruments 
to assist physicians in locating the bullet. Mr. Luhr became a 
member of the A.S.M.E. in 1916. He was president of the Edison 
Building and Loan Association, a member of the Elks and the Foresters 
of America, and interested in all civic matters in the Oranges. 


FRANK MAGAW MALANY 


Frank Magaw Malany, president and general manager of the F. M. 
Malany Co., New York, N.Y., died in Brooklyn, N.Y., on March 22, 
1931. 

Mr. Malany was born on August 22, 1882, at Chester, Pa., the son 
of Magaw and Isabel (Traynor) Malany. He served a five-year 
apprenticeship in the Seattle Machine, Boiler & Pipe Shop. From 
1903 to 1916, with the exception of three years as chief engineer of the 
Philippine Steamship Company, he belonged to the Army Transport 
Service, serving in the Philippines, China, France, and on both the 
Atlantic and Pacific coasts. He received his first chief engineer's 
license at San Francisco in 1914, and later secured a chief engineer's 
license forany ocean. He retired from active service with the rank of 
Captain. From 1916 until 1918 he engaged in the sale of machinery 
and supplies. 

As a Captain in the U.S. Corps of Engineers during the World 
War, Mr. Malany spent 13 months at Bordeaux, France, in charge of 
erecting machine shops, pumping stations, and refrigerating plants 
and repairing steamers arriving at that port. After returning to this 
country in 1920 he was appointed assistant superintendent engineer by 
the War Department. For a time he was stationed at Hoboken, 
N.J., to superintend repairs on transports, and then he directed the 
construction and conducted trials of ten self-propelled barges for use 
on the Erie Canal between New York and Buffalo. After the fleet 
had been put into operation he was assigned as chief engineer in 
charge of maintenance and repairs on these and other barges. 

In 1921 Mr. Malany became connected with the United States 
Mail Steamship Company with the rating of assistant to Captain 
O. W. Koester, vice-president in charge of construction and repairs. 
Mr. Malany directed the reconditioning for passenger service of 
several steamers used for transport service during the War. 

From 1922 to 1924 Mr. Malany was sales engineer for marine 
machinery and equipment, and represented the firm of Griffin «& 
athcart, consulting engineers, as professional observer in such tests 
as the trial trip of the 8.8. Leviathan. For two years, beginning in 
1924, he was manager of the Marine Department, New York, of the 
Hagan Corporation, combustion and chemical engineers, Pittsburgh, 
Pa. He then spent a few years as manufacturers’ agent, and in 1927 
organized the firm of F. M. Malany Co., Inc. He kept in close touch 
with marine affairs as head of this company and also as a marine 
distributor for the Westinghouse Elec. & Mfg. Co. 

Mr. Malany became a member of the A.S.M.E. in 1925. He also 
belonged to the American-Society of Naval Architects, the Society of 
American Military Engineers, and the Reserve Officers’ Association of 
the United States. He was an active member of the Masonic 
fraternity and belonged to a number of clubs, including the Propellor 
Club of the United States, Port of New York, and the Marine Square 
Club, of New York. He was buried in the National Cemetery at 
Cypress Hills, Brooklyn. . 


GUSTAV FRANCIS STOVEL MANN 


Gustav Francis Stovel Mann, estimator for Harlow Lewis, New 
York, N.Y., died on March 5, 1931, after a short illness. He is 
survived by his widow, Gwendolyn L. (Stapleton) Mann, whom he 
married in 1923. 

Mr. Mann was born in Edinburgh, Scotland, on June 16, 1892, the 
son of Gustav and Agnes (Sinclair) Mann. His technical education 
was obtained at Vanderbilt University, Nashville, Tenn., from which 
he received a B.S. degree in 1918. He taught thermodynamics at the 
university during his last year there. 

For a number of years Mr. Mann engaged in shipbuilding. His 
first experience in this work was secured in the summer of 1917, when 
he was in charge of hull drafting for two mine sweepers built by the 


United States at Shooters Island, N.Y. Following the completion of 
his college work he took charge of hull and engine drafting and routing 
of materials for the Alabama Dry Dock & Shipbuilding Co., Mobile, 
Ala. Articles by him on the “Effective Arrangements of Depart- 
ments in Shipyard Organization’’ and “Effective Layout of the 
Fabricating Shop in Shipyards,’’ were published in the November, 
1918, and March, 1919, issues, respectively, of International Marine 
Engineering. In August, 1920, the same journal published a paper on 
‘‘A Method of Estimating Steel Hull Weights,’’ which dealt with the 
work he did in 1920 for the Bethlehem Shipbuilding Company, 
Bethlehem, Pa. He also was in charge of fitting out three ships built 
by that company at Three Rivers, Quebec, Canada. Mr. Mann also 
worked for a few months in the production department of the New- 
burgh Shipyards, Inc., was traveling hull inspector for the United 
States Shipping Board, in the Gulf District, and designed barges for 
the transportation of fuel oil for the Tidmex Oil Company, Tampico, 
Mexico. 

During part of 1921 and 1922 Mr. Mann was acting division office 
engineer for the Tennessee State Highway Department and super- 
vised the construction of some Federal Aid roads. He then went 
to Barahona, Dominican Republic, as surveyor for the West Indies 
Sugar Finance Corporation. After returning to the United States he 
was connected successively with the Charles Ward Engineering 
Works as ship draftsman at the Yedo Yatch Basin, Brooklyn, the 
Bartlett-Hayward Company, New York, N.Y., as valuation engineer, 
the New York State Bridge & Tunnel Comm., New York, as assistant 
engineer, the Bridge Department of the Delaware, Lackawanna & 
Hudson R.R. Co., Hoboken, N.J., as designer, and from 1927 to 1930 
with the New York Central Railroad, New York, as assistant engineer 
in the design department of that road. 

Mr. Mann became an associate-member of the A.S.M.E. in 1923 
and also belonged to the National Geographic Society and the Army 
Ordnance Association. 


ARTHUR STENNETT MARTIN 


Arthur Stennett Martin, manager of the Firthite Division and of 
the Engineering Department of the Firth Sterling Steel Company, 
McKeesport, Pa., with which he had been connected since 1927, died 
at the Homeopathic Hospital in Pittsburgh on April 21, 1931. 

Mr. Martin was born in Elizabeth, N.J., on October 16, 1885, the 
son of George J. and Norma (Gartz) Martin. He was graduated from 
the Battan High School in Elizabeth in 1903 and took a commercial 
course in the Elizabeth Commercial College. He was then employed 
by the Pennsylvania Railroad in New York, N.Y., resigning to take a 
position with B. Nicol & Co. He entered Cornell University in 1906 
and was graduated in 1910 with an engineering degree. While at 
Cornell he joined the Theta Xi Fraternity, won his numerals rowing in 
the Freshman Crew, was a member of the Varsity Crew Squad, and on 
the Board of the Sibley Journal of Engineering; after graduation he be- 
came a director of the Theta Xi Association of Cornell. During 
summer vacations he had worked in the shops of the Singer Manu- 
facturing Company, Brunsdorf-Miller Tool Company, and Niles- 
Bement-Pond Co., and he became sales engineer in charge of the New 
York State territory for the latter company in 1911. 

In 1915 he accepted a position as construction superintendent and 
treasurer of the Moyer Engineering & Construction Co., Brooklyn, 
N.Y., specializing in the design and erection of reinforced-concrete 
industrial buildings. While with this company he worked on the re- 
construction of the Edison Plant in West Orange after it had been 
partially destroyed by fire, and among other things he designed and 
constructed an addition to the R. G. Dunn Printing Plant in Brooklyn. 

In 1916 he became associated with Newton C. Failor to form the 
Failor-Martin Corporation., which represented various machine 
manufacturers in the New York Metropolitan area. In 1918 he de- 
signed and directed the construction of a machine shop for the Virginia 
Iron Works, Norfolk, Va., and selected and laid out the equipment for 
it. 

The latter part of 1919 the Failor-Martin Corporation sold their 
machine business and started the manufacture of stainless steel pro- 
ducts, specializing in kitchen cutlery. Mr. Martin had entire charge 
of the manufacturing operations, involving the development of the 
original equipment and processes. He worked out many new methods 
and his process of etching was later installed and used in other similar 
factories. The plant was originally located in Bloomfield, N.J., and 
later moved to larger quarters in Belleville, N.J. 

In 1927 Mr. Martin became associated with the Firth Sterling 
organization of McKeesport, Pa., and was located in the New York 
office where he was in charge of advertising and also engaged in the 
application and heat treatment of stainless steel for industrial pur- 
poses, at the same time specializing in super-high-speed steels. In 
1929 he went to McKeesport, as the manager of the Engineering 
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Department and became also manager of the Firthite Division, in 
charge of the manufacture and sale of tungsten-carbide tools. 

Mr. Martin became a member of the A.S.M.E. in 1928. He was 
also a member of the American Society for Steel Treating, the Masonic 
fraternity, and the Engineers Club of Montclair, N.J. Surviving 
Mr. Martin are his widow, Adaline (Moyer) Martin, and two daughters, 
Clara and Katharine, all of Pittsburgh, Pa. 


ALAN RAMSAY McFARLAND 


Alan Ramsay McFarland, who died in Syracuse, N.Y., on January 
13, 1931, was born in Painesville, Ohio, on May 26,1870. His parents 
were Walter and Mary (Ashfield) McFarland. He attended public 
schools in Oswego, N.Y., and New Haven, Conn., and took a special 
three-year course in mechanical engineering at Cornell University. 

In July, 1891, Mr. McFarland entered the employ of the Solvay 
Process Company, Syracuse, as assistant to the manager of the Bi- 
carbonate Department. He was made acting manager of that de- 
partment the following year. During the next 15 years, he was con- 
nected with the Soda Ash Department, first as assistant to the 
manager, and later as manager. From 1907 to 1915, he was works 
manager of the company, and during the next seven years chief 
engineer. In 1922 Mr. McFarland accepted a position as chief en- 
gineer of the Charcoal Iron Company of America, at Marquette, 
Mich., where he remained for four years. Since that time he had been 
connected with the Onondaga Brick & Tile Corp., of Syracuse, N.Y.. 
as president since 1928. 

Mr. McFarland became a member of the A.S.M.E. in 1902. He is 
survived by his widow, Ella (Belden) McFarland, whom he married 
in 1896, and by two sons and a married daughter. 


CLARK YOUNG McGOWN 


Clark Young McGown, associated with the Consolidated Gas 
Company of New York, N.Y., since early in 1929, died on January 17, 
1931. He was a native of New York, where he was born on January 
9, 1895, the son of Clark Elbert and Ettie McGown. He was 
graduated from the Stevens Institute of Technology with an M.E. 
degree in 1916. During the next two years, he was employed by the 
British Guiana Sugar Factories, Ltd., of Demerara, British Guiana, as 
second operating engineer in its sugar factory at Plantation Wales. 
His work during this time included the study of the analysis and 
chemical control of sugar in the laboratory, and the supervision of 
factory operation and of overhauling of old machinery and installing 
new machinery. 

During the World War, Mr. McGown served in the Ordnance 
Department of the Army, being stationed at Camp Hancock, Ga. 
He re-entered the employ of the British Guiana Sugar Factories as chief 
engineer in 1919 and remained there for two years. He then re- 
turned to the United States as inspection foreman for the Western 
Electric Company in Newark, N.J. The following year he became 
superintendent of shops and the commercial distribution departments 
of the Northern Union Gas Company in the Bronx, N.Y., a position 
which he held until he became affiliated with the Consolidated Gas 
Company in 1929. 

Mr. McGown’s first position with the Consolidated Gas Company 
was that of superintendent of the Utilization Laboratory and of the 
Refrigeration and Maintenance Departments. Later, he took charge 
of two warehouses and fleets of trucks handling appliances for the 
company. In 1929 he was given the position of engineer of utilization, 
supervising these various departments. 

During his connection with the British Guiana Sugar Factories, Mr. 
McGown designed a new link belt chain carrier for conveying sugar 
cane from an unloading platform into the mill, and other equipment 
for the company. 

Mr. McGown was a student member of the A.S.M.E. while at the 
Stevens Institute of Technology and in 1918 became a junior member 
of the Society. He was promoted to the grade of associate member- 
ship in 1922 and to full membership in 1930. He also belonged to the 
American Gas association and the Masonic fraternity. 

Surviving Mr. McGown are his widow, Mildred (Burr) McGown, 
whom he married in 1919, and two sons, Kenneth and Donald. 


ELWOOD FRANCIS McLAUGHLIN 


Elwood Francis McLaughlin, for twenty-five years connected with 
the General Electric Company, died on January 8, 1931, at Atlanta, 
Ga. Mr. McLaughlin was born in Philadelphia, Pa., on October 4, 
1883. He was graduated from the Pennsylvania State College in 1905 
with the degree of B.S. in Mechanical Engineering. 

Following his graduation, Mr. McLaughlin spent five years with the 
General Electric Company at Lynn, Mass. Here he had experience 


in the Steam Turbine Testing Department and the Designing Depart- 
ment, was for two years chief computer for the company, and served 
as assistant engineer for more than a year. He was then transferred to 
the Railway and Lighting Department of the Company at Atlanta. 
For a number of years he represented the company, both in an engi- 
neering and commercial capacity, in connection with the sale and 
installation of steam turbines and electrical equipment for central 
stations. Much of his time was also devoted to the study of trans- 
portation conditions and the requirements of street railway companies 
in cities throughout the entire Atlanta district, which comprised al! 
the southeastern states. 

At the time of his death Mr. McLaughlin was district manager of 
the Central Station Department of the General Electric Company at 
Atlanta. 

Mr. McLaughlin became a member of the A.S.M.E. in 1919. He 
is survived by his widow, his daughter, Dorothy F. McLaughlin, 
two sons, James A. and Elwood F. McLaughlin, Jr., all of Atlanta, and 
by his mother, Mrs. James F. McLaughlin, of Philadelphia, Pa. 


NATHAN ATHERTON MIDDLETON 


Nathan Atherton Middleton, of Middleton & Co., Inc., Cleveland. 
Ohio, died on May 4, 1931. He was born at Louisville, Ky., on 
February 28, 1887, the son of Harvey and Cornelia Speake (Scribner) 
Middleton. He was graduated from the Massachussetts Institute of 
Technology with an S8.B. degree in mechanical engineering in 1907 and 
during the next two years was a special apprentice in the machine and 
erecting shops of the American Locomotive Company, Richmond, Va 
In 1908-1909 he was an assistant in the foundry of Bartlett-Hayward 
Company, Baltimore Md., following which he spent two years with 
the Thos. C. Basshor Co. of that city, designing boilers and special 
machinery and during part of the time serving as general superin- 
tendent of the boiler and machine departments. 

In 1911 the Whiting-Middleton Construction Company, Balti- 
more, was organized to handle concrete sewer, bridge, and road 
construction, with Mr. Middleton as its president. Two years later 
it was reorganized as the Middleton-Thompson Company, and con- 
tinued in business until 1915. After engaging in consulting work 
covering valuation reports for the Western Union Telegraph Com- 
pany and factory investigations for the Boston Confectionery Com- 
pany, Cambridge, Mr. Middleton accepted a position with Hornblower 
& Weeks, Boston, as engineer in charge of the investigations and 
reports regarding industrial corporations which that company 
financed or proposed to finance. He also represented the company on 
the boards of directors of its clients and served a number of companies 
as consulting engineer, designing and constructing additions and 
improvements in the plants of the Parish & Bingham Corp. and Ohio 
Body & Blower Co., Cleveland, Mullins Body Corporation, Salem 
Ohio, Will & Baumer Co., Syracuse, N.Y., Lee Tire & Rubber Co 
Conshohocken, Pa., and Atlas Tack Company, Fairhaven, Mass. 

In 1922 Mr. Middleton went to Cleveland, continuing his connec- 
tion with Hornblower & Weeks and at the same time serving as 
president of the Ohio Body & Blower Co. The following year he 
was made president of the Cleveland Windshield Company. He 
severed these connections in 1927 when he became a partner in the 
firm of Middleton, Eden & Co., Cleveland. This company was 
reorganized the following year as Middleton, Worthington & Co., Inc.., 
and shortly before Mr. Middleton’s death became Middleton & Co.. 
Inc. Mr. Middleton had also been director of the Swartout Com- 
pany, Cleveland. 

Mr. Middleton was commissioned a captain in the 23d Engineers 
in 1917, and in 1918 and 1919 was a major, commanding the 3d 
Battalion, 23d Engineers, in France, and was also regimental adjutant. 
He worked on the design and construction of army railroad yards and 
storage depots for munitions, and during the Argonne-Meuse Offensive 
served as executive officer of the engineer of roads, First Army, in 
charge of all road construction of the Army. After the Armistice 
until the end of May, 1919, he had entire charge of all engineering 
work in the Second Army area. He also was regimental historian. 

Mr. Middleton was elected an associate member of the A.S.M.E. in 
1917 and was promoted to full membership three years later. He 
belonged also to the American Society of Military Engineers and a 
number of clubs in Boston, New York, and Cleveland. He married 
Mina Winslow DeHart in 1913 and is survived by her. 


WALTER MILLER 


Walter Miller, a member of the A.S.M.E. since 1886, died on 
February 26, 1930. Mr. Miller was born in Scotland. He learned 
the machinist’s trade, after which he worked for three years at 
Springfield, Ohio, as draftsman for Whiteley, Fassler & Kelley. He 
then held a similar position for six years at the Globe Iron Works in 
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Cleveland, and from then until his retirement conducted a consulting 
practice as a mechanical engineer in Cleveland. Since his retirement 
from active business he had made his home at Painesville, Ohio. 


THOMAS WILLIAM MILNOR 


Thomas William Milnor, president of the Kline Hardware Com- 
pany, Inc., Allentown, Pa., since 1913, died on November 12, 1930. 
He was born at Burlington, N.J., on October 27, 1866. He attended 
Stevens Institute of Technology and was graduated with a degree in 
mechanical engineering from Cornell University in 1889. His early 
practical experience was secured as special apprentice at the Jeansville 
Iron Works of the J. C. Haydon & Co. 

Following his graduation, Mr. Milnor was employed by the Link- 
Belt Engineering Company for two years, and by the McNeal Pipe & 
Foundry Co. of Burlington, N.J., as superintendent in 1893. During 
the next five years, he managed his father’s coal business and designed 
and built a plant for the Sanitary Enameled Clay Company, in 
Burlington, for the manufacture of enameled bricks. From 1899 to 
1903, he was connected with the Borgner Cement Company and 
interested in firebrick. He accepted the office of treasurer for the 
Mickle-Milnor Engineering Company of Philadelphia in 1903. This 
company was devoted to the selling of radial brick chimneys, air 
compressors, and Corliss engines. From then until the establishment 
of the Kline Hardware Company, Mr. Milnor was associated with 
the Donaldson Iron Company of Emaus, Pa., engaged in the design 
and construction of their pipe foundry plant. 

Mr. Miller became a member of the A.S.M.E. in 1915. 


HARRY MORTIMER MONTGOMERY 


Harry Mortimer Montgomery, retired mechanical engineer, died 
suddenly on February 24, 1931, of a heart attack, at his home in 
Evanston, III. 

Mr. Montgomery was born in Lafayette, Ind., on July 28, 1861, 
the son of Henry and Estelle Heléne (Von Flierden) Montgomery. 
He took a special course in mechanics at the Massachusetts Institute 
of Technology from 1877 to 1879, and then spent three years as 
apprentice and draftsman in the locomotive shops of the New York & 
New England R.R., at Readville and Norwood, Mass. During 1882 
and 1883 he was engaged by the Hinkley Locomotive Works, Boston, 
to make detail drawings of locomotives and to erect them at Culebra 
for the Compagnie Universelle du Canal Interoceanique. Returning 
to this country upon the completion of this work, Mr. Montgomery 
became chief draftsman for the Rhode Island Locomotive Works, 
Providence, R.I. After a short time with this company he accepted a 
similar position with the New York, Lake Erie & Western R.R., being 
stationed at the Susquehanna, Pa., locomotive shops. 

Mr. Montgomery returned to New England in 1885 to take charge 
of the design of locomotives, passenger and freight cars, and machine 
tools for the New York & New England R.R., at Norwood, and also had 
charge of the drafting office, pattern shop, and brass foundry. After 
six years in this position he was engaged for about a year each by the 
Boston Bridge Company, Boston, Morton Safety Car Heating Com- 
pany, Baltimore, Md., Babcock & Wilcox Co., New York, N.Y., A. C. 
Frost & Co., Chicago, Ill., and Munoz Boiler Company, New York, 
N.Y. His work for these companies related to design and construc- 
tion, and, in the case of Babcock & Wilcox, reorganization of the draft- 
ing office and force and systemization of drawings and other engineer- 
ing records. 

After a few years as manufacturer's agent in New York, Mr. 
Montgomery went to Chicago in 1905 as manager of the Alberger 
Condenser company. Upon its reorganization under the name of the 
Alberger Pump & Condenser Co., in 1913, he was appointed district 
manager. He retired from this position the following year to become 
a member of the firm of Humphrey and Montgomery, Chicago, con- 
sulting and constructingengineers. In 1916 and 1917 he designed and 
superintended the construction of a pulp mill digester house for the 
Eastern Manufacturing Company, Bangor, Me. 

In 1918 Mr. Montgomery entered the U.S. Army as a major in the 
Quartermaster Corps. He directed the construction of warehouses, 
water works systems, and a fire engine house at Jeffersonville, Ind., 
and St. Louis, Mo. After the close of the war he was appointed 
commissioner of public works and city engineer by the City of Evans- 
ton, where he had made his home for some years. He retired from 
business upon the completion of this service in 1920. 

Mr. Montgomery had been a member of the A.S.M.E since 1889. 
He also belonged to the Engineers’ Club in New York, the Chicago 
Engineers’ Club, and the Technology Club. Surviving him are his 
widow and five children, Helen and Louis W. Montgomery of Evans- 
ton, H. M. Montgomery of New York, and Mrs. Herbert G. Clifford 
and Mrs. Richard M. Illsley of Pasadena, Calif. 


J. CLARK MOODY 


J. Clark Moody, experimental engineer and head of the experi- 
mental department for the Chicago Pneumatic Tool Company, 
Franklin, Pa., died at Garden City, Kansas, while visiting there on 
March 14, 1931. 

Mr. Moody, the son of Alpheus Phelps and Mary Elizabeth 
(Wheaton) Moody, was born on August 15, 1893, at Judsonia, Ark 
He attended high school at Bald Knob, Ark., and was graduated from 
the University of Arkansas in 1919, receiving his mechanical engineer- 
ing degree three years later. His early experience was secured during 
summer vacations as foreman in charge of locomotive and repair 
shop equipment on small logging railroads in Arkansas. Following 
his graduation he secured a position as test engineer with the Chicago 
Pneumatic Tool Company, Franklin, Pa., his duties including the 
erection and test of steam, electric, and oil-engine-driven air com- 
pressors and Diesel and semi-Diesel oil engines. After four years 
with this company, he went to Cambridge, Mass., as instructor in the 
mechanical engineering department of the Harvard Engineering 
School. He returned to the employ of the Chicago Pneumatic Too! 
Company after one year at Harvard and remained with it until his 
death. He had full charge of all experimental work done by the 
company. His experiments resulted in a number of inventions in the 
field of pneumatic tools. 

Mr. Moody became a member of the A.S.M.E. in 1928 and also be- 
longed to the Pennsylvania Engineering Society and the American 
Legion. He was in the Coast Artillery Service at Fort Monroe, Va.. 
during part of the World War. 

Mr. Moody is survived by his widow, Ruth (Smith) Moody, of 
Garden City, Kansas, whom he married in 1920. 


MILLER F. MOORE 


Miller F. Moore, who died of heart failure at Roselle, N.J., on 
November 29, 1930, was born at Corning, N.Y., on May 29, 1842 
His parents were Samuel Lovell and Frances Ann (Armstrong) 
Moore. He was educated in the public schools and Christ Church 
School at Elizabeth, N.J. At the age of 19 he entered the employ of 
Bridges and Lane, New York, N.Y., building and selling machine 
tools and supplies. After five years with this firm he became secre- 
tary and general manager of the Locomotive Engine Safety Truck 
Company, in New York, where he remained until 1881. At that 
time he accepted a position as general manager for the Edison 
Company in New York. In 1884 he was general agent of Armington 
& Sims Co. for a short time, and during the next 17 years secretary 
and treasurer of Samuel L. Moore & Sons Co. at their Crescent Ship 
Yard and Iron Works, Elizabeth, N.J. From 1901 to 1903 he was 
president of the Marine Engine & Machine Co., Harrison, N.J. He 
retired in 1904. 

Mr. Moore became a member of the A.S.M.E. in 1891 and also 
belonged to the Naval Architects and Marine Engineers, the Masonic 
fraternity, and the Machinery and Lawyers Clubs in New York. He 
is survived by his widow, Helen Serena (Brown) Moore, whom he 
married in 1867, and by a son and a daughter. 


WILLIAM JAMES PERRY MOORE 


William James Perry Moore, whose death in Detroit, Mich.. on 
November 2, 1930, was caused by a cerebral hemorrhage, was born in 
New Britain, Conn., on May 4, 1858. He was the son of James 
Pericles and Lucy Eliza (Clark) Moore. After completing the 
dynamical engineering course at the New Britain High School, he 
entered the Sheffield Scientific School of Yale University which 
conferred a Ph.B. degree upon him in 1878. After his graduation he 
was connected for a short time with the New York office of the Buck- 
eye Engine Company of Ohio. From 1883 to 1901 he was in the 
employ of the Worthington Pump & Machinery Corp. of New York, 
first as a salesman in the New York office, and later as European 
representative of the company, with headquarters in London. He 
established its business in various countries on the Continent, particu- 
larly in Russia, and later became vice-president of the company. 
When the Alberger Pump & Condenser Co. of New York was organized 
in 1902, Mr. Moore was made its general sales manager. He was 
connected with the company until 1918, serving in an advisory capa- 
city during the last six years. 

Since 1918 Mr. Moore had been engaged independently on the 
improvement in design of high grade automobiles and trucks. He 
had made numerous mechanical inventions, expecially relating to 
automobiles, and had taken out many patents in England and the 
United States for vehicle wheels, frames for automobiles, pneumatic 
tires, radiators, and designs for automobile bodies and chassis. A 
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number of applications for patents were on file at the Patent Office at 
the time of his death. 

Mr. Moore entered the A.S.M.E. as a junior member in 1885 and 
became a member a few years later. He withdrew from membership 
in 1908 and was reinstated in 1912. He is survived by his widow, 
Mary Anastasia (Tobin) Moore, whom he married in Jersey City, N.J., 
in 1906. 


GUSTAV MORTENSEN 


Gustav Mortensen, production and sales engineer for the Giant 
Heating Company, Los Angeles, Calif., since 1928, died in National 
City, Calif., on August 3, 1930. Mr. Mortensen was born in Copen- 
hagen, Denmark, October 4, 1895, the son of Frederik L. P. and 
Nicoline H. (Hansen) Mortensen. He spent four years at De 
Forenede Kirkeskoler in Copenhagen, and received a B.A. degree in 
mechanical and electrical engineering from the Teknisk Selskabs Skole 
of that city in 1917. For two years following his graduation, he was 
connected as mechanical engineer and draftsman with F. L. Smith & 
Co. of Copenhagen, engaged in the design of cement mill machinery 
and general plant layout. During the following year he was employed 
by Riedel & Lindegaard of that city as mechanical engineer on the 
design of steam power plants, engines, cranes, and general machinery. 

Mr. Mortensen came to the United States late in 1920 and was 
employed for two years as mechanical draftsman by the Holt Manu- 
facturing Company, Stockton, Calif., manufacturers of caterpillar 
tractors and power harvesters. During the next two years he was 
connected with S. G. Fyfe, consulting engineer of Los Angeles, in the 
design and supervision of boiler, heating, and ventilating plants. 
For a short time in 1924 he designed marine and stationary steam 
power plants for the Liberty Boiler Works of Los Angeles. In October 
of that year he entered the employ of the Pan American Oil Company 
of Wilmington, Calif., to design oil refinery equipment. After two 
years with this company he became associated with the Summerbel! 
Truss Company of Los Angeles as structural engineer, and subse- 
quently worked as designer and served as general manager of its 
Oakland, Calif., office. He resigned this position in 1928 to accept 
the one which he held at the time of his death. 

Mr. Mortensen became an associate member of the A.S.M.E. in 
1930. He also belonged to the Ingenior & Konstructor Sammen- 
slutningen of Copenhagen. He was an enthusiastic yachtsman, 
belonging to an amateur yacht club in Copenhagen for many years 
and receiving many trophies there, and serving as manager and presi- 
dent of the Viking Athletic Club of Los Angeles from 1924 to 1928. A 
brother, Karl Mortensen, of Los Angeles, survives him. 


JOHN JAMIESON MUIR 


John Jamieson Muir, who died on April 7, 1931, at the Providence 
Hospital in Seattle, Wash., was a native of Ireland. He was born at 
Waterford on May 4, 1860, the son of Alexander and Marion (Jamie- 
son) Muir. He studied steam engineering and applied mechanics at 
the College of Fine Arts in Glasgow, and served an apprenticeship 
from 1875 to 1880 with the Muir and Huston Harbour Engine Works 
in that city. His first position was as assistant engineer for the 
Transatlantic State Line on the 8.S. Craigrownie. In 1882 he entered 
the drawing room of the Fairfield Works of John Elder & Co., at 
Govan, Scotland, where he remained for about a year. The next four 
years were spent as engineer and superintendent with MacNicoll & 
Co., naval architects of Glasgow. He then went to Calcutta as 
deputy superintending engineer for the India General Steam Naviga- 
tion Company. From 1890 to 1892 he was assistant manager for 
John King & Co., shipbuilders and general contractors, Howrah, 
Bengal, East India. 

Mr. Muir came to the United States in 1893 and for two years was 
associated with the Fort Wayne Electric Corporation, Fort Wayne, 
Ind., as engineer and draftsman. For four years beginning in 1896, 
he was chief draftsman for the Bass Foundry and Machine works of 
Fort Wayne, and manager for the following year of the National Steel 
Casting Company of that city. He went to Pittsburgh, Pa., in 1903, 
and during the next year worked for the Engineering Sun Company of 
Marcus Hook, Pa., as marine engineer and superintendent. He 
returned to Fort Wayne in 1905, and after some general engineering 
work there, again went to Pittsburgh to work for the American Sheet 
& Tin Plate Co. From 1908 to 1918 he was mechanical superinten- 
dent of the Bass Foundry and Machine Works at Fort Wayne, with 
which he had earlier been connected as chief draftsman. He had been 


located in Seattle since 1919, for a year as superintendent of the 
Patterson-MacDonald Shipbuilding Company, after which he retired, 
except for some consulting work. 

Mr. Muir became a member of the A.S.M.E. in 1896. He is 
survived by three daughters. His wife, Elizabeth (White) Muir, also 
died in 1931. 


AUGUSTUS F. NAGLE 


Augustus F. Nagle, who became a member of the A.S.M.E. in 1880, 
died at the Brooklyn Home for Aged Men, in Brooklyn, N.Y., on 
December 5, 1920. He entered the Home in June of that year. 

HOWARD B. NASH 

Howard B. Nash, who died on July 5, 1931, had been chief engineer 
of the Armour Leather Company, Chicago, IIl., since 1914. He had 
charge of the design, construction, and maintenance of a large number 
of industrial plants, as well as the selection and purchase of equipment 
for them. 

Mr. Nash was born at Platte City, Mo., on June 7, 1884, the son 
of William and Annie Nash. He was graduated from the Manual 
Training High School at Kansas City, Mo., and studied mechanical 
engineering through the International Correspondence Schools, 
day classes at the Chicago School of Technology, and night classes at 
Armour Institute. He learned the machinist's trade with Swift «& 
Company at Kansas City and the Atchison, Topeka & Santa Fé 
Railroad at Argentine, Kansas. He worked as a machinist for a year 
for Armour & Company of Kansas City and for the St. Louis & Santa 
Fé Railroad, for which he subsequently became roundhouse foreman at 
Enid, Okla. In 1909 he served as floor foreman at Kansas City for the 
Kansas City Terminal Railroad. The following year, he went to 
Indiana Harbor as draftsman for the American Steel Foundry. In 
1910 he accepted a similar position at the Armour Glue and Soap 
Works in Chicago, being promoted from that position to the one which 
he held at the time of his death 

Mr. Nash became a member of the A.S.M.E. in 1921. Surviving 
him are his widow, Rose M. (Kill) Nash, whom he married in 1918, 
and three children, Howard B., Marjorie M., and Catherine A. Nash. 


EMIL ARTHUR NELSON 


Emil Arthur Nelson, who died on January 10, 1931, at Springfield, 
lll., after a brief illness, was born at Reading, Pa., on June 14, 1894 
His parents were Adolph and Edna Nelson. He was educated in 
Sweden, at the Ostersund High School and the Royal Technical 
University, Stockholm, from which he received his M E. degree in 
1921. During the summer before his graduation he was employed as 
a designer for the Swedish State Railways, with whom he had served 
an apprenticeship and worked as a machinist at an earlier time. He 
had also been employed as an estimator at the Stockholm Machine 
Shop during one vacation. 

Mr. Nelson returned to the United States in 1921 and for a year was 
machinist and acting shop draftsman for the Long Island Railroad. 
During the next two years he was draftsman for the Babcock & Wilcox 
Co., at Bayonne, N.J., working in their proposal department on 
standardization and other developments. He had been with the 
Springfield Boiler Company as mechanical engineer from 1924 until 
the last year of his life, during which he was combustion engineer for 
the Municipal Light and Water Department of Springfield. 

Surviving Mr. Nelson are his widow, Caroline M. (Bretscher) 
Nelson, whom he married in 1926, and an infant daughter. Mr. 
Nelson had been an associate member of the A.S.M.E. since 1929. 


ALMON EVANS NORRIS 


Almon Evans Norris, for many years chief engineer for the Mead- 
Morrison Manufacturing Company, and prior to that mechanical 
engineer for its predecessor, the Rawson & Morrison Manufacturing 
Co., died on January 15, 1931, at his home in Brookline, Mass. 

Mr. Norris was born at Orford, N.H., on May 29, 1866, the son 
of John Langdon and Martha (Evans) Norris. He received an 8.B. 
degree in mechanical engineering from the Massachusetts Institute 
of Technology in 1890. Following his graduation he spent several 
years in the drawing-room of Edward Kendall & Sons, Cambridge- 
port, Mass., with whom he had secured his first experience as a 
machinist before entering M.I.T. This company were builders 
of hoisting engines. He was later associated with the Leavett 
Engineering Company for about three years. 

Mr. Norris also had some early work in the design of telescope 
mountings for Alvan Clark & Sons, including the Bruce photographic 
telescope for Harvard University and a 24-in. telescope for Lowell's 
Observatory at Flagstaff, Ariz. The telescope mountings for Har- 
vard University were built at the factory of Rawson & Morrison. 

The Rawson & Morrison Manufacturing Co., with which Mr. 
Norris became associated in 1896, manufactured hoisting engines 
and machinery and automatic coal handling machinery. It was 
located at Cambridgeport at that time. The company was re- 
organized in 1904 as the Mead-Morrison Manufacturing Company and 
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moved to East Boston in 1913. Mr. Norris was their chief engineer 
from the date of their organization until the time of his death. He 
was responsible for the machinery manufactured by them, and was 
considered a peer in their field of specialized engineering. 

Mr. Norris became a member of the A.S.M.E. in 1900. Surviving 
him are his second wife, Maud F. (Conrad) Norris, whom he married 
in 1905, and five daughters and a son. 


WILLIAM TULLY NORTON, JR. 


William Tully Norton, Jr., died on April 28, 1931, at Lakewood, 
Ohio. He was born on October 20, 1880, in Cleveland, Ohio, the 
son of William Tully and Harriet Reid (Haller) Norton. He at- 
tended the University School and Case School of Applied Science, 
both of Cleveland. Prior to this graduation he worked as a drafts- 
man for the General Automobile Company in Cleveland, securing 
there his first experience in the automotive industry. After complet- 
ing his work at the Case School in 1903 he was employed for a time 
by the Cleveland Telephone Company. He then was engaged by 
Howard E. Coffin of the Olds Motor Works in Detroit, Mich., as 
experimental engineer and for two years worked on the design and 
testing of motors. During the next two years he was successively 
assistant superintendent of the Phoenix Truck Company, Detroit, 
designer for the Aero Car Company, Detroit, and superintendent of 
the Kansas City Motor Car Company, Kansas City, Mo. From 1908 
to 1910 he was chief inspector for the Chalmers Motor Company, 
of Detroit. He organized the inspection department of the company 
and had supervision of the testing and chemical laboratories, con- 
trolling inspection of raw material, finished machine parts, and 
completed cars. After leaving the Chalmers Motor Company he 
did some experimental work for James Cunningham, Son & Co., 
Rochester, N.Y., and then, in 1911, became chief engineer and 
general superintendent of the Selden Motor Vehicle Company, 
Rochester, N.Y. He was connected with this company until 1915, 
designing trucks and having direct supervision over producing meth- 
ods and inspection. 

Mr. Norton spent several months of 1916 in England and France 
checking the performance of trucks operating under war conditions. 
He served in 1916 and 1917 as a member of the Military Truck Com- 
mittee sponsored by the Society of Automotive Engineers and the 
National Automobile Chamber of Commerce and cooperating with 
the Government in the standardization of army trucks. In October, 
1917, he supervised the construction in seven days at the Selden 
factory of a sample Class B or Liberty truck and himself drove it to 
Washington for delivery and demonstration. In February, 1918, 
he was sent to France as civilian technical advisor to the chief of the 
Motor Transport Corps, A.E.F. 

From January to June, 1919, Mr. Norton was chief engineer of 
the Russell Motor Axle Company, of Detroit, Mich., designing a new 
line of gear driven truck axles, and supervising laboratory and road 
tests of materials and axles. From June to October of that year he 
held a similar position with the Republic Motor Truck Company of 
Alma, Mich. He was then called to Washington as assistant chief 
engineer of the Motor Transport Corps, subsequently being stationed 
at Camp Holabird, Md., and Lakewood, Ohio. Since his retirement 
from that position in 1922 he had been engaged as chief engineer 
for the L. M. Axle Co., Cleveland, and the Sarasin Six-Wheel Truck 
Company, Haverhill, Mass., and for the past five years had done 
consulting work, mostly of a private character for large corporations 
and banking institutions. 

Mr. Norton became a member of the A.S.M.E. in 1920. He also 
belonged to the Society of Automotive Engineers and to the Masonic, 
Beta Theta Pi, and Theta Nu Epsilon fraternities. He is survived 
by his widow, Mildred French (Williams) Norton, whom he married 
in 1905, and by his mother. 


GEORGE MILTON OGLE 


George Milton Ogle, who died on October 14, 1931, was born at 
Louisville, Ky., on February 23, 1891, the son of George J. and Nellie 
(Lane) Ogle. He was graduated from Vanderbilt University with a 
B.E. degree in 1912. His college vacations were spent with the 
Louisville & Nashville R.R., the American Car & Foundry Co., 
and the Chicago, Rock Island & Pacific Ry. Co. Following his 
graduation, he spent a year as draftsman in the signal department 
of the Pennsylvania Railroad at Pittsburgh, Pa. During the next 
four years he was connected first as chief draftsman and subsequently 
as superintendent of machinery with the Heywood Bros. & Wakefield 
Co., Wakefield, Mass. He next spent two years with the Edison 
Electric Illuminating Company in Boston, as commercial engineer, 
and a year with the Massachusetts Chocolate Company as mechanical 
and electrical superintendent. In 1918 he was identified with the 


Westinghouse Electric & Manufacturing Co., East Pittsburgh, for 
which he handled rubber, paper, and cement mill electrifications. 
In 1919 he was chief electrical engineer, division of construction, 
Northern Atlantic District, U.S. Shipping Board. His duties in- 
cluded the layout of power plants, air compresso plants, etc., neces- 
sary for ship construction. 

From 1920 to 1922, Mr. Ogle was chief electrical engineer for the 
Vulcan Iron Works, Jersey City, N.J., specializing on the applications 
of electrical driven auxiliaries for merchant marine vessels. Under 
his supervision, the U.S. Shipping Board’s 8.8. Eclipse was electrified 
For two years, beginning in 1923, Mr. Ogle was power specialist for 
the General Electric Company in the New York district, advising 
salesmen in regard to the proper application of power equipment and 
economic operation of power plants. From 1925 to 1928 he was 
consulting power engineer for the General Engineering & Management 
Corp., New York, N.Y. Since that time he had been manager of 
the power and industrial department of the National Electric Power 
Company, New York. 

Mr. Ogle joined the A.S.M.E. as a junior in 1921 and attained full 
membership in 1927. He also belonged to the American Institute of 
Electrical Engineers and the Society of Terminal Engineers, and 
he had contributed a number of articles to the technical press. He is 
survived by his widow, Grace (Kiernan) Ogle, whom he married in 
1916, by one son, George M. Ogle, Jr., and by his mother 


WILLIAM POOL PARKER 


William Pool Parker, whose death occurred on June 6, 1931, was 
born at Owosso, Michigan, on May 8, 1871. His parents were 
Henry Warner and Agnes (Nicholson) Parker. Mr. Parker was 
graduated from the University of Michigan with a B.S. degree in 
civil engineering in 1894. During the next six years he worked 
on the design of bridges for the Keystone Bridge Works of the 
American Bridge Company and for the Pittsburgh Bridge Company, 
both of Pittsburgh, Pa., and also for the Massillon Bridge Company of 
Massillon, Ohio. He obtained experience in the design of foundry 
equipment with the Whiting Foundry Equipment Company of 
Harvey, Ill., and in heating and ventilating with the Detroit Heating 
& Lighting Company of Detroit, Mich. For a time, he was located 
in the chief engineer’s office of the Cambria Steel Company of Johns- 
town, Pa. Here, he worked on the design of all classes of steel 
structures. 

From 1902 until 1912, Mr. Parker was chief engineer for the A. M. 
Blodgett Construction Company, Kansas City, Mo. During the last 
three years, he was in direct charge of the construction of the Gal- 
veston Causeway. As a member of the firm of the Concrete Steel 
Engineering Company of New York, Mr. Parker was connected with 
the construction of the reinforced-concrete arch bridge over the 
Mississippi at Minneapolis and the bridge over the Hudson River at 
Glens Falls, New York. 

For five years, beginning in 1915, Mr. Parker was associated with 
the Keystone State Construction Company, representing the Under- 
pinning & Foundation Co. of New York. He was construction en- 
gineer for the City Hall Subway in Philadelphia. After the com- 
pletion of this work, he became general manager for Ballinger «& 
Perrot, later known as The Ballinger Company. Since 1924 he 
had engaged in general practice as a consulting structural engineer in 
Philadelphia. 

Mr. Parker became a member of the A.S.M.E. in 1921. He was 
an honorary member of Tau Beta Pi fraternity, and also belonged 
to the American Society of Civil Engineers and the Engineering 
Institute of Canada, as well as to a number of clubs in the vicinity of 
Philadelphia. He was a former vice-president of the Engineers Club 
of that city. Mr. Parker served with the Engineers Corps during 
the Spanish-American War. 

Surviving Mr. Parker are his widow, Emilie Whittaker (Evans) 
Parker, whom he married in Pittsburgh in 1899, and a son and three 
daughters, Henry Warner Parker, Mrs. Anthony V. Pickard, Mrs. 
Herman S. Thoenebe, and Emilie Evans Parker. 


SIR CHARLES ALGERNON PARSONS 


Pioneer in steam-turbine engineering, honorary member of many 
engineering societies, including The American Society of Mechanical 
Engineers, and the first engineer to receive the Order of Merit, the 
Hon. Sir Charles Algernon Parsons died February 11, 1931, while on a 
cruise to the West Indies. He was 76 years old, and through his 
death engineering science and industry lost a leader and pioneer. 
More than any other person, by his development of the steam turbine, 
he contributed to the greatest advance in steam practice since the 
advent of the steam engine. He was not the first to conceive of a 
rotary steam prime mover, but due to his labor and ingenuity the 
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steam turbine became the prime mover for the generation of elec- 
tricity in the largest power stations, and for the propulsion of the 
largest and fastest ships. He had a very broad knowledge of scientific 
activities, was very sympathetic in his nature, and a most agreeable 
and interesting companion. 

The scientific bent in Sir Charles was in some measure hereditary, 
and was nurtured under his distinguished father, the Earl of Rosse, 
of astronomical fame. From his birth, on July 13, 1854, he lived in a 
scientific environment, for Birr Castle was an open house to men of 
high achievement. Sir Charles learned the principles of mechanical 
construction from his father, and also had a succession of distin- 
guished tutors. After a short period at Dublin University he entered 
St. John’s College, Cambridge, at the age of 19. His three-year 
course terminated with the winning of high honors as eleventh 
wrangler in the Mathematical Tripos of 1876. He next became pupil 
apprentice at Armstrong’s works at Elswick, where he continued for 
four years. His brilliance as a scientist and technician thus had a 
practical foundation, and he attained mechanical skill of a high order. 
Later in the development of his inventions he was capable of taking 
the tools from a workman’s hand and showing him how to do the job. 
As an apprentice he invented several things, among which were valve 
motions and a four-cylinder epicycloidal rotary engine with revolving 
cylinders which were then manufactured by Messrs. Kitson, of Leeds. 
It then followed naturally that with the termination of his apprentice- 
ship he should join the latter firm, where he continued for two years, 
his chief work being on the propulsion of torpedoes by rockets. 

In 1883 Sir Charles became a partner in the firm of Clarke, Chap- 
man, and Company, and shortly afterward began experimenting with 
the steam turbine, about one year after it had been invented by de 
Laval of Sweden. Sir Charles devised the scheme of compounding 
the blading, and developed the reaction turbine in which steam flows 
through a series of alternate stationary and moving blades of similar 
form. By this arrangement he was able to reduce the speed of the 
rotor so that higher efficiencies could be obtained at speeds much 
more practical than had been possible in the de Laval turbines. It 
was due to this invention and to his subsequent activities that the 
steam turbine became of such commercial importance and the 
building of turbines in large sizes was made possible. 

The turbine blades at first were milled out of the solid metal on the 
periphery of brass rings, a construction subsequently superseded by 
one more perfect, in which the blades were set and wedged with dis- 
tance pieces in rings with their roots in grooves on the drum and on the 
casing, as is now a familiar construction. At that time dynamo con- 
struction was in its infancy and the speeds necessary had a great 
influence on the design of the steam turbine and added to the prob- 
lems that had to be solved. Sir Charles believed that there was a 
great future for the supply of electricity, and he knew that its genera- 
tion was then limited and ever would remain so unless the limitations 
of the reciprocating engine were overcome. He had in mind a 
prime mover of small dimensions, naturally balanced, which could run 
at the speeds necessary for efficient dynamos. It was the combina- 
tion of steam turbine with dynamo that led to his success, and al- 
though the first turbine was less efficient than the reciprocating en- 
gine, its particular qualities for dynamo driving compensated for the 
loss. The steam turbine has now entered the entire field of the steam 
engine, and is the parent of a large family of high-speed devices 
designed particularly to take advantage of the characteristics which it 
affords. 

The first Parsons steam turbine was completed in 1883. It was 
a 4-kw. machine with a series of rotating wheels, each complete in 
itself and corresponding to a parallel-flow water turbine. The me- 
chanical difficulties were great, but they were overcome. The steam 
consumption of the first turbine was about 200 lb. per kw-hr., with a 
pressure of only 60 lb. per sq. in. This type of machine continued 
to be built for six years in small sizes for running dynamos, the largest 
machine being of only 100 hp. 

When he withdrew from partnership in the firm of Clarke, Chap- 
man, Parsons, and Company in 1889, Sir Charles released his patent 
rights. He then established his own turbine and dynamo works at 
Heaton-on-Tyne, and there continued for five years experiments 
toward producing a radial-flow turbine, although recognizing that 
his original invention, based on a parallel-flow system, was preferable. 
In 1892 he constructed a radial-flow turbine of 100-kw. output which 
consumed but 27 lb. of steam per kw-hr. In 1894 he purchased his 
original patent rights, and from then on advance was rapid. 

By 1895 steam-turbine developments had attracted considerable 
interest in the United States, and a license agreement for building 
Parsons steam turbines for land purposes was entered into by the 
Westinghouse Company. About this time the principal shipbuilders 
also secured a license for turbines applicable to marine propulsion. 
In 1905 the Allis-Chalmers Company also secured a license. These 
licenses have been renewed from time’ to time, and the companies 


have continued to enjoy the advantages of technical information 
from Sir Charles's organization. 

In 1913 Sir Charles furnished a 25,000-kw. tandem-compound 
turbine generator and condenser for the Fisk Street Station of the 
Commonwealth Edison Company, concerning the efficiency of which 
unprecedented guarantees were made. This turbine set a new stand- 
ard of performance in this country. In the estimation of the pur- 
chaser, this machine has a standard of reliability to be compared 
favorably with any other on this system. In 1924 a second turbine 
was furnished the Commonwealth Edison Company, of 50,000-kw. 
capacity, of unique design in the low-pressure range of expansion 
The object of this was to secure low leaving loss. The machine has 
operated excellently. Both of these turbine units were the largest o/ 
their time. 

In 1894 Sir Charles devoted particular attention to the applica- 
tion of the turbine to the propulsion of ships. Owing to the neces- 
sarily high speed of rotation, difficult problems connected with pro 
peller efficiencies were at once encountered, and it was not until 
after three years of experimental investigation that the famous 
Turbinia was completed. The speed performance of the Turbinia 
at the Victorian Diamond Jubilee Naval Review in 1897 attracted 
great attention to the system, and so rapid was the conversion of 
technical and public opinion in favor of the turbine for marine 
propulsion that by 1917 Atlantic liners with turbines of 80,000 hp 
were in use in the merchant service. 

Concurrently with improvement in the land turbines, corresponding 
advances in the marine turbine were made, so that today the coal! 
consumption has been reduced to less than 1 |b. per shaft hp. per hour 
The turbine is now universally adopted for the propulsion of warships 
and all high-speed vessels in the merchant service use the same prime 
mover. A development invaluable to oceanic transport service was 
Parsons’ introduction of the helical gear for reducing the relative 
speed of the turbine to that of the propeller, so that the turbine could 
run at the maximum rated speed required for high thermodynamic 
efficiency, while the propeller revolved at the low speed conducive to 
propulsive efficiency. This latter invention is almost as great in its 
commercial results as the invention of the turbine itself. 

Sir Charles did not restrict his exceptional knowledge and insight 
to the solution of problems of immediate utilitarian value. He 
studied the behavior of different bodies, particularly carbon under 
high pressure, and succeeded in converting this substance into 
graphite. Another important investigation which he carried out in 
conjunction with 8. S. Cook, was the determination of the cause of 
erosion of high-speed screw propellers. This showed that a very 
important part in this phenomenon was played by water hammer 
The main research on this subject was dealt with in a paper read 
before the Institution of Naval Architects in 1929. 

Sir Charles showed a great interest in optics in later years. He 
took over the Derby Crown Glass Works and interested himself in 
constructing searchlights and their mirrors, and in solving other 
problems in connection with light. Later with Sir Howard Grubb he 
formed a company to make astronomical instruments and telescopes. 

Perhaps his most important contribution to engineering develop- 
ment was to show that by employing higher steam pressures and 
temperatures in marine work it was possible to obtain higher efficien- 
cies and a proportional economy in coal consumption. This demon- 
stration was made in 1926 and took the form of equipping the Clyde 
pleasure steamer, King George V, with boilers supplying steam at a 
pressure of 550 lb. per sq. in. and a temperature of 800 deg. fahr. to a 
3500-hp. turbine. The experiment was in the main successful, and 
the correctness of the ideas has been proved by the results obtained 
on the most recent vessels of the Canadian Pacific Company. 

Sir Charles never lost his interest in steam turbines, and reviewed 
the progress that has been made recently in their design in two im- 
portant papers which he read before the British Association in 1929 
and at the World Power Conference in Berlin in 1930. In these he 
pointed out that in addition to an increase in the steam pressure and 
temperature, higher economy was to be sought in the use of regenera- 
tive heating, both of the feedwater and of the steam after partial 
expansion. He added that these developments, accompanied by 
the demand for larger and larger units, emphasized the value of a 
more economical utilization of materials used and led to the increasing 
employment of higher quality steel, multiple exhausts, and important 
modifications in the design of the condensing equipment. These 
changes are reflected in the design of more recent units for which 
Sir Charles was responsible, one of the most noticeable of which is the 
40,000-kw. set installed in the Brimsdown station of the North 
Metropolitan Electric Power Company. 

Sir Charles was a frequent contributor to the proceedings of 
the leading engineering societies, by which his preeminence as a 
scientist and pioneer was fittingly recognized in the course of his 
long connection with them. He was elected a Fellow of the Roya! 


RECORD AND INDEX 


Society as long ago as 1898, and was awarded the Rumford Medal 
in 1902 and the Copley Medal in 1928, being the first engineer to 
attain this high distinction. He became a member of the Institution 
of Civil Engineers in 1892, and served on its Council and that of the 
Institution of Mechanical Engineers. He was made an honorary 
member of The American Society of Mechanical Engineers in 1920, 
and of the Institution of Mechanical Engineers in 1925. He joined 
the Institution of Electrical Engineers in 1888, and was elected an 
honorary member in 1909, being awarded both the Franklin and the 
Faraday Medals of that Society. The three British institutions con- 
ferred the Kelvin Medal upon him in 1926. A further technical 
honor was the Bessemer Medal of the Iron and Steel Institute, 
which was awarded him in 1929. He was an honorary member 
of the Société des Ingénieurs Civils de France, and a member of the 
Verein deutscher Ingenieure. He was vice-president of the Institu- 
tion of Naval Architects and president in 1913 and 1914 of the North 
East Coast Institution of Engineers and Shipbuilders. In 1904 he 
was president of Section G (Engineering) of the British Association. 
and in 1917 became president of the whole body. He also served as 
president of the Institute of Physics, the Institute of Marine En- 
gineers, the Tyneside Unionist Association, and the Literary and 
Philosophical Society. 

The Liverpool University conferred the degree of Doctor of Science 
on Sir Charles in 1909. He was also awarded similar honors by 
the Universities of Glasgow, Durham, Toronto, and Pennsylvania. 
He was made a C.B in 1904, a K.C.B. in 1911, and became a mem- 
ber of the Order of Merit in 1927. 

During the World War he served on a number of committees, 
and was an original member of the Advisory Council of the Depart- 
ment of Scientific and Industrial Research and of the Fuel Research 
Board. Sir Charles threw himself with characteristic wholehearted- 
ness into ‘this work; he was tireless in suggesting new methods, in 
giving opportunities for experiments on a large scale, and in helping 
by his advice and criticism those who were carrying out investiga- 
tions for the Board. He was a very agreeable as well as most efficient 
colleague, and through the questions before the Committee were such 
as to give room for wide differences of opinion, there was no fric- 
tion and the proceedings were harmonious. In 1883 he married 
Katherine Bethell, who is a founder of the Women’s Engineering 
Society. Their only son was killed in action in 1918. Their only 
daughter passed through the Engineering School at Cambridge, 
and served in the Training Department of the Ministry of Muni- 
tions. 

Sir Charles was a generous benefactor of science, having given 
large amounts to the Royal Institution and to the British Association 
He was one of the governors of the Dominion Students’ Hall Trust, 
the object of which is the building of a hall of residence, London 
House, for Dominion, Colonial, and British students who come to the 
University and schools of London. In addition to a generous 
contribution, he gave much time to interesting the engineering 
profession in the scheme. 

At the time of his death Sir Charles and Lady Parsons were on 
a pleasure trip on board the steamer Duchess of Richmond. After 
an illness of four days he died shortly before the vessel reached 
Kingston, Jamaica. His body was taken back to England on the 
first available boat. A memorial service was held in Westminster 
Abbey on March 3, attended by relatives, friends, and representatives 
of scientific and engineering societies. The American Society of 
Mechanical Engineers was represented. A memorial service was also 
held at St. Nicholas Cathedral, New-Castle on-Tyne, the same day, 
and interment was at Kirkwhelpington Churchyard.—C.W S. 


WORTHINGTON ELMORE PLATT 


Worthington Elmore Platt, who died at Norwich, Conn., on August 
7, 1931, was born in New Haven on April 15, 1903, the son of Elmore 
Wooster and Helena (Lowe) Platt. His early education was secured 
in the schools of New Haven, and he was graduated from Lehigh 
University, Bethlehem, Pa., in 1926, with a mechanical engineering 
degree. 

For the next four years Mr. Platt was cadet engineer with the 

Consolidated Gas Company of New York, serving in each branch 
of the company. Since then he had been employed as superintendent 
of the Customer's Service Department of the East River Gas Com- 
pany, Long Island City, N.Y. He perfected a cam used by that 
company. 
Mr. Platt belonged to the Gas Engineering Society of New York 
and had been a junior member of the A.S.M.E. since 1926. He also 
belonged to the Masonic fraternity and was interested in boys’ 
clubs and had served as camp councilor for the Y.M.C.A. Surviving 
him are his widow, Lois Stone (Caswell) Platt, whom he married in 
1928, and one son, Charles Elmore Platt. 


PAUL ALBERT POPPENHUSEN 


Paul Albert Poppenhusen, who died on May 24, 1930, was born at 
College Point, L.I., N.Y., on November 4, 1873. His parents were 
Herman C. and Caroline S. (Funke) Poppenhusen. He received 
instruction from a private tutor until he was ten years old, when he 
was sent to boarding school at Kiel, Germany. After returning 
to this country he spent a year at Northwestern University, Evanston, 
Ill. 

His first position was in the wholesale drygoods business and 
subsequently he was connected with the Bismarck Hotel Company 
of Chicago. In 1897 he organized the Green Engineering Company, 
East Chicago, Ind. for manufacturing Green chain-grate stokers 
ash-handling equipment, and cast-iron storage tanks. He served as 
president of the company from 1906 to 1924. Since 1926 he had been 
a member of the firm of Acers-Poppenhusen, Chicago, Ill., dealing 
in power-plant equipment. 

Mr. Poppenhusen belonged to the Western Society of Engineers, 
the Masonic fraternity, and a number of clubs in New York and 
Chicago. He became a member of the A.S.M.E. in 1912. He was 
interested in big game hunting and belonged to the Caughuawana 
Fish and Game Club of Quebec. He is survived by his widow, 
Helen Burk (Durham) Poppenhusen. 


EDWARD BORIS POULSEN 


Edward Boris Poulsen, whose death occurred on March 9, 1931. 
following an operation for appendicitis, was born in Oberpalen, 
Russia, on May 12, 1900. His technical education was secured at 
the Montana State College of Agriculture and Mechanic Arts, 
Bozeman, Mont., which conferred upon him the degree of B.S. in 
M.E. in 1923. 

Following his graduation Mr. Poulsen accepted a position as 
draftsman for the Wheeling Steel Corporation at its Steubenville 
plant, Steubenville, Ohio. After two years there he went to Gary 
Ind., as draftsman for the Gary Tube Company. In 1928 he became 
draftsman for the Michigan Copper & Brass Co., now known as the 
Michigan Division of the Revere Copper & Brass Co., at Detroit 
He remained with this company until his death. 

Mr. Poulsen became a junior member of the A.S.M.E. in 1924 
He was a member of the Masonic fraternity and a Lutheran by faith 
He had been a member of the Reserve Officers Training Corps at 
Montana State College. 

Mr. Poulsen is survived by his widow, Katherine (Camp) Poulsen, 
whom he married in 1930. 


FREDERICK RANDOLPH PRATT 


Frederick Randolph Pratt, chief engineer in the Steam and Electric 
Department of the Hollingsworth & Vose Co., East Walpole, Mass., 
died on April 3, 1931. He was a native of Boston, where he was born 
on December 25, 1876. After completing high school he was em 
ployed as a machinist by the textile industry in New England until 
1908. Among the companies by which he was engaged were the 
Crompton Company, Gregorys Woolen Company, E. H. Smith and 
C. L. Blanding mills in Rhode Island, Warrenton Woolen Company 
and Old Mystic Woolen Company in Connecticut, and Grant Yarn 
Company, in Fitchburg, Mass. He became master mechanic for 
the last-named company. From 1904 to 1908 Mr. Pratt also did 
some turbine assembly and road work for the General Electric 
Company, in West Lynn, Mass. 

In 1908 Mr. Pratt accepted a position as master mechanic and 
chief engineer for the Shetucket Company, Norwich, Conn. The 
following year he went to Adams, Mass., to work in the same capacity 
for the Berkshire Manufacturing Company, with which he was con- 
nected until 1917. He was in East Walpole in 1917 as mechanical 
engineer for Bird & Son, in Pawtucket in 1918 and 1919 as mechanical 
superintendent for D. Goff & Sons, and in Providence in 1920 with 
B.B. & R. Knight. He next went to Shanghai, China, for the Whiting 
Machine Works. After returning to this country he became chief 
engineer for the St. Croix Paper Company, Woodland, Maine, where 
he remained until 1930. He had been with the Hollingsworth «& 
Vose Co. since May 12, 1930. 

Mr. Pratt became a member of the A.S.M.E. in 1914. 


CHARLES JOHN PRENDERGAST 


Charles John Prendergast, manager of the St. Louis office of the 
Bailey Meter Company, died on November 21, 1931, from injuries 
sustained the preceding day in a building collapse at Paoli, Ind. 

Mr. Prendergast was born at North East, Pa., on May 14, 1903. 
He attended the high school there and was graduated from the 
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Case School of Applied Science in 1925 with a B.S. degree in me- 
chanical engineering. During his summer vacations, while in 
college, he secured practical experience with several companies, 
among them the Bailey Meter Company of Cleveland. Following 
his graduation, he returned to the employ of this company as Cadet 
Engineer, Senior Division. Before being sent to the St. Louis office 
in 1930, he had served as sales representative in the Boston and 
Springfield, Mass., territories. 

Mr. Prendergast became a junior member of the A.S.M.E. in 1925. 
He is survived by his widow, Thelma E. (Luce) Prendergast, whom 
he married in 1928, and by his mother, Mrs. Florence Prendergast. 


ROBERT WESTALL PRYOR, JR. 


Robert Westall Pryor, Jr., a member of the firm of Koithan and 
Pryor, New York, N.Y., died on June 10, 1931, at his home in 
Newark, N.J., after a six months’ illness. 

Mr. Pryor was born in Newark on July 31, 1881, and attended 
the public schools there. He received an M.E. degree from the 
Stevens Institute of Technology in 1902. He immediately took a 
position as sales engineer with the Buffalo Forge Company of Buffalo, 
N.Y., and after a period of intensive training was assigned to the 
branch office in New York. He engaged in many phases of paper 
mill work and in heating, ventilating, drying, and kindred lines, and 
was in charge of installation in many parts of the United States and 
Canada. His work involved a considerable amount of designing 
to effect the adaptation of equipment to existing plants. 

In 1909 he joined in forming the partnership of Koithan and 
Pryor, sales engineers and representatives in charge of the New York 
Branch of the Buffalo Forge Company, the Carrier Air Conditioning 
Company, and the Buffalo Pump Company. 

He became a junior member of the A.S.M.E. in 1907 and a member 
in 1913. He also belonged to American Society of Heating and 
Ventilating Engineers and to several clubs. 

He is survived by his widow, Lillie (Keepers) Pryor, and by one 
daughter. 


WILLIAM WOOD RICKER 


William Wood Ricker, who died on January 27, 1931, was born at 
Portsmouth, Ohio, on August 22, 1873. His parents were James 
Wood and Louisiana (Moore) Ricker. At the age of seventeen he be- 
came an apprentice in the machine shop of the Portsmouth Foundry & 
Machine Works, where he remained until he entered Cornell 
University in 1892. He secured further experience there and with 
the Burgess Iron & Steel Co. during his college vacations, and following 
the receipt of his M.E. degree in 1896 went into the machine shop of 
the Brown Hoisting Machine Company, at Cleveland, Ohio. During 
1898 he was a draftsman for this company and in 1899 helped to build 
a cantilever crane at Wm. Cramp «& Sons, Philadelphia, and had 
charge of the construction of a coal handling plant at the New London 
Navy Yard. 

After the completion of this work Mr. Ricker went to Honolulu, 
where he remained for about three years, engaging in the importation 
of plantation and railway supplies and the design and installation of 
special machinery and cranes. He then returned to the employ of the 
Brown Hoisting Machine Company as salesman and during his two- 
year connection in this capacity made two trips to Cuba for the 
company. 

In 1904 the Niles Tool Works, Hamilton, Ohio, engaged Mr. Ricker 
as superintendent, and early in the following year, he was appointed a 
salesman for the Niles-Bement-Pond Company, with headquarters in 
New York, N.Y. In 1908 he became secretary and treasurer of the 
Guarantee Construction Company, New York, and retained the office 
of treasurer until his retirement at the close of 1929. 

When the United States entered the World War Mr. Ricker was 
commissioned a major in the Ordnance Department and was stationed 
at Washington for some months. He was then sent to France, and 
subsequently promoted to the rank of lieutenant-colonel and served in 
France, Italy, and England, also being sent on a mission to Denmark. 

Mr. Ricker became a member of the A.S.M.E. in 1906. He was 
also a member of the University, Cornell, and the Engineers’ Clubs in 
New York, the Apawamis Club of Rye, N.Y.. and several other clubs 
in Havana, Cleveland, and Washington, including the Army and 
Navy Club in Washington. He is survived by his widow, Abby 
Putnam (Morrison) Ricker, whom he married in 1925. 


WINFIELD SCOTT ROGERS 


Winfield Scott Rogers, pioneer of the ball bearing industry, died on 
February 17, 1931, at his home in South Orange, N.J., where he had 
lived since his retirement from business in 1929. 


Mr. Rogers was born at Waynesburg, Pa., on July 21, 1853. 
While still attending public school he had his first experience in the 
operation of engines as a night employee of the Union Stock Yards at 
Columbus, Ohio, and subsequently he served a three-year apprentice- 
ship as a machinist and draftsman with the C., H.V.& T. R.R. With 
this training he secured a position on the Columbus and Chicago 
Division of the P.C. & St. L. R.R. and was with this road and the 
Chicago Division of the Baltimore & Ohio R.R. for a number of years,” 
working as fireman, brakeman, conductor, and engineer. He then 
withdrew from railroad service, accepting a position as diemaker and 
foreman of the sewing machine room of the Longstreth & Ayer Mfg 
Co., Columbus. After a year with this company he spent about two 
years as superintendent of the Columbus Basket Company, three as 
draftsman, salesman, and general mechanical engineer for P.G 
March & Co., Cincinnati, builders of machine tools, and some months 
as draftsman for the Black & Clawson Co., paper mill machinery 
manufacturers of Hamilton, Ohio. 

At the time Mr. Rogers became a member of the A.S.M.E. in 185s 
he was draftsman and assistant to the general manager of the Uni- 
versal Radial Drill Company, and senior member of the firm of Jone- 
and Rogers, in Cincinnati. The following year he was appointed 
mechanical engineer at the Watervliet (New York) Arsenal. In 1890 
and 1891 he was superintendent of the estate of F. W. Richardson in 
Troy, N.Y., and then he was employed until the latter part of 1892 as 
superintendent and mechanical engineer for H. G. Hammett, o! 
Troy. Subsequent to a year of general mechanical engineering 
practice he became engineer and airbrake instructor for the Delaware « 
Hudson Canal Co., at Green Island, N.Y. In 1895 he had an 
office in Buffalo and in 1896 in Philadelphia. During the next few 
years he was engaged in the manufacture of laundry machinery, first 
as superintendent of the American Laundry Machinery Company, 
Cincinnati, and in 1898 as a member of the firm of Rogers & Co., New 
York. 

Mr. Rogers entered the ball bearing field in 1898 as an associate of 
Henry M. Whitney in The Ball Bearing Company, Boston. He was 
treasurer and general manager of the company until 1901. During 
the latter part of that year he served as vice-president and general 
manager of The Steamobile Company of America, Keene, N.H., and 
in 1902 was also connected with the Roller Bearing Equipment Com- 
pany of that place. He then went to Bantam, Conn., as genera! 
manager of The Bantam Manufacturing Company. In 1903 he was 
appointed receiver for the company which he reorganized in 1905 as 
the Bantam Anti-Friction Company He remained president and 
active head of the company until its reorganization in 1921 under the 
name of The Bantam Ball Bearing Company, of whose Board of 
Directors he was made chairman. The company relocated in South 
Bend, Ind., in 1928. 

It was largely the result of the early pioneering efforts of Mr. 
Rogers that the value of anti-friction ball bearings became recognized 
in the mechanical world. His was the first commercial catalog of bal! 
bearings published in this country. Among others of his works were 
the following: ‘Primer of the Air Brake,’’ ‘“Time and Cost Keeping,” 
“Sketches of an Apprenticeship,’ “‘The Romance of Anti-Friction,”’ 
a history of the ball bearing industry, completed shortly before his 
death, and “Oil Heating the Home,” giving the results of five years 
of tests with various burners. 

During his residence in Connecticut Mr. Rogers served two terms in 
the state legislature and was active in all movements for the benefit of 
his community. He was a former member of the Society of Auto- 
motive Engineers. Surviving him are his widow, Nellie 8S. Rogers, 
and two daughters. 


JOHN L. ROSS 


John L. Ross died on April 23, 1930, at his home in Roselle Park, 
N.J., of heart trouble. Mr. Ross was born in Detroit, Mich., on 
April 17, 1878, the son of Edward Holland and Susanna (Roche) 
Ross. He spent two years at Detroit College and then served an 
apprenticeship from 1897 to 1903 with the Detroit United Railroad, 
learning the machinist’s, patternmaking, and electrical trades. In 
1903 he established the Ross & Young Machine Co. in Detroit for the 
manufacture of automobile and marine internal-combustion engines 
In its early years the firm built the Walker two-cylinder opposed 
motor, a line of four- and six-cylinder overhead valve and cam auto 
type marine motors, and the Demot two-cylinder opposed motors, 
transmissions, rear axles, and complete cars. Later a pattern shop 
and foundry were built, making it possible to produce the necessary 
castings, and the company manufactured four-cylinder motors, trans- 
missions, and complete Paige ‘‘25’’ cars for the Paige-Detroit Motor 
Car Company. In 1915 the Ross Automobile Company was organized 
to build an eight-cylinder V-type motor and car known as the ‘Ross 
Eight.”” This plant was sold in 1917. 
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Mr. Ross then accepted a position with the Wright-Martin Aircraft 
Corporation at New Brunswick, N.J. He was the representative of 
the factory manager to outside manufacturers for the Wright-Martin 
Aircraft Corporation, having full charge of blueprints and specifica- 
tions, tools, and materials for them. For a time after the War Mr. 
Ross was located in the mechanical department of the Kelly Press 
— of the American Type Founders Company, Elmora, N.J. 

Te established his own business as a consulting engineer in New York 
in 1925. 

Mr. Ross had been a member of the A.S.M.E. since 1912. He is 

survived by his widow, Ruth (Porter) Ross, whom he married in 1917. 


CHARLES M. ROSWELL 


Charles M. Roswell, mechanic power and electrical engineer for the 
Western Electric Company, New York, N.Y., was born at Sparta, Ky., 
on December 3, 1884, the son of William Thomas and Mary E. (Rice) 
Roswell. He received a B.M.E. degree from the University of 
Kentucky, Lexington, Ky., in 1908 and an E.E. degree from the same 
institution three years later. The electrical work which led to the 
latter degree was done with the Jackson Elec. & Hydraulic Mfg. Co., 
at Jackson, Ky., where he was located in 1908 and 1909, and with the 
General Electric Company at Schenectady, N.Y., where he completed 
the regular student test course. 

Mr. Roswell remained with the General Electric until 1918. He 
tested large vertical and horizontal turbines and worked on design in 
the direct current and central station departments, serving for four 
years as assistant head of the latter. In 1918 he went to Bluefield, W. 
Va., to supervise the operation of two water power plants and three 
steam plants, totaling 40,000 kw., for the Appalachian Power 
Company. Later he had charge of the design and construction of a 
new substation and made a layout for a new relay system covering the 
entire operation of the plant. From Bluefield he went to Charleston, 
S.C., in 1920, as superintendent of the electrical department of the 
Charleston Consolidated Railway & Lighting Co. He was in charge 
of a 10,000-kw. steam power plant and the distribution and street 
lighting system and designed transformer stations and line exten- 
sions. 

Since 1921 Mr. Roswell had been connected for short periods each 
with a number of companies. He designed and estimated the cost of 
electrical stations and substations for the subsidiary properties of the 
United Gas Improvement Company, Philadelphia, Pa., supervised 
the testing and inspection of a new 20,000-kw. steam power plant at 
Hunlock Creek, Pa., for the Luzerne County Gas & Elec. Co., and 
made steam heating surveys in Philadelphia for Day & Zimmermann, 
Inc. He engaged for a time in sales engineering, buying and selling 
turbines, boilers, transformers, motors, and engineering supplies, and 
also did sales work for the McClave-Brooks Company, selling grates 
and stokers in the Philadelphia and Scranton territories, and for the 
D. B. Wilson Co., of Philadelphia, selling refractories and powdered 
fuel equipment. For about a year he was connected with Louis T. 
Klauder, consulting engineer of Philadelphia, for whom he checked 
the electrical drawings for the new Princeton University chemical 
laboratory and made surveys and wrote specifications for other 
construction jobs. He made inspections of machinery and did survey 
and appraisal work for the Scofield Engineering Company, Phila- 
delphia, the largest assignment of which was the appraisal of the John 
Lang Paper Company, in that city. Prior to his connection with the 
Western Electric Company he was located at Scranton, Pa., as 
mechanical engineer for the new Masonic Temple and Scottish Rite 
Cathedral built by the Central Construction Corporation, of Harris- 
burg, Pa. : 

Mr. Roswell died at the Fairmount Private Hospital in Jersey 
City, N.J., on July 2, 1931. He is survived by his mother, living in 
Carrollton, Ky., and by a son, Charles Alfred Roswell. His wife was 
Miss Emma Baker of Lexington, Ky. He had been a member of the 
A.S.M.E. since 1928 and belonged also to the American Institute of 
Electrical Engineers. 


ETHELBERT A. RUSDEN 


Ethelbert A. Rusden, president of The Textile-Finishing Machinery 
Company, Providence, R.I., died on February 16, 1931. Mr. 
Rusden, who was born in Bowden, Cheshire, England, on September 5, 
1859, was prominent in the industry not only in this country, but in a 
number of foreign countries, where he spent some time before coming 
to the United States. 

At the age of fifteen, Mr. Rusden entered the service of the firm of 
Mather and Platt, at the Salford (England) Iron Works. He was 
connected with this company for seventeen years, five of which he 
spent in Russia as engineer at the Schlusselberg Print Works. At the 
age of twenty-one he was commissioned to manage the firm's exhibit 
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of machinery at the Paris Exposition, and for his services was awarded 
the gold medal of the company. He was also sent to China and 
Japan to supervise the construction and equipment of manufacturing 
plants and made connections in those countries which he maintained 
throughout the succeeding years. 

In 1887 Mr. Rusden came to the United States and established the 
Rusden Machinery Company at Warren, R.I. This firm was later 
merged with others to form The Textile Finishing Machinery Com- 
pany of Providence, manufacturers of bleaching, dyeing, and printing 
machinery. Mr. Rusden was its general manager until 1910, and 
had been president since then. 

Mr. Rusden was for years a prominent figure in the business life of 
Rhode Island. He had a notable career in the textile industries of 
America and foreign countries. A mechanical engineer of high 
attainments, he was regarded as an authority in this industry through- 
out the world. 

Mr. Rusden became a member of the A.S.M.E. in 1920. He also 
belonged to the Providence Engineering Society, the Ancient and 
Honorable Artillery Company of Boston, the Masonic fraternity, and 
a number of clubs, including the Engineers’ Club of New York. A 
man of unusual culture and refinement, he was a patron of the arts, a 
great lover of music, and a world traveler. 

Surviving Mr. Rusden are his widow, Margaret (Lawlor) Rusden, 
and Ethelbert A. Rusden, Jr., a son by his first wife, who died in 1918. 


RUDOLPH W. RUSTERHOLZ 


Rudolph W. Rusterholz, associated for more than twenty-five years 
with the Ingersoll-Rand Company, died in Johannesburg, South 
Africa, on June 12, 1931. 

Mr. Rusterholz was born at Peoria, Ill., on September 18, 1877. 
He was the son of R. &. R. (Hoffman) Rusterholz. He was graduated 
from Purdue University, Lafayette, Ind., in 1906 with a degree of 
Bachelor of Science in Mechanical Engineering. He entered the 
employ of the Ingersoll-Rand Company as sales and mechanical 
engineer and, during 1907 and 1908, was in charge of irrigation work 
in the South. During the next two years, he designed and installed 
various municipal waterworks plants in the Middle West. He then 
went to South Bartonville, Ill., where he designed and installed a 
water system for the Illinois General Hospital for the Incurable 
Insane. In 1911 he also installed a system for the County Infirmary 
at Oak Forest, Ill. In 1911 and 1912 he was advisory engineer for a 
complete compressed air installation in the L. & H. Ry. shops at 
South Louisville, Ky., and also designed and acted as advisory 
engineer in connection with the McCarron Lake Pumping Station for 
the St. Paul (Minneapolis) Waterworks. From 1913 to 1918, Mr. 
Rusterholz was manager for the Ingersoll-Rand Company at Butte, 
Mont. He had been located in Johannesburg since 1918 as chair- 
man and managing director of the Ingersoll-Rand Company (S.A.) 
Ltd. 

Mr. Rusterholz belonged to the U.S. Engineer Corps during the 
Cuban War and during the World War served as Captain in the U. 8S. 
Air Service in France. In 1919 he was attached to the American 
Peace Commission in Paris. 

In addition to the A.S.M.E., of which he had been a member 
since 1913, Mr. Rusterholz belonged to the American Institute of 
Mining and Metallurgical Engineers, the South African Institute of 
Engineers, the Engineers Club of London, and a number of clubs in 
South Africa. He is survived by his Widow, Nita M. (Kabat) 
Rusterholz, whom he married in Portland, Ore., in 1912. 


CARL HUGO SATHERBERG 


Carl Hugo Satherberg was born at Carlstrona, Sweden, on August 
29, 1853. He attended the Technical School of Norrképing, Sweden, 
and the Polytechnic Institute of Stockholm. His early experience 
was secured in the drafting room of the Motala Iron Works, Sweden, 
and the shops of the Swedish government at Liljeholmen, Stockholm. 
He went to Manchester, England, in 1877 to work in the locomotive 
shops of Beyer and Peacock. 

Mr. Satherberg came to the United States in 1880 and for seven 
years was employed as chief draftsman at the Midvale Steel Works in 
Philadelphia. During the next three years he was construction 
engineer for the Pennsylvania Steel Company, Steelton, Pa. He re- 
turned to the employ of the Midvale Steel Company in 1890 and re- 
mained with it as mechanical engineer and chief draftsman until he 
retired in 1917. His most important contribution to the industry 
was in the design of melting and heating furnaces, heavy hydraulic 
forging presses, car-wheel rolling mills, and other heavy steel-mill 
machinery. 

Mr. Satherberg became a member of the A.S.M.E. in 1893. 
He also belonged to the Art Club of Philadelphia. His wife, Eliza- 
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beth T. (Brant) Satherberg, died in 1929. His own death occurred on 
July 19, 1931, at the University of Pennsylvania Hospital in Phila- 
delphia. 


WILLIAM LAWRENCE SAUNDERS 


William Lawrence Saunders, chairman of the board of directors of 
the Ingersoll-Rand Company, New York, N.Y., died on June 25, 1931, 
at Teneriffe, Canary Islands, while on a tour of the world. His 
career as an engineer extended over more than half a century, with a 
record of distinguished public service in his later life. Perhaps the 
most important public position he occupied was that of chairman of 
the Naval Consulting Board, to which he was appointed in 1915. He 
applied himself to the study of submarine warfare and evolved the 
theory that an unsinkable boat could be had by filling the inner hull 
with a large number of wooden boxes, the buoyancy of which would 
keep the ship afloat no matter how riddled by torpedos she might be. 
Such a boat the Lucia, was fitted out and used for transporting troops 
to France, but Mr. Saunders’ theory was never tested, as the ship was 
not struck. 

Mr. Saunders was born at Columbus, Ga., on November 1, 1856, the 
son of William Trebell and Eliza (Morton) Saunders. He was 
graduated from the University of Pennsylvania in 1876 with the 
degree of Bachelor of Science and was given an Sc.D. degree by that 
institution in 1911. In 1925 he received the honor cup of the Uni- 
versity, awarded annually to its most distinguished alumnus. He had 
served as president and member of the council of the University of 
Pennsylvania Club of New York. 

For several years following his graduation Mr. Saunders engaged in 
newspaper work in Philadelphia, and in 1878 he began his engineering 
career with the National Storage Company of Communipaw, N.J., 
where he was in charge of hydrographic work and subaqueous rock 
excavation from 1878 to 1882, in connection with the building of docks, 
warehouses, and a ship channel at Black Tom Island, New York 
harbor. Later he was successively engineer, vice-president, and 
president of the Ingersoll-Sergeant Drill Company, and president of 
the Haesler Pneumatic Tool Company and the New York Imperial 
Tool Company. When the Ingersoll-Sergeant Drill Company was 
succeeded by the Ingersoll-Rand Company he became president and 
ultimately chairman of the board. He had also been a director of the 
A.S. Cameron Steam Pumps Works, American International Corpora- 
tion, and New York & Honduras Rosario Mining Co., and president of 
the Stayley-Saunders Corporation. 

Chief among the inventions by Mr. Saunders was the apparatus for 
drilling rock under water and the Ingersoll track and bar channelers 
and gadders for quarrying dimension stone, marble, and limestone. 
He also invented the radialaxe system for coal mining and the method 
of pumping liquids by compressed air. For some years he was the 
editor of The Compressed Air Magazine, and he edited ‘‘Compressed 
Air Data,’’ a handbook issued by the publishers of that journal in 
1924. He also edited ‘Compressed Air Information,’’ a symposium 
of papers on the production, transmission, and use of compressed air, 
and was the author of ‘Compressed Air Production,”’ as well as of 
many pamphlets and articles for the technical press. He was a co- 
author (with Gilbert and Wightman) of ‘‘Subways and Tunnels of 
New York” and (with Dana) of ‘‘Rock Drilling.” 

During the World War Mr. Saunders also served on the district 
committee on capital issues of the Federal Reserve Board, on the 
advisory board of the Fuel Administration, and on the Military 
Engineering Committee, which at its own expense equipped a regi- 
ment and sent it to France. 

One of the most prominent members of the Democratic party in 
New Jersey, Mr. Saunders had been a member of the state’s Demo- 
cratic committee and in the presidential campaign in 1916 was one of 
New Jersey's representatives on the Democratic National Committee, 
as personal representative of Mr. Wilson. He was a delegate to the 
Democratic National Convention in 1924. He had twice been mayor 
of North Plainfield, N.J., and maintained a home in Plainfield as his 
voting residence. He had been a member of the New Jersey Harbor 
Commission and the New Jersey Board of Commerce and Navigation. 
He was a former governor, director, and deputy chairman of the 
Federal Reserve Bank of New York, a member of the special committee 
on workmen's compensation legislation of the New York Chamber of 
Commerce, a member of the Federal Trade Commission, chairman of 
the Permanent Group Committee for Nicaragua, and a member of 
the International Fixed Calendar League. He had been chairman 
of the industrial training committee of the National Civic Federation, 
a member of the committee on education of the National Foreign 
Trade Council, and a member of the United States Chamber of Com- 
merce. 

Mr. Saunders was greatly interested in discovering a cure for 
cancer. In 1926 he announced through the American Society for the 


Control of Cancer that he would present a prize of $50,000 for the 
discovery of a positive cure. After two years he was convinced of the 
futility of the search and withdrew his offer. He was honorary 
governor of the New York Skin and Cancer Hospital. 

Mr. Saunders was very active in the work of engineering and 
scientific organizations, particularly that of the American Institute 
of Mining and Metallurgical Engineers, of which he was president in 
1915. He represented the Institute at the First Empire Mining and* 
Metallurgical Congress at the Wembly Exposition, London, in 1924. 
Two years later he founded the Mining Medal of the Institute, to 
recognize achievement in mining. He was also a member of the 
Mining and Metallurgical Society of America and the American Iron 
and Steel Institute. 

Others of the four national societies to which he belonged were the 
American Society of Civil Engineers and the A.S.M.E., which he 
joined in 1928. He was a former president, trustee, and member of 
the finance committee of the United Engineering Society. 

Mr. Saunders was a fellow of the American Geographical Society, 
past-president of the American Manufacturers’ Export Association, 
honorary vice-president of the International Benjamin Franklin 
Society, and a member of the Academy of Political Science and the 
American Academy of Political and Social Science. Although a 
resident of the northern part of the United States for many years he 
kept in touch with the South, where he was born, through member- 
ship in the New York Southern Society. His club memberships in- 
cluded the Machinery, of which he was a past-president, and the 
India House, Engineers’, and University Clubs in New York. 

His wife, Bertha L. (Gaston) Saunders, whom he married in 1886, 
died in 1906, leaving him two daughters, Mrs. Maxwell Evarts Perkins 
and Mrs. John E. Lancaster, Jr. 


THOMAS H. SAVERY, JR. 


Thomas H. Savery, Jr., who died on December 31, 1930, as the 
result of a fall, was born at Wilmington, Del., on May 31, 1871, the 
son of Thomas H. and Sarah (Pim) Savery. He received an M.E. 
degree from Cornell University in 1896 and during the next five years 
he was employed in the manufacturing and sales departments of the 
Pusey & Jones Co., in his native city. His duties included the super- 
vision of manufacture and installation of machinery for pulp and 
paper mills. 

In 1901 he went to Denver, Colo., as manager and treasurer of the 
Rocky Mountain Paper Company. Mr. Savery had full charge of 
the purchase and erection of all machinery for the ground wood and 
sulphite plants as well as the paper mills. A special plant for handling 
and de-inking waste papers was designed and developed under his 
supervision. 

From Denver, in 1912, he transferred to Sandusky, Ohio, where for 
four years he was connected with the manufacturing and sales depart- 
ments of the Sandusky Foundry & Machine Co. He developed and 
patented several important features in connection with special 
suction rolls, including rubber covered suction press rolls, suction 
screen plate cleaners, and top felts for suction rolls to eliminate 
marking. 

Since 1916 Mr. Savery had been in business for himself as manu- 
facturer’s agent, with headquarters in Chicago, selling pulp and 
paper mill machinery exclusively and representing several companies 
in this line, including the Nash Engineering Company, South Norwalk, 
Conn., and the Bird Machine Company, South Walpole, Mass. He 
served also as a consulting engineer, recommending special machinery 
to meet the varying conditions in pulp and paper mills. 

Mr. Savery had been a member of the A.S.M.E. since 1917. He also 
held membership in the Technical Association of the Pulp and Paper 
Industry, and the Society of Cornell Engineers, as well as in several 
clubs. 

Mr. Savery married Lida Moore, of Wilmington, in 1897, and is 
survived by her and by five children, Esther, Helen, Thomas H., 3d, 
Donald Fenwick, and Eleanor Irving. 


WILLIAM SAXON 


William Saxon, vice-president in charge of manufacturing for the 
Miehle Printing Press & Manufacturing Co., Chicago, Ill., died on 
October 5, 1931, at his residence in Oak Park, Ill. He had not been 
active in business for several years because of illness. 

Mr. Saxon was born in Christiania, Norway, on July 6, 1857, the 
son of Christian and Alice (Tomilson) Saxon. Later he moved with 
his parents to Manchester, England, where he spent three years at 
the Mechanics Institute, being graduated in 1878. He also served an 
apprenticeship as a machinist with Parr, Curtis & Company of 
Manchester. He returned to Norway as machinist and draftsman 
for J. & A. Jensen & Dahl. He came to the United States in 1883 and 
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secured work as draftsman and machinist on steam engine work for 
William McGregor & Co., in Chicago. 

Mr. Saxon had his first experience in the printing industry as shop 
foreman from 1887 to 1889 for a Chicago firm in printing press work. 
During the next two years, he was foreman for the 8S. K. White 
Company of Chicago, which at that time had undertaken the manu- 
facture of the then practically unknown Miehle printing press. This 
company was taken over in 1891 by the Miehle Company, of which 
Mr. Saxon became general superintendent and later vice-president. 

Mr. Saxon joined the A.S.M.E. in 1906. Surviving him are his 
widow, Marie (Jacobsen) Saxon, whom he married in 1881, and three 
children, Mrs. Alice Press, Mrs. Curtis Crafts, and William J. Saxon. 


ALBERT JEFFERSON SAYERS 


Albert Jefferson Sayers, associated with the Link-Belt Company 
since 1899, died at his home in Chicago, I1., on October 11, 1931. 

Mr. Sayers was head of the Coal Tipple and Coal Washery Depart- 
ment of the Link-Belt Company. He was well known throughout 
the entire coal industry, having designed and built numerous plants 
for the handling and preparation of coal, in all parts of the country, 
and was recognized as one of the leading designers of this type of 
equipment. 

He was born on September 10, 1870, at Troy, Ohio, the son of 
Judson and Mary (Gearhart) Sayers. He was educated at the Uni- 
versity of Illinois, from which he was graduated in 1895 with a B.S. 
degree in mechanical engineering. 

Following his graduation, he was engineer in charge of the steam 
plant of the Illinois Central Railway at New Orleans, La., for a year, 
and spent two years as engineer in charge of the Physical Testing 
Laboratory of the Sargent Steel Company of Chicago. In the thirty- 
two years of his affiliation with the Link-Belt Company, Mr. Sayers 
became a leading factor in the mechanical handling, screening, and 
washing of coal. 

He had been a member of the A.S.M.E. since 1913 and belonged to 
the Manufacturers Division of the American Mining Congress and to 
other engineering organizations, where his contributions to the ad- 
vancement of engineering principles adaptable to the industry were 
recognized factors of importance. 

Mr. Sayers is survived by his widow, Mabel J. (Penfield) Sayers, 
whom he married in 1901, and by two children, Edith E. and Robert 
P. Sayers. 


FRANZ SCHULTZ-BALLUFF 


Franz Schultz-Balluff, whose death occurred in Germany on August 
5, 1931, was born at New York, N.Y., on December 15, 1887. He was 
educated in Germany, attending the Realgymnasium at Stuttgart for 
ten years and securing his engineering degree from the Technische 
Hochschule there in 1911. He entered the Diesel Department of the 
Motorenfabrik Deutz A.G., as draftsman, and remained with this 
company until his death, with the exception of four years during the 
World War which he spent in the Heavy Artillery. 

Dr. Schultz-Balluff devoted a large part of his time to research work. 
He was made chief of the Research Department of the company in 
1918, technical manager in 1920, and vice-president in 1923. He was 
also technical manager of the Motorenfabrik Oberursel A.G. from 
1921 to 1927, reorganizing its plant near Frankfort on the Main. 
From 1925 to 1927 he was engaged as technical manager of the 
Maschinenbauanstalt Humboldt at Kéln-Kalk, a firm dealing with the 
standardization of steam-turbines, ice-machines, and compressors. 

Dr. Schultz-Balluff studied and designed a large number of Diesel 
engines, decreasing the number of types and making different types 
adaptable to all fuels and services. He had been a member of the 
A.S.M.E. since 1927 and also belonged to the Verein Deutscher 
Ingenieure. 

Surviving Dr. Schultz-Balluff are his widow, Ida Schultz-Balluff, and 
three children, Michel, Volker, and Renate Schultz-Balluff. 


SEATON MACKENZIE SCOTT 


Seaton Mackenzie Scott, who died of heart failure on January 12, 
1931, in Brooklyn, N.Y., was born on February 19, 1860, at Montreal, 
Canada, the son of Thomas Seaton and Mary (Mackenzie) Scott. 
He studied mechanica] engineering at the Collegiate Institute, 
Ottawa, Canada, and served a three-year apprenticeship in the pattern 
shops and foundry of the Vulcan Iron Works there. He secured his 
drafting and shop experience in the office of the chief engineer of the 
Canadian Government Railway at Ottawa and at the Kingston Loco- 
motive Works at Kingston, Ontario. He was employed by the 
Canadian Pacific Railway and Grand Trunk Railway as locomotive 
foreman, traveling inspector, and draftsman. 
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Mr. Scott left Canada in 1885, and later: became a naturalized 
citizen of the United States. He was employed by the C. &. C. 
Motor Company, Chicago, the Brooklyn Distilling Company, and the 
Kelly & Jones Co., Greensburg, Pa., prior to 1898, when he began 
consulting work in New York. The Goldschmidt Thermit Company 
(now the Metal & Thermit Corp.) and Abendroth & Root Mfg. Co. 
were among the companies by which he was employed about 1900. 
Later he was engaged for a number of years in power plant work for 
the N.Y. Edison Co. and other Edison organizations. He helped to 
design and supervised the construction of several plants, including one 
in Philadelphia and the Waterside Station in New York, and also had 
charge of some construction work at the laboratories in West Orange. 

Mr. Scott served as a Major in the United States Air Corps during 
the World War. He was connected with the Plant Appraisal Bureau, 
making appraisals of many ma‘or aircraft plants, including the 
Wright-Martin Aircraft Corporation and the Aeronautical Engine 
Corporation. Upon completion of his war service, he re-entered 
commercial engineering as designing engineer for Ophulls & Hill, Inc., 
refrigeration engineers, of Brooklyn, a position which he held until 
shortly before his death. 

Mr. Scott became an associate of the A.S.M.E. in 1896 and a 
member the following year. He is survived by his widow, Louise 
(Ludlum) Scott, and by two sons, Seaton M. Scott, Jr., and Maxwell 
J. Scott. 


DWIGHT SEABURY 


Dwight Seabury, a native of Providence, R.I., died in that city on 
April 21, 1931, following a brief illness. 

Mr. Seabury was born on February 14, 1863, the son of Dr. 
Frederick and Amelia (Wheaton) Seabury. He attended the Provi- 
dence High School and the Mowry & Goff (technical training) School 
in that city, and in 1881 hegan a three-year apprenticeship with 
Thompson & Nagle, Providence, in general mill construction. He 
then spent two years in the Providence mills of B.B. & R. Knight, 
following which he secured a position with the firm of F. P. Sheldon. 
After nine years with this company, during three of which he was in 
charge of the office, he went into business for himself, with an office in 
Pawtucket, R.I. 

Throughout his life Mr. Seabury engaged in mill engineering and 
architecture. Among the Pawtucket mills designed and built under 
his supervision are the plants of the Royal Weaving Company, E. 
Jencks Manufacturing Co., A. T. Athetton Machine Co., Solvay 
Dyeing and Textile Co., and the Lumb Knitting Company. He de- 
signed the G. W. Parks Co., Waite-Thresher, N-Barstow Company, 
and Hanley buildings in Providence, the plant of the Portland Silk 
Company, Middletown, Conn., the Brighton Mills, Passaic, N.J., 
Pennekees Mills, Valley Falls, R.I., and Fort Dummer Mill, Brattle- 
boro, Vt. 

Mr. Seabury became a member of the A.S.M.E. in 1906. He also 
belonged to the New England Manufacturers’ Association, the 
Southern New England Textile Club, and the Dixon-Spencer As- 
sociates, a social organization of prominent mill men. He is survived 
by his widow, Hattie I. Seabury. 


BRUCE SETTLE 


Bruce Settle, whose death occurred on December 29, 1930, was 
born at Gainesboro, Tenn., on February 7, 1898. He attended the 
United States Naval Academy and was appointed a Midshipman in 
June, 1917. Three years later he was commissioned a regular Ensign. 
He served for a time as First Assistant Engineer on the U.S.S. Ra!/eigh 
and, at the time of his death, was stationed at the United States Navy 
Yard at Washington, D.C. 

Lieutenant Settle received an M.S. degree from Columbia Uni- 
versity in 1927. He became a junior member of the A.S.M.E. in 
1928. 


WILLIAM H. SHELMIRE, JR. 


William H. Shelmire, Jr., died in his native city of Philadelphia, 
Pa., on July 31, 1931. He was born there on October 1, 1855, the son 
of William H. and Sarah Ann Shelmire. After completing his high- 
school education, he was apprenticed to A. L. Archambault, builder of 
marine and stationary engines. The business failed before Mr. Shel- 
mire had compled his apprenticeship and he spent a short time in the 
engine room of the steamer Juniata, shipping to Cuba and New 
Orleans. Later, he completed his apprenticeship with G. C. Howard 
of Philadelphia. He also availed himself of the lectures and library 
of The Franklin Institute. 

Upon the completion of his apprenticeship. Mr. Shelmire went to 
Terre Haute, Ind., where he spent three years in the employ of the 
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Vandalia Railroad Company as gang foreman in the erecting shop, 
draftsman, and mechanical engineer. He then returned to Phila- 
delphia to work, first as draftsman, and later as assistant to the super- 
intendent at the Pencoyd Iron Works of A. & P. Roberts & Company. 

At the time Mr. Shelmire became a member of the A.S.M.E. in 1889 
he was assistant superintendent of the Diamond State Iron Company 
at Wilmington, Del. Shortly afterward, he was engaged by the 
Kensington Engine Works, Ltd., of Philadelphia, where he remained 
for about two years. From 1903 to 1905 he was general superintend- 
ent of the Creswell & Waters Company, Nicetown, Pa., in 1906 
mechanical engineer for the Cambria Steel Company, Johnstown, Pa., 
and from 1907 to 1913 mechanical and supervising engineer for the 
John Lang Paper Company of Philadelphia. In the intervening 
periods, and from 1913 until his death, he engaged in consulting work. 
The firm of Charles W. Shelmire, Inc., of which he was vice-president 
for the first year and subsequently president, was established in 1926. 

Mr. Shelmire was a member of the Masonic fraternity and of the 
Society of Friends. He is survived by his widow, Lucy (Cope) 
Shelmire, whom he married in 1882. 


VISCOUNT EI-ICHI SHIBUSAWA 


Japan’s ‘“‘grand old man,”’ Viscount Eji-ichi Shibusawa, died on 
November 11, 1931, He was91lyearsold. One of America’s earliest 
and most steadfast friends in Japan, he was called the ‘“‘people’s 
foreign minister’ because of the trips he made to the United States, 
particularly when Japan’simmigration question was under discussion. 
For years he was the nation’s leading banker, merchant, industrialist, 
mine owner, and one of the founders of Japan’s modern business 
system. His power at home was exceeded only by that of the royal 
family. 

Viscount Shibusawa’s friendship for the United States was ap- 
parent as early as 1861 when, at a time when the intentions of 
foreigners were seriously misunderstood in Japan, he stood guard with 
others night and day before the residence of Townsend Harris, the 
first Consul-General of America in Japan. 

Those were turbulent days in Japan, for among its people were 
many who bitterly censured the Shugunate for alleged blunders in the 
conduct of diplomatic affairs and who nursed intense hatred toward 
foreigners, and frequently resorted to violence. In January, 1861, 
Henry C. J. Heuskin, Mr. Harris’ valued associate, was assassinated 
by rowdies. All the foreign ministers then in Japan, with the excep- 
tion of Mr. Harris. blamed the Shogunate for its incompetency to 
protect them, and closed their legations and withdrew. Mr. Harris 
did not approve of this step and remained to attend to his duties. It 
was then that the guard was placed before his residence. Commenting 
on this action later Viscount Shibusawa wrote: ‘“The courageous and 
magnanimous attitude taken by Mr. Harris on this critical occasion 
made a strong appeal to the imagination of our people, who were now 
convinced of the genuineness of his sentiment toward them, and who 
from that moment began to put trust in America as a true friend of 
Japan.” 

His regard for the United States is revealed by the fact that he 
headed many of the Empire’s delegations to American shores in the 
interests of friendship and economic exchange between the two na- 
tions. He was president of the American Relations Committee of 
Japan, and later became chairman of the American-Japan Society of 
Tokyo, similar to the organizations in the United States. 

Viscount Shibusawa was made an honorary member of The 
American Society of Mechanical Engineers in 1929 during the visit of 
American engineers to the World Engineering Congress at Tokyo. 
This was in recognition of the important part he played in the indus- 
trial and economic development of the Japanese nation, his efforts 
toward the promotion of world understanding, and his support of and 
interest in physical and chemical laboratories and in all branches of 
engineering in Japan. 

Even after he had reached an advanced age Viscount Shibusawa 
continued his world travels, the last of his several visits to the United 
States being made in 1921 at the age of 81. Even then, though he had 
retired from many of his business connections, he was most active, 
rising at six or seven in the morning and working from 12 to 15 hoursa 
day. During his life he was president of more than 70 corporations, 
for nearly three-quarters of a century was a trusted adviser of suc- 
cessive Japanese governments. 

Viscount Shibusawa was born on February 13, 1840, the son of an 
indigo merchant, in a small village near Edo, the present city of 
Tokyo. In his boyhood he received a thorough education in the 
Chinese classics and learned the art of the sword from the masterful 
Chiba. Going to Kyoto, then the capital, he entered the service of 
Lord Hitotsubashi, member of an influential branch of the Shogunate 
Tokugawa family. In 1867, a year before the downfall of the Sho- 
gunate, he was sent to France with Lord Bimbu, a brother of the 


reigning Shogun. When the imperial government was established in 
1869 he was made a vice-minister in the Finance Department. Three 
years later he left the government service and began his great business 
career. One of his first acts was to establish the First National Bank, 
the pioneer national bank in Japan. He helped to found the Tokyo 
Chamber of Commerce, the Tokyo Bankers’ Association, the Bankers’ 
Clearing House, the Tokyo Stock Exchange, the Tokyo Marine Insur- 
ance Company, the great maritime firm Nippon Yusen Kaisha, and 
scores of other businesses of world-wide influence. 

He was a leading figure in the organization of the Japan Mail 
Line and the expansion of the nation’s maritime efforts. The de- 
velopment of the cotton spinning industry in Japan is largely due to 
his initiative, as well as other manufacturing enterprises such as silk 
weaving, hemp and rope mills, concrete plants, sugar refining, and 
affiliated projects of this modern age. In cooperation with govern- 
ment authorities he acted to improve Japan's natural production and 
resources by reclamation work and harbor construction, by improving 
agriculture to increase returns, and through the medium of introduc- 
ing artificial fertilizers and high grade cattle and stock breeding. 

Early in the Meiji era, feeling that Japan's younger generation 
needed more facilities for commercial education, Viscount Shibusawa 
established a training school which became the forerunner of the 
present Tokyo Higher Commercial College. In charity movements 
his name always led all the rest. He was a leader in the establish- 
ment of the Tokyo Poor House and other charitable organizations. 
His promotion to the peerage in 1900 was in consideration of the im- 
mense service he rendered to the country’s commercial and industrial 
development as well as to the cause of public welfare. 

As Baron Shibusawa, he made his first trip to this country in 1902 
to study commercial and industrial progress. In 1909 he visited the 
United States as the head of an official Japanese business delegation 
invited to come here by the Chamber of Commerce of the United 
States. In 1915 Baron Shibusawa returned to the United States to 
visit the San Francisco exposition and discuss certain commercial 
and political questions. 

One day of each month Viscount Shibusawa devoted to religious 
matters, having read to him passages from Confucius. He was one of 
the greatest authorities in Japan on Chinese classics, and was an 
ardent follower of Confucian precepts. It is probable that the for- 
tune he had left is the largest ever accumulated by any individual 
business man in Japan.—C.W.S. 


EDWARD ALFRED SIMMONS 


Edward Alfred Simmons, president of the Simmons-Boardman 
Publishing Corporation, New York, N.Y., died of cerebral hemorrhage 
at his home in Brooklyn on September 30, 1931. He was born in 
Brooklyn on March 20, 1875, the son of John Wesley and Agnes Anne 
(Owers) Simmons. He was educated in the public schools there. 
He entered the employ of the Railroad Gazette, a predecessor of the 
present Railway Age, at the age of 14 and was continuously associated 
with this publication until his death. In 1911 Colonel Simmons 
effected the merger of the Railroad Gazette and the Railway Age 
(Chicago), which were thereafter published as the Railway Age-Gazette, 
later siinplified to Railway Age, becoming president of the Simmons- 
Boardman Publishing Company which was organized to take over the 
properties. The Railway Review was merged with the Railway Age in 
1926. 

In 1928 the Simmons-Boardman Publishing Corporation was 
formed under the presidency of Colonel Simmons. It acquired 
control of the Simmons-Boardman Publishing Company, publisher of 
the Railway Age, Railway Mechanical Engineer, Railway Engineering 
and Maintenance, Railway Electrical Engineer, Railway Signaling, 
The Boiler Maker, and Marine Engineering and Shipping Age, and 
also of the American Builder Publishing Corporation, publisher of the 
American Builder, with which several other building periodicals have 
since been combined under Colonel Simmons’ leadership. 

Colonel Simmons was chairman of the board of directors of the 
American Saw Mill Machinery Company, which he organized in 1904; 
president of the American Saw works, organized in 1907; and chairman 
of the board of the American Machine Tool Company, organized in 
1915, Rogers-Eagle Grinding Machine Company, organized in 1926, 
and the Corley Manufacturing Company and Eagle Saw Company, 
purchased in 1926 and 1927, respectively, by the American Saw Mill 
Machinery Company. 

Colonel Simmons was regarded as an authority on water and rail 
transportation problems. As chairman of the American Marine 
Standards Committee he was an outspoken advocate of the develop- 
ment of a great merchant marine in the United States. He was 
chairman of the United States delegation to the International Railway 
Congress in London in 1925 and to the Madrid Congress in 1930. 

For his work as a major in the Construction Division of the Army 
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during the World War, Colonel Simmons was praised highly in a cita- 
tion signed in 1919 by Brigadier-General R. C. Marshall, Jr. The 
citation read: “A spirit of loyalty and competent effort has charac- 
terized your service in the Construction Division and was particularly 
helpful in the successful prosecution of the largest war construction 
program ever undertaken.’ Colonel Simmons supervised army 
construction work in and around New York, and during 1918 was in 
charge of twenty-two separate projects. These included the $2,500,- 
000 Government hospital at Fox Hills, Staten Island. When the 
War closed he was under orders to go to France. 

After leaving the army he was commissioned lieutenant-colonel in 
the Reserve Corps in 1919. Three years later he became a colonel. 
He was active in 1919 in organizing several posts of the American 
Legion. He was made commander of the Kings County (N.Y.) 
Post No. 500 and was a representative of the Legion at the funeral 
services for the first soldiers brought from France to the United 
States for reburial. Later he took charge of many similar services 
in Brooklyn and Hoboken, N.J. He was commander of the Legion in 
Kings County in 1923 and became president of the Department of 
New York of the Reserve Officers Association of the United States in 
1980. He had also served two terms as president of the Brooklyn 
Chapter of the Reserve Officers Association and was a member of the 
Society of American Military Engineers, Military Order of the World 
War, New York Society of Military and Naval Officers of the World 
War, and the Quartermasters Association. 

Colonel Simmons became an associate of the A.S.M.E. in 1919. 
He also belonged to the American Society of Civil Engineers and the 
Society of Naval Architects and Marine Engineers. He was chair- 
man of the Endowment Committee of Engineering Foundation, Inc. 

Colonel Simmons was re-elected honorary president of the New 
York State Division of the Izaak Walton League of America in 
September, 1931. His clubs included the Engineers’, Bankers, 
Railroad, Union League, Automobile, and Army and Navy, of New 
York; Engineers’ Country of Roslyn, L.I.; Congressional Country, 
and Army and Navy of Washington, D.C.; Adirondack League Club 
of Old Forge, N.Y.; Thendara Golf Club, Thendara, N.Y.; Inlet Golf 
Club, Inlet, N.Y.; Lake Placid; and Sojourners and Union League, 
Brooklyn. He is survived by his widow, Ida Boone (Rines) Simmons, 
whom he married in 1914. and by three daughters, Aline, Doris, and 
Elizabeth. 


ORVILLE CAMPBELL SKINNER 


Orville Campbell Skinner died unexpectedly on May 19, 1931. He 
had been a member of the A.S.M.E. since 1915 and also belonged to 
the American Institute of Mining and Metallurgical Engineers, 
American (and International) Society for Testing Materials, Ameri- 
can Iron and Steel Institute, and Engineers Society of Western 
Pennsylvania. 

Mr. Skinner, the son of Orville Bird and Helen (Campbell) Skinner, 
was born at Cleveland, Ohio, on January 19,1872. He was graduated 
from the Case School of Applied Science, Cleveland, with a B.S. degree 
in 1894 and spent the next year in the Chemical Laboratory of the 
Otis Steel Company in Cleveland. After a year as chief chemist 
for Corrigan McKinney & Co., Cleveland, he went to Pittsburgh, Pa., 
to accept a similar position for the Schoenberger Steel Company. 
Subsequently he was made superintendent of the Open Hearth 
Department of that company, with which he remained until 1899. 
During the next two years he was manager of the Open Hearth 
Department of the Tidewater Steel Company at Chester, Pa. He 
became connected with the Standard Steel Works Company, Burn- 
ham Pa., a subsidiary of the Baldwin Locomotive Works of Phila- 
delphia, in 1901, serving first as superintendent of the Open Hearth 
Department, and then successively as assistant superintendent, 
superintendent of manufacture, and works manager. In all of these 
positions his work included assistance in the design and installation of 
extensions and improvements. He resigned on April 1, 1930, to be- 
come president of the Lewiston (Pa.) Aircraft & Airways, Inc. 

Mr. Skinner is survived by his second wife, Mrs. Flo (Fisher) 
Skinner, whom he married in 1929, and by two children, Mrs. Char- 
lotte (Skinner) Neher and Orville Bird Skinner. 


WILLIAM SMITH, SR. 


William Smith, Sr., the son of William and Lillias Smith, was born 
at Glasgow, Scotland, on May 26, 1861. He attended the Tennents 
Industrial School at St. Rollox, Glasgow, and served an apprentice- 
ship as a machinist in the toolroom and millwright department of the 
Hydepark Locomotive Works, Springburn, Glasgow. His first posi- 
tion was in the Caledonian railway shops of that city. From 1880 to 
1883 he was employed by John Scott & Co., shipbuilders, of Greenock, 
Scotland. He then went to Paisley, Scotland, where he was engaged 


in 1884 in the erection of steam steering gear and sugar mill machinery. 
During the next two years he was employed as assistant foreman at 
the South Works and North Works, Forth Bridge, of Wm. Arroll & 
Co., Queensferry, Scotland. 

Mr. Smith came to the United States in 1887, and from then until 
1891, and again from 1893 to 1895, was millwright foreman for the 
Lower Union Mills of the Carnegie Steel Company, Pittsburgh, Pa. 
In the interim he was metal patternmaker for the Westinghouse Air 
Brake Company, of Pittsburgh and Wilmerding, Pa. In 1896 ant 1897 
he was engaged in the erection of blast furnace machinery and mill ma- 
chinery for the Keystone Bridge Company, Pittsburgh. He then went 
to Duquesne to serve as millwright foreman at the Duquesne Steel 
Works and later as assistant master mechanic of the Duquesne Blast 
Furnaces and Carnegie Steel Company. For six years beginning in 
1900 he was connected with the Jones & Laughlin Steel Co., of Pitts- 
burgh, as master mechanic at the Eliza Furnaces, and during the next 
seven years he held a similar position at the Soho Furnaces of the 
Company. He was next engaged as general master mechanic of the 
Pennsylvania Steel Company, Steelton, for two years. In 1917 and 
1918 he was employed by the Midvale Steel Company, Coatesville, 
Pa., first as assistant to the superintendent, and later as general 
master mechanic. He accepted a similar position at the Coatesville 
Works of the Midvale Steel & Ordnance Co. in 1920 and remained 
there for three years. He was then connected successively with the 
New Process Copper Castings Company, Pittsburgh, of which he was 
president; the Lumen Bearing Company, Youngstown, Ohio; the 
Falcon Bronze Company, Youngstown, Ohio, as sales manager; the 
Lawrenceville Bronze Company, Pittsburgh, as sales manager; and 
the Copperweld Steel Company at Glassport, Pa. He was super- 
intendent of the Rankin Works of this company in 1928 and 1929, 
and since then had held the position of maintenance superintendent 
of its Glassport Works. 

Mr. Smith became a member of the A.S.M.E. in 1911. He also 
belonged to the Engineers Society of Western Pennsylvania and the 
Masonic fraternity. He is survived by his widow, Agnes (Patterson) 
Smith, whom he married in 1885, and by three sons. He died on 
November 10, 1930, at Glassport. 


JOHN EDWIN STARR 


John Edwin Starr, president of the Starr Engineering Company, 
consulting refrigerating engineers, New York, N.Y., died on June 27, 
1931, at his summer home in Mattituck, Long Island, N.Y. 

Mr. Starr was born in Litchfield, N.Y., on February 24, 1860, the 
son of John and Susan Starr. After being graduated from the Utica 
(N.Y.) Academy he went to St. Louis, Mo., where he entered the 
refrigerating field as draftsman for the St. Louis Automatic Refrigerat- 
ing Company. Subsequently he designed and built refrigerating 
plants and cold storage warehouses for the Denver (Colo.) Auto- 
matic Refrigerating:Company, and the Atlantic City (N.J.) Cooling 
Company, the Manhattan Refrigerating Company, New York, Kings 
County Refrigerating Company, Brooklyn, Baltimore (Md.) 
Refrigerating & Heating Co., and many other companies. He 
organized the Starr Engineering Company in New York in 1898. 

In addition to the design and construction of refrigerating ap- 
paratus and plants Mr. Starr conducted tests of refrigerating machin- 
ery and insulating materials, made special investigations in his field, 
and contributed many articles to the technical publications dealing 
with refrigeration. He was the inventor of a low-temperature ma- 
chine which attains temperatures of from 30 to 75 deg. below zero and 
of several absorption refrigerating devices. He was regarded as a 
leader in the establishment of refrigerating engineering among the 
sciences. 

Mr. Starr presided at the first meeting of The American Society of 
Refrigerating Engineers, held in 1904, and served as president of the 
society for one year. In 1929 he was elected an honorary member of 
the organization. He was the American delegate to the International 
Congress of Refrigeration in Paris in 1908, and was the recipient in 
1896 of the Franklin Institute Medal, in recognition of the work he 
had already done in refrigeration. He had been a member of the 
A.S.M.E. since 1905 and belonged also to the St. Louis Academy of 
Sciences, the London Institute of Cold Storage and Refrigeration, 
and the Engineers’, Salmagundi, and Transportation clubs in New 
York. He is survived by a daughter. 


JOSEPH S. STEPANOV 


Joseph. S. Stepanov, research engineer for the Worthington Pump 
& Machinery Corp., Harrison, N.J., who died suddenly on April 10, 
1931, was born at Ismail, Russia, on April 15, 1881. He secured his 
early education in Odessa and was graduated from the Imperial 
Institute of Technology in 1908. 
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During the first five years after his graduation Mr. Stepanov was 
employed by the Petrograd Metal Works Co., Inc., in the design and 
testing of steam turbines, boilers, and auxiliaries for power stations, 
waterworks, and ships. During the same period he gave lectures to 
evening classes on thermodynamics, steam turbines, internal combus- 
tion engines, and boilers. These lectures later appeared in book form 
under the title of ‘Steam Boiler Operation.” 

From 1913 to 1919 Mr. Stepanov was chief designer, production 
engineer, and chief engineer of the mechanical branch of the Russian 
Baltic Engineering & Shipbuilding Co., Inc., Reval, Baltic Sea. 
Prior to the World War he spent some time at Berlin with the General 
Electric Company studying developments in the design and construc- 
tion of steam turbines; and at Hamburg with the Vulcan Works 
investigating progress in boilers and auxiliaries and power plants as a 
whole. During the War he designed, constructed, and tested ma- 
chinery for destroyers, light cruisers, dry docks, submarine mine 
layers, and other equipment for the Russian Navy. He also had 
charge of the cost estimating and planning bureaus of the Russian 
Baltic Company. He devised a nomogram of chief dimensions of 
propellers, to facilitate the calculations for ship propellers; an article 
describing this nomogram was published in the Russian ‘‘Engineering 
News-Record” in 1915 and later included in programs of Russian 
institutions for engineering training. Following the War he helped 
to solve the problems connected with changing the work of the com- 
pany from shipbuilding to locomotive repairing. He was appointed 
manager and a member of the board of directors by the Esthonian 
government. In 1919 Mr. Stepanov was made manager of the 
Ilmarine Metal Works, Inc., at Reval. He handled locomotive re- 
pair work for Esthonia and the construction of small engines. 

Mr. Stepanov came to the United States in 1924 and was engaged as 
draftsman, designer, and experimenter by the Akimoff propeller 
Company, Philadelphia, Pa. The following year he worked on the 
design of reinforced-concrete arch bridges for the Hollywood Dredg- 
ing & Construction Co., Hollywood, Fla., and then was engaged as 
designer by the City Engineering Department of Coral Gables, Fla. 
From 1927 to 1929 he worked on designs for dry quenching plants for 
heat utilization of hot coke, hot cement clinker, etc., for the Dry 
Quenching Equipment Corporation, New York, N.Y., a subsidiary of 
the International Combustion Engineering Corporation. He had 
been with the Worthington Corporation since that time and had 
suggested several refinements in design, including the diffusion ring 
of continuous curvature used in their ““W’’ pumps. 

Mr. Stepanov became a member of the A.S.M.E. in 1927 and had 
presented papers on centrifugal pumps and condensers at meetings of 
the Society. He was also active in the work of the American Stan- 
dards Association. 

Mr. Stepanov is survived by his widow, Mrs. Alexandra (Doemke) 
Stepanov. 

ALBERT J. STRATMAN 

Albert J. Stratman was born at Newport, Ky., on July 1, 1882, the 
son of John F. W. and Carolina (Kuehnle) Stratman. He studied 
mechanical drawing at the Ohio Mechanics Institute, Cincinnati, for 
four years, and took a mechanical engineering course through the 
International Correspondence Schools. He also served an apprentice- 
ship as tool and die maker with Fay & Egan of Cincinnati. From 1906 
to 1910 he was employed at the Baker Iron Works, Newport, Ohio. 
He then went to Ontario, Calif., where he was connected for eleven 
years with the Hot Point Appliance Company, now the Edison 
Electric Appliance Company. He worked for four years in the 
engineering and experimental departments, and during the latter part 
of his connection with the company was in charge of the heat treating 
department and metallurgical research. From 1921 to 1923 he as- 
sisted in the design and development of the ‘‘Silent’’ Rich lawn mower 
for the Rich Steel Products Company, Los Angeles. During the next 
year he was connected with the Teetor Adding Machine Company, 
Pomona, Calif., and subsequently with the Pacific Gas Radiator Com- 
pany, the Pribnow Saw Sharpening Machinery Company, and the 
Simonds Saw & Knife Works, all of Los Angeles. For about four 
months prior to his death on March 15, 1931, he was superintendent 
and mechanical engineer for the Ballou Manufacturing Company, 
Ontario, Calif. 

Mr. Stratman carried on extensive experiments in fuel atomization 
for internal-combustion engines, relative to which he was granted a 
patent. He served as a corporal in the Infantry in the Spanish 
American War, and formed a Home Guard Company during the 
World War at Ontario. For six years he served on the Ontario Board 
of Education. He became an associate member of the A.S.M.E. in 
1922 and also belonged to the Masonic fraternity. He is survived 
by his widow, Christine Stolle Stratman, whom he married in 1904, 
and by three sons. 


SAMUEL WESLEY STRATTON 


Dr. Samuel Wesley Stratton died suddenly at his Back Bay, Boston, 
home of coronary occlusion on October 18, 1931, at the age of seventy. 
He had just dedicated a tribute to Thomas A. Edison, whose death 
occurred a few hours before. His tribute to Edison reads in part: 
“It seldom has fallen to the lot of any one man to be of such service to 
humanity. The world mourns that great benefactor.’’ The tribute 
might very well have been written for Dr. Stratton. 

Dr. Stratton was born in Litchfield, Ill., on July 18, 1861, the son of 
Samuel and Mary B. (Webster) Stratton. He spent his early life on a 
farm, where he acquired a habit of hard work and accumulated know!l- 
edge of the common things of life which formed the basis for his 
evaluation of the fitness of things. He liked all living creatures and 
folks most of all, but the mechanical features of farm life seemed to 
fascinate him. 

He earned his way through the University of Illinois by doing vari- 
ous kinds of mechanical work. His warmth for machines was some- 
what akin to his unconscious warmth for persons who had befriended 
him. Throughout his life he was never without his private shop 
where he could work with his own hands. This was recreation and 
exercise. Moreover, the shop was to him a retreat, like unto the 
mountain top for others. He cast his lot with the machine age 
wholeheartedly and at the same time he recognized that men were 
even more important than the machine. 

The University of Illinois granted him his degree of Bachelor of 
Science in mechanical engineering in 1884 and afterward he went 
through the usual steps from instructor to professor of physics and 
electrical engineering. In 1892 he left his alma mater to become 
associate professor of physics and later professor at the University of 
Chicago, where he remained until 1901, when he was forty years old. 
In his previous position his research work, such as time sufficed, 
tended in the direction of the applications of physics to engineering. 
At Chicago he was enraptured with pure research as conducted by 
Michelson. He cherished the inspiration that he received from this 
great man and ever afterward he kept within the easy touch of his hand 
interferometers, Nichols prisms, quartz flats, and the like. Thus it is 
clear that he had the vision of the importance of pure research, as well 
as of engineering. He ever regretted that he could not have the 
pleasure of doing more work in both these fields with his own hands 
and often felt that sometime this privilege might come. 

At forty Dr. Stratton was not marked as a genius either in teaching 
or research, but his foundations were well laid and his accumulated 
understanding of human nature was great. 

Through the instrumentality of his college chum, Mr. Frank A. 
Vanderlip, who was Assistant Secretary of the Treasury, a new 
opportunity was opened. Almost single-handed Dr. Stratton en- 
gineered through the enactment of March 3, 1901, which created 
the Bureau of Standards out of the office of weights and measures. 
Secretary Lyman J. Gage invited him to become the first director. 
His vision of the usefulness of such a bureau was so clear that dur- 
ing his entire administration he was not handicapped by the organic 
act setting forth the functions and scope of activity. In 1903 the 
Bureau was transferred to the Department of Commerce. From the 
beginning he sensed the need of basic work in science and engineering 
as well as of testing, for the development of commerce and industry. 
He was one of the pioneers in this country in creating interest in 
basic research as an aid to industry, but near the end of his life he 
smiled ironically when a board of directors seemed to think that re- 
search was a “cure all.’” He knew that research was only an impor- 
tant essential need but that it called for rare talent and patience, 
working undisturbed by impatient executives and committees. 

Dr. Stratton, like most great men, was modest, even approaching 
shyness. In building up the Bureau of Standards on the foundations 
that he had laid, he depended upon friends and genuine material 
interests to carry the structure forward. The technical needs of the 
Government during war time brought forth the large industrial build- 
ing. The needs of aviation called for wind tunnels. Many unselfish 
and far-seeing men such as Ambrose Swasey and the late John Brash- 
ear were continually his advisers. He assisted and encouraged 
many organizations that seem to foster technical advance. With 
Dr. Walcott, there was started the National Advisory Committee for 
Aeronautics. He was a leader in the National Screw Thread Com- 
mission and also in the International Conference on Weights and 
Measures. Many other such organizations knew the value of his 
membership and quiet counsel. He served in the Spanish-American 
War as lieutenant. 

His success at the Bureau of Standards may be measured by the 
output of the institution plus the material assets, and the fixation of 
ideals which it will probably always maintain. The elements which 
entered into this were many. His evaluation of men and his warm 
hold on the staff counted greatly. The conception of the tie-in of 


basic research with the industries as well as with Government depart- 

ments more than doubled the size of the Bureau and also doubled its 
output and recognition. The members of the staff were encouraged 
to maintain connections with engineering societies. He had been a 
member of The American Society of Mechanical Engineers since 1913, 
and served on the Power Test Codes Committee on definitions and 
values for seven years. He met every demand of the Society in 
providing men and equipment. Likewise he cooperated with other 
organizations, never unmindful of the interests of the Bureau. 

In 1923 all New England seemed to glory with Massachusetts 
Institute of Technology when Dr. Stratton was elected president. 
By correspondence with Prof. Samuel C. Prescott, who was chairman 
of the faculty (1929-1931), I have learned that the Massachusetts 
Institute of Technology entered on an era of new progress in national 
usefulness, characterized by the extension of research in engineering 
and industry, as well as in pure science, and the expansion of the work 
of the Institute into new fields of applied science. Courses of instruc- 
tion were offered which are not only meeting the demands of today but 
which prevision those of tomorrow. During his administration, 
departments or divisions of aeronautical engineering, hydraulics, 
physical metallurgy, municipal and industrial research, public health 
engineering, and ship operation were established. 

Dr. Stratton saw at once the significance of the important contacts 
with great industries which had been previously made and which have 
resulted in the cooperative courses in electrical and chemical engineer- 
ing, and with his support these have been fostered and made highly 
effective. Research has been greatly stimulated, and new laborato- 
ries for special fields of engineering investigation have been secured 
through the generosity of alumni and friends. Special opportunities 
have been made available for students of exceptional ability by the 
development of the so-called “honors groups,’’ while a broadened 
range of general studies has provided varied cultural opportunity for 
all students. Foreign lecturers have brought the results of the best 
teaching, research, or practice abroad. Advisory departmental 
committees made up of men eminent in professional or business life 
have aided by wise suggestion in the solution of curricular questions. 

In thus enhancing the opportunities for scientific training, Dr. 
Stratton was insistent that the personal or human factor should not be 
overlooked. A new group of comfortable and convenient dormitories 
for undergraduates has been made available through alumni co- 
operation. A new infirmary, given as a memorial to a former student 
and equipped with ample facilities for physical examination and 
medical service, has made possible close supervision of the health of 
students and proper care and treatment in case of accident or illness. 

The foundation of a chair of humanics has made it possible for 
students to secure through lectures and discussion groups, some real 
knowledge of those matters dealing with the human relations which 
are essential factors in business and industrial life, and in the personnel 
problems of administration. These significant and _liberalizing 
tendencies in technical training, as well as the continued insistence on 
the teaching of fundamental principles and the cultivation of a true 
spirit of research, are outstanding features characterizing the trend of 
the development of Technology under Dr. Stratton's presidency. 

With the change in administrative organization in 1930 by which he 
became Chairman of the Corporation and Dr. Compton assumed the 
duties of President, Dr. Stratton's interest in educational problems 
remained undiminished. With this division of the onerous duties 
incident to the administration of this great school, the splendid way 
in which these two men cooperated for the development of the Insti- 
tute redounds greatly to the credit of each. There existed between 
them a close bond, not only of community of interests and of ideals, 
but of mutual considerateness and deep affection. 

Dr. Stratton took a deep and friendly interest in the undergraduates 
and easily won their highest respect and admiration. His door was 
ever open to them and they appreciated his true friendliness. He 
very skilfully exerted his influence on those who were leaders in student 
life, as well as in their professional interests. He saw in the under- 
graduate professional societies a great opportunity for training in the 
presentation and discussion of scientific papers and reports, as well as 
preparation for membership in the national engineering and scientific 
societies to which they would later become eligible, and to stimulate 
their interest in this important respect he personally provided, in 1931, 
worthy prizes to be won in competition between men from the various 
societies. This established a precedent for what will probably became 
an annual event of significance—the Stratton Prize competition. 

Another little known act illustrating his vision was the establish- 
ment of a joint committee of students and faculty members for the 
mutual discussion of problems of curricular character, and of other 
matters in which both students and staff had a common interest. 
This committee has been highly serviceable, and has great potential 
value in bringing the two great groups together through recognized 
representatives who can clearly present the problems to be con- 
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sidered. While little publicity has been given to this and similar 
agencies for securing solidarity of aims and ideals in staff and student 
body, the results already indicate the far-reaching possibilities which 
Dr. Stratton had visioned. 

The University of Cambridge honored him with the Doctorate of 
Science in 1909, Yale University gave him the D.Sc. degree in 1915, 
and Harvard later honored him with the L.L.D. degree. He was an 
officer of the Legion of Honor. There were many other honors and 
connections which only emphasize the social aspects of the great and 
yet retiring man. 

F. C. Brown! 


LAFAYETTE PINKNEY STREETER 


Lafayette Pinkney Streeter, who died at Long Beach, Calif., on 
August 7, 1931, was born in Brooklyn, N.Y., on December 25, 1874, 
the son of Lafayette V. and Emma (Pinkney) Streeter. He pre- 
pared for college at the Columbia Institute and attended the Stevens 
Institute of Technology for three years, receiving a certificate with 
the class of 1900. In the following year, he entered the Mechanical 
Engineering Department of the New York Air Brake Company, 
Watertown, N.Y., as an assistant. He was appointed first assistant 
mechanical engineer a year from that time and, not long afterward, 
engineer of tests. In 1905 Mr. Streeter resigned from the New York 
Air Brake Company to become assistant air brake inspector for the 
Southern Pacific Company in Los Angeles, Calif. Four years later, 
he was promoted to the position of air brake inspector. He remained 
with that company until 1912, when he went to Chicago as air brake 
engineer for the Illinois Central Railroad. He returned to Los 
Angeles in 1925 and made his home there and at Long Beach until his 
death. 

Mr. Streeter became a junior member of the A.S.M.E. in 1902 and 
an associate in 1903. He is survived by his widow, Cora (Doussang) 
Streeter, whom he married in 1918. 


VICTOR O. STROBEL 


Victor O. Strobel, president of the Rue Manufacturing Company, 
Haverford, Pa., was born on January 6, 1859, at Cincinnati, Ohio, 
the son of Mr. and Mrs. John Strobel. He attended high school in 
that city and subsequently the Ohio Mechanics Institute. From 
1875 to 1879 he secured practical experience in the machine shop of 
Lambert & Gordon at Ironton, Ohio. He then secured a position as 
designer and chief draftsman for Witherow & Gordon at Pittsburgh, 
designers and constructors of blast furnaces and steel plants and 
agents for Whitwell firebrick hot blast stoves. In 1884 he spent six 
months in Europe compiling data for the manufacture of iron and 
steel. He returned to the United States to become secretary and 
treasurer of the firm of Gordon & Strobel of Philadelphia, designers 
and builders of blast furnaces and steel works. His company con- 
structed the blast furnaces of the Tennessee Coal, Iron & Railroad Co. 
at Ensley, Ala., and many others in the South and West. In 1886 the 
firm was enlarged, its name becoming Gordon, Strobel & Laureau, and 
the business extended to small Bessemer steel and open-hearth plants. 
About this time, Mr. Strobel also became treasurer of the Phila- 
delphia Engineering Works, Ltd., a position which he held until 1898. 
In that year he was appointed general manager of the Crane Depart- 
ment of the Niles-Bement-Pond Company. He resigned this position 
in 1925 when he became president of the Rue Manufacturing Com- 


any. 
Mr. Strobel became a member of the A.S.M.E. in 1892. His death 

occurred on October 1, 1931. Surviving him are his widow, Annie 8. 

(Harbaugh) Strobel, and a daughter, Mrs. Springer Starr. 


GEORGE FILLMORE SWAIN 


George Fillmore Swain, who won distinction both as a teacher of 
civil engineering for nearly fifty years and as a consulting engineer, 
died at his summer home at Holderness, N.H., on July 1, 1931. In 
addition to his teaching and consulting work Professor Swain had 
served on many important commissions and written a number of books 
on civil engineering; he was recognized as one of the leading authori- 
ties in the United States on that subject. 

Professor Swain was born on March 2, 1857, at San Francisco. 
Calif., the son of Robert Bunker and Clara Ann (Fillmore) Swain. 
After receiving an 8.B. degree from the Massachusetts Institute of 
Technology in 1877, he went to Berlin, where he studied at the Poly- 
technic School for three years. Returning to this country, he entered 
the teaching field as instructor in civil engineering at the Massachu- 


1 Chairman, Scientific Exhibits Committee, American Association 
for the Advancement of Science, Washington, D.C. 
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setts Institute of Technology. He was made assistant professor in 
1883 and associate professor two years later. In 1887 he was ap- 
pointed Hayward professor of civil engineering and head of the 
department. During these early years at Cambridge he spent several 
summers at Lowell, Mass., in the Offices of Locks and Canals on the 
Merrimac and did some engineering work for Essex County at 
Lawrence, Mass. From 1880 to 1883 he was hydraulic expert for 
the tenth United States census, reporting on water power of the 
Atlantic slope. 

In 1909 Professor Swain became Gordon McKay professor of civil 
engineering at Harvard University and he held this post for twenty 
years, until a shock in 1929 necessitated his retirement. Perhaps 
no other man has contributed so much to the development of correct 
methods of both the presentation and assimilation of engineering 
knowledge. 

The Massachusetts Railroad Commission was the first of many 
bodies to avail itself of Professor Swain’s knowledge of railway 
engineering. He was consulting engineer to the Commission from 
1887 to 1914, during which time he had supervision of bridges in the 
state and made many important valuations. In 1893 and 1894 he 
was a member of the Boston Subway Commission and from then until 
1918 a member of the Boston Transit Commission, serving as its 
chairman during the last five years of that period. The subway 
system of the city was begun in 1895, and Professor Swain was largely 
responsible for its development. 

His appraisal work extended to the New York, New Haven & Hart- 
ford Railroad, on whose assets and liabilities he reported to the Massa- 
chusetts State Commission in 1910 and 1911, and he made like valua- 
tions of the New York Central Railroad and Chicago Elevated Rail- 
way in 19l1land 1912. In 1916 he was engaged by East Orange, N.J., 
to serve as an expert on the elimination of grade crossings in that city 
by the Delaware, Lackawanna & Western Railroad, and also by the 
Royal Commission on Railways and Transportation to make valua- 
tions of certain Canadian railways. The city of Rochester, N.Y., 
consulted him in 1921 and 1922 in connection with subway construc- 
tion, and during the next two years he was a member of two engineer- 
ing boards, representing New York, to report on New York and 
Brooklyn elevated railways. In 1927 he again served on a committee 
on the New York transportation problem. Many other states and 
municipalities, as well as private concerns, sought his help as a 
consulting engineer in solving problems relating to railway and high- 
way crossings, subways, and bridge and dock constructions, and he 
was frequently in demand to give expert testimony in cases involving 
civil engineering. 

Professor Swain also served on a number of commissions and boards 
dealing with matters other than railway engineering, including the 
Commission to Revise the Building Laws of Boston (1904), United 
States Conservation Commission (1909), Commission on Graduate 
Instruction at the United States Naval Academy, as chairman (1916), 
and Board of Arbitration on Reconstruction of the Galveston Cause- 
way (1916). In 1918 he was a member of a delegation of American 
engineers invited to discuss rehabilitation problems at the French 
Engineering Congress. A Franco-American Engineering Committee 
was formed on which all the American delegates were asked to serve. 
In 1921 he was in charge of an investigation and report on the Toronto 
waterfront problems for the Canadian Pacific Railroad and Grand 
Trunk Railroad. 

The first award of the Benjamin G. Lamme gold medal, established 
by the Society for the Promotion of Engineering Education ‘‘for 
accomplishment in technical teaching or actual advancement of the 
art of technical traininy,’’*was made to Professor Swain in 1928. He 
received an honorary degree of LL.D. in 1906 from New York Uni- 
versity and in 1918 from the University of California. 

Professor Swain had a continuous record of important contributions 
to engineering literature since 1880. In addition to many papers for 
engineering periodicals and treatises for students he wrote a number 
of books, including ‘‘Conservation of Water by Storage’’ (1914), 
to Study” (1916), “The Young Man and Civil Engineering” 
(1924), “Strength of Materials’’ (1924), ‘‘Fundamental Properties of 
Materials” (1924), and “Stresses, Graphical Statics and Masonry” 
(1927). 

Professor Swain was director of the American Society of Civil 
Engineers in 1901-1903, vice-president in 1908-1909, and president 
in 1913, and was made an honorary member of that society in 1929. 
He had also served as president of the Society for the Promotion of 
Engineering Education (1894-1895), and of the Boston Society of 
Civil Engineers (1896-1897). He became a member of the A.S.M.E. 


in 1883, was a fellow of the American Academy of Arts and Sciences, 
honorary member of the American Institute of Steel Construction, and 
a member of the National Academy of Sciences, New England Rail- 
road Club, American Institute of Consulting Engineers, Engineering 
Institute of Canada, Institution of Civil Engineers (Great Britain), 


American Railway Engineering Association, American Electric 
Railway Association, American Society for Testing Materials, New 
England Water Works Association, and the American Forestry 
Association. His clubs included the Boston Art, Boston City, 
Harvard, University, Union, St. Botolph, and Commercial. He had 
served as a member of the Board of Judges of the Hall of Fame, New 
York, since it was first established. 

Professor Swain was married three times. He is survived by his 
widow, Mary A. (Batchelder) Rand Swain, of Brookline, Mass., and 
by two daughters and a step-daughter. 


WILSON ERWIN SYMONS 


Wilson Erwin Symons, consulting engineer, well known in the rail- 
road field, died of heart failure on May 1, 1931, at the Elks Club, New 
York, N.Y., where he hade made his home for the past fifteen years. 
He had been a member of the A.S.M.E. since 1899 and served on its 
Finance Committee in 1919. In the same year he was also treasurer 
of the American Welding Society. Other organizations to which he 
belonged were The Franklin Institute, the Western Society of Engi- 
neers, the American Railway Association (Mechanical Division), the 
American Railway Master Mechanics Association, and the Master 
Car Builders Association of America. He was also a member of the 
Society of Friends and the Odd Fellows, as well as of a number of 
clubs. 

Mr. Symons was born at Farmland, Ind., on December 18, 1858 
He attended the public schools of Wayne County, Ind., and learned 
the machinist’s trade with the Nordyke & Marmon Co., which 
moved from Richmond to Indianapolis during his apprenticeshi)) 
withit. Hewas employed in 1878 and 1879 asa machinist at the Atlas 
Engine Works, Indianapolis, and during the next two years at the 
Columbian Iron Works, Chicago. He was also connected for a 
time with the Chicago. Rock Island & Pacific Railway ina similar 
capacity. 

For four years beginning in 1881, Mr. Symons was chief engineer in 
the Merchant Marine Service on the Great Lakes. During the next 
three years he was locomotive engineer for the Wisconsin Central 
Railway Company, the Atlantic & Pacific Railway, and the Atchison, 
Topeka & Santa Fé Railway Co. After being operating engineer for 
a year at a Chicago steam electric plant, he became division foreman 
for the Atchison, Topeka & Santa Fé Railway Co. at Chanute, Kan., 
later being promoted to the position of master mechanic at Raton, 
New Mexico. He went to Mexico as master mechanic of the Mexican 
Central Railroad at San Luis Potosi, in 1895. His work during the 
next two years as mechanical expert for the Galena Signal Oil Com- 
pany took him to various parts of the United States, and to England 
and France. Upon returning to this country he was engaged for four 
years by the System Railways at Savannah, Ga., as superintendent of 
motive power and equipment. From there he went to Cleburne, 
Tex., to become a mechanical superintendent for the Gulf, Colorado 
& Santa Fé Railway Co. In 1904 and 1905 he was superintendent of 
machinery for the Kansas City Southern Railway Company, at Pitts- 
burgh, Kan. 

In 1906 Mr. Symons entered the consulting field as a member of the 
firm of Burt & Symons in Chicago. He retained this connection for 
ten years. He was also made president of the Pioneer Cast Sicel 
Truck Company, of Chicago, in 1909, superintendent of motive power 
and machinery for the Chicago Great Western Railway, St. Paul, 
Minn., the following year, and superintendent of motive power for the 
San Antonio & Aransas Pass Railway Co., San Antonio, in 1915. 
His partner, Mr. Burt, was ex-president of the Union Pacific System. 
The firm handled problems in connection with the rehabilitation of 
railways, their valuation, rate cases, etc. In 1911 Mr. Symons 
delivered an address before The Franklin Institute on ‘‘The Practical 
Application of Scientific Management to Railway Operation.” This 
was inspired by attacks on railway efficiency made by opponents to 
requests of carriers for an advance in rates, at hearings in 1910 and 
1911. 

From 1916 to 1919 Mr. Symons was vice-president of the Wilson 
Welder & Metals Co., Inc., at New York. Since then he had carried 
on a consulting practice in that city and had also served during part 
of the time as associate editor of the engineering publications of the 
Angus Sinclair Company, especially of Railway and Locomotive 
Engineering. During his connection with the System Railways at 
Savannah, Mr. Symons designed a locomotive that made a speed 
record of 120 m.p.h. on a special run made for the purpose of securing 
a Government mail contract. During the latter part of his life he 
spent a good deal of time in developing his patents on appliances for 
steam locomotives and other rolling stock of railroads, such as draft 
gears and locomotive exhaust nozzles. He was consulting engineer 
for the Congressional committee conducting an investigation regard- 
ing the adoption of the metric system, and had been consulted as an 
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expert in regard to the moving of the shops of the Boston and Maine 
Railroad from Concord, N.H. 


WILLIAM HINMAN TABOR 


William Hinman Tabor, time-study chairman for the Gilbert «& 
Barker Manufacturing Co., West Springfield, Mass., died from septic 
poisoning on October 22, 1931. 

Mr. Tabor was born at Elmira, N.Y., on April 26, 1892, the son of 
Leroy and Anna F. Tabor, and attended the public schools there. 
The family moved to Philadelphia in 1907, and Mr. Tabor was 
employed as a toolmaker by The Tabor Manufacturing Company of 
that city for several years. At the same time, he attended night 
classes in scientific management at Drexel Institute. The family 
returned to Elmira for the year 1910-1911, during which time he was 
under instruction in the toolroom of the Willis-Morrow Company 
there. He was again employed by The Tabor Manufacturing 
Company when the family relocated in Philadelphia and continued 
his work there until 1913, when he was appointed instructor in 
scientific management and in machine shop practice at The Pennsyl- 
vyania State College. He resigned his position in 1916 to become as- 
sociated with the Winchester Repeating Arms Company of New 
Haven, Conn. Fer three years he was connected with its tool 
division as industrial engineer, for one year was production super- 
intendent of the Forged and Edged Tool Division, and for a year 
production engineer working on cost reduction by improving manu- 
facturing methods, tool equipment, and factory layouts. During 
these years, he also conducted consulting work as a member of the 
firm of Diemer & Tabor. In 1922, he returned to Philadelphia to 
install production control and time-study standards for the Miller 
Lock Company. Upon the completion of this work in 1923, he be- 
came assistant to the general manager of the A. J. Deer Company, 
Hornell, N.Y. 

His association with Gilbert & Barker dated from 1925. In addi- 
tion to the regular time-study and job analysis work for which he was 
responsible, he assisted in the selection and layout of factory equip- 
ment and in improvements in tools and methods. He was also con- 
nected in 1925 with the time-study and rate division of the Willis- 
Morrow Company. 

Mr. Tabor joined the A.S.M.E. as a Junior in 1914 and became an 
associate member in 1920. He is survived by his widow, Maud E. 
(Hinmand) Tabor, whom he married in 1910. 


GUSTAVE ROBISHER TUSKA 


Gustave Robisher Tuska, consulting engineer and lecturer of 
recognized authority on railroad engineering and maintenance, was 
born in New York, N.Y., on July 15, 1869. His parents were Adolph 
and Elsie (Robisher) Tuska. 

Colonel Tuska received the degree of Bachelor of Science from the 
College of the City of New York in 1888 and a master’s degree from 
the same institution three yearslater. In 1891 he also was graduated 
from the School of Mines of Columbia University as a civil engineer. 

For his first position following graduation Colonel Tuska secured 
employment as assistant engineer in the drawing room of the Link- 
Belt Engineering Company of Philadelphia, Pa. Early in 1892 he 
returned to New York as bridge engineer for the Long Island Railroad 
Company. The following year he took up the dual role of instructor 
in bridge design and masonry construction at Columbia University, 
and consulting engineer. After three years at Columbia he decided 
to give all of his time to consulting work and did not return to lecturing 
at Columbia until 1907. His later lectures dealt with the subject 
of municipal engineering and waste disposal. 

In consulting work Colonel Tuska served both public and private 
enterprises. Between 1893 and 1899 he had a variety of assign- 
ments, including the design and rebuilding of the Lonesome Valley 
Viaduct of the Knoxville, Cumberland Gap & Louisville R.R. and 
the Stone Brook Viaduct of the Central New York & Western R.R., 
the design of the dome of St. Matthews Church, Washington, D.C., 
a pier and pier shed for the New York Central Railroad at New 
York, an elevator plant for Kohler’s Brewery in that city, and a plant 
for the Atlantic Fisheries Company at Cape Charles. During the 
last three years of this period he was chief engineer in charge of 
design, inspection, and maintenance of terminals, wharves, and 
tracks for the Panama Railroad and superintending engineer for the 
Panama Steamship Company. For several years he was also 
engineer to the Health Department of the City of New York. 

Subsequent to 1900 Colonel Tuska was for many years president 
and chief engineer of the American Process Company, builders of 
plants handling waste products, and of the Atlantic Construction 
Company, constructors of plants for manufacturing oils and am- 
moniates. His consulting work included water power plants in New 


Hampshire, a gas plant in Syracuse, N.Y., piers in New York, and 
trolleys in Manchester, N.H., and Richmond, Va. Other projects 
took him to St. Louis, Mo., Chicago, Ill., Buffalo, N.Y., and Washing- 
ton, D.C. He was elected president and director of the International 
Engineering Corporation in 1923. His wide experience caused him to 
be called upon for expert testimony and investigations of patents and 
his work also included the examination of boiler plants and electric 
lighting and central steam heating plants. 

When the United States entered the World War he joined the 
Engineers Corps as a major. He was attached to Camps Lee and 
Humphreys in Virginia and later assigned to a special staff and worked 
with the director-general of military railways. In 1919 he was on 
the staff of the Chief of Engineers in Washington, D.C. He was made 
a Lieutenant-Colonel of Engineers, in the Officers Reserve Corps, 
U.S.A., in 1923. 

Colonel Tuska also rendered service on several government com- 
missions. During 1918 he was a member of the steel committee of the 
War Industries Board and after the close of the War was a member of 
the United States Mexican Commission. He was a delegate to the 
second and third Pan-American congresses. 

Much of his experience was recorded by Colonel Tuska in papers 
for the engineering and scientific organizations of which he was a 
member. He was a fellow of the American Association for the Ad- 
vancement of Science, and belonged to the American Academy of 
Political and Social Science, National Institute of Social Science, 
American Society for Municipal Improvements, American Public 
Health Association, Pan-American Society, Society of Naval Archi- 
tects and Marine Engineers, American Society of Civil Engineers, 
and The American Society of Mechanical Engineers, which he joined 
in 1900. He was a life member of the Metropolitan Museum of Art 
and American Museum of Natural History (New York), a trustee of 
the Allied Patriotic Societies, director of the Technical Institute of 
New York, and Past Commander of the New York Commandery of 
the Military Order of Foreign Wars of the United States. He belonged 
to the Phi Beta Kappa, Theta Delta Chi, and Pi Gamma Mu fraterni- 
ties and Kings Crown of Columbia University. His clubs included 
the Bankers, Lotos, Century, Baltusrol, and Engineers’ in New York, 
Cosmos, Washington, D.C., and Union Interalliée in Paris. 

Despondence because of poor health led Colonel Tuska to take his 
life by shooting on May 28, 1931. His widow, Isabel (Pappenheim) 
Tuska, whom he married in 1902, survives him. 


CHARLES REGINALD VAN TRUMP 


Charles Reginald Van Trump was born near Baltimore, Md., on 
April 14, 1867. He was graduated from Cornell University with an 
M.E. degree in 1889. Prior to, and during his college days, Mr. Van 
Trump secured practical experience in the drawing room and shops of 
the Trump Bros. Machine Co. Following his graduation, he entered 
the Instrument Shop at Cornell and later spent some time in the 
Testing Laboratory of the Edison Machine Works at Schenectady. 
At the beginning of 1890, he took charge of the Electrical Department 
of the central station at Wilmington and was subsequently promoted 
to the position of general superintendent there. In 1891 he accepted 
a position as engineer and manager of the Wilmington City Electric 
Company. 

In association with his father, Mr. Van Trump conducted experi- 
mental work in electric lighting, during which he lost his eyesight. 
Through his efforts, the Delaware Commission for the Blind was 
organized and The Blind Shop founded in Wilmington. The 
remainder of his life, until his death in 1924, was devoted to teaching 
the blind people of Delaware how to become self-supporting. 

Mr. Van Trump was a life member of the A.S.M.E., which he 
joined as a junior in 1893, and in which he attained full membership 
five years later. 


AUGUSTAS THEODORE VICK 


Augustas Theodore Vick, who was killed in an automobile accident 
near Houston, Texas, on November 7, 1931, had been a member of 
the A.S.M.E. since 1911. He was active in the work of the Houston 
Section, and a member of its Executive Committee. 

Mr. Vick was born on April 11, 1877, at Marion, IIl., the son of 
Monroe Tyler and Elvyra R. (Roberts) Vick. He attended high 
school at Anna, IIl., and served an apprenticeship in the machine and 
repair shops of H. M. Detrich of that place. In 1903, he entered the 
employ of the Western Electric Company, in St. Louis, and was sent 
to Desoto, Mo., as superintendent of the Consumers Electric & 
Power Co. He was next connected with the Hoyt Metal Companies, 
as chief engineer and electrician of their plant at Granite City, Ill. 
From 1905 to. 1907 he was stationed in the Test Department of the 
Hawthorne, IIl., plant of the Western Electric Company. In 1907 
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and 1908, he was chief engineer at the plant of the American Car & 
Foundry Co. at Madison, IIl. 

For some years, beginning in 1908, Mr. Vick was identified with 
the Missouri, Kansas & Texas Railway Co. His headquarters were 
at Overland, Mo., and his duties included the design and specifications 
for a number of new plants for the company. He went to Houston in 
1916, and shortly afterward became manager for the P. E. Newberg 
Electric Company of that city. The contracting firm, A. T. Vick 
Company, of which he was president, was formed in 1919. 

Mr. Vick is survived by his widow, Mrs. Sue. B. (Marshall) Vick, 
whom he married in 1916. 


GEORGE A. VOLZ 


George A. Volz, demonstrator and survey man for Cincinnati 
Grinders, Inc., Cincinnati, Ohio, died on September 19, 1931. He is 
survived by a son, Milton R., and a daughter, Helen R. Volz. 

He was born at Cincinnati on October 2, 1894, the son of Joseph 
H. and Anna (Busam) Volz. He received training as a machinist 
and tool and die maker in various plants in which he was employed 
from the age of fifteen. In 1918 he was engaged as a model maker at 
the Eagle Manufacturing Company of Cincinnati, developing working 
models from patent drawings and specifications. He was successively 
employed as toolmaker by the Van Blerck Motor Company, Monroe, 
Mich., and the Weis Fibre Container Corporation of that city, the 
Lincoln Tool Company, the Blakeley Manufacturing Company, and 
the Briggs Manufacturing Company, all of Detroit, as tool and die 
maker from 1919 to 1925. Ill health in 1926 kept him from steady 
employment. The following year he worked for a time for the Ameri- 
can Can Company and since then had been employed by the Cincin- 
nati Grinders, Inc. 

Mr. Volz was an associate member of the A.S.M.E., which he 


joined in 1930. 


LUCIUS MORTON WAINWRIGHT 


Lucius Morton Wainwright, president of the Diamond Chain & 
Manufacturing Co., Indianapolis, Ind., who died on February 24, 1931, 
was born at Noblesville, Ind., on January 4, 1860. His parents were 
William A. and Hannah Guy (Pontius) Wainwright. 

Mr. Wainwright was a salesman for bicycles for a number of years 
after he was graduated from the Noblesville High School. For two 
years he also was in charge of construction for the Pipe Line Depart- 
ment of the Ohio Oil Company, Lima, Ohio. In 1890 he organized 
the Central Cycle Manufacturing Company, Indianapolis, and until 
1898 served as its president and designed and superintended the 
manufacture of Ben Hur bicycles. Two years later he took charge of 
the Diamond chain factory of the American Bicycle Company at 
Indianapolis and developed pitch chains for the transmission of 
power. In 1905 he organized the Diamond Chain & Manufacturing 
Co., which took over the Diamond factory, and as its ptesident and 
general manager engaged in the development and manufacture of 
chains and sprockets for the transmission of power and the production 
of automatic machines for making chains. 

Mr. Wainwright was twice married. His first wife, Victoria Gray, 
of Noblesville, died in 1893. He is survived by his second wife, 
formerly Edith Palmer, of New York, whom he married in 1900, and 
by one son, Guy A. Wainwright, vice-president of the Diamond 
Company. 

Among the organizations to which Mr. Wainwright belonged were 
the A.S.M.E., which he joined in 1907, the Society of Automotive 
Engineers, and a number of clubs, including the New York Yacht and 
the Manhasset Bay Yacht clubs. For more than twenty years he 
was treasurer of the Motor & Accessory Manufacturer's Association. 
He was a director of the Fletcher American National Bank and of the 
Morris Plan Company. He died at his winter home in Miami, Fla., 
after a long illness. 


HENRY HEILEMAN WAIT 


Henry Heileman Wait, who died on November 16, 1931, was born in 
Chicago, Ill., on October 27, 1869, the son of Horatio Loomis and 
Chara Conant (Long) Wait. He was graduated from the Chicago 
Manual Training School in 1886 and received a B.S. degree in electrical 
engineering from the Massachusetts Institute of Technology five 
years later. In 1891 and 1892 he was employed by the Economic 
Electric Manufacturing Company, Brockton, Mass., making a special 
investigation of incandescent lamps. From then until 1905 he was 
associated with the Western Electric Company in Chicago, first as 
draftsman and subsequently as assistant electrical engineer in the 
dynamo department and as chief engineer of the power apparatus 
department. From 1906 and 1913 he was president of the Rateau 


Turbine Company in Chicago. During the next four years he 
engaged in design and manufacture of the Wait bulldog turbines and 
dynamos. Since 1917 he had been identified with the Hill Pump 
Company of Anderson, Ind., which was merged with the Midwest. 
Engine Company in 1918, manufacturing the Wait bulldog turbines. 

Mr. Wait was especially active in the evolution and improvement of 
dynamos, both of bipolar and multipolar types, including type ‘‘L”’ 
Western Electric multipolar direct-current generators. He was the 
patentee of a varipolar motor or dynamo and semi-automatic machine 
for winding small armatures, spools, etc., as well as improvements on 
arc lamps. He was also the inventor of the Wait turbogenerator. 

Mr. Wait became a member of the A.S.M.E. in 1905. He also 
belonged to the American Institute of Electrical Engineers, the 
Institution of Electrical Engineers, and the Société Internationale des 
Electriciens, and was a lieutenant in the Illinois Naval Reserves from 
1898 to 1905. He is survived by his widow, Edna (Kimball) Wait, 
whom he married in 1913, and by three sons. 


GEORGE LLOYD WALL 


George Lloyd Wall, retired lieutenant-colonel, U. 8. Army, Wash- 
ington, D.C., died on May 30, 1931. Colonel Wall was born at 
Hoboken N.J., on January 1, 1872, the son of Edward B. and Sarah 
B. Wall. He received an M.E. degree from the Stevens Institute of 
Technology in 1893. During the next two years, he served an 
apprenticeship as a machinist and worked in the drawing room of the 
Southern Railway Company at Knoxville, Tenn., and for the next 
year he was resident inspector of the Department of Tests of that road. 

In 1897 and the first half of the following year Colonel Wall was em- 
ployed by the Hazelton Boiler Company. He then became motive 
power inspector for the Pennsylvania Company, with which he 
remained for several years. For a time he was assistant foreman of 
the erecting shop and roundhouse of the company at Ft. Wayne, Ind., 
and later, general foreman of the Erie and Ashtabula Division, 
reporting direct to the superintendent of motive power. He was 
assistant engineer of motive power at Ft. Wayne in 1903 and subse- 
quently director of tests for the P.R.R. system during the Louisiana 
Purchase Exposition. 

For ten years, beginning in 1906, Colonel Wall was associated with 
the Lima Locomotive & Machine Co. and its successor, the Lima 
Locomotive Corporation, of Lima, Ohio, serving as its vice-president 
from 1913 to 1916. During the following year, he was chairman of 
the Subcommittee on Designs and Specifications for Standard Freight 
Car Equipment of the American Railway Association. 

When the United States entered the World War in 1918, Mr. Wall 
was commissioned a major in the Ordnance Department and stationed 
at the Watertown Arsenal, Watertown, Mass. He was made a 
lieutenant-colonel the following year and served successively at 
Camp Eustis, Va., the Erie Proving Ground, LaCarne, Ohio, the 
Philippine Ordnance Department at Manila, and the Frankford 
Arsenal in Philadelphia, where he was Commanding Officer in 1928 
and 1929. He had retired from service and established his home in 
Washington a short time before his death. His wife, Myra K. 
(Crane) Wall, predeceased him. 

Colonel Wall became a junior member of the A.S.M.E. in 1897 and 
was promoted to full membership in 1904. He belonged to a number 
of clubs, including the Union League. 


HAROLD MERRIOTT WALMSLEY 


Harold Merriott Walmsley, a member of the A.S.M.E. since 1917, 
died on January 5, 1931, at the Christ Hospital in Cincinnati, Ohio, 
from embolism following an operation for appendicitis. 

Mr. Walmsley was born in Chicago, Ill., on March 11, 1880, the son 
of William and Mary (Wrigley) Walmsley. He was graduated from 
Purdue University with a B.S. degree in electrical engineering in 1905. 
During his college vacations he worked as a draftsman for the Western 
Electric Company, Chicago, as construction foreman for the C.F. & I. 
Co., Pueblo, Colo., as engineer in the Maintenance of Way Depart- 
ment of the N.Y.C. & H. R.R., at Buffalo, and as construction 
engineer for the South City Chicago Railway. 

Following his graduation Mr. Walmsley took an apprentice 
engineering course at the General Electric Company, Schenectady, 
N.Y. In 1909 and 1910 he was engaged by the Commonwealth 
Edison Company, Chicago, as construction engineer at two of its 
stations. After completing this work he became associated with 
Sargent & Lundy and the American Gas & Elec. Co. He had com- 
plete charge of the construction of a new boiler plant for the Canton 
(Ohio) Electric Company, a new 9,000 kw. station for the Wheeling 
(W. Va.) Electric Company, and a new 6,000 kw. station for the 
Ohio Light & Power Co., Newark, Ohio. In 1914 and 1915 he 
engaged in contracting and engineering as a member of the firm of the 


Steam Electric Engineering Company, at Wheeling, and during the 
next two years was resident engineer for Sargent & Lundy in charge of 
a 120,000 kw. plant for the Union Gas & Elec. Co., Cincinnati, until 
1918, when he went to Tulsa, Okla., as resident engineer for Sargent & 
Lundy, in charge of a new power plant for the Oklahoma Power & 
Light Co. 

Mr. Walmsley returned to Cincinnati in 1919 to become chief 
engineer for the Post-Glover Electric Company, with which he 
remained until 1925. From then until 1929 he was district sales 
manager for the Champion Switch Company and Jeffrey-DeWitt 
Insulator Company, Cincinnati, and since that year had maintained 
his own office for consulting work and sales engineering in Cincinnati. 

Mr. Walmsley’s widow, Josephine H. Walmsley, survives him. 


EDGAR CARRUTH WALTHALL 


Edgar Carruth Walthall, who was killed in an aeroplane accident 
on August 21, 1931, was born in Atlanta, Ga., on January 19, 1903, 
the son of W. P. Walthall. He attended the Technical High School 
there and was graduated from the Georgia School of Technology with 
a B.S. degree in mechanical engineering in 1924. After a short time 
as draftsman for Warren Webster & Co., at Atlanta, he secured a 
position as sales engineer for the Boiler Equipment Service Company 
of that city. In 1929, he joined the sales force of the Combustion 
Engineering Corporation and was connected first with its Atlanta 
office and later was made manager of the New Orleans branch office. 

Mr. Walthall became interested in aviation about two years before 
his death. In 1930, he enrolled for a training course at Kelly Field, 
San Antonio, Texas, from which he was graduated in June, 1931, and 
was commissioned a lieutenant in the Air Corps. He had taken part 
in recent aerial maneuvers along the Eastern Seaboard and, at the 
time of his death, was stationed at Fort Crockett, Galveston, Texas. 
Together with another member of the Army Air Corps, Lieutenant 
Walthall was making low-altitude observations when the plane in 
which they were flying struck a power line and dropped into the 
Brazos River, near Freeport, Texas. 

Lieutenant Walthall became a junior member of the A.S.M.E. in 
1927, and belonged to a number of social and technical clubs. 


GEORGE AUSTIN WARD 


George Austin Ward, design engineer for the Wilputte Coke Oven 
Corporation, New York, N.Y., died at the Mountainside Hospital, 
Montclair, N.J., on January 19, 1931, of complications following an 
operation. He had been in poor health since Christmas. 

Surviving Mr. Ward are his widow, Mrs. Susie G. Ward; a son, 
Dr. Raymond 8. Ward, of Montclair; and a daughter, Mrs. Edwin R. 
Reed, of Bloomfield, N.J. 

Mr. Ward was born on June 7, 1864, at Worcester, Mass., the son of 
Austin W. and Sarah Ann Ward. After his graduation from the 
Worcester Polytechnic Institute in 1887, with a B.S. degree, he did 
drafting and installation work for the Worcester Elevator Company 
and the Morgan Construction Company until 1893. During the next 
six years he was at Springfield, Mass., as mechanical engineer and 
erecting superintendent for the Springfield Foundry Company, 
elevator and pump builders and founders. From 1899 until 1901 he 
was on the staff of the engineering department of the Electric Vehicle 
Company, Hartford,Conn. He had charge of the design and installa- 
tion of equipment of a maintenance shop for the New York Transporta- 
tion Company. During the next two years he was in the engineering 
department of the McAdams & Cartwright branch of the Otis Elevator 
Company, New York. 

From 1903 to 1910 Mr. Ward engaged in consulting and design 
work, particularly in connection with patent litigation. After that 
he had five years’ experience as assistant engineer and chief draftsman 
of the Pearson Engineering Corporation, handling power house design 
and equipment on Mexican, Brazilian, and Spanish properties. In 
1915 and 1916 he had charge of the appraisal squad working on the 
electrical and mechanical equipment of the Hazelton (Pa.) branch of 
the Lehigh Valley Coal Company. He had been with the Wilputte 
Coke Oven Company, contractors for coke ovens with by-product 
equipment, since that time. 

Mr. Ward became a member of the A.S.M.E. in 1919. He was one 


of the oldest members of the Montclair Glee Club, and belonged to the , 


Republican Club and First Baptist Church there. 


HENRY CHRISTIAN WEIKEL, JR. 


Henry Christian Weikel, Jr., who died at Baltimore, Md., on July 
17, 1931, was born in that city on March 5, 1905. His parents were 
Henry Christian and Ethel Louise (Stewart) Weikel. He studied 
four years at the Polytechnic Institute of Baltimore and three years at 
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Johns Hopkins University. In 1925 he entered the employ of the 
United States Printing & Lithograph Co. at Baltimore, of which he 
was assistant superintendent at the time of his death. Mr. Weikel’s 
duties with the company during the first two years related to both 
mechanical and electrical construction and maintenance work. In 
1928 he was appointed production engineer and made improvements 
in design in order to increase production. He had applied for a 
patent for testing apparatus. 

Mr. Weikel became a junior member of the A.S.M.E. in 1929. He 
is survived by his widow, Elizabeth (Babylon) Weikel. 


ROBERT WELER 


Robert Weler, of whose death in Paris the Society has been notified, 
was born at Bayonne, France, on March 15, 1890. He attended the 
Lyceum of Bordeaux and for several years traveled and studied in 
various countries. From 1914 to 1918 he was a member of the French 
Flying Corps. After the close of the war he established the Weler 
Motor Car Company at Levallois, Perret, France. After two years, 
during which he worked on the design and production of a cyclecar, he 
accepted a position as production engineer for the Citroén Motor 
Car Company in Paris. He was later made assistant to the chief 
engineer of that company. The Boyer-Weler Engineering Company 
of Paris and New York was organized in 1924. 

Mr. Weler became a member of the A.S.M.E. in 1927. 


EDWARD ALSTON WHALEY 


Edward Alston Whaley, who died on November 6, 1931, was born at 
Suffolk, Va., on November 27, 1892. He was graduated from Prince- 
ton University in 1914 as a civil engineer. During his college years, 
he engaged in mill construction and work in lumber camps, and, for a 
year following his graduation, was superintendent of construction for 
Baker & Brinkley, general contractors of Norfolk. He then became 
machinery salesman for W. M. Whaley & Co. of that city, where he 
remained two years. In 1917, he entered the United States Navy as 
Lieutenant in charge of construction of new shops at the Norfolk 
Navy Yard. Later, he designed shops for the Bureau of Yards and 
Docks at Washington, and was sent overseas to construct naval air 
stations. After the close of the War, he established the Edward A. 
Whaley & Co. of Norfolk, and subsequently the Whaley Aircraft & 
Engineering Co. This plant specialized in the production of certain 
types of airplane instruments, machinery, etc., largely for the United 
States Army and Navy. 

Mr. Whaley became an associate member of the A.S.M.E. in 1924. 
He is survived by his mother, Fletcher (Norfleet) Whaley. His 
father, William Mitchell Whaley, died in 1926. 


JOHN RAMSEY WILDE 


John Ramsey Wilde, chief engineer of power plants for The Detroit 
Edison Company, died of pneumonia on March 29, 1931, in Detroit. 
He is survived by his widow, Margaret (Maloney) Wilde, whom he 
married in 1889, and by three daughters and a son. 

Mr. Wilde was born in New York on September 20, 1865. His 
early education was secured in Toledo and subsequently he served an 
apprenticeship as a machinist with the Dry Dock & Detroit Specialty 
& Machine Co. In 1886 he entered the employ of the Edison 
Illuminating Company as assistant erecting engineer. He remained 
with this company and its successor, The Detroit Edison Company, 
until his death, serving as chief engineer of its Willis Avenue Station 
from 1891 to 1907, and as chief assistant engineer of the Delray Power 
Plants during the next six years. He was made chief engineer of 
power plants in 1913. 

Mr. Wilde became a member of the A.S.M.E. in 1915 and also 
belonged to the Detroit Engineering Society and to the Masonic 
fraternity. 


TURNER A. WILKINSON 


Turner A. Wilkinson, for some years connected with the Erie City 
Iron Works, Baltimore, Md., was born in that city on February 26, 
1864. His parents were Thomas Strike and Frances (Bennett) 
Wilkinson. He attended the Baltimore City College, and in 1881 
became assistant superintendent of the Rasin Fertilizer Company in 
Baltimore, in charge of steam plant and mill machinery. He 
remained with this company until 1893, when he took charge of the 
foundry and machine shop, building watertube boilers for the Camp- 
bell Zell Company of Baltimore. Ten years later he accepted a posi- 
tion with the Erie City Iron Works, directing erection work. Subse- 
quently he served as manager of the sales office, and at the time of his 
death on April 6, 1931, he was district sales agent for the company. 
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Mr. Wilkinson became an associate of the A.S.M.E.in 1918. Heis 
survived by his widow, Louise B. (Hellweg) Wilkinson, and by one 
daughter. 


HARVEY D. WILLIAMS 


Harvey D. Williams, who was awarded the Howard N. Potts 
Gold Medal by The Franklin Institute for his invention of the hy- 
draulic variable speed transmission used by the U.S. Navy for operat- 
ing gun turrets, airplane hoists, steering vessels, and for various 
applications in submarines, died on March 9, 1931. He had retired 
from active professional work, owing to failing health, and had been 
seriously ill for several months. 

He was born in Shaftsbury, Vt., on February 24, 1864, the son of 
Lewis and Sarah J. (Sleeper) Williams, and received his early educa- 
tion in the public schools of Bennington, Vt., and his technical train- 
ing at Stevens Institute of Technology, from which he was graduated 
in 1885 with the degree of M.E. He then entered the employ of the 
Yale & Towne Manufacturing Co. at Stamford, Conn. 

In 1888, he joined the faculty of Sibley College, Cornell University, 
where he taught mechanical drawing and machine design until 1898, 
when he became draftsman with the Bureau of Steam Engineering, 
U.S. Navy Department, and in 1903 was appointed ordnance engineer 
in the Bureau of Ordnance, Washington, D.C. This latter position 
he held until his retirement from Government service in 1911. 

In addition to his development of the hydraulic variable speed 
transmission, considered one of the most important artillery inven- 
tions of recent times, he did important research work for the Navy 
Department, on the rifling of guns, constructional details of torpedoes 
and of submarines, and in the burning of fuel oil. Leaving Washing- 
ton, he became consulting engineer for the Waterbury Tool Company, 
Waterbury, Conn., now manufacturer of the hydraulic variable speed 
transmission in this country, Vickers’ Limited of London being the 
foreign licensee. He also took out numerous patents on forms of gear 
teeth and on systems of gearing, contributing much to the art of 
efficient gear transmission and to methods of economical gear produc- 
tion, and devised important improvements in types of ratchet drills 
and in forms of universal joints. 

He had been a member of the A.S.M.E. since 1912, and was also a 
fellow of the American Association for the Advancement of Science 
and an honorary member of the Sigma Xi, Tau Beta Pi, and Chi Psi 
fraternities. He is survived by his widow and a stepson, J. J. Crain. 


JOSEPH AUGUSTINE WILSON 


Joseph Augustine Wilson died on February 21, 1931, of influenza, at 
his home in Philadelphia. He is survived by his widow, Helen (Keib) 
Wilson, whom he married in 1921. 

Mr. Wilson was born in New York, N.Y., on July 25, 1899, the son 
of Charles Paul and Rose (McFadden) Wilson. He spent seven 
months at the Philadelphia Power Plant Engineering School, and 
was graduated from Drexel Institute with a B.S. degree in mechanical 
engineering in 1925. His early experience was secured as draftsman 
and machinery repair man with J. D. Barcaly & Sons, blueprinting 
and engineering supply company of Philadelphia, from 1915 to 1917. 
During the next two years he was with the American Expeditionary 
Forces, after which he returned to the Barcaly company as foreman of 
the reproduction department for two years, before entering Drexel 
Institute. 

Following his graduation in 1925, he entered the educational depart- 
ment of the Westinghouse Electric & Manufacturing Co. at East 
Pittsburgh. After completing the course he was made a traction 
salesman for the company. Since 1929 he had been in charge of the 
internal combustion engine sales section at the South Philadelphia 
Works. 

Mr. Wilson served in the Infantry during the World War, was 
gassed twice and wounded in action. He received the Croix de Guerre 
for action in the Battle of the Marne. This was not his first military 
experience, however, as he served on the Mexican Border in 1916 
when only sixteen years of age. 

Mr. Wilson became a junior member of the A.S.M.E. in 1925. 


HENRY G. WOLFE 


Henry G. Wolfe, mechanical engineer for the Electric Bond & 
Share Co., New York, N.Y., died on July 25, 1931, at the White 
Plains (N.Y.) Hospital, of pneumonia. 

Mr. Wolfe was born in Philadelphia, Pa., on August 21,1872. He 
was graduated from the mechanic arts course at Drexel Institute in 
1895 and from its electrical engineering course two years later. He 
was machinist for the D’Olier Engineering Company of Philadelphia 
for six months following his graduation, and draftsman for the Technic 


Electric Company of that city for the next six months. For a short 
time in 1898 he served as an oiler in the U.S. Navy. He then became 
assistant superintendent of the Harrisburg Pipe & Pipe Bending Co., 
where he remained until the first of June, 1904. Mr. Wolfe went to 
New York in that year as block engineer for the New York Telephone 
Company. In 1905 he entered the employ of the New York branch 
of the Crane Company and two years later became draftsman for the 
New York Edison Company. He was promoted to the position of 
assistant chief mechanical draftsman in 1915, engaged in research 
werk at the Edison Laboratories in Orange, N.J., during 1918, and 
the following year returned to New York to work in the Engineering 
Department of the New York Edison Company. He resigned in 
1920 to become mechanical engineer for the Chile Exploration 
Company, New York, and after four years with this company ac- 
cepted a position as assistant mechanical engineer with Thomas E. 
Murray, Inc. For several years prior to his death, he had devoted 
himself largely to consulting engineering. 

Mr. Wolfe became a member of the A.S.M.E. in 1914. He is 
survived by his widow, Blanche (Irwin) Wolfe, and by one son, 
Henry G. Wolf. 


ARTHUR JULIUS WOOD 


Arthur Julius Wood died on April 18, 1931, a few hours after being 
struck by a motorcycle in front of his home in State College, Pa. He 
is survived by his widow, Helen M. (Kerr) Wood, whom he married 
in 1904, and by one son, Reginald. 

Professor Wood was born on September 3, 1874, at Newark, N.J., 
the son of DeVolson and Frances (Hartson) Wood. His father was a 
professor of thermodynamics at the University of Michigan and later 
of mechanical engineering at the Stevens Institute of Technology, and 
was well known as an engineer, writer, and teacher. 

After being graduated from Stevens Institute in 1896 with the 
degree of mechanical engineer, Professor Wood was associate editor 
of the Railroad Gazette for four years. In 1900 he went to Worcester, 
where he was instructor in mechanical engineering at the Worcester 
Polytechnic Institute for two years. During the next two years he 
was professor of mechanical and electrical engineering at Delaware 
Col ege, now the University of Delaware, Newark, Del. 

Professor Wood became a member of the faculty of The Pennsy}- 
vania State College in 1904. For the first four years he was assistant 
professor of experimental engineering, then associate professor for two 
years. In 1910 he was made associate professor of railway mechanical! 
engineering, and eight years later professor in that subject. He be- 
came head of the department of mechanical engineering in 1922 
He formulated the curriculum so that fundamental scientific principles 
predominated, and built up a staff of instructors devoted to him and 
working smoothly together. 

For three years, 1919-1922, Professor Wood was also in charge of 
the Thermal Plant of the Engineering Experiment Station, his work 
dealing with fundamental aspects of heat transfer and their applica- 
tion to various problems of every-day insulation which form such a 
large portion of many industrial processes and maintenance problems. 

Professor Wood was the author of many articles on heat trans- 
mission, railway mechanical engineering, and refrigeration. He 
published one textbook, ‘‘Locomotive Operation and Train Control." 
For some years he was associate editor of Railroad Mechanical Engi- 
neering. 

He was for many years a member of the American Society of 
Refrigerating Engineers, serving as vice-president, and as president 
during its twenty-fifth year, 1929. He brought a scientific viewpoint 
to the discussion of the industrial problems which came before this 
society which was of particular value because so many of its early 
members belonged to industrial life. 

Professor Wood first joined the A.S.M.E. in 1898, and became a full 
member in 1907. He was the first chairman, in 1922, of the.Central 
Pennsylvania Section, and had been active in heat-transfer committee 
work. He was also a member of the American Railway Association 
(Mechanical Division) and the Society for the Promotion of Engineer- 
ing Education, a fellow of the American Association for the Advance- 
ment of Science, honorary member of Sigma Tau fraternity, and a 
member of the honorary engineering fraternities, Pi Tau Sigma and 
Sigma Xi, and of Phi Pi Phi. An M.S. degree was conferred upon 
him by Penn State in 1916. 


WILLIAM PARKER WOOD 


William Parker Wood, who died on June 11, 1931, was born at 
Pueblo, Colo., on March 16, 1905. He attended the Washington, 
Pa., High School, and was graduated from the University of Pennsyl- 
vania in 1926 with a B.S. degree in mechanical engineering. Follow- 
ing his graduation he entered the employ of the Suburban-Counties 
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Gas & Electric Co., Chester, Pa., as a cadet engineer. He became a 
junior member of the A.S.M.E. in 1928. 


CARL B. WOODWORTH 


Carl B. Woodworth, manager of the Railroad Division of the 
Vanadium Corporation of America, Chicago, Ill., died suddenly at his 
home on October 24, 1931. He was born at Fort Wayne, Ind., on 
December 16, 1883, the son of Charles B. and Laura (Case) Wood- 
worth. He attended the public schools there and was graduated in 
mechanical engineering from Purdue University in 1907. From 
then until 1916 he served in the Mechanical Engineering Departments 
of the Wabash and the Baltimore & Ohio Railroads, passing through 
various grades from machinist to general foreman of the Mt. Clare 
shops of the Baltimore & Ohio. He then entered the employ of the 
American Arch Company with whom he remained until 1918, when he 
was commissioned Captain of Engineers, U.S. Army. He served 
fifteen months with the A.E.F. on railroad work in France. 

Upon his return to this country Mr. Woodworth joined the Foreign 
Sales Department of the American Locomotive Company and spent 
six years in the Argentine and Brazil, engaged in sales and service 
work. During the last three years, he was assistant South American 
manager for the company. He also handled the business of the 
American Car and Foundry Company in Brazil. In 1926 he was 
identified with the Premier Staybolt Company as special technical 
representative throughout the United States, from which position 
he joined the Vanadium Corporation of America in May, 1927, as 
manager of its Western Division. In August, 1930, Mr. Woodworth 
was made manager of the Railroad Division of the Vanadium Corpora- 
tion. 

Mr. Woodworth was elected an associate member of the A.S.M.E. 
in 1917 and was promoted to full membership in 1929. He is survived 
by his widow, Margaret (Moore) Woodworth, whom he married in 
1927, and by a daughter, Janette. 


BEVERLY LYON WORDEN 


Beverly Lyon Worden, president of the Cutler-Hammer Manu- 
facturing Company of New York and Milwaukee, died on March 
28, 1931, at his home in West Orange, N.J., after an illness of 
several months. 

Mr. Worden was born in Chicago, Ill., on February 8, 1871, the son 
of Albert Lyon and Anne (Robson) Worden. He received his B.S. 
in civil engineering from the University of Wisconsin in 1893, and 
for several years following graduation was employed by the Wisconsin 
Bridge & Iron Corp., of North Milwaukee, Wis., spending some time 
in the shops and drafting room and later serving as chief draftsman 
and construction engineer. In December, 1901, he left this company 
to form the Worden-Allen Company, engineers and contractors for 
fireproof construction. He designed, constructed, and operated its 
structural steel plant in Milwaukee, and served as president of the 
company for twenty years. 

In 1910 he founded the backawanna Bridge Company, and de- 
signed, built, and operated its plant at Buffalo, N.Y., continuing to 
give about half his time to the Worden-Allen Company. He re- 
mained president of the Lackawanna Bridge Company until it was 
taken over by the Bethlehem Steel Corporation in 1924. In 1917 he 
also assumed charge of the design of the Newark Bay (New Jersey) 
Shipyard, for the Submarine Boat Corporation, and was general 
manager of the shipyard during the World War. He introduced 
the fabricated principle into shipbuilding, and constructed a large 
number of cargo ships on that principle for the Emergency Fleet 
Corporation, the parts being manufactured in shops located at 
different points and shipped to Newark for assembly. In 1918 he 
bought the Ferguson Steel & Iron Corp., at Buffalo, a company then 
engaged in the fabrication of steel for barges and buildings and also 
operating a shipyard. Under his supervision six seagoing tugs for 
the United States Navy were completed during the World War, after 
which the shipyard was closed. The fabricating shop was kept in 
operation for about five years. 

Early in 1923 Mr. Worden became identified with the Cutler-Ham- 
mer Manufacturing Company as its vice-president and director, suc- 
ceeding A. W. Berresford as president the following year. He was 
also interested for a time in the Beaver Board Company, which he 
served as president and chairman of the board, and was a director of 
the Buffalo Sand & Gravel Corp. 

Mr. Worden became a member of the A.S.M.E. in 1921. He also 
belonged to the American Institute of Mining and Metallurgical 
Engineers, the American Institute of Electrical Engineers, the Western 
Society of Engineers, the National Electrical Manufacturer’s Associa- 
tion, the Masonic fraternity, and a number of clubs in Chicago, 
Milwaukee, Buffalo, and New York. 


Besides his widow, the former Katherine Elizabeth Taylor of 
Milwaukee, whom he married in 1901, he is survived by two married 
daughters, Mrs. Willis 8. Brace and Mrs. William S. Valentine, of 
East Orange, N.J. 


BARZILLAI GARDNER WORTH 


Barzillai Gardner Worth, vice-president and chief engineer in 
charge of power plant design and development of Walter Kidde & 
Company, Inc., New York, since 1916, died at the Fifth Avenue 
Hospital in that city on May 25, 1931, following an operation for 
appendicitis. Surviving him are his widow, Mabel D. (Palmer) 
Worth, whom he married in 1899, and one son, BarzillaiG. Worth, Jr. 

Mr. Worth was a fellow of the American Institute of Electrical 
Engineers and had been a member of the A.S.M.E. since 1917. He 
also belonged to the American Electrochemical Society, New York 
Electrical Society, and American Chemical Society. 

Mr. Worth had made his home in West Orange, N.J., for some years. 
He was born at Tenafly, N.J., on June 5, 1880, the son of Archibald C 
and Elizabeth H. (Anderson) Worth. He was graduated from the 
Stevens Institute of Technology in 1901 and immediately entered 
the employ of Walter Kidde, who has supplied the following state- 
ment regarding his work. 

“Mr. Worth was essentially an engineer who thoroughly enjoyed 
his work. He looked upon every new problem as a grand adventure, 
as an opportunity to offer a solution that would be a step in advance of 
anything that had been done before. As a result, his whole engineer- 
ing career was studded with unusual accomplishments in his chosen 
field of industrial and power plant building. While it cannot be said 
that he was an inventor in the sense that he evolved fundamental 
ideas in mechanics, it is true that he had a mind that constantly 
sought to do old things in new ways by applying what was already 
accepted in one branch of engineering to uneconomical methods or 
processes used in another branch. 

“One of his first successes was the development of, as far as we can 
learn, the first push-button elevator. This elevator was built under 
his specifications by the Otis Elevator Company back in 1905 for 
John Nehl & Company in Jersey City. You can imagine the diffi- 
culty of building this complicated mechanism in those days when the 
electrical industry was so little prepared in the matter of electro- 
mechanical devices. This elevator has been in operation up to within 
the last two or three years. 

“As early as 1907 Mr. Worth equipped the plant of the American 
Hard Rubber Company with alternating-current synchronous motors 
for the correction of low power factor. This was the first rubber plant 
and among the first industrial plants to be driven with synchronous 
motors. In addition to this, some of these motors were laid out as 
direct drivers for the rubber mills and calendars, something unheard of 
at that time. Shortly after this he also adapted from central-station 
practice the use of the push-button remote-control switchboard, 
another long step forward in industrial plant power applications. 

“The spray pond for cooling condenser water built by him at the 
plant of the Hyatt Roller Bearing Company at Harrison, N.J., adja- 
cent to the main line of the Pennsylvania Railroad Company in 1913, 
was said to be one of the first in the country. Certainly it was a 
great novelty to the passengers of the Pennsylvania Railroad, but to 
the Hyatt Roller Bearing Company it represented a saving of $25,000 
per year. 

““Mr. Worth’s tremendous energies took him into the field of electro- 
chemistry, where he designed a battery of what was then revolutionary 
electrochemical cells for the manufacture of chlorate of potash, which 
during our participation in the World War supplied a large part of this 
chemical for the manufacture of primers or cartridges. 

“Something of his sheer versatility may be gleaned from the fact 
that in the early post-war period he developed a high-carbon electric- 
furnace tool steel which was far in advance of anything in the market 
at the time. This experience with the use of electric furnaces so fired 
his fertile imagination that he set about designing a new principle in 
the design of electric furnaces in which a creditable start was made 
before he died. 

‘*All these things and many more were sandwiched between his main 
work of power-plant design and equipment installations for industrial 
plants. No matter what job he tackled he brushed aside the ob- 
vious solution until he was convinced that his was the most economical 
way that his lively imagination could devise. As an illustration of 
this he developed a scheme which revolutionized the method of liming 
skins in the leather industry when we built the new plant up-state 
New York. The ancient and accepted method in this stage of tanning 
leather was to soak the raw skins in lime vats set at floor level. At 
frequent intervals the skins in each vat were agitated by turning them 
about with long poles in the hands of skilled and high-priced labor. 
Mr. Worth set to work to plan a more economical scheme and devised 
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a system of mechanically operated wooden drums which, at the re- 
quired intervals, revolved a certain number of times. This new 
method of agitation reduced the force from fifty men to two men in 
this one department. The saving in cost of labor in ten years time 
will go far toward paying for the cost of the entire new plant.” 


AMBROSE EVERETT YOHN 


Ambrose Everett Yohn, general manager for the Huntingdon «& 
Broad Top Mountain Railroad & Coal Co., died on October 7, 1931. 
He is survived by his widow, Mrs. Edna Rhodes Yohn, of Huntingdon, 
Pa., whom he married in 1911. 


Mr. Yohn was born at Reading, Pa., on October 5, 1870, the son of 
Charles Rutter and Hannah Rebecca Yohn. He attended the 
Bethlehem Preparatory School and was graduated from Lehigh 
University with a mechanical engineering degree in 1897. 

In 1918 and 1919, Mr. Yohn was general foreman for the Juniata 
Division of the Pennsylvania Railroad, and the following year general 
manager of the coal mines and plant of the Kenrock Coal Company. 
With the exception of those two years, he was connected, from the 
time of his graduation until his death, with the Huntingdon & Broad 
Top Mountain Railroad & Coal Co., being advanced from the position 
of assistant master mechanic to that of general manager. 

Mr. Yohn became a member of the A.S.M.E. in 1897. 
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